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Conventions & Terms
System refers to the P-400 DRO and the measuring devices connected to it.

Icons

This guide uses the following icons to highlight information:

WARNING

The raised hand icon warns of a situation or condition that can lead to personal injury or
death. Do not proceed until the warning is read and thoroughly understood. Warning mes-
sages are shown in bold type.

DANGEROUS VOLTAGE

The lightning icon warns of the presence of a dangerous voltage within the product enclo-
sure that might be of sufficient magnitude to cause serious shocks or death. Do not open
the enclosure unless you are a qualified service person approved by Precision Gage & Tool
Co., , and never open the enclosure while power is connected.

CAUTION

The exclamation point icon indicates a situation or condition that can lead to equipment
malfunction or damage. Do not proceed until the caution message is read and thoroughly
understood. Caution messages are shown in bold type.

NOTE
The note icon indicates additional or supplementary information about an activity or con-

-?/ cept. Notes are shown in bold type.

Safety & Maintenance Considerations

General safety precautions must be followed when operating the system. Failure to observe these precau-
tions could result in damage to the equipment, or injury to personnel.

It is understood that safety rules within individual companies vary. If a conflict exists between the material
contained in this guide and the rules of a company using this system, the more stringent rules should take

precedence.

Additional safety information is included in Chapter 2: Installation.




WARNINGS
Disconnect the P-400 DRO from power before cleaning.

The P-400 DRO is equipped with a 3-wire power plug that includes a separate ground con-
nection. Always connect the power plug to a 3-wire grounded outlet. The use of accessories
that remove the third grounded connection such as a 2-wire power plug adapter create a safety hazard and
should not be permitted. If a 3-wire grounded outlet is not available, ask your electrician to provide one.

DANGEROUS VOLTAGE

Do not open the enclosure unless you are a qualified service person approved by Precision
Gage & Tool Co., , and never open the enclosure while power is connected. There are
no user-serviceable components or assemblies inside. Refer servicing to qualified service
personnel.

>

General Maintenance
Unplug the P-400 DRO from the wall outlet and seek the assistance of a qualified service technician if:

» The power cord is frayed or damaged or the power plug is damaged

* Liquid is spilled or splashed onto the enclosure

» The P-400 DRO has been dropped or the exterior has been damaged

» The P-400 DRO exhibits degraded performance or indicates a need for service some other way

Cleaning

Use only a cloth dampened with water and a mild detergent for cleaning the exterior surfaces. Never use
abrasive cleaners, and never use strong detergents or solvents. Only dampen the cloth, do not use a clean-
ing cloth that is dripping wet.

Accuracy & Precision

Measurement accuracy is determined by many factors, such as the resolution of the encoders or transducers
connected to input channels. Generally, the display resolution of the P-400 DRO can exceed encoder or
transducer resolutions. Setting the display resolution to exceed the encoder or transducer resolution does
not increase measurement accuracy.
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Chapter 1:
Overview
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The P-400 DRO is an advanced digital readout
system for performing single or multiple gage
measurements at very high levels of precision and
accuracy. Dimensional inspections of components

are performed using encoders or transducers as part

of in-line production activities, or final quality inspection.
Measurements are conducted completely under operator control,

or are semi-automated and conducted in conjunction with a fixtured gage system.

The P-400 DRO is configured at the factory to support

* 1, 4 or 8 single-input channels, or

* Up to 16 multiplexed RS-232 input channels, or

* Combinations of single-input channels and multiplexed RS-232 input channels
for a total of up to 16 channels

Channel inputs can be algebraically combined or processed by powerful math and control formulas to
display dimensions such as flatness, volume and runout. Formulas are created as part of the P-400 DRO
setup using straightforward screen control and math functions.

r Formulas mm] T ] 7o \
Dimension suM
About _ {visible)

Dimensions || ¢14¢3
Formats

Il Formulas
Tolerances
SPC
Headei Current Value mm]1% T o

Memory

C1 = 28.846 mm — S.. 128200
) Smemmm— L D" 428720

Formulas mm}|0 | PO
Dimension

About _ (visible)

Dimensions c1-C2

Formats

Fe lax i
‘a ;‘?’E"‘; das_ View. | in/mm | [ Master [ Menu...

P
” —> Header

Memory

C2 = -16.026 mm \ =T J
Sum = C1+C2 Sum = 12.820

Dif Cc1-C2 Dif 44.872

Channel inputs... are processed by formulas... to display dimensions
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The intuitive user interface includes a large-character color LCD for fast and accurate measurement feed-
back. User interface screens include a digital readout of current values, bar and dial position value indica-
tors, graphs of values, histograms of measurement statistics and tables of measurement and SPC data.

Current Value mm[[eTro] [A [rm[lc]re] [A mm[[0]ro] [A mm[10 ['ro
- ) ) L High Limit
Low Limit  Nominal High Limit | A 2.0000 High Warni A b L.
A 0.801 3 -2.0000  0.0000 2.0000 . < 1,035%'"9 AN Pty
B 09616 | s o[ S e
L] jlominal a
0 13 0.0000 0.8013 Low Limit High Limit
C 0 62 1 8 C @ -2.0000 2.0000 ¢
.
i 5 Low Warning
D  -00193 || w0 |owum "5 o 08013 =
[} -2.0000
View... [ in/mm | [ Master [ Menu... | | Graph... [ Histo... Data... | DRO... Graph... [ Histo.. m Data.. | DRO.. Graph... [ Histo.. m Data.. | DRO...
Digital readout (DRO) Horizontal bar Vertical bar Dial
,_{E&E EE;EE? mmjl0 | o [mm]io | ro |
A r 0 8013 Mean 0.8784
UCL2.0000 ' osom
: 08013 09616 06218 -0.0193 0.8013 Mean0.8784
— B 08013 09616 06218 -00193 o 0.8013 Max1.3013 B
08013 09616 06218 -0.0193 0.8013 Min0 5000
0.0000 08013 09616 06218 -0.0193 0.8013 0.8013
c 08013 09616 06218 -0.0193 ¢ 0.8013 T c
08013 09616 06218 -00193 038013 00.2695
LCL -2.0000 08013 09616 06218 -0.0193 0.8013 6 61.6173
13013 14616 11218 04808 D 13013 (p2.4733 D
13013 14616 11218 04808 13013 CPK1.3871
Histo.. | Bar.. | Data.. | DRO.. Bar. | Data. | DRO.. | Graph..[Histo.. | Bar.. [DXMM DRO.. | Graph..[Histo.. [ Bar.. JINGEN DRO..
Graph of values Hlstogram of values Measurement data SPC data

Panel keys are provided for selecting measurement functions, changing display screens, entering numeric
data, zeroing or presetting datums, and sending data to a USB printer, USB drive or a computer.

Softkeys control functions that change in support of screens selected by the user to control measurements
or display measurement results.

Dimension
Wide keys softkeys Print key
o
Q00
006C
\ " @Lg(<ﬁ Numeric keypad
\ i BhLR e

LCD screen 13 9722 g

Softkeys < . : : °<— LCD ON/OFF

Input encoders



Introduction

Wide keys located over the LCD can be programmed as hotkeys that initiate frequently used system func-
tions and can quickly be pressed without looking at the front panel. In addition, most keys on the front
panel can also be programmed as hotkeys that initiate commonly used functions.

All front panel keys provide tactile sensory feedback, and many key-press operations can be configured to
generate an audible sound.

Speaker and external speaker jack outputs can be adjusted for quiet or noisy environments. Earphones can
be plugged into the external speaker jack to facilitate silent operation in quiet environments.

Parallel port

Speaker jack

l/ USB port

|

Input channel Keypad/foot switch
connectors connector
Serial port

Tilt adjust

The compact ergonomic design and adjustable-tilt front panel of the P-400 DRO allow users to locate and
mount the instrument in a wide variety of environments to accommodate nearly any viewing requirement.
The tilt front panel can be adjusted and secured in any convenient position. Rubber feet on the bottom of
the P-400 DRO prevent slipping when the system is not permanently bolted to a work surface.

Measurements viewed on the LCD and stored data can be transmitted to a PC over the standard RS-232
serial port, or to a printer over the USB port. The RS-232 and parallel I/O port can also be used to control
the P-400 DRO from a remote PC or system controller using strings of standard ASCII characters or 5 Volt
TTL logic signals.

A large selection of input encoder, transducer and general purpose interfaces can be configured at the
factory to measure dimensional, physical or environmental characteristics. Inputs can be provided by
individual sensing devices, or by multiplexed RS-232 or other hardware networks of sensing devices.

MIINIBAD |,
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Chapter 2:

Installation

The P-400 DRO is easy to install in a variety of basic and advanced measurement applications. This
chapter describes how to unpack, install and test the basic connections to the P-400 DRO. Repackaging
instructions are also included for return shipments and for OEM customers that are configuring a P-400
DRO and shipping it to an end-user.

Unpacking the P-400 DRO

Carefully remove the contents of the P-400 DRO shipping carton.

NOTE
Save the carton and packaging materials in case future reshipment becomes neces-

?
- y sary.

Inspect the components listed below for shipping damage and other abnormalities. The contents of the
carton(s) includes:

* P-400 DRO instrument * Mounting stand
* Relay output connector * Mounting hardware
(attached to the rear of the P-400 DRO) (attached to the P-400 DRO)

» Power cord
» Warranty registration card

Shipments of optional equipment in separate cartons can include:
* Remote keypad
* Foot switch
* QC-Wedge software

If any components were damaged in shipment, save the packaging materials for inspection and contact
your shipping agent for mediation. Contact PG&T Co. for replacement parts.
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Assembling the mounting stand

shoulder screw, a cap screw and associated washers as shown
below.

Assemble the P-400 DRO to the mounting stand as
shown. Tighten the shoulder screw (1), and then tighten
the cap screw (5) and washers (3 & 4) so that the P-400
DRO can be adjusted to various tilt positions and will be
secure in any position.

Safety considerations

The P-400 DRO is completely enclosed and provides no po-
tentially hazardous outputs. Safety considerations are related to
power connections and physical mounting.

WARNING
If the P-400 DRO falls from its mounting location, serious personal injury or damage
to the equipment can result.

Power cord and plug

Do not locate the power cord where it can be walked on or will create a tripping hazard. Connect the 3-wire
power plug to only a 3-wire grounded outlet. Never connect 2-wire to 3-wire adapters to the power cord
or remove the third ground wire to fit the plug into a 2-wire electrical outlet. Modifying or overriding the
third-wire ground creates a safety hazard and should not be permitted.

WARNING

Always disconnect the power cord from the source of A C power before unplugging it
from the P-400 DRO power connector. The AC voltage available at electrical outlets is
extremely dangerous and can cause serious injury or death.

Electrical wiring and connections

Perform regular inspections of all connections to the P-400 DRO. Keep connections clean and tight. Locate
cables away from moving objects. Do not create tripping hazards with power cords, input cables and other
electrical wiring.



Connecting input channels

Use shielded cables to connect to the parallel and serial RS-232 ports. Make certain that cables are properly
terminated and firmly connected on both ends.

Location and mounting
Mount the P-400 DRO on a stable surface.

Power surge suppressor

Connect the P-400 DRO to power through a high-quality power surge suppressor. Surge suppressors limit
the amplitude of potentially damaging power line transients caused by electrical machinery or lightning.

CAUTION

Industrial quality surge suppressors are recommended. Surge suppressors found in
inexpensive power strips are sometimes insufficient to protect the P-400 DRO from
damage.

Connecting channel inputs

Channel input devices are attached to standard interface connectors or to the RS-232 port on the rear of
the P-400 DRO. Many device interfaces are available to match the wide variety of encoder and transducer
devices that can be used with the P-400 DRO. The number and type
of channel input connectors will vary depending on the application.
Eight standard interface connectors are shown here as examples.

Connect the channel input devices tightly to their
connectors. A channel number is provided near

each connector. Channel input -~

connectors

Channel input devices must be configured using the
Channels setup screen. Please refer to Chapter 3:
Setup for details regarding input channel setup.

Systems can be configured at the factory to support a com-
bination of single-channel and multi-channel RS-232 networked
input devices. These configurations can include:

* 1, 4 or 8 single-input channels, or

* Up to 16 networked RS-232 input channels, or

» Combinations of single-input channels and networked RS-232 input channels
for a total of up to 16 channels
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Connecting Solartron’s Orbit network

An Orbit network of Solartron input devices can be attached to the primary or secondary RS-232 port on
the rear of the P-400 DRO.

NOTE
9 While Solartron Orbit networks can be configured to communicate with either serial
— / port, they should be connected to the secondary port whenever possible to preserve
serial communication to computers or printers on the primary RS-232 port.

Orbit connections to the secondary serial port are made di-
rectly using the serial cable from the Orbit RS-232 module.
Orbit connections to the primary port must be made us-
ing a null-modem adapter that contains crossed receive/
transmit wires. Null-modem adapters can be obtained
at most retail electronic stores.

Secondary RS-232 Primary RS-232
serial port serial port

RS-232

module
Power Serial cable from
module RS-232 module

To install the Orbit network:

1 Verify that the network modules are connected
in the order shown below:

A) Power module is first
B) RS-232 module to the female T-CON side of the power module Null-modem
C) Up to 16 probe modules to the RS-232 module adapter

2 Connect the serial cable from the RS-232 module to the P-400 DRO.

3 Connect power to the Orbit network and apply power to the P-400 DRO.



Connecting input channels

4  Press the P-400 DRO’s Menu softkey
then press the Setup softkey to display the
P-400 DRO’s setup menus.

5 Scroll to the Supervisor menu item, highlight the Password field on the
right side of the screen and enter the supervisor password.

6 Return to the left side of the screen and scroll to the RS-232 setup
screen. Highlight the Uart Id field and press the Inc softkey to enter Sec-

ondary or Second.

7  Return to the left side of the screen and
scroll to the Channels setup screen. High-
light the Type field and press the List softkey
to display the available input device types,
select Orbit and press the Enter key.

Current Value mm[[0 ro] [Current Value mm[[0 ] o
A 0.0000 | A 0.0000
B 0.0000 | B 0.0000
C 0.0000 | C 0.0000
D 0.0000/| D 0.0000

View... ] in/mm ] ] Master ] Menu... | | View.. I in/mm IDat.tm_.I Extra I Setup

Supervisor M
Reprﬁ Password XXXXXX
Eepdchars Part Settings Unlocked
Si:d Chars Datuming Locked
Parallel Master Now Unlocked
RS232 Clearing Data Locked
Clock Control Keys Unlocked
Screen Home Lock Unlocked
Misc.
(Supervisor
RS232 mm][0 ] r2
= Uart Id Secondary
Channels | Baud 115200
D'al Irate Word Len 8
HI(:E alz,e s ||Stop Bits 1
Report Y Parity None
Rep Chars Handshake Hard.
Send EOC Delay 0
Send Chars||EOL Delay 0
Parallel Data ‘None
R5232
~
Send | Report | Both |
mm]0 [ rz2] | Channels [T o]
a1 | e Channel 1
Memory Master Link
0.0010000000 5 Lahels Si?:)slutlon &&010000000
Y S Formulas
es Globalke Reversed Yes
Type
None Channels Ref Marks  None
o Master  |[ld
s Yes SLEC Notify Errors Yes
Display Uart Id Second.
~
[Applvall] Thst | [ I [ApplyAl

8  The Current Value screen must be displayed to load the Orbit device driver. Press the Finish key
twice to display the Current Value screen, then re-enter the setup menu by pressing the Menu then Setup

softkeys.

9 Scroll to the Channels menu item,
highlight the Id field on the right side of the
screen and press the Teach softkey. You will
be instructed to press OK and then move a
probe to associate it with a channel and store
its resolution. Alternatively, press the Entry
softkey and enter the Id using the keypad.

Channels [0 ro ] [Channels [T Po ]
g Channel (4] g Channel (4]
Memory Master Link Memory Master Link
5 Labels si?fslutlon &&010000000 5 Labels si?fslutlon &&010000000
agga"';] ko Reversed Yes agga"';] ko Reversed Yes
Type Orbit Type Orbit
Channels Irilef Marks  None Channels Irilef Marks  None
Master Master
SLEC Notify Errors Yes SLEC Notify Errors Yes
Display Uart Id Second. Display Uart Id Second.

~
Teach I Entry | ] |

~
Teach I Entry | ] |
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Connecting the optional footswutch and keypad

The optional foot switch and remote keypad are connected to
the RJ-45 connector on the left side of the P-400 DRO.

= Typically, either the optional foot switch or

remote keypad is used. However, both options
EE ~  can be connected simultaneously using a RJ-45
< .
& splitter.
NOTES
9 RJ-45 splitters are readily available from most 4 Footswitch and
-— / retail electronics stores. keypad connector

When the foot switch and remote keypad are connected using the
RJ-45 splitter, all operating functions of each device are retained. However,
the foot switch shares Hot Key mapping with the number keys 7 and 8 of the
remote keypad. As a result, functions assigned to the two foot switch contacts
will also be mapped to remote keypad numbers 7 and 8.

Please refer to the Hot Keys portion of Chapter 3: Setup for details regarding
the assignment of functions to the foot switch, remote keypad and P-400 DRO panel keys.

Connect the foot switch and/or remote keypad to the RJ-45 connector on the left side of the P-400 DRO
body.

Testing the footswitch and keypad

The factory default P-400 DRO settings generate a beep sound when any key or foot switch is pressed.

1 Apply power to the P-400 DRO and press a foot switch or remote keypad Key. Listen for a beep each
time a switch or Key is pressed. This audible beep indicates that the foot switch or keypad is working and
connected properly.



Connecting printers

NOTE
a’ No default functions are assigned to the foot switch. Hot Key assignments must be
- V made for each foot switch contact later using the Hot Keys Setup screen. Refer to
Chapter 3: Setup. The remote keypad is always fully operational as a numeric keypad
independent of Hot Key function assignments.

2 Ifafoot switch or remote keypad key is pressed and no audible beep is generated, turn the P-400 DRO
off, disconnect the foot switch or remote keypad and examine the cable connector and RJ-45 jack in the
P-400 DRO. The connector housings and pins should be clean and undamaged.

3 If the connector and jack appear to be clean and undamaged, reconnect the device, reapply power to
the P-400 DRO and press the foot switch or keypad key again.

4 If pressing the foot switch or keypad key still doesn’t generate an audible beep, consult PG&T Co. for
assistance.

Connecting a printer
The P-400 DRO supports text and graphics for USB printers.

Verify that the P-400 DRO and printer power are off. Connect the
printer to the USB port on the side of the P-400 DRO. Make sure the
connection is tight.

Testing the printer connection

1 Apply power to the P-400 DRO, and then to the
printer.

2 When the Power of Quadra-Chek screen is displayed, press the
Finish or Quit key of the P-400 DRO to display the DRO screen, and then
press the Printer key of the P-400 DRO. A small report should be printed.

USB port
connector

3 If the printer doesn’t respond, turn the P-400 DRO and printer power off and disconnect the cable
from the P-400 DRO and the printer.

4 Examine the cable and cable connectors. The cable surface should be smooth and undamaged. The
connectors should be clean and undamaged. The P-400 DRO USB port should be clean and undamaged.

11
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5 Reconnect the printer to the P-400 DRO. Make sure the connection is tight.

6  Apply power to the P-400 DRO, and then to the printer. Press the Finish or Quit key of the P-400 DRO

to display the DRO screen, and then press the Printer key of the P-400 DRO.

If the printer still doesn’t generate a report, consult PG&T Co. for assistance.

Connecting a computer

Verify that the P-400 DRO and computer power are off. Con-
nect a computer COM port to the P-400 DRO RS-232 serial port
using a standard straight-through serial cable (Metronics part
number 11B12176). Make sure the cable connectors are tight,

but do not overtighten the connector screws.

Apply power to the computer, and then the P-400

DRO.
RS232 mmjlo Jpo] The default P-400 DRO
. Uart Id Primary . . .
gggﬁm o, 115200 settings for communication over Serial port
send chars plowc Bt L the RS-232 serial port are shown on this connector
fataic) Handshake Hard. sample screen.
Clock EOC Delay 0
Screen EOL Delay 0
Misc. Data Send
Supervisor Launch the computer application that will be used to communicate with
[ [ [ [ the P-400 DRO, and configure the communication properties of the COM
>

port to match those of the P-400 DRO.

Testing communication from P-400 DRO to computer

1 While displaying the DRO screen, press the Menu Softkey of the P-

400 DRO to display the Extra menu softkey.

Current Value

mm||0 | po

A
B
C
D

0.0000
0.0000
0.0000
0.0000

View... | in/fmm [Datum_| Extra | Setup




Connecting a Computer and Testing Communication

2 Press the Extra Softkey to display the Extra menu, and then scroll [Current Value mm[[0 T ro
down to highlight the Send function. 0000

0000
0000
D .0000

~
View... [ in/mm [Datum_.| Extra [ Setup

3 Press the Enter key to transmit data to the computer over the serial
port. The computer should display a short dimension data file. If it does,
proceed to test communication from the computer to the P-400 DRO.

4 If no data file is displayed, make sure the serial port settings match
those of the P-400 DRO. If the problem persists, turn the P-400 DRO and computer power off and discon-
nect the serial cable from the P-400 DRO and from the computer.

5 Examine the cable and cable connectors. The cable service should be smooth and undamaged. The
connectors should be clean and undamaged. The P-400 DRO and computer cable connectors should be
clean and undamaged.

6  Reconnect the computer and P-400 DRO. Make sure the connections are tight, but do not overtighten
the connector screws.

7  Apply power to the computer, and then to the P-400 DRO. Press the Enter key of the P-400 DRO to
display the DRO screen. Press the Menu Softkey, press the Extra Softkey and then scroll to highlight the
Send function. Press the Enter key to transmit data.

If the computer still doesn’t display a report, consult PG&T Co. for assistance.

Testing communication from computer to P-400 DRO

When communication from the P-400 DRO to the computer has been verified, communication from the
computer to the P-400 DRO should be verified as well.

1 Transmit the following command line from the computer to the P-400 DRO in uppercase characters
exactly as shown below, followed by a carriage return:

SEND A
2 The P-400 DRO should transmit back the current value of dimension A, shown on the LCD. If the
value of dimension A is not displayed, transmit the command line again:

SEND A

If the computer still does not display the value of dimension A, consult PG&T Co. for assistance.
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Wiring the relay output connector

The P-400 DRO is provided with a relay output connector and a cable strain relief on instruments that do
not include an external edge option.

NOTE
Relay output functions are not available on

-?/ instruments that include an option for detect-

ing external edges.

Relay cable
connector

1 Pull the relay output cable connector
straight off the P-400 DRO rear panel.

2 Disassemble and wire the connector as shown in
the table. Select an overall cable diameter that match-
es the strain relief. The strain relief inside diameter is
0.219 inches.

NOTE

Detailed specifications for the cable connector can be obtained from the Internet or
-?/ directly from the manufacturer. The connector is a Switchcraft 1SBL8M, male 8-pin

DIN.

Electrical characteristics of the relay contacts are contained in Chapter 8: Reference Material.

Relay operation is controlled by formulas created in the Formula setup screen. Testing the operation of
the relay requires an understanding of formula creation in the P-400 DRO and is discussed in Chapter 4:
Formulas.

8 PINDIN (Male)

8Pin
Conn.

Signal

Relay 1 Input
Relay 1 Normally Closed
Relay 2 Normally Open
Relay 1 Normally Open
Relay 2 Normally Closed

Relay 2 Input

o | N[l |lw|no | =
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External edge detector option connections

External edge detector options can be specified for the P-400 DRO at the time of purchase. When this
option is included, touch probe connections are made through the connector that would alternately be used
for relay output functions.

NOTE
a’ Relay output functions are not available on instruments that include an option for

— V detecting external edges.

External edge functions are controlled by formulas created in the Formula setup screen. Testing the opera-
tion of the external edge touch probe requires an understanding of formula creation in the P-400 DRO and
is discussed in Chapter 4: Formulas.
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Wiring the parallel port data I/0O connections

The parallel port can be configured in the Parallel setup screen as a standard printer port, or as a general-
purpose data Input/Output (I/0O) port.

Parallel port
connector

When configured as a general-purpose data port, the P-400 DRO
uses the parallel port connector as shown below.

Inputs and outputs sup- S ‘
port only 5 volt TTL |

logic levels. Pins 18 @ooooooooooooﬁ@
through 25 are connect- 000000000000

ed to logic ground.

| Gage-Chek ground reference [[12 11 10
Dout

Pin 13 Pin 1

O0000000O0O0O0
Parallel data input/output op- ©@° 0000000000 ?D©

4

erations are controlled by formulas i i
created in the Formula setup screen. Test- Pin 25 Pin 14

ing the operation of the data port requires an understanding of formula

creation in the P-400 DRO and is discussed in Chapter 4: Formulas.
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Warranty registration form

The warranty registration form included in the shipping carton should be completed and mailed as soon as
possible. Also record the purchase and warranty information below so that it will be readily available later
to support any necessary interactions with distributor or factory technical support personnel.

PG&T Co. model nhumber
PG&T Co. serial number
Purchased from

Date received

P-400 DRO software version

The software version is shown in the About setup screen.
Refer to Chapter 3: Setup for screen descriptions.

About [T ro ]
English Yes
Di " Deutsch No
F(')Tnelgz'sons Fran ais No
Formulas ||Esh@ © No
. Italiano No
Variables .
Tolerances ||v2-54 <& - Software version
SPC (C)2002-2008 Metronics. Inc
Header 4c
Memory
F2 L3 XMem
~ BL 3.00 SN 123456

Repackaging for shipment

Repackage the P-400 DRO in the original packaging as received from the factory, or equivalent. It is not
necessary to ship the base when shipping the P-400 DRO for repair.

CAUTION
The original packaging must be duplicated and the LCD must be inserted face-up to

prevent damage to the LCD screen.
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Pay special attention to the following instructions:

1  Connect any loose mounting hardware to the P-400 DRO instrument

2 Repackage the foam and cardboard carton inserts as originally shipped from the factory.
3 Place the P-400 DRO into shipping carton with the LCD facing up.

4  Replace the warranty card and slip sheets found at the top of the carton. The “Before you begin” slip
sheet should be inserted last.

N
=
(2]
(v
2
o
=4
o
=

’
What’s next?
Proceed to Chapter 3: Setup and then to Chapter 4: Formulas to configure your P-400 DRO for use.
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Chapter 3:
Setup

The operating parameters of the P-400 DRO must be configured prior to using the system for the first time,
and any time part measurement, reporting or communication requirements change. Day to day use of the
P-400 DRO does not require reconfiguration of system settings.

w

The setup MeNU.......cccevveeveerieeieieeiereeeeeneene 20 S Labels ...covevevieeeiieieeieeeeeeee e 48 ®

Accessing the setup menu...........ccceeeeeennenne. 20 S Formulas ......c.ccooeveeienieiinienceeee 48 g

Navigating the Setup Menu .........c.ccccceeennee. 21 Globals......cooeiieeiieeeeeee 48 ©
Entering setup data.......cc.ccceeceverenencrenennenn 22 Channels ......c.ccoeeeeevevenineninenencnee 49
Leaving the setup menu...........ccceeeveeevevennenne. 25 MASEET ..ottt 58
Printing, saving or loading settings................ 25 SLEC.... ettt 61
Minimum setup requirements ........................ 26 DiSPlay ....cueevveiieeieiieieceeeeee e 69
Setup SCIEENS.....ccueeeereieieeiieieeiieieeee e 27 RePOIt .o, 72
ADOUL ..o 27 Rep Chars......oooeeeieeeiieeeeeeeeee 75
DImensions .........ccoceevvereenieneesieseesieneenns 28 Send .....ooieiiee 76
Formats ........cocevveveeienieiiiccncencncee 31 Send Chars.......ccceceveverenenencnincnenns 78
Formulas ......cccooeveieneiiiiicncee, 33 Parallel.......ccooeveveiiiiiciccce, 79
Variables ......cccoverereneeeeeee e 34 RS-232 e 80
Tolerances........ccceveeveereenieneenenieeeeens 35 USB..eeee e 82
SPC . 41 HOt KEYS .o 83
Header.......oooovvveiiieeeeeecee e 45 ClOCK .ttt 94
\Y (5311 0) 2RSS 47 External €dge .......cceevvevvevieiieiicieies 95
MISC ettt 98

SUPEIVISOT ..t 101
CAUTION
Parameter changes made in any of the setup screens can change the operation of the
@ P-400 DRO. For this reason critical setup parameters are password-protected. Only

qualified personnel should be given password access to setup screen parameters. The
unlocking of password-protected setup functions is described later in this chapter.
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The setup menu

P-400 DRO operating parameters are accessed and changed using a | Albout [mm]Io ] o ]
few screen navigation and menu keys located on the front panel and [E)"e?j"tss';h ms
shown on the setup screens. Setup screens are selected from the setup |formats b No
menu located to the left of setup screens. Formulas | taliano No

Tolerances ||¥2-54 .

SPC (C)2002-2008 Metronics. Inc
Setup parameters will be retained by the P-400 DRO until: Header ac

Memory

F2 L3 XMem
—- BL 3.00 SN 123456

* The data-backup battery is changed | | | |
» The system data and settings are cleared by maintenance

personnel
* They are changed using the setup menu screens

Accessing the setup menu

The Setup menu is accessed from the Home screen by pressing the Menu softkey, and then pressing the
Setup softkey.

Current Value [mm]I0_Jshaft1] ‘Current Value mm]I0_Fhait1] TABGOUTE 0 (18 |
N NN nnnnn English Yes
D 0.0000 | D 0.0000 [mmmmcie, &
TA ' TA ' Dmensors [P ‘ss o
0 0000 0 0000 Formulas Espa ol No
B " IR . Variables | [!taliano No
v2.54

Se 00000 | S 0.0000 [ [ mome
emor
TPR 0.0000 TPR 0'0000 vy EE lé.sos(Meran 123456

View... | in/mm | | Master | Menu.. View.. | in/mm |Datum...| Extra | Setup | | | |

Press the Menu softkey... then press the Setup softkey... to display the Setup menu
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Navigating the setup menu

Scroll up and down through the list of setup screens using the up and down Cursor keys,
then access setup screen functions using the right Cursor key. Menu items will become
highlighted to indicate selections.

Dimensions [(mm][0_Jshaft1] [Formats [mm]I0_Jshaft1] 'Formats [mm]I0_Jshaft1
Part 0 Dimension DIA Dimension DIA
About Name Shaft1 S_bout_ Rad/Dia Type No S_bout_ Rad/Dia Type No
W imensions | |\ Disp Res . 0.0001 Pimensions ||MM Disp Res 0.0001
D1 DIA D9 None Inch Disp Res 0.00001 ——[|Inch Disp Res 0.00001
Formulas || ps TR D10 None Formulas || 1S Disp Res  0200°01" Formulas || 1S Disp Res  0200'01"
Tolerances || D3 -SQR D11 None Tolerances ||PD Disp Res 0.001 Tolerances ||DD Disp Res 0.001
SPC D4 TPR. D12 None SPC Num Disp Res 0.0001 SPC Num Disp Res 0.0001
Header D5 None D13 None Header Temp Disp Res 0.01 Header Temp Disp Res 0.01
Memory D6 None D14 None Memory Time Disp Res 0.01 Memory Time Disp Res 0.01
D7 MNone D15 None ——||Force Disp Res 0.001 —— | |Force Disp Res 0.001
—~ D8 None D16 None ~ Pres. Disp Res 0.001 ~ Pres. Disp Res 0.001
I I I I I I I I Dec [ inc | I [ApplyAll
Pressing the down cursor ... highlights next menu item, then highlights top screen parameter
pressing the right cursor ...
NOTE
8? It will be necessary to enter the Supervisor password into the Supervisor setup screen
o y to gain access to setup screen parameter fields. Refer to the Supervisor setup screen
discussion later in this chapter for details.
Using dimension keys in the setup mode
The functions of the dimension keys |About mm[[0_] Po
change to speed setup screen naviga- (English Yes
hang p P screen Naviga | oussummm®)| | peutsch No Menu top
tion when the setup menu is displayed. FD(’)'::::‘:“S Fran ais No
. . Espa ol No
Dimension keys can be used to move to | Formulas = r il No Page up
Tol v2.54 _
the top or bottom of the setup menu or Tolerances (| ()3002-2008 Metronics. Inc Page down
to page up or down through the setup ||Header ac
Memory
menu as shown here. F2 L3 XMem Menu bottom
~ BL 3.00 SN 123456
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Entering data into setup fields

Enter numbers into the highlighted setup screen fields using the numeric keypad.

Formats [mm]10_Tshaft1] Formats [m]I0_Tshatt1]
Dimension DIA Q Q Q Dimension DIA
About . Rad/Dia Type No About _ Rad/Dia Type No
Dimensions | |y Disp Res  (Rmmmmm 0 Q G Dimensions | |nng' Disp Res
[Formats i, 1 Disp Res 0.00001 Formats ||\ b Disp Res 0.00001
Formulas — |nic bisp Res  0900'01" Formulas 15016 Disp Res  0900'01"
Variables A5 0 Q a Variables LA
Toespuices BEmDI[S)Ii)spR?{ses g 8831 JoRreRices zEmDI[S)Ii)spR?{ses g 8231
SPC : - SPC | :
Header }.emp glsp ’ses g.g} O 0 @ Header }emp [g?lsp r:ies g-g:
Memory ime Disp Res 0. Memory ime Disp Res 0.
—— | |Force Disp Res 0.001 =0 Force Disp Res 0.001
-~ Pres. Disp Res 0.001 -~ Pres. Disp Res 0.001
I I I [ApplyAl I I I [ ApplyAl
Highlight a setup field... then use the keyboard to enter a number

The Alpha Entry screen will be displayed when alpha character entry is required. Enter alpha characters
into the Alpha Entry screen by highlighting a letter and then pressing the Enter key.

Alpha Entry mm][10 ] po Alpha Entry mm[19 ] po
Report exampl Report example
abcdle|f ghi abcdlfe|f ghi
i k]l mnopagrtr i k1l mnopagr
s tuv wxy z sp s tuv wxy z sp
[~ec HERSN I I ABC LTS [ [

Highlight a character... then press Enter to enter the character

Deleting data entries

Press the Cancel key to erase the last (right-most) numeric digit or alpha character in the selected data

field.
SLEC [mm]10_Jshaft1] CANCH SLEC [rm] [0 Tshaft1]
. . O
gl Channel a e Channel a1l
Memory Memory
5 Labelsl Enabled off S LabeIsI Enabled off
S Formulas - S Formulas "
Gobos " [anen, oo |Saten,
Channels Observed Channels Observed
Master Master
[SLEC ||MZ Offset 10.24987 SLEC [[MZ Offset 10.2498
Display Display
> ~
Teach | I I I Teach | I I I

Highlight a data field and.. and press the Cancel key to erase the

right-most digit or character
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Entering setup parameters

Setup parameters and functions are displayed above the softkeys across the bottom of the screen.

Changing the channel or dimension number

Often setup parameters and functions are related to specific channels or dimensions. When a channel
or dimension is highlighted on the setup screen, the channel or dimension number can be increased or
decreased by pressing the Inc or Dec softkey or by pressing the left or right wide key.

Press the left wide key Press the right wide key
to decrease numbers to increase numbers

dnmag €

PRECISION GAGE & TOOL CO. P-400 Series

0.0010000000
M

Yes

Analog

None
M.Z. Cnts 0
Notify Errors Yes

Press the Dec softkey to decrease Press the Inc softkey to increase
numbers numbers

Entering parameters

When a setup parameter field is highlighted, setup alternatives are shown above the softkeys across the
bottom of the screen. Press the softkey under the desired setup alternative to enter the parameter.

PRECISION GAGE & TOOL CO. P-400 SERIES

Record Number

Time Stamp

s e[l .
Dimension Labels

Globals D fon: Diits

Lines Per Page
Chal:nels Cols Per P
P> Prompt

Highlighted parameter field — e
Display Page Nu_mbers

Report Orientation

Text Size

Parameter alternatives
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Copying parameters to other parts, dimensions or channels

A single highlighted parameter [Formats m Formats [mm]Io_Jshaft1]
— — |
or all parameters of the current |apout RD'a’("‘;*[')‘i’;”}ype - Abioiit RD;’(;‘;S;W}VN 3:‘
part, dimension or channel can be | |pamensions MM Disp Res .0.001 Pimersions MM Disp Res (NN
. . inc ISp kes R Inc ISp kes 5
copied to all others by pressing the ||foM4 |inys pigy Res  0°00'01" Formulas  |IDMS Disp Res 0°00'01"
Apply All softk Tolerances ||DD Disp Res  0.001 Tolerances ||DD Disp Res  0.001
pply softkey. | ApplyAll| |spc Num Disp Res 0.0001 SPC Num Disp Res 0.0001
Header  [Time Dup ree 0.0 Header  [Time Dl Res 001
Memor Iime Disp Res s Memor Iime Disp Res i
If all part dimension or Channel 7y Force Disp Res 0.001 Y Force Disp Res 0.001
’ S Pres. Disp Res 0.001 S Pres. Disp Res 0.001
parameters are already the same “5ge e ] | [AppiyAl | | | [ApplyAl

for the selected setup category, the
Apply All softkey will be grayed-
out.

Copy all parameters by pressing
the Apply All softkey when the
part, dimension or channel name is
highlighted.

Copy a single parameter by press-
ing the Apply All softkey when only
a single parameter is highlighted.

Saving a parameter and advancing to the next

Press the Enter key to save the Channels [mm]Io_Tshaft1] [Channels [mm][0_Jshaft1
Channel a Channel a
highlighted value and advance to ‘E/?aas?elsls* e Tk f/?air;:fk*‘ e Thik
the next parameter. Resolution  (DIDOSID Resolution 0.005
p ?)%sEcla Units Linear ?)I;sECIa Units ‘Linear
Re:or}:, Reversed Yes Re;?or)tl Reversed Yes
Rep Chars [|TYPe TTL Rep Chars ||TYPe TTL
Send Ref Marks  None Send Ref Marks  None
Send Chars|(M-Z. Cnts .0 Send Chars|{|M.Z. Cnts 0
Parallel Notify Errors Yes Parallel Notify Errors Yes
R5232 R5232
~ -
Teach I I I IAppIyAI List I I I IAppIyAII

Press the Enter key...

to store the highlighted value and
advance to the next parameter

Saving a parameter and returning to the setup menu

Channels [mm][0_Tshatt1
— Channel €]
M Master Link
SLaEscter Resolution 0.005
Displa Units Linear
Re;?or)tl Reversed Yes
Rep Chars ||TYPe TTL
Send Ref Marks None
Send Chars||M-Z. Cnts 0
Parallel Notify Errors Yes
RS5232
~

Press the Finish key to store the [Channels [mm][0_Tshaft1
value and return to the setup |chames ||hammel 1
Sater Master Link
menu. paster  ||Resolution  0.005
m Diplay | 0ersed  Yer
Report everse Yes
Rep Chars ||Type TTL
Send Ref Marks  None
Send Chars||M.Z. Cnts .0
Parallel Notify Errors Yes
R5232
~
List I I I IAppIyAII

Press the Finish key...

to store the highlighted value and
return to the setup menu
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Discarding changes and returning to the setup menu

Press the Quit key to return to the |Formats [mm][0_Tshaft1] [Formats [mm]10_[Shaft1]
setup menu on the left half of the Dimension DIA Dimension DIA
p ] /D-\bout : Rad/Dia Type No é\bout ; Rad/Dia Type No
screen without Forreoeons | (MM Disp Res  (DIODSHNED oo | MM Disp Res . 0.001
. Formulee Inch Disp Res 0.00001 Formutas Inch Disp Res 0.00001
saving changes. Variahles DMS Disp Res 0°00'01" Variables DMS Disp Res 0°00'01"
Tolerances ||PD Disp Res 0.001 Tolerances ||DD Disp Res 0.001
SpC Num Disp Res 0.0001 SPC Num Disp Res 0.0001
Header Temp Disp Res 0.01 Header Temp Disp Res 0.01
Memory Time Disp Res 0.01 Memory Time Disp Res 0.01
——||Force Disp Res 0.001 ———||Force Disp Res 0.001
— Pres. Disp Res 0.001 ~ Pres. Disp Res 0.001
I I I [Apply All | | | I
Press the Quit key... to discard changes and return to
the setup menu
Press the Finish key repeatedly to 'Formats [mm]I0_Jshatt1] [Current Value [mm]10_J5haftd
conclude the setup session and re- [, Dimension DIA
Jotn Rad/Dia Type No A
L]

turn to the DRO. Dimensions {Fac/Dia Type o
3 Formulas _||INch Disp Res . 0.00001
Variables ||DMS Disp Res  0°00'01"

DD Disp Res 0.001
Tolerances || \um Disp Res 0.0001
Header Temp Disp Res 0.01
Memory Time Disp Res 0.01
——— | |Force Disp Res 0.001
— Pres. Disp Res 0.001

TIR
S«

T.

-0.0

100

0.0040
0.0290

Press the Finish key repeatedly...

View... | in/mm |

| Master | Menu...

to return to leave the setup menu
and return to the DRO

Printing P-400 DRO setup configurations

Print all P-400 DRO configuration settings and formulas as a text file by pressing the Print

key while displaying any setup screen.

Saving or loading P-400 DRO configurations

Insert a USB drive into the USB port, navigate to the Supervisor S!EI‘VISOI’

screen, highlight the Password field and enter the password if neces-
sary. Press the SaveX softkey to save the current configuration as an
.xml file, or press the LoadX softkey to load a previously saved .xml
configuration file from the USB drive.

Rep Chars
Send

Send Chars
Parallel
R5232

USB

Hot Keys
Clock
Misc.
ISupervisor

]

[mm]I0 ] Po_]
Password KXXXXX
Part Settings Unlocked
Datuming Locked
Master Now Unlocked
Clearing Data Locked
Control Keys Unlocked
Home Lock Unlocked
Delete 1 Record Unlocked
Lock Sys Unlocked
CIr Scale Errors  Unlocked

LoadX | SaveX | |

25
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Minimum setup requirements

The minimum setup steps required to begin conducting measurements are diagrammed below. Additional
setup will be required to utilize the full SPC, reporting, data communication and other capabilities of the P-
400 DRO system. The screens required for the initial setup are described in the remainder of this chapter.

Enter Configure Assign part Configure Specify Create
supervisor input & dimension display of display dimension
password channels labels data resolution formulas
Supervisor Channels Dimensions Display Formats Formulas

setup screen setup screen

setup screen

setup screen

setup screen

setup screen




Minimum Setup Requirements and About Screen

Setup screens

Setup screen descriptions are presented in the order of their appearance in the setup menu. However, the
first time the P-400 DRO is configured the order of setup screen use should follow the essential setup
requirements diagram, and then continue in the order that best satisfies the application or the user’s pref-
erences. The subsequent use of setup screens will probably be infrequent and will address application
requirements or hardware changes.

About screen
The About screen contains selections for changing the language of [About [mm]Tro ]
. . . . : e -

text displayed on the LCD, 1ncluded.1n transmﬂtgd data and printed on G [, i

reports. Software and hardware version information and the number of E(')’:‘rﬁgz'f"’ Eran ails mo

input channels are displayed on the bottom of the screen. f,‘;’r'l';‘l;';; leakano No
Tolerances [|V2-54 .

g . €)2002-2008 M S

Specifying the displayed language P e o etromics. Ine
M

Highlight the desired language and then press the Yes key to select the T l|F2 L3 xwem

-~ BL 3.00 SN 123456

language. | | | |

System information

The P-400 DRO software and hardware versions, number of input channels and unit serial number are
displayed at the bottom of the About setup screen.

27
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Dimensions screen
The Dimensions screen contains fields for defining the part and di- DITWOHS [mm[10 J ro ]
mension labels displayed on the DRO, included in transmitted data, [I)\bout _ aaa',:,e ;’ham
printed on reports and stored in the P-400 DRO database for up to oot |

.. . . . Formulas D1 DI D9 None
100 individual parts. Dimensions must be defined prior to other setup | variables gg ;gk g}g “22:
. . Tol

activities and conducting tests. spe ® Il Da TPR D12 None
Header D5 None D13 None
Memory D6 None D14 None

: : EER D7 None D15 None
Part numbers consist of up to 2 numeric digits in the range from 0 to - D8 None. D16 Nonc
99 entered by the system in sequence as new parts are added. Part and | Label | I VI Hidden
dimension labels consist of up to 8 alphanumeric characters entered from the character entry screen and the
numeric keypad. Part names are shown in reports, but only part numbers are shown in formulas. Completed

dimension labels of one part can be copied and applied to another.

NOTE

Deleting part numbers will erase any data associated with the part’s dimensions in the
P-400 DRO database. Deleting a part number also decrements the part numbers of
any higher-numbered parts, so that data for part numbers on previous reports might
not agree with new data for the same part numbers.

Selecting part numbers Wide keys

Use the Dec softkey or left wide key to
decrement the part number, and the Inc
softkey or right wide key to increment P-400 Series
the part number to the desired value in
the range from 0 to 99. The Dec, Inc

and wide keys change the part number Rl ;:rr:‘e %fu
1 1 IMmensions
only when more than one part exists in %J
D1 DIA
the database. Formulas 2 Ix

Variables

D3 SOR
Tolerances D4 TPR

D5 None
D& None
D7 _None
| D8 None

Decrement and increment keys
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Labeling parts and dimensions

Part labels contain up to 8 alphanumeric characters. Dimension la- Dimensions [mm][0_] Po |
bels contain up to 3 alphanumeric characters. Alpha characters are in | popout Part .0
\ . Name SHafEs
the range from A to Z and can be upper or lower case. Numeric char- | |Dimensions)
& PP Formats || py piA D9 None

acters are in the range from 0 to 9. The order of alpha and numeric | |Formulas D2 TR D10 None

. . . Variables | 53 SoR D11 None
characters in a label is defined by the user. The process of labeling a | Tolerances || o 1ot 1o

SPC None
r dimension is identical. Header D5 None D13 None
parto dimension is identica Memory D6 None D14 None

D7 None D15 None

Highlight the part or dimension field, press the Label softkey to dis- gy Df’ ”°"e| L |”°"e

play the Alpha Entry screen, and then enter the desired alphanumeric
characters. Press the Finish key to complete the process.

NOTE
d’ Labels should be meaningful by reflecting the measurement application when pos-

| y sible.

Defining visible and hidden dimensions

dnjag €

Dimensions are defined as visible by default, displayed on the DRO | Dimensions [mm]io T Po ]
and stored in the database. Dimensions can also be defined as hidden o, iy e

. . . . . iimensions;
for use as variables in formulas and not displayed. Hidden dimen- Egmﬂfa‘s D1 @B DY MNoue

sions are not printed on reports or sent to computers as data files. |variables [| D2 TR~ D10 None
Tolerances [| D3 SQR. D11 None

Visible and hidden dimensions use the same naming convention. SPC D4 TPR D12 None

Header D5 None D13 None

Memory D6 None D14 None

Sl : : . —— || D7 None D15 None

Press the Visible or Hidden softkey to define the dimension type. - D8 None D16 None
Label | I | visible [TEEEN

NOTE
4’ More details regarding the use of hidden dimensions is contained in

| y Chapter 4: Formulas.

Creating new parts BRSNS [P 7o ]

Up to 100 (software) parts can be created in the P-400 DRO. Multiple Part (OW
About Name Shaft1
parts are useful when the number of measurements performed on one !Elmen:lons‘
. . .. . . ormats
physical part is large and could be divided into categories, or when |[Formulas | B} D&t D3 fore
i i Variables || 02 SOR D11 None
different physical parts must be measured.
erent physical parts must be measured ;’glcerances e ‘o o e
Header D5 None D13 None
M D6 None D14 None
Press the New softkey to create a new part. MO Il b7 None D15 None
o D8 None D16 None

Dec | Inc |New| |Copy To
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Copying dimension parameters to other parts

Dimensions assigned to one part can be copied to another to save |Dimensions [mm[10_] ro |
setup time when similar or identical measurements must be performed | 5 it Part (0N

D"ﬁ'i‘ Name Shaft1
on new parts. pimensions

Formeles || D1 DA D9 None

D2 TR D10 None

hli Variables I 53 SoR D11 None
Highlight the Part field and press the Copy To softkey. The labels, ;glcerances D4 IR D12 Nobo
formulas and all other parameters will be copied to the next new part. ||Header D5 None. D13 None
. . Memory D6 None D14 None
Database records will not be copied. D7 None D15 None
e D8 None D16 None

Dec | Inc | New | |Copy To

A pop-up screen will show the next part number. Press the OK soft-
key to copy the labels, and then press OK again to return to the Dimension setup screen.

Deleting parts
Parts can be deleted when it is no longer necessary to store old mea- 'Dimensions [mm]IoT P2 ]
surement results in the P-400 DRO. Deleting old part data makes more | ppout Part 2
. . . Di - ||Name Shaft2
system memory available for new data and dimension formulas. Eamersions
Formulas D1 A D9 None
Variables D2 B D10 None
Highlight the Part field, use the Inc or Dec softkeys to select the de- ;g'cefances 33 [C, B}; 3225
sired part and press the Del softkey. You will be asked to confirm |Header D5 None D13 None
. . . Memory D6 None D14 None
your intention of deleting the part. Press the Yes softkey to delete the D7 None D15 None
it ~ D8 None D16 None
part.

Dec | Inc | New | Del |copy To
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Formats screen

The Formats screen contains fields for specifying the display format
and display resolution for dimensions of the currently selected part.
Selections of radius and diameter measurement types are also pro-
vided.

Specifying a dimension

Highlight the Dimension field and use the Dec or Inc softkey to
specify the desired dimension.

Specifying radius or diameter

Radius or diameter measurements can be specified for cylindrical and
spherical parts or parts with curved surfaces. When radius or diameter
measurements are specified, the corresponding symbol will be dis-
played near the associated dimension on the DRO screen.

The display can be toggled between Radius and Diameter later from
the Home screen using the Extra menu. Toggling the display mode
changes it until the system power is cycled off and then on again. The

Formats [mm]18 ] Po_]
Dimension A
About Rad/Dia Type No
‘E")’r"r:::'f"ﬂ MM Disp Res 0.0001
‘Formulas Inch Disp Res 0.00001
Variables DMS Disp Res 0°00'01"
Tolerances [|PD Disp Res 0.001
SPC Num Disp Res 0.0001
Header Temp Disp Res 0.01
Memory Time Disp Res 0.01
——— | |Force Disp Res 0.001
-~ Pres. Disp Res 0.001
Dec | inc | I [ApplyAl
Formats [mm]eTro ]
Dimension A
é.b°“t ; Rad/Dia Type (Radits
‘F%:'s""s‘ MM Disp Res 0.0001
Formule Inch Disp Res 0.00001
Variables DMS Disp Res 0°00'01"
Tolerances [|PD Disp Res 0.001
SPC Num Disp Res 0.0001
Header Temp Disp Res 0.01
Memory Time Disp Res 0.01
——||Force Disp Res 0.001
Pres. Disp Res 0.001
No Diam. | IAppIyAI

default display mode upon powering the P-400 DRO is specified in the Formats screen. Use the Radius
or Diam softkeys to specify the radius or diameter measurement type. Press the No softkey to specify
measurements that do not require radius or diameter, such as linear or angular measurements.

Current Value Current Value

[m[S]ro ] ‘Current Value

Cycle
DMS/DD
Fast3
Hold
Part?

AG)
B

-16180 | A°

1620 | B
C 1.6040 | C .6040
D 15860 | D 5860

6180
1.620

Recall
ResetDyn
Send
SendRec

[mm]lo ] po ]

-3.2360
1.620
1.6040
1.5860

A@
B
C
D

View... lin/mm lDatun.kl Extra l Setup  View.. Iin/mm IDatun...l Extra I Setup

The radius format... is toggled in the Extra menu...

View... | in/mm | | Master | Menu...

to show diameter

31
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Display resolution

The display resolution fields are used to specify how numbers are shown on the DRO screen. Displayed
numbers will be rounded as the display resolution is decreased. This table illustrates how the display of
numbers is governed by the display resolution setting.

Channel input Display resolution Number displayed
1.567 0.0001 1.5670
1.567 0.001 1.567
1.567 0.01 1.57
1.567 0.1 1.6
1.567 1 2
NOTE
? Measurement resolution can never be higher than the input channel resolution. Speci-

o y fying display resolutions that are higher than the channel resolutions can lead to mis-
leading displays of dimension values.

Specifying a display resolution
Highlight a display resolution (Disp Res) field, enter the desired display resolution and then press Enter.

. . Forrm mm|l0_ | po Forrmts mmj|0
In this example, the MM display ts e [omjio T ro ] R (omlio Tro |
. X i ; b Dimension A Dimension A
resolution of dimension A is Sout_ Rad/Dia Type No About Rad/Dia Type Radius
. IMENSIONS | (MM Disp Res (OHODDANIND Dimensions ||nng' pisp Res
changed from a tenth of a micron ‘ngmzlt;s Inch Disp Res  0.00001 ‘Eg:mﬂltass linch Disp Res  0.00001
to a micron. Variahles ||DMS Disp Res 0°00'01" Variables [|PMS Disp Res 0°00'01"
Tolerances [|PD Disp Res 0.001 Tolerances ||PD Disp Res 0.001
SPC Num Disp Res 0.0001 SPC Num Disp Res 0.0001
. . Header Temp Disp Res 0.01 Header Temp Disp Res 0.01
The resulting change is shown |Memory [|Time Disp Res 0.01 Memory || Time Disp Res 0.01
L. —— | |Force Disp Res 0.001 Force Disp Res 0.001
on the DRO as one fewer digit - Pres. Disp Res 0.001 - Pres. Disp Res 0.001
to the right of the decimal point | | | [ApplyAll | | | [Apply Al
displayed for dimension A. Qe Ve [F=I ] 7 ] |Current Value [l [ o ]

A 0.0000 | A° 0.000
B 0.000 | B 0.000
C 0.0000 | C 0.0000
D 0.0000 | D 0.0000

View_ | mfmm | [ Mamter [Memi. View.. [in/mm | | Master | Menu._..
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Formulas screen
addition

The P-400 DRO uses formulas to define and display dimensions
= Dimension A

based on channel inputs. These formulas are constructed by the user |Formulas (visible)

: Varnables -
to dlsplay: Tolerances C1+2mme*pt

SPC
Header

+ One dimension based on one channel by |
S Labels

For example, S Formulas
A=Cl Globals

Declhcl | |

* One dimension based on multiple channels
For example,
A=Cl+C2

dnjag €

» Multiple dimensions based on one channel
For example,
A=Cl
B=2*pi*Cl

* Multiple dimensions based on multiple channels
For example,

A=Cl
B=C2
C=Cl*C2

Formulas can be constructed that simply display a channel as a dimension, or that calculate a dimension
from one or more channels using powerful math, logic or other functions.

Dimension formulas are unique to the part they are created in. For example, a dimension formula created
in part 0 cannot be used in part 2. However, system dimensions are described later in this chapter and can
be used across all parts.

NOTE
4; Formulas are explained in Chapter 4: Formulas.

-
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Variables screen

Formulas use variables as symbols or names that represent values. For example, in the expression:
C1 + Varl()

Varl() is a variable, its value is flexible and is determined by operations on a different formula line for
the current part. Variables can represent numeric constants, channel input values, dimension values or the
results of a wide variety of math operations.

Variables are important in formula creation because they enable users to create flexible formulas. Rather
than including data directly into a formula, a user can use variables to represent the data. Then, when
the formula is executed, the variables are replaced with actual data. This makes it possible for the same
formula to process different sets of data as conditions change.

The Variables setup screen allows [Variables [mm][0_Tro ]| 'Variables [mm][0-Tro ]
.
the user to see the current value of | apout  |[y4 5 5891000 el P —
any of the 20 possible variables. ||pimensions Wariables
. Eomis V2 1.0471000 Pl V2 0.0000000
Variables that are not defined |fgrmusas

Header
elsewhere by formulas can be set | Tolerances Ve 5663200 Memory V5 0.0000000
to constant values in this screen by || Header V4 .0.0000000 S Labels ||V4 0.0000000
. i K X Memory S Formulas

highlighting a variable field and V5 0.0000000 Globals V5 0.0000000

. . -_— ~
entering the value. Variables that | | | | BN 0 [11-15 [ 1620 |
are defined by formulas cannot be Velues of 3 variables Variable 1 sef to a constant

changed in the Variable screen.

Variables are unique to the part they were created in. For example, a variable created in part O cannot be
used in part 2. Global variables, discussed later in this chapter, can be used across all parts.

NOTE
4; Variable functions are defined in the formula screen. Formulas are explained in

i y Chapter 4: Formulas.
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Tolerances screen

The tolerances screen contains fields for specifying nominal values, 'Tolerances [mm][0_T po ]
upper/lower warnings, upper/lower limits and minimum/maximum bar | apout Dimension A

graph levels for each dimension. An audio alert can also be specified '|2MEMSIoN |Nom + Max  2.100
Formats |fnom + Limit 2000

for warnings, limits, or both. f,‘;’r’l':l;:z: Nom + Warn 1.320
Nominal 0.000
SPC Nom - Warn 1.320

Tolerance ranges are indicated numerically and by bands of color on ||Header Nom: - Limit. .2.000
Memory Nom - Min 2.100

the Current Value bar and dial screens. Audio Alert  None
-_—
The default bar ar.ld dial displays B 5 Tro] 1B Rl
show Pass values in green, Warn- | Gigh Limit -
. . . i H Jhennd T I
ing values in yellow, and Fail 6.0600 High Warmino i s iy, OB o
values in red. B g s T g,
Nominal - 6.0000
6.0000 Low Limit High Limit ©
C 6.0200 6.0600 ¢

These pass, warning and fail lev- 7
els are shown clearly in the bar ||Low Limit Low a0 D 6_0458 D
6.0200

graph of current values above, _ ; - :
. Graph... -Hlsto___ TN Data.. | DRO.. | | Graph... | Histo.. [EVEIR I:zg DRO...
and explained below: l |

* Pass
Above low warning and below high warning. Pass values fall within the specified range of
acceptable values.

* Warning
Outside the range of pass values, but not at or beyond the specified acceptable limits. Warnings
indicate the need to evaluate the process to prevent the future generation of unacceptable, or
failed parts.

* Fail
Outside the specified range of acceptable limits specified.

* Max/Min
Highest and lowest graph scale values. These values determine the range of values plotted on
the graph. This range should be greater than the range limits of acceptable limits.

NOTE
d’ The colors used to indicate pass, warning and fail can be changed using the Display

. y setup screen discussed later in this chapter.
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Dimension

Press the Dec or Inc softkey to specify the desired dimension. Tolerances [mm][0_T ro |
e Dimension ®

Nominal values with tolerances Dimensions o & Max 2,005

) ) . : Formats |lhigh Limit 2.004
Nominal values with tolerances can be specified as a nominal value ||Formuas |l ik warning  2.002

Variables | Nominal 2.000
- 1 1 . T . 2
between +/- tolerances, or as a nominal value with ++/-- tolerances |Toerances}l, o Fyoring 1008

distributed entirely on the plus side or entirely on the minus side of the |Header Low Limit ~ .1.996
: Memory Bar Gr. Min  1.995
nominal value. Audio Alert  None

~

Dec Inc Im’ +/-  |ApplyAll

Nominal with +/- tolerances

A nominal value is displayed between plus and minus tolerances.

0.05 Nom + Max

0.04 Nom + Limit —— — — — — — — — — — — — — —

0.02 Nom + Warning

2mm Nominal Acceptable range
of values

- 0.02 Nom -Warning
-0.04 Nom - Limit — — — — — — — — — — — — — —

- 0.05 Nom - Max
Press the +/-softkey to specify a nominal value with +/- tolerances, Tolerances [mm]10] Po ]
and then highlight the desired fields, and then enter the desired val- || apout Dimension @
Dimensions
ues. Nom + Max 0.005
Formats |INom + Limit 0.004
Variables [|Nom *+ Warn 0.002
i i ' . a2 s < || Nominal 2.000
This example screen contains the nominal value and tolerances listed | Tolerances R oy 8 G
: Header Nom - Limit 0.004
below Memory Nom - Min 0.005
Audio Alert  None
1 ~
¢ Nominal = 2.0000 mm Tl e e B

* Warning tolerance = £ 0.0020 mm
¢ Limit tolerance = + 0.0040 mm
¢ Max tolerance = + 0.0050 mm

NOTE
4; Values specified using the +/- Tolerances screen will also be converted to fixed limits if

i y the Limits softkey is pressed.
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Nominal with ++ tolerances

A nominal value is displayed with tolerances entirely on the plus side of nominal.

B mmf10 [ro | (B [mm]I0 T ro
0.07 Nom + Max — High Limit
0.06 Nom + Limit —_ _— _— _ 6.0600 High Warning A .y WA TS P By A
0.05 Nom + Warn o 6.0500 3 ) . @
& " Nominal " /

nominal [N 6.0000
6.0000 6.0458 Low Limit High Limit

0.03 Nom +Warn = -oeeemmeemmmsseemmeenoneeees C 6.0200 6.0600 C

0.02 Nom + Limit — — — — — Low Warning 6 0458
6.0300 D I D

0.01 Nom + Min ——————— | |Low Limit
6.0200
Graph... | Histo... .m Data. | DRO. | | Graph.. | Histo_ |SEM Data_ | DRO..

6 mm Nominal

w
. . 7
To specify a range of tolerances above the nominal value (+ Tolerance): o}
=
]
Tolerances [mm]I0 T po ]
1 Press the +/- softkey =
Dimension B
About
pimensions | [Nom + Max 3.000
Formulas Nom + Limit 2.000

Nom + Warn 1.000

Variables A

Nominal 0.000
T )
e "®lINom - Warn 1.000
Header Nom - Limit 2.000

Memory NOIT! - Min 3.000
Audio Alert  None

-
Dec | Inc | Limits ApplyAll
2 Enter the high end of the positive tolerance range into the + Max, | Tolerances [mm]I0 ] Po_]
+ Limit and + Warn fields, and then enter the Nominal value. pboat  [omemmon B
pimensions |[Nom + Max 0.070
Formulas |[Nom + Limit 0.060
Variables Nom + Warn 0.050
T Nominal
spc " lINom - Warn 0.002
Header Nom - Limit 0.004
Memory Nom - Min 0.005
Audio Alert  None
-
t+/ | | | Mirror [ApplyAl

3 Enter the low end of the posi-

) _ p Tolerances [mm]I0 [ ro_] | Tolerances [mm]10 [ po_]
tive tolerance range into the — [Dimension B _About (Dimension B
-Warn, and press the ++/-- softkey FD‘i)rrnne]::isons Nom + Max 0.070 EI:)‘i)rrnne]::isons Nom + Max 0.070
to change the fields to + Warn. Formulas [[Nom + Limit .0.060 Formulas [[Nom + Limit .0.060

Variables Nom + Warn 0.050 Variables Nom + Warn 0.050
Tolerances )| |Nominal 6.000 Tolerances )| |Nominal 6.000
. spC ||Nom - Warn 0.030 SspC ||Nom + Warn 0.030
u - om - Limit . om + Limit 0.
Repeat this procedure for the Boadar N Li 0.020 Boadar N L 0.020
L. . . Memor Nom - Min  (OIOFOND | Memor Nom + Min (OIOTONIED

Limit and - Min fields. This estab- : Audio Alert  None : Audio Alert  None

lishes the lower end of the positive Bt Bt
e | | | Mirror |AppIyAI e | | | Mirror |AppIyAI

range of tolerances.
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Nominal with - - tolerances

A nominal value is displayed with tolerances entirely on the minus side of nominal.

B mm[0_Jro] [B [mm]Io ] ro
High Limit
5.9800

6 mm Nominal
- 0.01 Nom - Max _— High Warning A -
-0.02 Nom - Limit _— — _ _ _ 5:9700 &
-=0.03 Nom -Warn oo

\\\‘\”” Ih’/ff/ A

= Nominal /
Nominal - 6.0000
orre'i"%aooo Low Limit High Limit
(© 5.9400 59800 (C

. Low Warning
Low Limit 59500 D o D
5.9400

Graph._ | Histo._ Data_ | DRO_ | | Graph_ | Histo_ RNl Data_ | DRO.

-0.05 Nom - Warn
-0.06 Nom - Limit
-0.07 Nom - Min

To specify a range of tolerances below the nominal value (- Tolerance):

1 Press the +/- softkey. Tolerances [mmJio [ po |

(Dimension B

About

II:)imenzions Nom + Max  3.000
ormats — |Nom + Limit 2.000

Formulas  ||nom + Warn 1.000
(Toleranc es | | Nominal 0.000
SpC ||Nom - Warn 1.000
Header Nom - Limit 2.000

Memory NO"! - Min 3.000
Audio Alert  None

~

Dec [ inc [ Limits RN AnplyAl
2 Enter the low end of the negative tolerance range into the - Max, |Tolerances [mm]Io_] Po ]
- Limit and -Warn fields, and then enter the Nominal value. Akt Dimension B

II:)imenzions Nom + Max  3.000
ormats — |Nom + Limit 2.000

f/‘)a'rra'.-lﬂﬁi Nom + Warn 1.000
T Nominal ‘6000
‘SSCQLM‘ Nom - Warn 0.050
Header Nom - Limit 0.060

Memory NO"! - Min 0.070
Audio Alert  None

~
5o/ | | | Mirror [ApplyAl
. 0 0
3 Enter the high end of the
K i b Dimension B Ab Dimension B
negative tolerance range into the + | About . hout
Dimensions |Inom + Max  (OIOMONEEES | Dimensions nom - Max  0.010
Warn, and press the Formats — |INom + Limit 0.020 Formats — |lNom - Limit 0.020
++ /-- softkey to change the field | Variables |[Nom. * Warn 0.030 Variables _[{Nom. - Warn
Tolerances )| |Nominal 6.000 Tolerances )| |Nominal 6.000
to - Warn SspC ||Nom - Warn 0.050 SspC ||Nom - Warn 0.050
: Header Nom - Limit 0.060 Header Nom - Limit 0.060
Memory ||Nom - Min  0.070 Memory [[Nom - Min  0.070
. Audio Alert  None Audio Alert  None
Repeat this procedure for the - -
+ Limit and + Max fields. This ##/=] | [ Mirror [ApplyAll  ++/-- ] | | Mirror [ApplyAl

establishes the upper end of the
negative range of acceptable tolerances.
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Nominal with fixed limits

A nominal value is displayed [B [mm]io]ro] |B [mm]l0 | ro
: High Limit
between plus and minus fixed 0040 High Waming I RRTIRNNE e, A
limits. 2.0020 \ . . /
= Nominal
— i
2.0000 Low Limit High Limit
C 1.9960 2.0040 ¢
o Low Warning 2 001 3
: E Low Limit 1.9980 D D
To specify fixed limits above and 1.9960 .
below a nominal value: Graph... | Histo.. I8l Data.. | DRO... | | Graph... | Histo.. LM Data.. | DRO..
1 Press the Limits softkey to specify a nominal value with fixed "Tolerances (mm[[0_] Po ] s
limits. e Dimension ® *
Dimensions | |g.r G- Max  2.005 o)
L . : Formats |lhigh Limit 2.004 g
2 Highlight the desired fields, and then enter the desired values. V"a’r'i':l;I:: High Warning 2.002 T
(Tolerances) Nominal ) 2.000
Low Warning 1.998
The example below of 2 mm + 0.005 mm is used to show a nominal |Header Low Limit  .1.996
) o Memory Bar Gr. Min 1.995
value with fixed limits. Audio Alert  None
-

Dec Inc Im’ +/-  |ApplyAll

* Nominal = 2.0000 mm

* High warning = 2.0020
* Low warning = 1.9980
* High limit = 2.0040

* Low limit = 1.9960

* Bar graph max = 2.0050
* Bar graph min = 1.9950

Specifying an audio alert
Audio alerts can be specified that sound when a dimension reaches warning and limit values.

The audio alert sounds when a warning or limit threshold is crossed, and will not sound again until the alert
is reset by crossing the threshold again in the opposite direction.

Press the appropriate softkey to specify: Tolerances D I8 I

) About Dimension B

* No audio alerts Elmen:lons Bar Gr. Max 2005

; . . ormats  Ifpjigh Limit 2.004

*» Audio alerts for tolerance or limit warnings Formulas (| 9P L0 2 002
. e Variables igh Yvarming <.

* Audio alerts for limit failures (Tolerances | |Nominal . 2.000

. . .. . SPC Low Warning 1.998

* Audio alerts for both; warnings and limit failures Header Low Limit 1.996

Memory Bar Gr. Min  1.995

Audio Alert NGminG
-

None Limits | Both [ApplyAll
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Mirror values

The positive and negative Max and Warn values can be changed automatically by entering either a posi-
tive or negative Limit value and pressing the Mirror softkey. The UCL and -LCL values in the SPC screen
will also be changed. New values will be:

Max = Limit + 5%
Warn = SPC screen Warning Per (%) of Limit
SPC screen ULC & -LCL = Limit

In this example, the Limit is changed to 1.750. The resulting changes are:
Max = Limit + 5% = 1.837

Warn = SPC screen Warning Per (%) of Limit = 66% of Limit = 1.155
SPC screen ULC & -LCL = Limit = 1.750

SPC [»m]ic ] ro ] 'Tolerances [mm]I0 [ ro_] ' Tolerances [mm]10 [ po_]
Akt (Subgroup Size 1 Akt (Dimension [ ] Aot Dimension A
, « Max Subgroups 50 : . : .
FD'"‘e":‘°“5 Graph Pts 50 FD'"‘e":‘°“5 Nom + Max  3.000 FD'"‘e":‘°“5 Nom + Max  3.000
Fg:mzlass Next Record Id 1 Fg:mzlass Nom + Limit 2.000 Fg:mzlass Nom + Limit
Variables ||Dimension Variables ||Nom * Warn 1.000 Variables ||Nom *+ Warn 1.000
Tolerances || UCL 2.000 (Tolerances)| {Nominal 0.000 (Tolerances)| {Nominal 0.000
LCL -2.000 SpC {[Nom - Warn 1.000 SpC {[Nom - Warn 1.000
Header Header Nom - Limit 2.000 Header Nom - Limit 2.000
Memory Memory Nom - Min 3.000 Memory Nom - Min 3.000
Warning Per. 66 Audio Alert  None Audio Alert  None
~ Show Graph Yes ~ ~
I I I I Dec | inc [ Limits [ORMNApvAL ++/-- I [ Mirror [ApplyAll
Initial values in the SPC and Tolerances screen are changed when... the Limit value is changed and...
Tolerances [mm]I0 [ro ] 'SPC [»m]io ] ro ] [Tolerances [mm]10 [ po_]
Dimension A (Subgroup Size 1 Dimension A
S.bOUt . S.bOUt . Max Subgroups 50 S.bOUt .
F'"‘e":‘°“5 Nom + Max  1.837 F'"‘e":‘°“5 Graph Pts 50 F'"‘e":‘°“5 Nom + Max  1.837
Formulas |[Nom + Limit duuSomsssss | OT0C°  ||Next Record Id 1 Formulas  |[Nom + Limit  (SONSSS
Variables ||Nom *+ Warn 1.155 Variables ||Dimension A Variables ||Nom *+ Warn 1.155
(Tolerances)| {Nominal 0.000 Tolerances || UCL 1.750 (Tolerances)| {Nominal 0.000
spC {fNom - Warn 1.155 SPOmD| | LCL -1.750 spC {fNom - Warn 1.155
Header Nom - Limit 1.750 Header Header Nom - Limit 1.750
Memory Nom - Min 1.837 Memory Memory Nom - Min 1.837
Audio Alert  None Warning Per. 66 Audio Alert  None
~ ~ Show Graph Yes ~
e | | | Mirror |AppIyAI | | | | e | | | Mirror |AppIyAI

the Mirror key is pressed resulting in new SPC UCL & LCL and Tolerance Max & Warn values



SPC Screen 41

SPC screen

The SPC screen contains fields for specifying statistical process control parameters including the Subgroup
(sample) Size and Max (number of) subgroups stored, upper and lower mean control limits, and upper and
lower range control limits. Record ID numbers can also be viewed or changed.

Subgroup size

Enter the desired subgroup size from 1 to 10 samples.

SPC parameters in the lower half [SPC [mm]Io ] ro ] 'SPC [mm]I0 [ ro_]
of the screen and eraphs of data Subgroup Size @NED Subgroup Size (SN
: grap ) S_bout_ Max Subgroups 50 ébout» Max Subgroups 50 w
displayed on the screen are dif- F""e“:'°"5 Graph Pts 50 F""e“:'°"5 Graph Pts 50
. Formulas || Next Record Id .1 Formalas  ||Next Record Id .1 2
ferent for subgroup sizes of 1 and || {18 || pimension A Variablos | |Dimension ol
b i ter th: 1 Tolerances || UCL 2.0000 Tolerances || X Uc! 2.0000 ‘g
subgroup sizes greater than 1. SpC || LeL -2.0000 SPC || % Lel -2.0000
Header Header r Ucl 1.0000
. Memory i Memory r LC'_ 0.0000
The differences between sub- |————|| Warning Per. 66 —|| Warning Per. 66
~ Show Graph Yes -~ Show Graph Yes

groups of 1 and subgroups greater | | | | | | | I
than 1 are described later in this

. . Subgroup size =1 Subgroup size > 1
SPC screen discussion.
Max Subgroups
Enter the maximum number of subgroups to be stored for the speci- [SPC [mm][5Tro |
fied dimension. Each dimension can store samples in from 2 to 1000 Subgroup Size .3
. About
sub Direrions Maxh5ubgroups [4-1 ]
groups. Fornats Graph Pts 50
Eainide Next Record Id 1
Variables D_imension A
Tolerances || X Ucl 2.0000
spc || X L -2.0000
Header r Ucl 1.0000
Memory r Lcl 0.0000
—— || Warning Per. 66
c—— Show Graph Yes
Graph Points | | | |
Enter the maximum number of points that will be plotted on graphs of SPC [mm]eTro ]
H Subgroup Size 3
subgroups for the specified part. éi?r?grtxsions Mo Subrous 50
Forriate Graph Pts ‘50
Next Record Id 1
Formulas . .
NOTE Variables Dimension A
. . % Ucl 2.0000
4’ When there are fewer graph points specified than gg‘cﬂ""&‘ % Ll ~2.0000
. . . . Header r Ucl 1.0000
-y subgroups, the resulting dimension graphs might Momory Il r Lel 0.0000
need to be scrolled to view all the subgroup data. |—— || Warning Per. 66
~ Show Graph Yes

Refer to Chapter 5: Operation for details regard- | | | |
ing viewing and scrolling graphs.
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Next Record ID Current record ID number
Record ID numbers are displayed
on graphs and can be included in [SPC [mm[0 ]P0 ] 2255 315" [mm]Io ] ro
printed reports and transmitted |, . Subgroup Size 3 A
d Dimensions ibace. Sibigrougss «el
ata. F b ||Graph Pts 50 UCL2.0000
Fg:mslas Next Record Id GImn
Variables Dimension A _/—/_‘—\ B
Normally, the Next Record ID |Tolerances || X Uc! 2.0000 29008
_ ' spC || X Lel -2.0000 c
field starts at 1 and is automati- ||Header rud 1.0000
. Memory r Ll 0.0000 LCL -2.0000
cally incremented by the system | ————|| Warning Per. 66
. . S Show Graph Yes
each time a new record is stored. I I I I m Histo_ | Bar. | Data. [ DRO-

However, the Next Record ID
field can be set to any value by the user to restart a new database at a specified record number, or for
a variety of other reasons. Enter the Next Record ID to restart the database at a new number. Entering
999,999,999 will prevent any data from being recorded in the database

Dimension
Use the Dec or Inc softkey to select the dimension. SPC [mm[IoTPo ]
Subgroup Size 3
S_bout 2 Max Subgroups 50
mensions Graph Pts 50
Formats
Formidas Next Record Id 14
Variables ||DImension A
Tolerances || X Uc! 2.0000
SPC 1 X Lcl -2.0000
Header || T Ucl 1.0000
Memory r Lcl 0.0000
Warning Per. 66
~ Show Graph Yes
Dec | Inc | | |
UCL and LCL
The UCL and LCL fields are displayed when the subgroup size is 1. SRE ) [mm]Io]ro ]
i Sub Si 1
Subgroup sizes greater than 1 change the lower half of the SPC screen [/;il:r?:rtlsions ,vf,’af“s’l‘:l’)’gr ('j;s B

: i H H Graph Pts 50
to display mean and range control limits that are described later in |Formats ST J0S 20

this discussion. By default, the UCL and LCL fields display the upper f,"a’,.";‘.;'lii DliJ'CnLension
and lower (acceptance) limits specified earlier on the Tolerance setup | e (| LcL -2.0000
screen. The limits are used by the P-400 DRO graphing software to mﬂg{,y .
scale the value axis of SPC graphs. - gg@'"gra':;:' o
| | | |
CAUTION
The UCL and LCL values shown on the SPC setup screen should not be altered after
@ initial setup. Change them only if you are certain that your application requires dif-

ferent values.



SPC Screen 4 3

Xbar and r Ucl and Lcl
The Xbar and r Ucl and Lcl fields are displayed when the subgroup size is greater than 1.

Ucl and Lel

The Xbar Ucl and Xbar Lcl are the likely limits of the values of Xbar [SPC [mm[icTPo ]
in future subgroups. These limits are either entered manually or cal- éil:r?grt‘sions :;f:f 'E’L‘ﬂgféif,s go
culated (Recalc softkey) on the basis of existing subgroup data. The |formats ||GraPh Pts 50

: . . Formulas ||Next Record Id 14
Xbar Ucl and Xbar Lcl values are displayed as horizontal lines on the | yariables ||Dimension

.. X Ucl '2.0000
Xbar chart and used to generate SPC limit alarms. Aolrances 2 Ll -2.0000
Header r Ucl 1.0000
Memory || r Lcl 0.0000
———— || Warning Per. 66
— Show Graph Yes w
Recalc | | | | o
Recalculating or specifying Xbar Ucl and Lcl o}
The Xbar chart above shows upper and lower control limits that were | SPC [rE]ro ] S
: Subgroup Size 3
e.nte.red 11.1t0 the Tolerance §etup screen as upper and lower acceptance Silr)r?:rtxsions Max Subgroups 50
limits prior to the collection of subgroup measurement data. Once |formats SfaPthRPtS i g?
. . ex eCor:
subgroup data has been collected, the upper and lower control limits | formukas Dimenlsion
. e % U 02765
can be simultaneously recalculated by highlighting either of the Xbar ;g‘ce@ﬂ&eﬁ ; ,_cc | 0.1235
control limit fields and pressing the Recalc softkey. Alternatively, mﬂgy : t’cﬂ' e
the x upper and lower control limits can be entered directly into the |———— ;"ézwi“gra"pel: : $2s
Xbar Ucl and Xbar Lcl fields. Recalc | | | |
r Ucl and Lcl
The r Ucl and r Lcl are the likely limits of the values of the r of future |[SPC [mm]e T ro ]
subgroups calculated on the basis of existing subgroup data. These | About ﬁ},’;’frgﬂggfg,f,s s
o . Dimensi
limits are either entered manually or calculated (Recalc softkey) on | formats ﬁ::("th Ritcsor d b 2?
the basis of existing subgroup data. The r Ucl and r Lcl values are | formias Dimersion A s
displayed as horizontal lines on the chart and used to generate SPC | Tolerances | 2 /& 0.1235
limit alarms Header o
. Memory r Ll 0.0000
—— || Warning Per. 66
~ Show Graph Yes
Recalc | | | |
Recalculating or Specifying r Ucl and r Lcl
The chart shown earlier indicates upper and lower control limits that |[SPC [mm[io]ro ]
were included as upper and lower acceptance limits prior to the col- éilr)r?:rtxsions :},’:f’gﬁggf;iis 20
lection of subgroup measurement data. Once subgroup data has been |formats S;ipth Rpetcsor d v g?
collected, the upper and lower control limits can be simultaneously | formutas Dimension B s
recalculated by highlighting either of the r control limit fields and ‘gg;f’ﬂl % Ll 0.1235
pressing the Recalc softkey. Alternatively, the r upper and lower con- marg'gy e R
trol limits can be entered directly into the Ucl and Lcl fields. | ‘S’ga'“i"g Per. .66
ow Graph Yes

-
Recalc | | | |
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Warning limits

The Warning Per field is used to specify the upper and lower warning
limits on the Xbar and r SPC charts as a percentage of upper and low-

er control limits. For example:

When the Warning Per = 66
and:
Xbar Ucl =2.0000
Xbar Lcl = -2.0000
r Ucl = 1.0000
r Lel =0.0000

P-400 DRO User’s Guide

then:
Xbar upper warning = 1.3200
Xbar lower warning = -1.3200

r upper warning = 0.6600
r lower warning = 0.0000

SPC [l 7o ]
Subgroup Size 3
Sil:r?:;sions Max Subgroups 50
Formats Graph Pts 50
Formulas gext Record Id 21
Variables Amension
Tolerances || X Uc! 0.2765
SPC 1] X Lcl 0.1235
Header r Ucl 0.1928
Memory r Ll 0.0000
Warning Per. (GGID
~ Show Graph Yes

Warnings and over-limits are indicated on Xbar and r SPC charts by color changes to yellow for warnings,
and red for over-limits. These colors can be changed in the Display setup screen.

Showing and hiding SPC graphs

The SPC graph for each dimen-
sion can be shown or hidden by
choosing Yes or No when the
Show Graph setup selection is
highlighted. Hiding SPC graphs
for dimensions reduces system
resource consumption and in-
creases throughput speed.

SPC [mm]I0 ] Po_]
Subgroup Size 3
ébout - Max Subgroups 50
Dimersions | e P+ 50
Formulas g_ext Record Id :‘;1
Variables _'me"|5'°" o e
Tolerances || X Uc -
spc || X Ll 0.1235
Header r Ucl 0.1928
Memory r Lcl 0.0000
—— || Warning Per. 66
Show Graph @
No Yes [ [

':2 ) 3 15- mm]10_] po
A
UCL2.0000
_/—/_\—\ B
0.0000
C
LCL -2.0000
D
m Histo.. | Bar.. [ Data.. | DRO..




Header Screen

Header screen

The Header screen contains fields for creating header labels and user
prompts for text that will be included on printed reports. Header in-
formation will be printed in text fields at the top of all reports oriented
as shown on the Header setup screen.

Each header text field can be defined as a Label or a Prompt. Labels
are created in the header setup screen and printed on reports. Prompts
are also created in the Header setup screen and printed on reports, but
prompts elicit additional information from the user when the Print

Header

-~

Memory

[mm]Io T Po ]

S Labels
S Formulas
Glohals

Channels
Master
SLEC

~

key is pressed. The user text response to the prompt will be printed next to the prompt on the report. The

example report at the right shows label and prompt fields.

Labels

Highlight the desired header field and press the Label softkey to define
the field as a label, and then press the Change softkey to display the Alpha

Entry screen.

[mm][0-Tro | Alpha Entry [mm]io | ro

Header

Header )

L]
Memory

S Labels
S Formulas
Globals

[A]lB CDEF G HI
JKLMNOPQR
STUVWXYZsp

Channels
Master
SLEC

e i
I Prompt | | abe | [ [

|Change

Upper/lower case

Label text
Prompt text

1.
1.
1.
0.
0.
0.
0.
8.

Alpha characters are entered in upper or lower case. Press the ABC softkey for uppercase, or the abc

softkey for lower case.

Entering label characters
Use the Cursor keys to select the

desired character, then press the
Label

Alpha Entry Header

Enter key to append the selected
character to the message line.
Use the SP character to include
spaces. Press the Finish key to re-
turn to the Header setup screen.

abcdef ghi
jkDmnopqr

s t uv wx y z sp

e D T

[mm]Io] Po ]

Header )
Memory

S Labels
S Formulas
Globals

Channels

Master
SLEC

-
IR Promt I

[ Change
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Prompts

Highlight the desired header field and press the Prompt softkey to define the
field as a prompt, and then press the Change softkey to display the Alpha

Entry screen.

P-400 DRO User’s Guide

mmj[0 | po

-
[ Label Y |

Upper/lower case

| change

Alpha characters can be entered in upper or lower case. Press the ABC

Heai!er [Fm[I=Tro ] [Alpha Entry

e — || Labe

T s [AlB CDEF GHI
Globals

Channels JKLMNOPQR
siec S TUVWXYZsp

rec TS

softkey for uppercase, or the abc softkey for lower case.

Entering prompt characters

Label text
Prompt text
Mean:

1.
1.
1.
0.
0.
0.
0.
8.

Use the Cursor keys to select the desired character, and then press the Enter key to append the selected
character to the message line. Use the SP character to include one space after the prompt, so that the
prompt message is separated from the user’s text response. Press the Finish key to return to the Header

setup screen.

Alpha Entry mm[i0 [ ro] [Alcha Entry mm]10 ['ro] [Header [T ro |
.
Header )
Promp Prompt et Label
i i S Labels Prompt ="
abcdef ghi abcdef ghi v
i kI IE P k| Globals
J mn o ar ) mnopar Channels
Master
StUVW)(yZSpStUVW)(yZSLEC
i il
ABC ahc [ | ABC ahc | | Label m | |(1lalge

The Alpha Entry screen will be displayed with the prompt when the user presses the Print key in the graph,
histogram, data and detailed data views.

Press the Finish key to return to the Setup menu.
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Memory screen

The memory screen contains fields that describe memory allocations 'Memory [mm]10 ] po_]
Total Available 975886
and use for the total system and the current part. Sil:r?:;sions ford Kbty atas
Formats Part 0
Memory allocations are changed by the system when the user chang- f,‘;’n";‘l;'lzi
. Tolerances ||Amt Available 2400
es: SPC Amount Used 0
Header Percent Used 0
* The number of parts e || Nom Records 0
* The number of measurements performed Max Records 50
. -_—
* Formula complexity | | | |
» Parameters in the SPC setup screen.
w
NOTE o
4; The memory screen is provided only as a convenience for determining the memory g.
S

- y usage in your system. The user cannot change memory allocations, beyond reducing
the number of parts used or database records stored.
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S Labels screen

The S Labels screen provides fields for labeling up to 16 system di-
mension formulas. Labels contain up to 3 alphanumeric characters.
Alpha characters are in the range from A to Z and can be upper or
lower case. Numeric characters are in the range from 0 to 9. The order
of alpha and numeric characters in a label is defined by the user.

Highlight the system dimension field, press the Label softkey to dis-
play the Alpha Entry screen, and then enter the desired alphanumeric

characters. Press the Finish key to complete the process.

NOTE

Labels should be meaningful by reflecting the measurement application

2,0
— y sible.

S Formulas screen

System dimensions are created in the S Formulas screen and are used
like the dimension formulas discussed earlier in this chapter, except
that, unlike dimension formulas, System dimensions can be used by
any part.

NOTE
Formulas are explained in Chapter 4: Formulas.

3

Globals screen

The Globals screen shows the current state of global variables and is
used like the Variables screen discussed earlier in this chapter. Global
variables are used like variables except that, unlike variables, globals

can be used by any part.
NOTE
6’ Global variable functions are defined in the formula

— y screen. Formulas are explained in
Chapter 4: Formulas.

S Labels [mm]I0 [ po_]
- L1 @@ L9 None
chd L2 None L10 None
Mea <t L3 None L11 None
emory L4 None L12 None
/| L5 None L13 None
‘m L6 None L14 None
Glohals L7 None L15 None
L8 None L16 None
Channels
Master
-
Label | | | |
when pos-

channel

-
SPC
Header
Memory

S Labels
(5 Formulas|
Globals

Channels
Master
-

Label Name
(visible)
1+

51

R O [ +-+/. [ Math.. | Other.

Globals [m[15Tro |
.
SPC
PC e ||G1 0.0000000
Memory |lG2  0.0000000
> Labels llG3  0.0000000
G4 0.0000000
Channels
Master G5 0.0000000
~




Channels Screen

Channels screen

The Channels screen contains fields for Soecit the channel
H H H : Specify the Select the pecify the channe
selecting, configuring and calibrating |, . setup parameters
. . . input channel P! input channel > I i
input channel devices. The input chan- number type and ca |!arz:jte i
. . require
nel setup process is diagrammed here. i
Specifying the input channel SRRl D |C8 Il
Highlight the Channel field and use the Dec or Inc softkey to specify gglcerAances ﬁ,{‘;’;’;ﬁ' g
the desired input channel. Hedar Resolution 0.0010000000
Memory Units Linear
Reversed Yes
Type TTL
g kg?,?:f,,as Ref Marks  None
Globals M.Z. Cnts 0
——— || Notify Errors Yes
Channels
Selecting the channel input type e | e | i Iy

Channel input devices are attached to standard interface connectors

or to an RS-232 serial port on the rear of the P-400 DRO. The number and type of channel inputs are
specified when the P-400 DRO is purchased, but might need to be specified again in the field. Channel
types include:

« TTL RS-232 Single probe input to primary or
TTL square wave encoder secondary RS-232 port
* Analog * MTISer
Sinusoidal analog encoder Data byte inputs from single MTI probes
» D1311 + D5451
RS-232 thermocouple RS-232 serial thermocouple probe network
* HBT ¢ Orbit
Analog input from half-bridge transducers RS-232 Solartron Orbit probe network
« LVDT * Marposs
Analog input from full-bridge transducers RS-232 serial probe network
+ Albion * SonyMG
RS-232 temperature compensation for RS-232 Sony probe network
gage materials « DMX
« A2D RS-232 multiplexer
Analog input from a wide variety of analog « MPLX
to digital devices RS-232 multiplexer
* A2E
Analog input from air gage devices.
+ AEK

Analog input from AEK air gage devices.
» SerAxis

49
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To select the channel input device to match your P-400 DRO interface configuration:

1 Highlight the Type field and [Chanhels [mm]10 [ ro_] 'Channels [m]Io]Po ]
then press the List softkey t0 |tolerances CM";';’;?' e 0 T a
display the list of channel input f"’c » Resolution 0.0010000000 a”c R S;‘g'%g 0.0010000000
cacer Units Linear cacer i Linear
Memory Memory Albion
types. Reversed Yes D5451 Yes
S Labels Type T S Labels Orbit
S Formulas ||Ref Marks  None S Formulas || "{DMX None
Glohals M.Z. Cnts 0 Globals MPLX 0
—|[Notify Errors Yes Marposs | Yes
(Channels (Channels || |SerAxis
- - -
List | | | [ApplyAn st | | | [ApplyAl
2 Highlight the desired type  opannals [mm[I0 ] po ] IChahnels mm][0 ] Po
and then press the Enter key. In -~ - Channel €]
Tolerances Tolerances ink
thi 1 the Anal ¢ SPC PC Master Lin
1§ example, the Analog type oo~ .. 0.0010000000 || P> | Resolution  0.0010000000
Linear Units Linear
was selected. Memory Yes Memory Reversed Yes
S Labels T S Labels Type
S Formulas None S Formulas||Ref Marks — None
Glohals 0 Globals M.Z. Cnts 0
—_— Yes Notify Errors Yes
(Channels Channels )
~ -
List | | | [ApplyAn st | | | [ApplyAl

Specifying input channel setup parameters

Input channel setup parameters change to support the selected input channel type. Some input devices
share common parameters, and others require unique setup parameters. Setup parameters for all input types
are described in this section, but only a portion of these setup parameters will apply to your system.

Master Link probe balancing

The Master Link function masters two oppos-
ing probes for balanced-probe measurements, as
shown in this example of thickness measure-
ment.

Channel 1 Channel 2
To balance two opposing probes: Material thickness is measured by two balanced probes
Channels [»m[ic ] ro_] [Chanhels [nm[2]Po ]
1 Confirm that the Reversed oo, |[Chomel oo, |[Chomel 2
settings of the two probe setup ||spc Master Link SPC Master Link
Haid Resolution 0.0010000000. | ¥ d Resolution 0.0010000000
screens are the same. Change the Mi"’,'ng:y Units Linear M’*‘e"’r'ng:y Units MM
. . . Reversed ¥es Reversed Yes
setting of one if necessary. In this Type Analog Type Analog
g Labelsl Ref Marks  None S Labelsl Ref Marks  None
1 5 Fol S Fo
example, the reverseq sett~1ngs of QAFoIEE MZ Cnts 0 sz, cts 0
channels 1 and 2 are identical. ———||Notify Errors Yes Notify Errors Yes
(Channels (Channels )

~—— -
No | [ApplyAl  No [ [ApplyAll
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2 Confirm that the Master Type setting of the Master setup screen |[Master [mm]10_] po ]

is set to Min-Max. Change the setting if necessary. SpC :/?a'?ttesr Rf\‘;l:;’ed 1

Fl\tleean(]jg: Lock If Warning No
Memory |lbo Every (hrs) .0
5 Labels Use Dmin/Dmax No
S F I
G|°|?ar|l;n 421 channel c2
—||Min Warning 0.0000000
Channels Max Warning 0.0000000
Master |
.t

Mean 1

3 Highlight the Master Link field of the first channels screen, press the + softkey and then the Chan
softkey. Enter the number of the second linked channel and press the OK softkey to update the Master

Link field. w
(2]
Channels ["m[Io ] ro ] 'Channels ["m[I2 ] ro ] [Channels [mm]10 ] Po_] o
. Channel (4] o Channel 4] o Channel a %
1olerances ||Master Link (ummmmm— | Tolerances [|viaster Link @ | Tolerances ||vaster Link (SGRN—
Head Resolution 0.0010000000 '_Ent_er Channel Number: 0 Head Resolution 0.0010000000
Meios Units MM H et Units MM
Y Reversed Yes ] Memory  ||Reversed Yes
S Label Type Analog 3 2 5 Lale Type Analog
5 Fgr;lzlas Ref Marks  None S-FOTTITOES 5 Fgr:lzlas Ref Marks  None
Globals MZ Cnts 0 Globals MZ. Cnts 0 Globals MZ. Cnts 0
Notify Errors Yes ——— | |Notify Errors Yes ——— | |Notify Errors Yes
(Channels ) (Channels ) (Channels )
- - ~
+ | - | chan_. | None [Balance. Cancel | OK | | | + | - | chan. | None [Balance..

4  Place the desired artifact between the two probes and press the
Balance softkey.

5  Youwillthenbeinstructedto [Channels [mm[IoTro ]
move the artifact to one extreme — ”Channel 4]

Tolerances || Master Link _ (IFGzmmmmmm
of the measurement range. Move Move artifact to one extreme and PO

the artifact and then press Enter.

Glohals M.Z. Cnts 0
——||Notify Errors Yes
(Channels )

-
| | | |
You will then be instructed to 5
. [m]Io] ]
move the artifact of the oppo- d{“elschamel '21"' ILE
site extreme of the measurement I.?Iera"ceS“Master Link__ (@IEG2

. Move to the opposed extreme and PO
range. Move the artifact and then press ENTER... P

press Enter.

Globals M.Z. Cnts 0
—— | |Notify Errors Yes
(Channels )

~
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6  The balance scalars will be displayed. Press the OK softkey to

save the balance scalars.

NOTE

3

In the Channel screen of the linked (second) probe
will now show the first probe number in the Master
Link field. Do not change this field.

7  Press the Finish softkey twice, then press the Master softkey to

display the Master screen.

8 Highlight the Master Value field of the first balanced channel.

9  Master the Min and Max val-
ues using calibration artifacts as
described in Chapter 5: Opera-
tion and shown in this example of
20 mm Min and 25 mm Max.

10 Press the Finish key to
return to the home screen and
then display the Formula setup
screen for the balanced probes.
Enter the formula as it is shown
in the channel screen of the first
balanced channel.

The two probes are now balanced

Channels

[mm]IS T ro ]

-
Tolerances
2

Channel

a

Master Link (G20

0.999875.

1.000125

The balance function was 0
successful. Calculated scalers:

Globals

([Channels )
-

M.Z. Cnts

0

Notify Errors Yes

oK |

Master
1=

&
C

3
4

Master Min 1

Value

---- 0.0000000
- 0.0000000

mm|{[0_| po

Actual
0.0119972

Mn Mx

TN v B &2 | G

Master Min 1 mm][2 [ ro] [Master Max 1 mm][0] Fo
Master Value Actual  Mn Mx Master Value Actual MnMx
C1 = (20N ----- 20.000000 @ C1 =SS - 250000000 @
3 = ---- 0.0000000 3 = ---- 0.0000000
4 = - 0.0000000 4 = - 0.0000000
VIR vax B G2 | G3

The Min is mastered

The Max is mastered

+ | -

and mastered. Press to Finish key to return to the setup menu.

Channels [mm]I0 [ po ] channel
o Channel Dimension
;glcerances Master Link About (visible)
Resolution 000000 | TTTCTOTORSEE 4+C2|
Header Uniits Formats
Memory [Formulas )
Reversed Yes Variables
Type Analog
S Labels yp Tolerances
S Formulas{[Ref Marks — None SPC
Glohals M.Z. Cnts 0 Header
Notify Errors Yes Memory
(Channels )
~ -

[Chan... | None Balance.. |EumMM Dim.. | +-+/.. | Math.. | Other..
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Specifying channel input resolution

The resolution field defines the input resolution for encoder, trans- |channél

ducer, thermocouple, RS-232 probe network and other channel in- | tolerances ﬂ‘:s’;gf' e
puts. The channel input resolution must be specified by the user for |Prager 5€§fluti°" MM_
. . . ncs
all mput devices €Xce ransaucer an € dolartron Orbo1 - Reverse Yes
11 input d pt transd d the Solartron Orbit RS-232 |Memory d
. . C i T Anal
network. To specify a resolution, highlight the Resolution field and g 'F-g?::; tas BoF Rk T
: : : Global M.Z. Cnts 0
enter the resolution using the numeric keypad. obals Notify Errors Yes
[Channels
-
Transducers Teach | | | [ApplyAl

Transducer gain must be calibrated before mastering the transducer

resolution. The instructions for gain calibration are provided later in this chapter. After transducer gain is
calibrated, LVDT and HBT transducer resolution is determined by performing a full calibration using the
Master function. Refer to Chapter 5: Operation for detailed instructions.

Solartron orbit probes
The resolution of Solartron Orbit probes must be determined by Teaching the or manually entering ID
numbers in the Channels setup screen. Refer to Chapter 2: Installation for detailed instructions.

Specifying units of measure

The Units field is used to specify channel input units of measure. Displacement units of measure can be
inches, millimeters, angular or simply numeric. Thermocouple units of measure can be Celsius, Fahrenheit
or numeric.

channel channel
Tolealcesﬂ e < TolerAances =
i 1 Master Link
ITress the,LISt softkey to d.1sp le.ly a PP wr  |[Resolution 0.0010000000 |(PPC . 0.0010000000
list of units of measure. Highlight Units MM MM
Memory Memory
. . — 77 ||Reversed Yes e Yes
the desired unit, and then press |7 1o ||Type Analog S Labels Analog
i S Formulas||Ref Marks  None S Formulas None
the Enter key to select the unit. ok MZ Cts 0 ity 0
———|[|Notify Errors Yes _— Yes
Channels ) [Channels
~— ~
List | | | IAppIyAII List | IApplyAII
Reversing channel input polarity
The Reversed field is used to reverse the direction of all specify chan- channel
nel input counts, and will reverse the polarity of serial inputs. Tolrarcas S‘aas’;:‘r" ik €
P der  |[Resolution 0.0010000000
. . . . Memory Units
Normally, displacement counts increase as the device is compressed Reversed D
Type Analog

or rotated clockwise. Serial input polarity can be reversed to suit the g %2?::; 1as |[Ref Marks  None

. icati Globals M.Z. Cnts 0
requirements of the application. Gobak|[MZ Cnts 0
(Channels

~

Press the Yes softkey to reverse input channel polarity. o m | [AppIyAl
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Specifying encoder reference marks

Encoder reference marks can be used to home the system when it is started. The P-400 DRO can be
configured to prompt the user to cross reference marks or to perform a hard stop machine zero prior to
measurements.

NOTE
a’ The Reference Marks setup parameter has no meaning when an RS-232 device is
y specified as the channel input.
Press the List softkey to display |channel channel
1 D g
a list of reference mark types. {ryoierances ||Shamnel - €1 T e a
Highlight the desired reference, [P, |[Resolution  0.0010000000 (PPC 0.0010000000
Units
and then press the Enter key. Memory  |fp.versed Yes Memory Yes
S Labels [|TyPe Analog 5 Labels Analog
. S Formulas||Ref Marks  (NGH& S Formulas
When Manual is selected, the | Globals M.Z. Cnts .0 Globals 0
. ——— || Notify Errors Yes Yes
operator will be prompted when || Channels (Channels )
ing the system t t et —t
powering the system to move to ey I I [EeE NG| [AppiyAl

the desired zero point and press

the Enter key. When Ref, Abs AC, or Abs HH is selected, the operator will be prompted to move the
encoder to cross a reference mark. Abs AC specifies Acu-Rite C-scales, Abs HH specifies Heidenhain
C-scales.

NOTE
4’ If a reference has been specified, a password is required to skip the reference initial-

o y ization when power is applied to the system.

Changing the machine zero position

channel
The M.Z.Cnts field can be used to specify an offset count value for - Channel <]
ce . . Olerances ||mMaster Link
repOSItlonlng machine zero. azcader Resolution 0.0010000000
Units
Nemory Reversed Yes
NOTE g ;:?eMarks ﬁ:)]:leo .
. 5 Formul
4’ The Machine Zero Count setup parameter has no | gopae — [|MZ. Cnts  Enm—"m
. e . . Notify Errors Yes
y meaning when an RS-232 device is specified as the | cpannes
channel input device. =

I I I [ApplyAl

If it becomes necessary to change the position of machine zero, highlight the M.Z.Cnts field and use the
number keypad to enter the required offset counts into the M.Z.Cnts field, then cycle the P-400 DRO
power and cross reference marks.
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Enabling scale error notification channel
o Channel 1
The Notify Errors field is used to enable the reporting of scale er- ;‘;‘cefa"(es a/lastler.Link SSTOS53005
rors for the specified channel on the DRO screen. Use the Yes or No m?ggy Uf.?fsuuon MM
softkeys to activate or deactivate error reporting. P ?3;2’“" Zf‘zlog
S Formulas ||[Ref Marks  None
M.Z. Cnts 0
w Notify Errors (N&8
Channels
Calibrating LVDT and HBT transducer gain No'm | TAPPIVAT

The P-400 DRO includes hardware and software for automatically
calibrating the system to accommodate variations in transducer output level.

Highlight the Gain field, press the Teach softkey, and follow instructions that appear on the P-400 DRO
screen for calibrating the system to accommodate the output level of the transducer connected to this
channel.

dnjag €

Centering (Nulling) LVDT and HBT transducers

Transducer outputs are most linear in the central portion of their total | Channels [T ro]
range of movement. Each LVDT and HTB transducer must be po- | Tolerances S‘aas';gf' ik €1

sitioned at the center of its range of movement (nulled) in the gage E{nge, Resolution . 0.0010000000
and against a nominal reference surface to provide the most accurate  [MeMOY  |lgeversed  Yes
measurements. The bar graph at the bottom of the transducer Channel g %2?::1 tas Type R

setup screens display the relative position of the transducer tips from || Globals A -

one extreme of movement to the other and is used to null transducers Charfls ————TF]
as shown on the next page. Teach | | | [ApplyAll

Prior to conducting measurements, the transducer gain must be calibrated as described above, and then the
transducer must be:

* Secured in the gage

+ Positioned against the nominal reference surface

* Adjusted in the gage to null against the nominal reference surface
* Locked in place
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Transducer Transducer
fully extended fully compressed
Transducer
4 nulled against
A nominal surface
u . B g
: Linear range
C
——
Total range
Channels [mm]10 [ ro_] |Channels ["m[=]Po ] [Channels [wm[o T Po ]
p— Channel &1 _— Channel a e Channel a
;glcerances Master Link ;glcerances Master Link ;t;lcerances Master Link
Resolution 0.0010000000 Resolution 0.0010000000 Resolution 0.0010000000
Header Header Header
m Reversed Yes Memory Reversed Yes Memory Reversed Yes
S Labels Type S Labels Type S Labels Type
S Formulas ; 5 Formulas , S Formulas ;
Glohals Gain 40 Glohals Gain 40 Globals Gain 40
(Channels | (Channels ([Channels )
_ [ I I I [ 11 ~ I T I [ 3 I 11 ~ (I I I I K
List | I I [ApplyAl st | I I [ApplyAl  List | I I [ Apply Al
Transducer fully extended Transducer nulled Transducer fully compressed

When the transducer gain is calibrated and the transducer has been nulled against the nominal reference
surface, the transducer resolution can be calibrated using the Master function and measurements can be

conducted.

Transducer resolution is usually calibrated periodically on a schedule determined by the application and
the measurement environment. Refer to Chapter 5: Operation for detailed instructions regarding the use
of the Master function to calibrate transducer resolution.
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Selecting an external RS-232 channel

RS-232 input networks include multiple channel inputs that are num-
bered to reflect the manufacturers’ channel module identification
system. These numbers must be entered into the Ext Num field of all
Channels setup screens. Consult the documentation that accompa-
nied the RS-232 network for a description of the module numbering
system.

Specifying an RS-232 input port

Multiple RS-232 serial ports are provided on P-400 DROs that in-
clude RS-232 input channels. In most instances the secondary port
should be used for channel inputs. However, the primary port can
be specified if desired. To specify an RS-232 serial port for input
channel connection, highlight the Uart id field and press the Dec or
Inc softkey.

NOTE

3

impossible.

57

Channels [T ro ]

o Channel (4]
Tolerances ||paster Link
PP er  |[Resolution 0.0010000000

Units Linear

Memory Reversed Yes
S Labels Type D5451
S Formulas
Globals
———[|Ext Num o
{Channels [ [Vart Id Primary

~
Channels [Pm[IS]Po ]

sl Channel 1
Tolerances Mai’;:? Link w
PPC er  |[Resolution 0.0010000000 &

Units Linear -

m Reversed Yes .g
S Labels Type DMX
S Formulas
Globals
—— | |Ext Num 0
{Channels )| |Vart Id ‘Primary

~
Dec I Inc I | |App|yAlI

Selecting and calibrating a Solartron Orbit channel

Solartron Orbit networks can include from 1 to 16 input channel
probes. Any of the available probes can be selected for use on the
current P-400 DRO channel by entering the Orbit probe ID number
into the current channel setup screen. Consult the documentation
that accompanied the Orbit network for a description of the probe ID
numbers.

Communication with computers and other serial devices takes place over the primary
serial port. Use of the primary serial port for the connection of serial input channel
devices will make serial communication with other devices

Channels [mm]10 T o ]
o Channel cl
Tglcerances Master Link
Headar Resolution 0.0010000000
Units Linear
Memory Reversed Yes
Type Orhit
g Ifz?,ﬂaas Ref Marks  None
Globals Id
——||Notify Errors Yes
{Channels )| |Vart Id Primary

~-
Teach | Entry I
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Master screen

The Master screen contains fields for setting up and calibrating encoders and transducers.

Specifying the number of calibration points

The calibration of the input encoders and transducers is performed
using the Master function described in Chapter 5: Operation. Cali-
brations can be based on a single data point, or on an average of up
to 10 data points. Averaging data points is useful when calibrations
are performed in the presence of vibration, surface irregularities or
electrical noise. Enter the desired number of calibration data points
into the Points Required field.

Selecting calibration type

Input channel calibrations are Min-Max or Mean. Min-Max calibra-
tions use data points on the low and high ends of the measurement
range to define channel input resolution. LVDT, half-bridge trans-
ducers and inputs with initially undefined measurement resolutions
require Min-Max calibrations. Mean calibrations are used to preset
input channels that are calibrated or have defined resolutions to spe-
cific values. Encoders, scales and other input devices with defined
resolutions can be preset at any device state the user wishes using
the Mean calibration type. After Min-Max calibration, transducer

Master [T Po ]
- Points Required @i
ZPC d Master Type Min-Max
Mee?n:: Lock If Warning No
Y Do Every (hrs) 0
5 Labels Use Dmin/Dmax No
é;ﬁ;{;ﬂ Wi Channel a
Min Warning 0.0000000
Channels Max Warning 0.0000000
Master
~
l l l l
Master [l T Po ]
e Points Required 1
a‘:g i Master Type
Memory Lock If Warning No
Do Every (hrs) 0
5 Labels Use Dmin/Dmax No
él(fi?;IT e Channel a
Min Warning 0.0000000
Channels Max Warning 0.0000000
Master
P—
Mean | |

input values can also be preset using the Mean calibration type. The channel input calibration process is

discussed in detail in Chapter 5: Operation.

Locking the calibration process if warnings occur

The calibration process can automatically be locked when a calibra-
tion fails and a warning is displayed. Once locked, the calibration
process can only be completed by performing a new calibration that
is successful or by entering the supervisor password to abort the cali-
bration process. Enter Yes to lock the calibration when a warning is
displayed.

Master [T ro ]
- Points Required 1
SpC Master Type Min-Max
wli?gg: Lock If Warning (H8)
Y Do Every (hrs) 0
s Labek Use Dmin/Dmax No
Sem s channel c1
Min Warning 0.0000000
Channels Max Warning 0.0000000
Master
~

P Ve | l l
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Specifying a calibration interval

The Master calibration screen can automatically be displayed at regu- | Master [mm]I0 ] Po_]
lar intervals to support a schedule of periodic input device calibra- [spc™  [{Fon Rf;‘:é’ed o

. . . . . Header 5
T Lock If Warning No
tions. he Master screen Wlll be dlsplayed at the spemﬁed nter vals Memory o Every (hrs) (D

unless a setup screen is being displayed to configure the P-400 DRO. |5 | ahets  ||Use Dmin/Dmax No

To specify a calibration interval, enter the interval in the hours. S Formulas § 1 annel a

— ||Min Warning 0.0000000
Channels Max Warning 0.0000000

NOTE Master )
G’ The user will be unable to skip a calibration without v| | | |
- y the supervisor password when the Lock If Warning
field is set to Yes.
w
7
o
S
Using dynamic Min/Max values for calibration Master [F5] Fo ]
. .. . . e Points Required 1
Dynamic minimum and maximum measurements can be used in | |SPC Master Type Min-Max

K . . K ) Header .
place of static artifact measurements for calibration when the calibra- |Memory |[Loct 1t Warming o

tions must be performed in a gage system using rotary standard parts |[s Labels |[Us¢ Dmin/Dmax &

. . .. S Formulas
or rock step masters. To specify the use of dynamic minimum and | Globals S}anr\lﬁl ) g1°°°°°°°
. . . —_— in arning "
maximum values for calibration, press the Yes SoftKey. Channels ||Max Warning  0.0000000
[Master )

When dynamic minimum or maximum measurements are used for N e | [ [
libration, the Actual value on the Master
calibration, the Actual value o t'e aste Master Min 1 T A T
screen changes as a standard part is rotated - |
til th .. . 1 Master Value Actual  Mn Mx
until the minimum or maximum values are €1 - GRS - 15.001550
found. Once the minimum or maximum
values are displayed, the user simply enters
the value for the calibration and presses the
Enter key.

Min Max | | |

When Mean calibrations are performed,
the calibration of the minimum value es-
tablishes a channel preset.

1.5 cm Dmin is measured and mastered as Min 1

Master Max 1 mm]|10 | po

Master Value Actual Mn Mx
C1 - G - 19.999650

When Min-Max calibrations are performed,
the minimum value establishes a preset
and the combination of the minimum and
maximum values is used to define channel
resolution.

“Min Max [ [

2.0 cm Dmax is measured and mastered as Max 1
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Specifying Min and max calibration warnings

Periodic calibrations of input devices are sometimes performed on a Master [mm[Io T ro |

regular schedule using the same calibration artifacts for each calibra- fspc™ | [Points R;’;l:;fed -
tion. The Man and Max calibration warnings support these activities m"’,’gg{,y Boclé If W(ahrni)ng No

. . . . . . o Every (hrs 0
by validating each calibration. Warnings apply only to user-specified |7 ..~ [|Use Dmin/Dmax No

. L . S
linear channels, not to angular or time-oriented channels. Specify élogaflfs“" asll -t onnel <y
H H : : Min Warning 0.0000000
the channel by decrementing or incrementing to the desired channel e IMax Warming 0.0000000
number. Master
~
Dec | Inc | | |

Calibrations are validated by comparing each new set of calibration

values to the original calibration values. Significant differences between the new and original values indi-
cate artifact errors, equipment malfunctions or measurement errors. The acceptable difference between the
new and original calibration values is specified by entering the acceptable difference into the Min Warning
and Max Warning fields.

During calibration, if new calibration values fall outside the accept- |Master Min 1 mm[[0_| po
able range, the calibration is invalidated and a warning is displayed. Mt Viliia Actual  MnMx
When a new calibration is invalidated, the user can correct the prob- One or more of your channels has

. . (failed because it was not close
lem and attempt another new calibration, except the value as a preset ||denough to the last calibration.

or conduct measurements using the original (unchanged) calibration

values.
To specify the acceptable range of new calibration values: oK | [ | |
1  Highlight the Min Warning field and enter the acceptable devia- |Master [mm]Io]ro ]

tion from the original minimum master calibration value. When Mean || gpc™ :f.l'.?f; Rf;':;'ed -

calibrations are performed, only the Min Warning value is required. ,\“A';?;;'g;y N W(ahrni)ng No
0 Every rs

5 Labels Use Dmin/Dmax No

2 When Min-Max calibrations are performed, Min and Max Warn- élgga’{s“”'as charnd 1
ing values are required. Highlight the Max Warning field and enter | —— il V\‘,’ja’:‘r']:‘r?g o
the acceptable deviation from the original maximum master calibra- | |Master
tion value. vl i i i
NOTE
4; The Min/Max warnings will be applied to the next set of calibration values obtained

- y using the Master function described in Chapter 5: Operation.
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SLEC screen SLEC [ [7o |
sl Channel
The SLEC screen contains fields for configuring and enabling seg- ﬂ"‘e"’:ﬂf):y _ -
mented linear error correction (SLEC), or linear error correction [[¢ | pes )
(LEC) for each input channel. Z,gﬁ;ﬁ"”'as g::rtmlganrd °
—[|Observed
Channels
L o Master Mz Offset 0.0000000
SLEC or LEC, which is right for my application? [5&_

Any channel input device can include slight nonlinearities over its ' DP€€ [ e | I I
measurement range. LEC compensates for nonlinearities by applying a single linear correction coefficient
to the entire range of measurement. SLEC compensates for nonlinearities by applying multiple correction
coefficients to individual nonlinear segments within the measurement range.

LEC is easy to set up, but does not provide correction for local nonlinearities that could be present over
only small portions of the measurement range. SLEC correction requires a greater investment of time to set
up, but results in more accurate measurements.

dnjag €

If an overall nonlinearity exists without significant local errors, LEC can be applied as a correction method.
However, if input devices are found to have significant local nonlinearities, SLEC should be applied as a
correction method.

NOTE
4; SLEC and LEC require a repeatable machine zero.

-
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LEC (Linear error correction)

The LEC correction coefficient is created by the P-400 DRO system using data provided by the user in the
SLEC Setup screen. The LEC setup data provided by the user consists of nominal and measured values of
a standard at the two extreme ends of the entire measurement range.

Machine 0,0

This diagram shows nominal (Referencel N, 0 Nominal (Standard) 1500
(standard) values and measured ]
(observed) values of a standard
and shows that a small overall
error exists across the entire mea- I
surement range. 0 Measured (Observed) 1520
W = = = == mom e mm e =
0k = = = - e = e o e———wE e = = m o= o= o= o= -
Deviation Qfk === = = = = = = = = = = = = = = = = = -
R I BT L R o]
20F o = = = e e e e s, e, mmemeemememeEe= = - =
Station 0 —» Station 1—>
The standard and observed values | SLEC [nm[Io ] ro ] [SLE [mm]IoTro ]
at the two ends of the measure- |peader || Chamel a Header  |[Channel a
ment range are entered as data |Me™OY_[lEnabled off Memory || Enabled off
for stations 0 and 1 in the SLEC g 'ggfﬁﬁﬂas Station 0 g 'F‘g:’rﬂ;,as Station 1
dard 0.0000000 Standard 1500.0000
Set The standard and | Globals Stan Globals
Clup screen. € standard an —  ||Ohserved (ON0000000M | ||Observed
inni Channel Channel
observed values at the beginning || [ 1y offet 03552400 | murer.  ||MZ Offset  0.3552400
of the range are 0 because this [|SLEC_ SLEC
. - -
end of the standard is the measure-  FgagnT] | | | Teach | [ | |

ment reference. These zero values
are entered into Station 0. The standard and observed values at the end of the range are 1500 and 1520
respectively in our example, indicating a linearity error of 20 over the entire range of measurement. These
values are entered into Station 1.

When the procedure is complete and setup data are entered, a correction coefficient will be calculated for
the input device .

NOTE
? The LEC setup procedure is a subset of steps required for SLEC setup and requires a
— @ repeatable machine zero and only the first and last station entries.
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SLEC (Segmented linear error correction)

SLEC compensates for channel input nonlinearities by applying correction coefficients only to the seg-
ments that require them. These SLEC correction coefficients are created by the P-400 DRO system using
data provided by the user in the SLEC Setup screen. The SLEC setup data provided by the user consists of
nominal and measured values of a standard, or standards that cover the entire channel input range.

The measurements divide the ne00

channel input range into as many  (Reference) \_ Nominal (Standard)
as 60 user-defined segments. This 100 200 300 400 S‘T “r 700 800 900 ‘°°°"°°‘”I’° ‘T° “‘r" ‘5|°°
diagram shows nominal (standard) / 2 \ \ \ \
values compared to measured I o
(observed) values. The deviation 100 200 300 400480 580 700 800 900 10001100 12101320 14201520 ®
(difference between standard and Measured (Observed) g,
observed) is shown as a graph. ]
Segments are defined here as any +20 [oeneneees
. . . . #10 feenqeenegeaans
straight line on the graph, begin- Deviation ¢ [
ning with segment zero. .
The standard and observed values
at the end of each segment are en- gmerko
. .. Segment 1 11—
tered as data into a station in the
Segment 2 21—
SLEC Setup screen. For example, Segment3 i
the standard and observed values Segment 4 4
at the end of segment 0 on the Segment 5 5 >
diagram are 400 and 400, and are Segment 6 6 >
entered in this screen for station 0. .
Station 0 Station 6

SLEC [mm]IoTro ]

Hea(@ Channel €1

M

CMOTY || Enabled off Station number
T T gl
Standard '400.00000 *—

Globals W ohserved 400.00000 <«— Data

Channels

Master MZ Offset 0.0000000

SLEC

When the procedure is complete and setup data are entered, correction coefficients will be calculated for
the input based on the standard and observed values at the end of each segment.
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SLEC setup procedure

The procedure for configuring the SLEC error correction is diagrammed and explained below.

CAUTION

Make sure that all encoder channel resolutions and machine zero references are prop-
@ erly configured, and that any required channel Master operations have been com-

pleted prior to configuring the SLEC feature. Refer to the description of Channel

setup earlier in this chapter, and to the description of the Master function in

Chapter 5: Operation.

The SLEC setup procedure includes the following steps:

Clear all datums

* Cycle the power and set a repeatable machine zero

Clear all old SLEC values and disable SLEC

¢ Enter the offset from the machine zero to the standard’s zero
» Enter new SLEC station nominal and observed values
Enable SLEC

A diagram of the SLEC setup process is shown for each step with the current step highlighted.

Clear all datums

The following steps clear datums in preparation for SLEC standard measurements. To clear datums:

Enter Enter New
Clear all Cycle Power & Clear Old Values . . Enable
Datums [ *| Set Machine 0 [ | & Disable SLEC [ ™| M‘:)cf'f‘;';fo > 32“'3:2 | SLEC

1 From the DRO screen, press the Menu softkey, press the Datum softkey, and then press the Clear
softkey.

Current Value mm[[0 T'ro] [Current Value mm[[0 T'ro] [Current Value mm][[0_] po

A 0.0000/| A 0.0000/| A 0.0000
B 0.0000 | B 0.0000 | B 0.0000
C 0.0000/| C 0.0000 | C 0.0000
D 0.0000/| D 0.0000 | D 0.0000

View.. [ in/mm | | Master | Menu__ View.. [ in/mm [Datum_| Extra | Setup bo/m | Zero. | Master | Preset | Clear

Press Menu... then Datum... and then Clear



SLEC Screen 6 5

You will be asked to confirm your Clear datums request. Current Value mm[[0_] ro
2 Press the Yes softkey to clear datums. Clear the incremental datums?

- V.UUV
D| | (|).0(|)00

Press Yes to clear datums

Cycle power & set machine zero

w
The following steps cycle power to reestablish fresh machine zeros for all input channels. To cycle power @
and set machine zeros: _g
Enter Enter New
Clear all Cycle Power & Clear Old Values . . Enable
Datums [ ™| Set Machine 0 [ | & Disable SLEC |~ | Mayrine O [ Station 1= g) ¢

3 Turn the P-400 DRO power switch off, wait for a few seconds and turn the power switch on again.

4 Press the Finish or Quit key to initiate the P-400 DRO display.

You will be prompted to move the encoder to cross reference marks [Set Machine Zero [mm[L] ro

or perform hard stop zeroing on all input channels.
Mowve in channel 1 until a reference
NOTE mark is crossed.
4’ Reference marks must be specified in the Chan-
_— y nels setup screen to establish a machine zero on
startup.
Cancel | | I |
5 Perform machine zero operations on all channels.
NOTE
d’ If a hard stop zero is performed, the same stop will be required each time the P-400

| y DRO is started.
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Clear old values & disable SLEC

The following steps disable the SLEC feature to isolate the SLEC data fields during the data entry process,

and clear old SLEC values. To clear old SLEC values:

Enter Enter New
Clear all "~ Cycle Power & Clear Old Values Machine 0 Ls»| Station Enable
Datums Set Machine 0 & Disable SLEC SLEC
Offset Values
6  Return to the setup menu. Supervisor [mm][0_] ro |
— Password KXXXXX
Rep Chars
7  Navigate to the Supervisor setup screen, enter the supervisor pass- Egﬂg cliss B;rttu n-‘:?:;ings gg:gzt:g
word and unlock the Datuming and Clearing Data. Eg’za_lfg' Master Now Unlocked
USB Clearing Data Unlocked
Hot Keys ||Control Keys Unlocked
Clock Home Lock Unlocked
Return to the Setup menu. M?SCC_ Delete 1 Record Unlocked
Supervisor )| |Lock Sys Unlocked
. . . ~ CIr Scale Errors  Unlocked
8 Navigate to the SLEC Setup screen and highlight the Channel gag% [Savex | | |

field.

If this is the first time that SLEC compensation is being configured, or if new SLEC values are being cre-
ated for all encoders, then SLEC for all channels must be disabled. Any existing SLEC values must also
be cleared. However, if only a fraction of channels require new SLEC values, only those channels must

be disabled and cleared of old values.

9 Use the Dec or Inc softkey to select a channel that will be
configured, highlight the Enabled field and then press the Off key to
disable SLEC for the selected channel.

11 Highlight the Station field and use the Dec or Inc key if neces-
sary to display Station 0.

12 If the Standard and Observed fields contain data, press the re-
move softkey to clear the data. The old station 0 data will be replaced
by data from station 1.

Continue pressing the remove key until the Standard and Observed
fields are empty.

SLEC D [ |
o Ch | a
Header e
Memory  |lenabled Off
S Labels -
5 Formulas || >tation 0
Globals Standard
Observed
Channels
Master MZ Offset 0.0000000
SLEC )
~
K o [ [
SLEC BT ro ]
.
Header Channel 1
Memory || enabled Off
S Labels -
5 Formulas || >tation oo
Globals Standard
Observed
Channels
Master MZ Offset 0.0000000
SLEC )
~
Dec | Inc |Remove| |
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13 Highlight the MZ Offset field and use the numeric keypad to [SLEC [mm][0-Tro |
enter 0. Heag Channel a
Memory | |gnabled off
14 Repeat steps 9 through 13 for each encoder channel to be con- g 'F-;‘,’rﬂf] 1as || Station 0
figured for SLEC. Globals | [Standard
tonees  lmz offset  omoooBOI
SLEC )
Teach | [ [ [

Enter machine zero offset

The following steps enter the offset count value from machine zero to the standard’s zero.

w
Enter Enter New
Clear all Cycle Power & Clear Old Values . . Enable @
Datums [ ™| Set Machine 0 [ ™| & Disable SLEC | ™| Machine 0 = Station ='g) po'| 5
Offset Values ]
15  Highlight the MZ Offset field of the channel being configured SLEC [mm]I0 ] Po_]
and position the Channel’s probe at the standard’s zero reference. Header Channe! =
Memory _|{Enabled off
16  Press the Teach softkey, then press the Enter key to enter the 2 kg?ﬁ:f,,as Station 0
. Globals Standard
machine zero offset. 27 || observed
Channels
Master MZ Offset 10.3552400
ISLEC )
Teach | | | |
Enter New Station Values
The following steps enter standard and observed values across the entire range of measurement.
Enter Enter New
Clear all Cycle Power & Clear Old Values . . Enable
Datums [ ™| Set Machine 0 [ ™| & Disable SLEC | ™| Machine 0 = Station - =5'g) pc
Offset Values
The Station 0 data is used as the reference for all subsequent SLEC |SLEC [T o |
segment measurements and is derived from the standard’s zero refer- .9~ Channel a
ence. Station 0 Standard and Observed field data must be identical or |Memory  |lgnabled off
entered as zeros to initiate the standard’s reference position. Z %abe'sl Station 0
lobaie 2 [|standard 0.0000000
—— || Observed
17  Highlight the Standard field, enter 0, and then press the Enter | channels
e Master Mz Offset 0.3552400
key. Highlight the observed field, enter 0, and then press the Enter ||sLec )
key. Tach [ T T 1
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Now that the Station 0 reference data is entered into Standard and Observed fields, subsequent observed
values can be measured and entered.

18  Highlight the Station field |SLEC [~m[io T ro ] 'SLEC [mm[Io]ro ]
and use the Inc softkey to enter |meader ||<"=™! &1 Header  fCPomnel -
the next station number. High- MM _|Enabled off Memory _ {|Enabled off
light the Standard field and use |3 e oo 1 e Station 1
the numeric keypad to enter the |9 |3 crved il e
value marked on the standard | |l ot 0355200 | Memer ||Mz offset  0.3552400
part. Press the Enter key to enter  [SLEC GLEC )
the value and highlight the Ob- | “Bec [ Tinc  [Remove] | | | | |
served field.
19 Position the probe against the surface of the standard and press SLEC [ ] Po ]
the Teach softkey. The appropriate measured value will be displayed |Header ~ ||<"®™! =
. M
in the Observed field. Press the Enter key to enter the value. CMOrY _{|Enabled off
2 'th:)rﬂzlas Station 1
Standard 1.0000000
20  Repeat steps 18 and 19 to enter Standard and Observed values | 9% |{Ohcerved
across the entire encoder range. fm;’::'s Mz Offset 0.3552400
SLEC )
21 Repeat this process for each channel until SLEC data is entered | Teach | | | |
for all channels.
Enable SLEC/LEC
When all station data for the encoder has been entered, the SLEC function must be enabled.
Enter Enter New
Clear all Cycle Power & Clear Old Values . . Enable
. - —»| Machine 0 Station [
Datums ™ Set Machine 0 Bl & Disable SLEC B SLEC
Offset Values
Highlight the Enabled field for any channel and use the On softkey to 'SLEC [mm]I ]P0 ]
enable SLEC or LEC for that channel. Header  |[Channel @
Memory  |lenabled ‘On
S Labels :
S Formulas || 3tation 1
Standard 1.0000000
Gobds N obcerved 1.0076000
Channels
Master  ||MZ Offset 0.3552400
(SLEC )

T on | | |
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Display screen

The Display screen contains fields for configuring LCD display parameters.

Radix for numeric displays
The Radix field is used to specify the radix displayed in numeric 'Display [mm][0_] ro |

fields. Use the Decimal (1.0) or Comma (1,0) softkey to enter the e Radix ‘Decimal
. . Current Angular  DMS
desired setting. s Labels |[Startup Linear MM
5 Formiilas Startup Angular  DMS
Globals Bar Orientation  Vert.
— ||Bar Display Type Bar
Channels Failed Color Red
Master Warning Color Yellow
SLEC Passed Color Green
Display )| |Show DRO Units No
~ Home View DRO
Display mode for angles [ commal [ |
The Current Angular field is used to specify the display mode for 'Display [mm]Ie ] ro |
[ -~ Radix Decimal

angles until system power is cycled. When power is cycled, the start-
g Y p Y p Y > Memory I cyrrent Angular DNIS)
Startup Linear MM
S Labels

up angular setting will be used to define the display of angles. Current ;

. . Startup A DMS
angular displays of measured angles can be set to decimal degrees or Zlgg;;s““'as Bar é}‘}en{;%‘:,?.’ Vert.
to degrees, minutes and seconds. Use the DD or DMS softkey to enter | — E:ﬁe([;lsé)Lalgr Torpe:
the desired parameter. Angles can also be toggled between DD and ||Master || Warning Color  Yellow

. SLEC Passed Color ~ Green
DMS using the Extra menu from the DRO screen. Display _||Show DRO Units No
~ Home View DRO

Startup angular and linear display modes o I I

The Startup Angular and Startup Linear fields are used to specify the default display of angular and linear
measurements when power is applied to the system. These display settings can be changed temporarily but
will revert to the start-up defaults unless the Last setting is selected. The Last setting can be selected to start
the system using the last units that were active at shutdown.

Linear measurements can be |Display ["[ITPo ] [Display [m]o]ro ]
displaved in Eneglish or met- jellne Radix Decimal e Radix Decimal
piay g Memory  flcyrrent Angular  DMS Memory flcyrrent Angular DMS

ric units of measure. Angular Startup Linear  (NIND Startup Linear MM
S Labels Startup Angular DMS S Labels Startup Angular (DEIS

measurements can be displayed thfl?;lrsn ulas M por Orientation Vert. ZI()FI?;E ulas Mo Orientation . Vert.

. . — ||Bar Display Type Bar — ||Bar Display Type Bar
in degrees, minutes and seconds Channels | |Failed Color Red Channels  ||Failed Color Red
or in decimal degrees. Enter the Master Warning Color  Yellow Master Warning Color  Yellow
R . j SLEC Passed Color  Green SLEC Passed Color Green
desired settings using the MM, |Display )[|Show DRO Units No Display )| |Show DRO Units No

~ Home View DRO ~ Home View DRO
Inch or Last softkey. m_i;ch [ | | o EEVE (ot | I

69
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The Bar Orientation field is used to specify the horizontal or vertical orientated dimension bar graphs.

Display mm][0 ] po Current Value mm[io Tr1] [Current Value mm[0 Tro
. Radix Decimal A B ¢ p»p 4 _

Memory  |lcurrent Angular DMS 1.5230 @ | 5 | f | 1.1833 @

S Lakcls Startup Linear MM -

5 Farraili gtartup Angular  DM5 S | 7 . | 0.9090 [B

Globals ar Orientation (NERED | g

— ||Bar Display Type Bar

Channels | |Failed Color Red -0.2776 € [-:I -2.2436 €

Master Warning Color  Yellow

SLEC Passed Color Green - -

Display f|Show DRO Units No -2.1130 D | i I i | 0.4487 D
~ Home View DRO - -

Horz. | | Graph... | Histo... Data | DRO. X... 1 r. Data.. | DRO..

Press the Vert or Horz softkeys... to show vertical... or horizontal bars

Bar graph or dial displays

The Bar Display Type field is used to specify a bar graph or dial for dimension current value readings from

a single channel.

Display [»m][io]ro ] [A mm[I0 ] ro] [A mm]10_] Po
[ - Radix Decimal
Memory Current Angular DMS Low Limit Nominal  High Limit (5. R 1 ¥t iy
———WsStarug Linesr WM -3.0000  0.0000 3.0000 " by
S Labels I DMS K\ s .
S Formulas ||Startup Angular - e e gy =
Globals Bar Orientation  Vert. 0.0000
Bar Display Type (8D Low Limit High Limit
Channels || Failed Color Red C -3.0000 3.0000 ¢
Master Warning Color  Yellow
SLEC Passed Color  Green Low Warning High Warning 1 7630
Display )| |Show DRO Units No -2.0000 2.0000 D . D
J— Home View DRO L L
N v | | | o Il i Data. [DRO. | | x. | r. [EEMN pata_ | DRO.

Press the Bar or Dial softkeys...

to show bar graphs...

Colors that indicate measurement results

The Failed, Warning and Passed Color fields are used to specify
colors used on DRO current value, graph, data and SPC screens to

indicate measurement result status.

Use the softkeys under the LCD screen to specify colors. The default

colors are:

¢ Red = Tolerance test failed

* Yellow = Tolerance test passed, but is above nominal limits
* Green = Tolerance test passed within nominal limits

or dials
Dlsplay [mm[Io T ro |
s Radix Decimal
Memory Current Angular  DMS
5 Labels Startup Linear MM
S Formulas||>tartup Angular  DMS
Globals Bar Orientation  Vert.
Bar Display Type Bar
Channels Failed Color Red
Master Warning Color  NEISWD
SLEC Passed Color Green
‘Djﬂy Show DRO Units No
Home View DRO

Red Green | Cyan |Magenta
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Units of measure

Units of measure can be displayed near dimension labels on the DRO screen to increase clarity.

The Show DRO units field is | Display [T Po ] [Current Value mm[[L] ro
used to enable the display of units  [yemory  [[R2% | e Decima A 0 3 5 8 0
of measure. Press the Yes softkey {5 apels gtartup I/-\inea? l[\)’lhf;llls . 4

. . tartup ngular

to display units of measure on the zkfga’{s"“'as Bar Otientation Vert. B e 2 7_25
DRO —|[Bar Display Type Bar o

: Channels | |Failed Color Red C OF 0 80

Master Warning Color  Yellow .

SLEC Passed Color Green fe) [ 1]

Display )||Show DRO Units (i@ D° 1 56 02

= Home View DRO

Wes | | | View_ | in/mm | Dé&ll Set | Menu...

Units of measure

dnjag €

Home screen

The Home View field is used to specify the first screen that will be displayed when power is applied to the
P-400 DRO. The Home View will also be displayed when the Finish key is pressed from another view.

To specify the home view screen, |Display ["m[ICTro ] Displa [mm]10_] Po ]
1 . Radi Decimal i~ Decimal
press the List softkey, select the Mo Cﬁr rI:nt Angular Dﬁ;ma Moy oROmD),., D:;;ma
desired Home View from the list S Label Startup Linear MM S Label 5 gfatph r MM
d th he E k 5 Fgrr?lZIas Startup Angular DMS S Fgr:lfxlas S| Y's 0 lar DMS
and then press the Enter key. Clobals Bar Orientation Vert. Clobak Bl; n Vert.
—|[Bar Display Type Bar —  ||Blgar ype Bar
Channels  ||Failed Color Red Channels  ||F{Data Red
Master Warning Color  Yellow Master r  Yellow
SLEC Passed Color Green SLEC P Green
Display I||Show DRO Units No Display e nits No
— Home View ‘DRO -~

List | I I I st | I I I
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Reports screen

The Reports screen contains fields for formatting and specifying the contents of printed reports.

Many fields provide the opportunity to turn report features on or off 'Report [mm][0_] po |
with selections of Yes or No. Select Yes in these fields to enable the |5 | abels $§;g"ét:r‘:]“’:be’ z
features: Zlgfgf:"'as Divider Lines Yes
Dimension Labels Yes
Channeks Dimension Units  Yes
* Time Stamp: Date and time data was collected ’S"{aES(_FE’ E'O'}?p';ﬁrp:ag%e §°
* Divider Lines: Row and column lines wgi;,?g{*: 5:;: L‘l’":g:;ts PY?S’""‘
» Dimension Labels: Dimension labels at tops of columns Rep ihars ?:xetntsaltz'g" gg;:g:t
* Dimension Units: Units of measure printed with values B ves [Relative] |
* Page Numbers: Report page numbers

Other selections should be made to adjust the print format to meet the unique requirements of individual

reports.
Dimension
Labels
R {imossacooseamom (oo5E00ReDERC0 fo==cemaes / +
I s E L e
S et ST LT L LT LL pocecmcecnnne.- $omceccacecee.. foeecmaenccce-. +
| 9 |8.07.19 AN 1-21-03 |  0.70%0 mm |  0.73%0 mm |  0.7660 mm |  0.7840 mm |
Record {moosocante SO COOUS OO {IPoeseonEooEna0 {po0mS00S00000D0 feseemecnaoeean foecmncecoocac
%elsonsumosl onoom 07390m| 0.7670 nm | omoum]
Number | "~ " N s e e L e
| 7{30714»412103] 07080mll 07330n1 0.7650 om | 07840mm|
e (R e e e CE omes L - eONE ¢
| 6 [8.07.12 AN 1-21-03 | 0.7090 mm | 0.7390 mm | 0.7660 mn | 0.7840 mm |
[T LLEEEEE] $rescmemconecaccnaa. $oommecmececea. $oocemecaceoan. $oseecacaccnens $oomomcerasne-- +
Divider 5 [8.07.10 AM 1-21-03 | 0.7130 ma | 0.7420 nm | 0.7700 ma | 0.7830 mm |
. {omcoosnoo fomeotconas o e LoE e e R e e bR e e e o Gt
Lines 4 [8.07.08 AN 1-21-03 | 0.7120 ma | 0,7420 um ] 0.7700 mm | 0.7890 mm [
"""" tassadiieeeiiii s aaniis it eaa s e sl toi e s e et st Dimension
| 3 8.07.06 AN 1-21-03 | 0.7090 mm | 0.7390 mm |  0.7670 mm |  0.7860 mm |<ﬁ Units
oo D E S e s e e s e hecesmecsiec et foseaseoanmsoso {oee ek o
| 2 [8.07.04 AN 1-21-03 | 0.7080 mm |  0,7380 mm |  0.7650 mm |  0.7830 mm |
poemormnnon LELE it b e L der o ¢ SECCOCE CCEE X LR OO $rrmomameeaeaan
| 1 8.07.00 AN 1-21-03 |  0.710 mm |  0.7400 mm |  0.7680 mm |  0.7870 mm |
Page |G {oHEEeCo00ooa00Re0a {aoonaeo0eE0000 e foooscasceoonss {rmoocoeasooomo +
age — Page 1

Numbers
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Record number Dimension value
within this record

Two numbers are displayed in the top-left corner of the
data view screen under the time and date. The left number

is the record ID and the right number is Dimension
the value of the dimension selected. In ~ Record ID# selected
this example, the value of dimension A 13013 14616 11218 04808 B

in record number 242 is 1.3013. 13013 14616 11218 04808 ¢

1.3013 1.4616 1.1218 0.4808
1.3013 1.4616 1.1218 0.4808
1.3013 0.9616 1.1218 0.4808 D
1.3013 0.9616 1.1218 0.4808

Graph... [ Histo.. | Bar.. [EIaM DRO..

The record ID shows the relative position of the highlighted
record within the total database of records. The most recent
record appears at the top of the list, and is assigned the highest record ID number. When

the number of records stored in the database equals the maximum records specified in the SPC setup 3’
screen, storing a new record replaces the oldest record. The record database is a pushdown stack. o}
S
Press the No softkey to omit record ID numbers from reports, press Report [mm]]0_] po ]
the Yes softkey to include the absolute ID number, or click Relative | |2 |[Record Number G
; ; S Formulas || 1IMe Stamp No
to include the relative ID number. b Divider Lines Yes

Dimension Labels Yes
Dimension Units Yes

ﬁ,‘laa;;:ils Lines Per Page 60
SLEC Cols Per Page 5
Display Recs To Print Prompt
[Report ||Page Numbers Yes
Rep Chars ||Orientation Default
~ Text Size Default
. Wes Relative
Lines per page ' | |
Horizontal divider lines and lines of text are considered lines. Enter Report [m]io]ro ]
. . e Record Number No
the desired number of report lines. g %abels' Time Stamp No
Glol?;ITu a5 [ Divider Lines Yes
Dimension Labels Yes
Dimension Units Yes
ﬁ,‘laa;;:ils Lines Per Page (GO
SLEC Cols Per Page 5
Display Recs To Print Prompt
[Report ||Page Numbers Yes
Rep Chars ||Orientation Default
Text Size Default
Columns per page 'l i i i
Only vertical columns of text are considered columns. The example R
report shown earlier contains 6 columns of text. Enter the desired eport mm]i9 o |
S L?I Record Number No
number of report columns. 2 Formtias || Time Stamp No
Global Divider Lines Yes
i Dimension Labels Yes
Dimension Units Yes
S:aasrzgsls Lines Per Page 60
SLEC Cols Per Page 5
Display Recs To Print Prompt
[Report [|Page Numbers Yes
Rep Chars ||Orientation Default
~ Text Size Default
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Type of records to be printed

The records printed on a report can include a range specified by the Report [nm]o T ro ]
user, records not yet printed (New), all records in the database or only s 1zhels  [|5eC g“é t:lr']’;'bef i
the selected records. 2 ormulas I pivider Lines  Yes

Dimension Labels Yes
Dimension Units Yes

Channels 4
Lines Per Page 60
Range y_%%er Cols Per Page 5
The user will be prompted to specify the number of records to print. | Display Recs To Print (NN
[Report ||Page Numbers Yes
Rep Chars ||Orientation Default
-~ Text Size Default
New Range | New | All |Se|ected
Only records that have not yet been printed will be printed.
All
All records in the database will be printed.
Selected
The highlighted record will be printed.
Prompt
The user will be prompted to select records to be printed.
Page orientation
Specify the report orientation as portrait or landscape. Report [m]Io T ro |
il Record Number No
2 IEabelsI Time Stamp No
Py [;”Im“ 35 || Divider Lines Yes
e Dimension Labels Yes
Dimension Units Yes
mr;r:ls Lines Per Page 60
SLEC Cols Per Page 5
Display Recs To Print Prompt
[Report ||Page Numbers Yes
Rep Chars ||Orientation ‘Default
~ Text Size Default
Text Size [P Fortrait [andscal [
Specify text size as normal or small. Report [mm]I2 T ro ]
e Record Number No
g Iﬁabelsl Time Stamp No
Glol?azlrsnu a5 Divider Lines Yes
Dimension Labels Yes
Dimension Units Yes
ﬁ,gi:gﬁ's Lines Per Page 60
SLEC Cols Per Page 5
Display Recs To Print Prompt
[Report ||Page Numbers Yes
Rep Chars ||Orientation Default
Text Size ‘Default

~
X2 Normal | Small | I
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Report characters screen

Report data can include ASCII codes such as Carriage Return, Line Feed and others to control printer
functions and determine print formatting based on the unique requirements of specific printers. Multiple
ASCII codes can be included in a single field when separated by spaces.

Enter the required ASCII codes into the formatting fields. Fields are 'Rep Chars [T ro |
available for inserting ASCII control or character codes: = as|[Fre Line
) ) i S Formulas||poct ine 10 13

+ Before and after lines of text (Pre line and post line) Globals |/pre Form

» Before and after the form (Pre form and post form) ﬂ‘aas’t"e‘?'s Tl))si:nForm ;ﬁ

» After each dimension value (+ Dim) SLEC *unt 3

. Display
* After each unit of measure (+ Unt) Report 29
Sendv o
NOTE I B &
4; A complete list of ASCII codes is contained in ©

i y Chapter 6: Communication.




P-400 DRO User’s Guide

Send screen

The Send screen contains fields for specifying the contents of record data files transmitted to computers.

The Auto Send record feature can also be enabled in this screen.

Auto Send Rec

Record data can be transmitted automatically as each record is entered
into the database. Enter Yes into the Auto Send Rec field to enable, or
the No to disable this feature.

Record number

Enter Yes to include the absolute ID number. Enter Relative to include
the relative ID number.

NOTE

Refer to the discussion of record numbers for the
Report setup screen earlier in this chapter for more
details regarding record number choices.

3

Record date, label and units of measure

Three fields provide the opportunity to include or omit record data with
selections of Yes or No. Select Yes in these fields to include data.

* Time Stamp Date and time data was collected

» Dimension Labels Dimension labels at tops of column

* Dimension Units of measure printed with values

Record content

The records transmitted can include a range specified by the user; re-
cords not yet transmitted (New), all records in the database or only the
selected record.

Range
The user will be prompted to specify the number of records to transmit.
The most recently acquired record will be transmitted.

New
Only records that have not yet been transmitted will be sent.

Send [mm]I0 ] Po_]
-~ I Auto Send Rec @
Z[ F;)rlmu a5|Record Number No
NS Time Stamp No
Dimension Labels Yes
E/::r;gﬁls Dimension Units Yes
SLEC Recs To Send Prompt
Display Min Dimen 5ize Smallest
Report
Rep Chars
Send )
-
[ o IET I I
Send [mm]e]Po ]
—_— I Auto Send Rec No
Z[ F;)rlmu 35| Record Number &)
oRan Time Stamp No
Dimension Labels Yes
E/::r;gﬁls Dimension Units Yes
SLEC Recs To Send Prompt
Display Min Dimen 5ize Smallest
Report
Rep Chars
Send )
-
BT ves [Relative] I
Send [mm[2]ro ]
s I Auto Send Rec No
Z[ F;)rlmu a5|Record Number No
NS Time Stamp
Dimension Labels Yes
E/::r;gﬁls Dimension Units Yes
SLEC Recs To Send Prompt
Display Min Dimen 5ize Smallest
Report
Rep Chars
Send
-

[ o IET I I
Send mm]I0 ] po
il I Auto Send Rec No

ZI Fl?rlmu a5 ||Record Number No
onat Time Stamp No

Dimension Labels Yes

3:;22?'5 Dimension Units Yes

SLEC Recs To Send  (PiGmpD

Display Min Dimen 5ize Smallest

Report

Rep Chars

Send )

.
Range I New | All |Selected
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All
All records in the database will be transmitted.

Selected
The highlighted record will be transmitted.

Prompt

The user will be prompted to select records to be transmitted. The user choices will include: range, new,
all, and selected.

Min Dimen Size

w
Dimension data can be transmitted over the RS-232 connection with or [Send [mm][0-Tro ] 2
3 3 . ) Auto Send Rec No =3
without formatting placeholders. For example: Rep Chars o0 380 H6€ o8 i
ggg o Chars||Time Stamp No
. Dimension Labels Y
8.217 with placeholders (Largest) sends data spaces for gg‘za_,'fg' Ditmiersisn Units Yas
. .. . . Recs To Send Prompt
a sign character, 8 digits and a decimal point. gi‘: Keys |[Min Dimen Size SHalies®
LT I8LR177) dlock
Supervisor
8.217 without placeholders (Smallest) sends only the Wgestl | |
required 5 data spaces.
18]-12[117]

Enter Largest to send data with placeholders.
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Send characters screen Send Chars~ [~m[2] o ]
- -5nd
Transmitted data can include ASCII codes such as Carriage Return |gehoi .o *5nd J0.15.
(ASCII code 10), Line Feed (ASCII code 13) and others to provide for- |2¢d +Lhl 32.
matting based on the requirements of the receiving computer software. g";'za_,"'g' +[[))'i',?1 32
Multiple ASCII codes can be included in a single field when separated g;‘z Keys e
C

by spaces. Clock
Enter the required ASCII codes into the formatting fields using the | | | |
numeric keypad.
Fields are available for inserting ASCII control or character codes:

 Before and after record data (- Snd and + Snd)

» Before and after the header label (- Lbl and + Lbl)

» Before and after each dimension value (- Dim and + Dim)

* Before and after each unit of measure (- Unt and + Unt)

NOTE
4; A complete list of ASCII codes is contained in Chapter 6: Communication.

-




Send Characters and Parallel Screens

Parallel screen

The Parallel screen contains fields for enabling remote control of the P-400 DRO and specifying a parallel
port data debounce interval.

Remote control

P-400 DRO measurements can be controlled by a remote computer, PLC or some other device that sends
ASCII command codes to the P-400 DRO over the RS-232 serial port.

NOTE
4; ASCII command codes are provided in Chapter 6: Communication.

= y
Remote control of the P-400 DRO is limited to measurements conducted under the supervi-

sion of an operator, and the P-400 DRO will accept commands only [pParalle] [mm][0_] po |

while displaying the DRO or View screens. To facilitate this remote Remote Control (NG
« . ’ . Channels /0 pebounce 50
control feature, a “receive ready” flag is set on Dout (1), parallel port gf_aESéef
pin 2 when the DRO or a View screen is displayed. The remote com- gisplastl

. . . epor’
puter or other controlling device can send commands upon detecting Eepdchars
the receive ready flag. Commands sent to the P-400 DRO when Dout Send Chises
. . . . [Parallel

(1) is logic level 0 will be ignored. RS232

~

T Ve | I I

To enable the remote control feature, set the Data mode to I/O and
then set Remote to Yes.

I/0 Debounce interval

The parallel port is used as a general purpose 1/O port. The source |Parallel ["m[I2]Po ]
of logic levels p.rese.:nted tq the parallel port pins can b.e sglid stat§ OF | chammeic 5%'"Siioﬁﬁ?§'°' No
hard contact switching devices. When hard contact switching devices || Master

SLEC
are used, switching noise is often generated by contact bounce. The RDE;’(';){
effects of switching noise are eliminated by validating the input logic gepdChars
en
levels for a short debounce time after the first level change occurs |Send Chars

. . . . [Parallel
at the port. Enter this debounce time into the I/O Debounce field in RS232

~

milliseconds. | [ [ |

79
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RS-232 screen

The RS-232 screen contains fields for specifying the RS-232 serial port settings for communication with a

computer or RS-232 channel input device.

UART ID

P-400 DROs that include a second RS-232 serial port for RS-232
input device connections must be configured to communicate with
computers on either the primary or secondary port. Typically, com-
puter communication takes place on the primary port, and RS-232
probe networks are attached to the secondary port. However, either
port can be designated as the communication port. Use the Dec and
Inc softkeys to specify the desired port (UART ID).

Baud rate

The Baud field is used to specify the baud rate of serial data. Use the
Dec or Inc softkey to decrease or increase the baud rate from 1200 to
115,200.

Word length

The Word Len field is used to specify the number of bits contained in
each data word. Use the 7 or 8 softkey to specify the word length.

Stop bits

The Stop Bits field is used to specify the number of stop bits included
after each data word. Use the 1 or 2 softkey to specify the number of
stop bits.

RS232 mm][10 ] po
. Uart Id ‘Primary
Channels |5 115200
I‘[;?:;'t:; Word Len 8
Hot Keys Stop Bits 1
Report Parity None
Rep Chars Handshake Hard.
Send EQC Delay 0
Send Chars|[EOL Delay 0
Parallel Data Send
R5232 I
| -
Dec | inc | |
RS232 [mm]IoTro
Charﬁls Uart Id Primary
Baud
B’{:S};"' Word Len 8
HOE Igeys Stop Bits 1
Report Parity None
Rep Chars Handshake Hard.
Send EQOC Delay 0
Send Chars||EOL Delay 0
Parallel Data Send
R5232 I
| -
Dec | Inc | I
RS232 [mm]o- ] ro
o Uart Id Primary
Channels || gayq 115200
B’:z;'t:vr Word Len L]
Hot Keys Stop Bits 1
Report Parity None
Rep Chars Handshake Hard.
Sanid EQC Delay 0
Send Chars|[EOL Delay 0
Parallel Data Send
RS232 )
g .
7 O [
RS232 [mm]IoTro
- Uart Id Primary
Channels | |gaug 115200
{')’::;'t:; Word Len 8
Hot Keys Stop Bits [ ]
Report Parity None
Rep Chars Handshake Hard.
Send EQOC Delay 0
Send Chars||EOL Delay 0
Parallel Data Send
R5232 I
-

B ]
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Parity
The Parity field is used to specify odd or even parity for error check- [RS232 [nm]5T ro
ing, or to omit parity error checking. Use the None, Odd or Even [ channets  [{o2"t Id '1"1"5"2353
softkeys to specify parity error checking parameters. B’:‘;’;,t:; Word Len 8
Hot Keys Stop Bits 1
Report Parity ‘None
Rep Chars Handshake Hard.
Sénd EOC Delay 0
Send Chars|[EOL Delay 0
Parallel Data Send
RS232 )
. Odd Even
Handshaking BT ocd | | |
The Handshake field shows the type of synchronous signaling used by the system to prevent data collisions
on the serial port. This is set to hardware and cannot be changed. 3’
o)
End of character (EOC) delay £
The EOC delay field is used to specify the delay inserted after each [RS232 mm]10 ] po
character is transmitted. This delay can be increased or decreased t0 || channets  |[52r, Id ':qfs"za‘;g
accommodate various serial devices. Use the numeric keypad to speci- [|giosier Yo L 8
. ST O] 1ts
fy delays (in milliseconds) from 0 to 10 seconds between characters. || ot Kevs Pari’;y None
Reg Chars ||Handshake Hard.
Send EOC Delay B
Send Chars|[EOL Delay 0
Parallel Data Send
RS232 )
Specifying end of line (EOL) delay | | | |
The EOL delay field is used to specify the delay inserted after each line [RS232 [mm]5 T ro
is transmitted. This delay can be increased or decreased to accommo- || paster Rt Id '1”1"5";53
date various serial devices. Use the numeric keypad to specify delays E‘;f'a,g’eys Yok L 8
. e1qe . O] 1ts
(in milliseconds) from 0 to 10 seconds between lines. st Pariﬁy None
Ser':d Handshake Hard.
Send Chars||EOC Delay 0
parallel EOL Delay o
RS232 || Data Send
SLEC
Serial port data type | | | |
Data can be sent to the serial port as a report formatted in the Report [RS232 Lmmlio | po
Setup screen, or as record data formatted in the Send Setup screen, or miﬁh Rt MDA
as both. Display Word Len 8
Hot Keys Stop Bits 1
Report Parity None
. . .. . Rep Chars Handshake Hard.
The serial port can also be disabled for data transmission by selecting || cehq EOC Delay 0
EOL Delay 0
the None softkey. send Charsll - ¥a Send
RS232 )
I send Report | Both |
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USB screen

The USB screen contains fields for specifying the RS-232 serial port
computer or RS-232 input channel device.

Data

Data can be sent to the USB port as a report formatted in the Report
Setup screen, or as record data formatted in the Send Setup screen, or
as both.

The USB port can also be disabled for data transmission by pressing
the None softkey.

Destination

Data can be sent through the USB port to be printed on a printer or to
be stored as a file on a USB flash drive. Files stored on flash drives
are named DataN.txt by the P-400 DRO system, where N denotes the
number of the data file.

File type

The USB port data file type can be specified to replace existing files
(of the same name) on the USB flash drive, append to the existing file
or create new files that are auto-numbered sequentially in ascending
order (Datal.txt, Data2.txt.....DataN.txt).

Current auto (file) number

When the USB data file type is specified as AutoNo, the file number
of the next file saved to the USB drive can be manually specified by
entering the desired number into the Cur Auto No data field.

For example, entering a 2 into the Cur Auto No field will cause the
next data file saved on the USB drive to be named Data2.txt. Any file
that already exists on the USB flash drive with the same name will be
overwritten.

settings for communication with a

USB

Master
SLEC
Display
Report

Rep Chars
Send

Send Chars
Parallel
R5232
USB

~

[mm][10 ] po_]
Data ‘Report

Destination HP2
File Type Replace
Cur Auto No. 1

None | Send Im. Both

UsB i) =8
- Data Report

gll_aEsCter Destination ‘HP2.

Display ool Jomce

Report cur Auto No. !

Rep Chars

Send

Send Chars

Parallel

R5232

USB
~

fie B2 | |

USB mm||0 | po
- Data Report

gf_aESCtef Destination HP2

Display File Type

Report Cur Auto No. 1

Rep Chars

Send

Send Chars

Parallel

R5232

USB

-
LY Append [AutoNo ]|

USB [mm[Io]ro ]
— Data Report
Master Destination HP2
SLEC File Type Replace
Display G Ayp N p
Report ur Auto No.
Rep Chars
Send
Send Chars
Parallel
R5232
USB
~
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Hot Keys screen Hot Keys 0 [N T
The Hot Keys screen is used to map frequently used P-400 DRO B%f,ﬁay =
functions, custom P-400 DRO functions or screen views to front Egg”cthars
panel keys, remote keypad keys, foot switch keys, hand switch keys g::g - e
and parallel port connector pins. Hot keys can save time by eliminat- z;%';'
ing the need to navigate through menus to initiate a function, or by |UsB /
. : . . . Hot Keys |
making a function more accessible through a footswitch, handswitch -
or remote keypad. tst | | | |
Hot key screen showing the menu
of hot key types
Front panel keys for hot key mapping
Front panel keys available for Hot Key mapping are shown below and included in menus of Hot Key mOO
types. o
=
S
Wide keys: Dimension keys: Print key:

available available not available

P-400 Series

Unit keys:
available

Command keys:
not available

Softkeys: Menu key: Cursor keys: Display ON/OFF:
available not available not available not available

Front panel keys available for Hot Key mapping
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Wide keys

Wide keys
Both wide keys are available for Hot Key mapping. Hot Key functions assigned
to wide keys can be invoked at any time.

PRECISION GAGE & TOOL CO. P-400 Series

Dimension keys
The 4 dimension keys at the right of the LCD are avail-
able for Hot Key mapping.

Unit keys

All unit keys except the decimal point and +/- keys are
available for Hot Key mapping. Hot Key functions as-
signed to unit keys can be invoked at any time unless
the system expects a numeric entry to complete a task.

Softkeys

The left 4 softkeys are available for Hot Key mapping. The right softkey under
the LCD is used to access menus and is unavailable for Hot Key mapping. i
Functions assigned to softkeys can be invoked only when the home screen is
displayed. At other times, softkey functions are permanently assigned by the
system for menu, screen and function selection or dimension selection.

Left 4 softkeys
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Remote switches and parallel port pins for hot key mapping
The foot switch, hand switch and remote keypad are also available for hot key mapping.

Foot switch

The foot switch is used interchangeably with the hand switch. Both foot
switch keys are available for Hot Key mapping. Hot Key functions assigned
to foot switch keys can be invoked at any time.

Hand switch

The hand switch is used interchangeably with the foot switch. Both hand switch keys
are available for Hot Key mapping. Hot Key functions assigned to hand switch keys can
be invoked at any time.

Remote Key Pad

All numeric remote keys are available for Hot Key mapping. Hot Key functions
assigned to numeric remote keys can be invoked at any time unless the system
expects a numeric entry to complete a task.

Parallel port input pins
The parallel port is used as a general purpose I/O data port. i 2Dsin4 ST ?0}1“ R
The 5 input lines (Din 1 through Din 5) of the parallel port [

are available for hot key mapping.
W10 O 00000000000 .
000000000000

| Gage-Chek ground reference |[12 11 10]
Dout
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Assigning Hot Key functions

The method used to assign hot key functions is identical for all hot key types. The procedure is illustrated
by the examples shown in the next few pages.

1 Press the List softkey. The available hot key types will be displayed. Highlight a hot key type and
press the Enter key.

Hot Keys [mmfio [ ro ] 'Hot Keys [mmfio [ ro ] 'Hot Keys [mm]I0 ] po_]
- - e
SLEC 'f)eys - SLEC SLEC '1()8"’ -
Display 2) o /mr;i Display o Display 2) None
Report 3) None Report Report
Rep Chars a Mast Rep Chars Rep Chars
Send ) aster Send er Send
Send Chars Send Chars Send Chars
Parallel Parallel Parallel
R5232 R5232 R5232
USB USB USB
Hot Keys | Hot Keys Hot Keys |
- - et
List | [ [ [ List | | [ List | | | |
Press the list key, select a hot key type and press the Enter key
2 Select a specific key for hot key function assignment and then 'Hot Keys [mm]]0 JPo ]
select a function category at the bottom of the screen, The function | gc '1<)9V5 Foot
categories include: [R)'es'f('ﬂ‘t’ 2) None
Rep Chars
. . . . Send
* None: No assignment will be made; this will not be a hot key. | end Chars
* Key: A front panel key function will be assigned by pressing 5-‘;;32
one of the front panel keys. Hot Keys )

* Special: A P-400 DRO system function will be assigned from
the Special menu.

* Func:
to all hot key types except dimensions (Dimens).

-
=™ Key [ Special | Func. |

A custom P-400 DRO function will be assigned. User-defined functions can be assigned
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Key

Press the Key softkey, then press the front panel key function that you wish to assign to the hot key. In this
example, the Enter key function was assigned to footswitch #1. Now, the Enter key and footswitch #1 can
be used interchangeably to enter data at the conclusion of a test, or to make menu selections.

Hot Keys [ m[Io]ro ] 'Hot Keys [ m[I2]ro ] [Hot Keys [mm]Io ]P0 ]
i Keys Foot e ] Keys Foot i Keys Foot
Diglay || ome ShEC 1) SRS Dy ||
Report 2) None Press the key that you wish to Report 2) None
RepdChars EON RepdChars
Sen Sen
Send Chars Send Chars
Parallel Parallel
R5232 R5232 R5232
USB USB USB
Hot Keys ) Hot Keys | Hot Keys |
~ ~— ~

I ey [Special | Func. | T T ] None NI Special [ Func. |

Press the Key softkey and then press a front panel key (such as Enter) to assign the front panel key’s
function to the hot key

dnjag €

Special

Press the Special softkey. The list of system hot key functions will be displayed. Highlight the system
function you wish to assign and then press the Enter key. In this example, the Clear function was assigned
to footswitch #2. Now, the Clear function can be initiated by simply pressing foot switch #2.

Hot Keys [nm[ioTro ] 'Hot Keys [nm[ioTro ] [Hot Keys [mm]e]ro ]
. . .

sec 0 e st fifauo, st 0 Ever
isplay isplay isplay

Report ?) None Report 4 Cr All Report 2) Clear
Rep Chars Rep Chars Cr Part Rep Chars

Send Send Cycle Send

Send Chars Send Chars|| |DO/D1 Send Chars

Parallel Parallel DMS/DD Parallel

R5232 R5232 Dout R5232

USB USB Fast3 USB

Hot Keys | Hot Keys )| |Force [Hot Keys |

~ ~ - ~
W Key [Special | Func. | W Key [Special| Func. | None [ Key [speciol IETRSN

Press the Key softkey and then press a front panel key (such as Enter) to assign the front panel key’s
function to the hot key

The Special menu functions are slightly different for:
* Softkeys
* Dimension keys
+ Unit, wide, foot keys, hand keys, remote keys and Din pins

The functions available for each category of hot key are described in the next few pages.

As shown by this table, the functions mapped to dimension keys (Dimens) are limited to typical dimen-
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sion activities, and apply only to the associated
dimension. For example, when the Send func-
tion is mapped to the Dimension A softkey, only
the current value of Dimension A is transmitted
when the Dimension A softkey is pressed.

Once a system function is mapped to a dimension
softkey, pressing the Apply All softkey extends
the function type to all other dimension keys.

Hot Keys [mm]Ie ]P0 ]
— -

il

RD'Spla\t’ 2) None

epor’

Rep Chars 3) mone

Send ) one

Send Chars

Parallel

R5232

USB

Hot Keys .

The Special

-
IS0 Soecial [Apply Al | menu  func-

tions include:

Auto

The Auto function toggles the Trip function on
and off. Please refer to the discussion of the Trip
function in Chapter 4: Formulas for details.

Bar

Function

o

<
S ~2~°

70

&

%&\3‘&4

Auto

Bar

Clear

Clear All

Clear Part

Cycle

DO0/D1

Data

DMS/DD

Dout

DRO

Fast3

Force

Graph

Histogram

Hold

in/mm

Master

Part no

Part?

Preset

Pressure

Rad/Dia

Recall

Relay

RsetDyn

r

Send

SendRec

View

Zero

X

The Bar function selects the bar graph view of current values on the DRO screen.

Clear

Clears the incremental datums for all dimensions.

Clr all

Clears the P-400 DRO database. No records will be retained for any parts.

Clr part

Clears the P-400 DRO database records for the specified part. No records for the specified part will be

retained.

Cycle
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Advances to the next part number. Part numbers are cycled in a continuous loop.

D0/D1
Toggles between the display of current values for the absolute datum (datum 0) and the incremental datum
(datum 1).

Data
The Data function selects the data table view of stored records.

DMS/DD
Toggles between the current presentation of degrees/minutes/seconds and decimal degrees for angular
measurements. w
7]
o
Dout =
Defines the logic state of one of the 12 parallel output pins
to: Din Dout
4
+ Off: Logic 0 (0 volts) “[ Y |
* On: Logic 1 (5 volts)
. O00OO00O0OO000O0O00O0 \
* Toggle: Changes from one logic level to the other on a @ 60000000000 )
specified output pin.
[ Gage-Chek ground reference ][12 11 10]
When the Dout function is selected, additional screens are Dout
provided for pin and logic level assignment. Pin 13 Pin 1
|
NOTE %oooooooooooo _
Logic ground is wired to pins 18 @ §o00000000009¢ )
4; through 25.
/ Pin 25 Pin 14
- @
DRO

The DRO function selects the DRO view of current values.

Fast3
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The Fast3 function samples the channel 2 input each time the channel 1 input changes a specified sample
increment. If the sampled value of channel 2 falls outside a specified range, all base-channel (first 1, 4 or
8 channels) input values will be stored in a dedicated memory array, otherwise samples will not be stored.
This sampling process continues until one of the following occurs:

1) The user aborts the process by pressing the Quit or the Cancel key

2) The user clears memory and restarts the process by pressing the Enter key

3) The user successfully completes the process by pressing the Finish key

4) The process is automatically completed after 50,000 sets of channel positions have been stored

Refer to Chapter 5: Operation for more details regarding the Fast3 function.

Force

The Force function cycles through the display of units of force measurement as the hot key is repeatedly
pressed. When the Force function is assigned to a softkey, the unit of force measurement will be displayed
on the LCD above the softkey. When the Force function is assigned to something other than a softkey, the
Show DRO Units function must be enabled in the Display setup screen to display the units of measure on
the DRO. Units of force measurement include:

N: Newtons
gf:  Grams force
Ibf:  Pounds force

Graph
The Graph function selects the line graph view of stored records.

Histogram
The Histogram function selects the histogram graph view of stored records for display on the DRO
screen

Hold
This toggle function holds (freezes) or releases the current value displayed on the LCD for this dimen-
sion.

In/mm
Toggles between the display of dimension values between inches and mm.

Master
Displays the Master screen for calibrating or presetting inputs.

Part No.
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The part number, selected by the user during Hot Key setup, becomes the current part when the key is
pressed.

Part?
Displays a pop-up screen that allows the user to specify a new part number.

Preset
Presets this dimension’s datum.

Pressure

The Pressure function cycles through the display of units of pressure measurement as the hot key is repeat-
edly pressed. When the Pressure function is assigned to a softkey, the unit of pressure measurement will be
displayed on the LCD above the softkey. When the Pressure function is assigned to something other than
a softkey, the Show DRO Units function must be enabled in the Display setup screen to display the units
of measure on the DRO. Units of pressure measurement include:

dnjeg €

ATM: Atmospheres

Bar: Bars

Pa: Pascals

PSI: Pounds per square inch
Rad/Dia

Toggles between radius and diameter measurement types on the DRO screen if radius or diameter was
specified in the Formats setup screen earlier. Toggles between radius and diameter on single dimensions
when assigned to a dimension key, or on all dimensions when assigned to other keys.

Recall
Recalls and applies this dimension’s last used datum preset.

Relay
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The output states of Relay 1 and Relay 2 can be assigned to hot keys. The output state of each relay is
independent of the other, and can be the de-energized (0), or energized (1) or toggled (0/1). The list of
relay operations includes:

R1 0: Input

Eilail 1 is de-energized (off, 0) O ' Normally open
Relay 1 is energized (on, 1) Normally closed
R1 0/1:

Relay 1 is toggled between states (on to off, or off to on) Relay in a de-energized state

R2 O: Example: R10

Relay 2 is de-energized (off, 0)

R2 1: Input

Relay 2 is energized (on, 1) Normally open
R2 0/1:

Relay 2 is toggled between states (on to off, or off to on) O—— Normally closed

To assign a relay output state to a hot key: Relay i maamer;er g'zed state

1 Select a key for hot key assignment, and then press the Special softkey to d1sp1ay the list of system
functions. Hot Keys

SLEC
2 Highlight the Relay function, and then press the Enter key to 3;‘,?!,?‘{

display the relay state list. ggr':dChars

Send Chars
Parallel

3 Highlight the desired relay/relay state, and then press Enter to
assign the relay state to the hot key. (Hot Keys )

I ey [Special | Func. |
CAUTION
Hot Keys [mm[Io]ro ]

Be careful to limit relay contact voltage and cur- —
SLEC 4r1 0

rent to the maximum ratings shown in Chapter 8: |pigiay 3

@ Reference. Exceeding the maximum ratings can |Rof 3% 0
damage the P-400 DRO relay and void the product (34 [[|R2 1 /1

Parallel
warranty. ekt

UB
Hot Keys |

K
=™ Key | special | Func. |

RsetDyn
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Resets the minimum or maximum values accumulated during dynamic measurements for this dimension.

,
The r function selects the line graph view of ranges of stored records for display on the DRO screen.

Send
Transmits the current value displayed on the LCD for this dimension.

The Send function transmits data to a printer or a computer or both depending on parameters configured in
the Parallel or RS-232 setup screens.

Send Rec
The Send Rec function transmits the last (most recent) record, a range of records, or all records.
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Master

This function displays a pop-up screen that allows the user to set selected channels to specific values or
ranges of values as determined by the Allow Full field of the Calibrate setup screen. Please refer to
Chapter 5: Operation for more details regarding the use of the Master function.

View
Changes to the DRO and SPC data view for all dimensions.

Zero
Zeros the current datum for all dimensions.

xbar
The xbar function selects the line graph view of the mean of stored records for display on the DRO
screen.

Function
Press the Function softkey to map a hot key to a custom P-400 DRO function, and then enter the function
number. The mapped custom function will be executed when the key |Hot Keys [mm]oTro ]
is pressed. Custom functions cannot be mapped to dimension keys. Keys — Wide
p u u pp Y F;:gdchars 1) @
Send Chars 2 Enter
NOTE Parallel
. . . |Rrs232
Custom P-400 DRO functions are described in |USB
Hot Keys
Chapter 4: Formulas. Clock
Misc.
? Supervisor

-y None | Key | Special m—
Clock screen
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The Clock screen contains fields for setting and formatting displays [Clock [mm]10_T ro
of date and time shown on the LCD and printed on reports. D hYniE:th 5-

Report

Rggorchars Egﬁrs ;5

Send Minutes 32
Setting the date and time Send Chars| s onds a5

RS232 Date Format M/D/Y
Use the numeric keypad to enter data into the Year, Month and Day e Time Format 12

O eys
fields for date, or Hours, Minutes and Seconds fields for time. (Clock )
~

The time must be entered into the Hours field in the 24 hour format, l l l l

but can be displayed in either the 12 hour or 24 hour format. For example, 7:00 PM must be entered into
the Hours field as 19, but can be displayed as 1900 or 7 PM depending on the selection of the 12 or 24 hour
display format.

Specifying a date format

Highlight the Date Format field and use softkeys under the LCD to specify the format for displaying the
date on the LCD and printed reports.

Clock [-mI o ] |Current Value Current Value
i [ & A 33106|A 033106
=l ¢ |B 00000/ B 00000
e owe oma i | (C 0.0000 | C 0.0000
doc ™ D 0.0000| D 0.0000

WM/Y [MD.YY[DM.YY| View... | in/mm | | Master | Menu..  View... | in/mm | | Master | Menu...
M/D/Y format M.D.YY format

Specifying a time for-
mat

Highlight the Time format field and use softkeys under the LCD to specify the 24 hour or 12 hour format
for displaying time on the LCD and printed reports.

Clock [~m]I&]TPo ] [Current Value Current Value
o, S Year 2008 . .
ws [& & A 153324| A 153352
g::g Chars a?'l:l::es gz B 0-0000 B 0-0000

S e & € 00000/ C 0.0000
o D 00000 D 00000

n_iA | 12 : | 24 : | View... | in/mm I | Master | Menu.. View.. | in/mm | | Master | Menu...
24 format 24 : format
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External edge screen

The External edge screen contains fields for specifying the touch probe parameters for optional edge detec-

tion fanctions. Ext. Edge [mr] e ] Fo ] |Exts Edge MmO ] po ]
i Probe Delay o il Probe Delay o
Report Report Edge Input 2
. 5:2 dChars Edge Input 1 2:2 dChars Edge Type Disabled
Edge lnput Send Chars||Edge Type Disabled end Chars||Dehounce 50
parallel Debounce 50 parallel Dir. Factor 40
The External edge options are [[Rs232 Dir. Factor 40 RS232 Probe Diameter 0.0000
. USB Probe Diameter 0.0000 USB Edge Input 3
provided for one or two touch |Hot Keys Hot Keys ||Edge Type Disabled
Clock Clock Dehounce 50
probes. The setup parameters are |gxt. edge Ext. Edge )||Dir. Factor 20
identical for all touch probes. vl | | | v| P"’Ibe D'amrte' °'|°°°°
Single touch probe screen Double touch probe screen w
(7
o
.. =
External edge prObe t'm’"g Probe Probe Ready for next ©
contact recognized probe contact

Probe and debounce delays can be included to limit
probe input rate and provide immunity to noise.

. . i— Debounce —» Probe .
The impact of probe delay and debounce values is : time : delay :
shown in this diagram. ' . ' S
» Time
AN Vi N /
_/ 1 \_ _/ 1 \_
Probe delay
. . . . m 0
The Probe Delay field is used to limit the probe input rate. Enter Ext. Edge — P°
. . . . oo Probe Delay
the delay between valid probe hits into the Probe Delay field in mil- geporcth
. S LS Edge Input 1
liseconds. gggg Chars Edge Type Disabled
parallel Debounce 50
RS232 Dir. Factor 40
USB Probe Diameter 0.0000
Hot Keys
Clock
[Ext. Edge )
-
Debounce time | | | |
The effects of electrical noise caused by mechanical switch contact Es Edge [mm]10] Po ]
bounce can be eliminated by specifying a settling time in millisec- - Probe Delay [
. . . . re Report
onds. Enter the desired time into the Debounce field in milliseconds. RepdChars Edge Input 1
g:gd Chacs Edge Type Disabled
parallel Debounce 50
RS232 Dir. Factor 40
USB Probe Diameter 0.0000
Hot Keys
Clock
[Ext. Edge )
-
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Edge type Ext. Edge [mm[oTro ]
. . . . . o~ Probe Delay 0

The direction of the touch probe signal that will be recognized as a g:g“cthars S

valid probe contact is specified in the Edge Type field. Valid signals {30d Hleage Type &

can be rising, falling or both (either rising or falling). The external ggrza;';" gf}[_m;’:(cteo, 33

edge probe can also be disabled. UsB Probe Diameter .0.0000
Hot Keys
Clock
[Ext. Edge )

Direction factor [ Rising | Faling | Both |

The P-400 DRO continuously monitors the direction of probe motion

to insure that probe-tip compensation is applied to the correct side of the probe. When the probe direc-
tion changes, a minimum number of counts in the new direction must be accumulated to verify that the
direction change is valid.

Probe direction errors occur when probe-tip compensation is applied to the wrong side of the probe tip. The
P-400 DRO prevents probe direction errors by monitoring the direction of probe movement and applying
compensation to the leading side of the probe tip center. The P-400 DRO then confirms probe direction
changes by accumulating a minimum number of counts in the new direction before changing probe tip
compensation. This minimum number of counts creates a zone around the tip referred to as the direction
factor, and can be changed to accommodate different CNC hardware and application requirements.

Probe direction errors are usually caused by mechanical vibration or incorrect probing technique. The
direction factor can be adjusted to minimize or eliminate both types of error.

Probe vibration

Direction errors are generated when the direction factor is
smaller than the number of counts generated by mechani-
cal vibration. Set the direction factor to a count value
higher than probe vibration to eliminate errors due to typi-
cal probe vibration.

Dir. Factor lower than  Dir. Factor higher than
vibration causes vibration eliminates
errors errors
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Probing technique

Direction errors are generated when probing paths are so close to part surfaces that direction changes
cannot be verified. The examples that follow illustrate incorrect and then correct probing paths for the
verification of horizontal direction changes.

w
(7
®
(=
c
°
Incorrect probing technique Correct probing technique
The probe is lowered too close to the part surface, The probe is lowered far enough from the part surface,
detection of probe direction change is impossible detection of probe direction change is possible
Enter the minimum number of counts in the new direction into the | Ext. Edge [mm[icTPo ]
Dir. Factor field. This number should typically be 40 or greater. ey Poohe: Delay °
Rep Chars Edge | 1
Send ge Input
Edge Type Disabled
;::léi“elchars Dehounce 50

RS232 Dir. Factor ‘40

Teaching the P-400 DRO a probe diameter USE ey [ Drometer D000

. . . Clock
During measurements involving the touch probe, the P-400 DRO | S Edge

~

subtracts the radius of the touch probe tip to determine true position | I I I
of the probe. Since probe tip diameters can vary, the P-400 DRO
must determine the exact diameter from a test that utilizes a known standard.

To teach the P-400 DRO the probe diameter:
1 Highlight the Probe Diameter field and press the Teach softkey. Instructions will be presented that
describe the entire teach process.

2 Follow the instructions being  EXt. Edge [mltlm
careful to make orthogonal probe ||Report Eiohe: Bielay \*\

3 : Rep Chars

contacts with both sides of the |send i Edge Input 1bl i
Send Chars||-09¢ 'ype Dlsa e

standard. Parallel Debounce
RS232 Dir. Factor
USB Probe Diameter _
Hot Keys
Clock

t. Edge ) S *f
= — -

Teach |
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Misc screen

The Misc screen contains fields for specifying keypad, LCD display, audio, SPC performance display,

slew rate and screen saver parameters.

Key delay Misc. [mm[© ] Fo ]
. . . -
The Key Delay field is used to adjust the rate at which front panel key Reporth 52}:‘"'?:"“ g
. . Rep Chars
presses will be accepted, and characters will be repeated when a front Send Data Entry Msg .1.0
L send Chars Switch View 0.000
panel key pressed and held down. As the delay value is increased, the | parallel kI Discky Bl
pk/Ppk Display  Ppk Pp
rate of key entry and auto-repeat decreases. HaEss Slewr Limit 50000
Hot Keys Start Scr Saver 10
Clock Scr Saver Off 20
Misc. || Startup Hold Yes
~ Strict Unit Check Yes
Speaker volume
The Volume field is used to adjust the loudness of P-400 DRO speaker ' Misc. [mm]Io]ro ]
tones that signal key presses and alerts. Volume settings range from 0 | report 52{‘:":'3\’ 3
. . . Rep Ch
to 10. A volume setting of 0 disables the audio output. Seng ' |[Data Entry Msg 1.0
send Chars Switch View 0.000
ggl'zagze’l Cpk/Ppk Display Ppk Pp
USB Slew Limit 50000
Hot Keys Start Scr Saver 10
Clock Scr Saver Off 20
Misc. || Startup Hold Yes
~ Strict Unit Check Yes

Data entry message time |

The Data Entry Msg field is used to specify the duration of the dis- [Misc. [m]Io ] ro ]
play of the data entry confirmation message “Data has been added to |geport 52{132'33’ 5
the database” each time a value is entered. For example, when this | %P hars Hipata Entry Msg 1o
. . . . Send Chars||SWitch View 0.000
value is 2, the message will be displayed for approximately 2 seconds. |25, -
Durations range from 0 to 9999. When the value is 0, no message is |R5232 G/ Doy BuR B
3 3 3 3 Hot K Start Scr Saver 10
dlsplayed. When the value 1s.Very large, the mes.sag.e will be displayed Hot Keys Moef saver Off 20
until the user presses the Quit key, or the duration is allowed to com- | |Misc. )||Startup Hold Yes
et J— Strict Unit Check Yes
piete. | | | |
Switch view Misc. 0 (18 KT8
Normally, the user presses softkeys to select the screens displayed on Ret 5e¥ Delay ?0
the LCD. However, the P-400 DRO can be programmed to automat- FS‘;I: dCha“ D.f,.’t_‘;mémy Msg 1.0
ically change the DRO, bar or dial views to display a dimension in | Send Chars Switch View (NN
arallel o
response to activity on the channel included in its formula. The Switch Rs232 gllz'xpﬂ‘m[i)t's"'ay ';%'; X
View field is used to specify the range of motion required on any chan- Hlot kKeys ?tarts Scr 53;/]5' ;g
. . . . . . . C Cr sSaver
nel input to switch DRO, bar or dial views to the associated dimension. M?scc |[Startup Hold Yes
J— Strict Unit Check Yes

When the Switch View field is zero, no switching occurs. I
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Cpk/Ppk display
Select Cpk or Ppk performance values for display in the Data view screen for a single dimension.
Misc. [m]I0 ] po | [1A6:25/Pi1a=1-06 [l T o ] 25 P08 [wm]e ] Fo ]
- Key Delay 3 A A
Report 2 A
Rep Chars [ J0bme 10 ~oa0 7 0.0500 om0 7 0.0500
Send Data Entry Msg 1.0 0.4000 X 0.4333Mean 0.3711 0.4000 % 04333 Mean 0.3711
Send Charsf|SWitch View —.0.000 04500r 00500 Max 04500 g 04500 00500 pax 0.4500 g
Parallel .0 4500 o in 0.3000 .0 4500 i
RS283 Cpk/Ppk Display  (FKEER 03500 X 03500 M": g'fggg 03500 X 03500 M": g'?ggg
USB Slew Limit 50000 035001  0.0000 ; c 03500r 00000 _ ' % C
Hot Keys [[Start Scr Saver 10 03500 alf) 00561 . & 03500 off) 0.0295
Clock Scr Saver Off 20 03500 X  0.4167 Seittretl 03500 X  0.4167, "
(Misc. )[[Startup Hold Yes ; 01960 Pp11.8910 0.4500 r 0.1 Cp22.5733
~ Strict Unit Check Yes . Ppk 9.6944 0.4500 Cpk18.4035
[Pk Pp [ETR<Y | | Bar. e DRO.  X. | r. | Bar. DRO..
Press Ppk Pp or Cpk Cp... to display Ppk Pp... or Cpk Cp 3’
o)
g
Slew limit S
High input slew rates resulting from rapid input encoder motion can re- |[Misc. [mm]Io T ro ]
sult in erroneous measurements. Erroneous measurements are avoided | geport \Klmrﬁ:'ay ?o
by displaying encoder error warnings when encoder values change at Eg,'deha“ [5>at_a ﬁnt\;y Msg ; 'goo
. witc ew ;
very high rates. Send Chars
Parallel .
RS232 Cpk/Ppk Display Ppk Pp
USB Slew Limit
Enter the slew rate limit into the Slew Limit field in counts (increments ||Hot Keys [[5tart Scr Saver .10
) . Clock Scr Saver Off 20
of resolution) per second. For example, at a channel resolution of |Misc. ) gta_rt;lpUH_gHCh X YYes
. . . . . ~— nc ni eC es
0.001 mm, a slew rate limit of 50,000 will result in warning messages | | | |
at encoder motion rates higher than 50 mm per second.
Start Scr saver
The Start Scr Saver field is used to specify the minutes of P-400 DRO [Misc. [mm]ISTro |
inactivity before the LCD screen saver is displayed. The screensaver is S Key Delay 8
. . . . gepoEth Volume 10
disabled when 9999 is entered into this field. ceh hars |Ipata Entry Msg 1.0
Send Chars Switch View 0.000
g.;rzaélgl Cpk/Ppk Display Ppk Pp
USB Slew Limit 50000
Hot Keys [[Start Scr Saver GON®
Clock Scr Saver Off 20
Misc. )||Startup Hold Yes

~ Strict Unit Check Yes
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Scr saver off
The Screen Saver Off field is used to specify the range of motion in [Misc, [mm]0Tro |
counts (increments of resolution) required on any channel to turn the |peport 5’3’[”2:'33’ o

screensaver off. For example, when Scr Saver off = 20, and the chan- §§§dc"a“’ Data Entry Msg 1.0

. . . Switch View 0.000
nel resolution is 0.001 mm, a movement of 0.020 mm will turn the |3end Chars

Cpk/Ppk Display Ppk Pp

screen saver off. When the Screen Saver Off field is zero, only press- | #2252 Slews Limit 50000
ing a front panel key will turn the screensaver off. ek e o D
Misc. _ J||Startup Hold Yes
~ Strict Unit Check Yes
Startup hold | | | |
The PG&T screen is displayed upon startup. Enter No into the Startup 'Misc. [mm]I0 T Po |
hold field to display the startup screen for a few seconds and then au- |geport 52}’["2:'33’ f g

tomatically display the DRO. Enter Yes to display the startup screen | Rep chars Data Entry Msg 1.0
witc ew ;

until the user presses the Enter key. Send Chars
Parallel :
R5232 Cpk/Ppk Display  Ppk Pp
USB Slew Limit 50000
Hot Keys Start Scr Saver 10
Clock Scr Saver Off 20
PRECISION GAGE & TOOL CO. P-400 Series (Misc . )| |Startup Hold Yes

~ Strict Unit Check Yes
No ]

Precision Gage

enter finish

“cancel " quit

Quadra-Chek startup screen

Strict Unit Check
Enter Yes into the Strict Unit Check field to prevent calculations with 'Misc. [mm[Io]ro ]
mixed units of measure. For example: Rt 52{"2:"3'\' 2
g:r‘: dChars Data Entry Msg 1.0
When Yes. th lculation: Send Chars Switch View 0.000
. o5, Tl carenanon: Papiel Cpk/Ppk Display Ppk Pp
15 mm + 2.0 inches will not be allowed because of mixed units | B2232  ||gjey \imit 50000
Hot Keys Start Scr Saver 10
Clock Scr Saver Off 20
When No, the calculation: (Misc . )||Startup Hold Yes

. X . ~ Strict Unit Check &9
15 mm + 2.0 inches = 17.0 only numeric coefficients are used No | |
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Supervisor screen

The supervisor screen provides fields for entering the system password
required to edit setup parameters and fields for locking or unlocking
critical functions.

Password

Enter the Supervisor Password into the Password field to edit setup
parameters or unlock critical functions shown in this screen..

Unlocking and locking critical functions

101

Supervisor
e Password OXXXXXX
Rep Chars
Send :
Part Settings Unlocked
33?5 efhars Datuming Locked
RS232 Master Now Unlocked
USB Clearing Data Locked
Hot Keys ||Control Keys Unlocked
Clock Home Lock Unlocked
Misc . Delete 1 Record Unlocked
Supervisor )| |Lock Sys Unlocked
~ CIr Scale Errors  Unlocked
LoadX | saveX | | |

Once the supervisor password is entered, most functions shown on this screen are locked or unlocked by
highlighting the function and pressing the unlocked or lock softkey presented at the bottom of the LCD.
Locking a function makes it unavailable for use. For example, when datuming is locked datums cannot be

set, preset or cleared by the operator. The critical functions include:

Part settings
Part settings are found in the area above the first horizontal divid-
ing line on the left side of the Setup menu screens.

Part settings
Datuming
Datuming functions include setting, presetting and clearing abso-
lute and incremental datums.

Master now

Unlock or lock the Master function using the Unlock or Lock softkey.
Refer to Chapter 5: Operation for details regarding the Master func-
tion.

Press the Rd. Only softkey to allow the display of mastered values
while prohibiting changes. Press the Pass softkey to restrict the Mas-
tering function to those who enter the required supervisor password.

Clearing data

About [nm[o]ro ]

English Yes
Di . Deutsch No
F:)Trrelgilsons Fran ais No
Formulas :ESPI? ol No
Variables tg '220 No
Tol Ve X
spe n<® 11(C)2002-2008 Metronics. Inc
Header 4c
Memory
—  [|F2 L3 XMem

~ BL 3.00 SN 123456
Supervisor [mm][0 Jpo ]
s Password XXXXXX
Rep Chars
Send :

Part Settings Unlocked
g:?glefhars Datuming Locked
RS232 Master Now
USB Clearing Data Locked
Hot Keys ||Control Keys Unlocked
Clock Home Lock Unlocked
Misc . Delete 1 Record Unlocked
Supervisor )| |Lock Sys Unlocked

~ CIr Scale Errors  Unlocked

DT Locked [Rd.Only| Pass. |

Measurement data can be removed from the Gage-Chek database by the operator when this function is
unlocked. Refer to Chapter 5: Operation for details regarding clearing datums.
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Control keys

In normal operation, the user conducts measurements using the measurement control keys. However, when
the P-400 DRO is operated from a remote computer or PLC, it is often desirable to lock the control keys to
eliminate the possibility that a user key operation will interfere with remotely controlled measurements.

Home lock
Normally the user can designate the home view in the Display setup screen described earlier in this chapter.
However, the home view can be locked by the supervisor to prevent changes.

Delete 1 Record
Single database records can normally be deleted from the View screen 22659 P 4,2°06 [T ro |
by the operator. Enter Lock into the Delete 1 Record field to prevent A B C D

single record deletions.

-0.0020  0.0040 -0.0080
00030 00060 00120 -0.0060 o
Single database record 00010 00040 00100 -0.0080
Lock Sys c
Enter Lock into the Lock Sys field to prevent changes to Global vari-
ables and system formulas that are used in formulas across a number D
of parts.

Graph... | Histo...| Bar.. QLICHE DRO..

ClIr Scale Errors

Channel input malfunctions cause scale error messages that can be dis- | SUpervisor [mm]I0 ] Po_]
. . . .
abled by the user. Under some circumstances it can be undesirable to | Rrep Chars [|72%°"d XXHXXX
. . . Send :
allow the user to disable these messages and continue operation. Enter |send chars Bzfttun-‘:f:;mgs tlglcfelzed
Lock into the Clr Scale Errors field to restrict disabling error messages gg;a;';*' Master Now Unlocked
. . . USB Clearing Data Locked

to those with a valid supervisor password. Hot Keys ||Control Keys Unlocked
Clock Home Lock Unlocked

Misc . Delete 1 Record Unlocked

Supervisor )| |Lock Sys Unlocked

CIr Scale Errors (URIGEREED

T iocked] ||
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Chapter 4:
Formulas

Formulas define dimensions that are displayed on the LCD screen. Formulas can be created that simply
make a dimension equal in value to a channel input, or that calculate a dimension from one or more chan-
nels using powerful math, logic or other functions.

In this chapter, you’ll learn the basics of creating formulas for the P-400 DRO. You’ll learn to create
formulas that use math, logic and data evaluation functions to calculate dimensions, and to use advanced
functions that control or automate measurements.

Introduction to fOrmulas...........ccccecvieviiiiiiieiiiciecc e 105
How do formulas relate inputs to dimensions?..........cccceevevveevenreeeennnnne. 106
Visible or hidden dimensions?...........ccc.cevveeeeeeiieeeeeeiieeeee et 106
What can formulas do? .........cccoooeiiiiiiiiiee e 107
When are formulas constructed or edited?...............oocoeiiiiiiiiiiiieee. 107
How can formulas be recorded for safekeeping?..........cccceevveienvniennne. 107

Constructing and editing formulas...........cccoecerircierieieneee e 108

Formula fUnCtions ..........coeeiiiieiiiiiiiie ettt et e e 116
Basic formula functions .........c...ccueeeveeeireiieiee e 117

Channel .........ooviiiii e e e 118
DIMENSION ...t e 119
ArithmetiC OPEIatOrs ......eevveeiereieieeiieie ettt 120
Parentheses ......cc.eeivieciieiiiieeeee e e 121
Basic math functions...........ccceeevieeiieieieie i 122
Advanced formula functions ..........c.cccceeeeveeiiriiiiieiecce e 125
Commas and SeMICOLONS ........cccueeeeiuiiieiiiieeiiee et 127
Logical and control............ccceiieiirieneniee e 128
0001021014 15 0 0T 5. QOO 134
AVEZ ANA M ..ot 135
MO .ottt et ettt ettt 136
N 1T [E PP SOURSURUSUPRPRNt 137
1 5 1o T ORISR 140
dmin and dmax ..........cooooiiiiiiie e 143
davg and dmd.........ccooerieii e 145
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Xtra menu fUNCHIONS ..........ooeveeiieieieeeieeeeee et 147
ASK e 149
B et 150
CIrAlID and ClrData...........ooveeeveeeeiireeeeece et 151
ClrTrig, SetTrig and user-defined events ..........ccocceeeereenenen. 152
ONEVENL ... 153
DateStr and TimeSIr .......c..oeeviviiieieeeeeeeeee e 154
THIMIC ..ottt ettt et ete e eneerae s 155
Din and DinBin..........ccccoovviiiiiiiieciiceceeeceeee e 156
Dout and DoutBin...........cccoooveiioiieiiieieeece e 159
DISPIAY .ttt 162
FnDefine, FnParam, FnCall and FnReturn..........cccovveveennne. 163
Variable and Global..............cccooooviiiiiiieeeieeeeeeeeeeee e 165
00D ettt e s 167
REMATK ...oooviiiiiiiiiicecceeee e 168
HwDmn and HWDmaX ............coooveieiiieeiiieceiieeeee e 169
RSEEDYI .t 169
HWLX fUNCHON. ..o 170
Lookup and data I00KUp .......ccccoverievierienieinincnincnenceicsienne 171
1LY E2 T <) RSP U SRR 173
MaxIndex and MinIndeX .........ccceevvrevieveeicniiiieceeecieeeeeene 174
PartNO fUNCtiON .........oooveeiiiiiiieieeeec et 175
Preset function ..........cccooooiieeiiiieeeeeeeee e 176
Recall function..........c..oooovueeeeuiiieiieeeceeeeee e 177
Relay output function ...........cocceevevievienerenenicncnicnencneneneens 178
Report fUnCtion..........ccvecveviiecieniieiecieeeceeeeee e 179
SCAM Lttt 180
Send fUNCHON.......cooviiiiieiece et 184
SendMSg fuNCtion........ccceeeeiiiiiinieeeeeeee e 185
SendRec function..............ooceiieiieeieiie e 186
1100 o) SRR 187
SELUP .ottt st st 188
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Introduction to formulas

Formulas use channel inputs and formula functions to define visible dimensions, hidden dimensions and
custom P-400 DRO functions. Formulas contain a dimension label at the top of a formula page, and ar-
range the defining channel functions, constants, and math, logic or control functions underneath.

The syntax of P-400 DRO formulas is typical of algebraic equations generally, and is similar to the syntax
used to define cell values in spread-sheet applications such as Microsoft Excel.

The examples below show simple formulas that define visible dimensions A, B, C and D using channel
inputs C1, C2, C3 and C4.

A=Cl Dimension A is equal to the value of input channel 1
B=2*C2 Dimension B is equal to 2 times the value of input channel 2
C=C2+C3+C4 Dimension C is equal to the sum of the values of input channels 2, 3 and 4
D=C4 Dimension D is equal to the value of input channel 4 H
-n
. : S
The channel inputs, Formula screens and resulting DRO screen for these examples are shown below. g
7
I Formulas mm[[0 ['Po
About |[Dimension
v Dimensions|| (visible)
C1=1.500 mm Formats _ff.C1
iz mm|]0 | po
] Dimension B | Current Value e Jro
m About . (visible)
" > pmeon| 226 A 1.5000
pPaLUasS. 5
" Dimension mrg = B 2'0000
— — About _ (visible)
C2=1.000mm | fjteqfomerion | i, - I C 3.5000
mulas
D 3 D 2.0000
| Da About | Di('\}::irl‘)?ie(;" View_. | in/mm | [ Master | Menu_
Dimensions
Formats 4
Formulas
‘ Tebwenncas
€3 =0.500 mm SPC
Header
Memory
i Dec [ inc_| I I
C4=2.000 mm

Input channels...

are processed by formulas...

to display dimensions
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How do formulas relate input channels to dimensions?

Formulas can be constructed that simply make dimensions equal to channel inputs, or that calculate dimen-
sions from one or more channels using math, logic or other functions. Formulas can be constructed by the
user to display:

One dimension based on one channel input
For example: A =Cl
One dimension based on multiple channel inputs
For example: A=Cl1+C2
Multiple dimensions based on one channel input
For example: A =Cl
B=2*pi*Cl
Multiple dimensions based on multiple channel inputs
For example: A =Cl
B=C2
C=Cl*C2

Visible or hidden dimensions?

Dimensions can be visible to display values or hidden to perform operations.

Visible dimensions

Visible dimensions are used with basic and advanced functions to calculate, display and store values in
the P-400 DRO database. For example, the formula: A = 2*pi*sqrt(B) uses visible dimension B in a
formula with other functions to calculate and assign a value to visible dimension A, which is stored later in
the P-400 DRO database by pressing the Enter key or executing a Trip function.

Hidden dimensions

Hidden dimensions are used with basic and advanced functions to perform operations. For example, the
formula: HI1 = if(fail,Relay(1,1),Relay(1,0)) uses the pass/fail state of all tolerance tests to control the
state of output relay 1. Since values are not assigned to operations, no value will be stored in the P-400
DRO database.

When are dimensions stored in the P-400 DRO database?

Visible dimension values are displayed on the screen and are stored as records in the P-400 DRO database
when the Enter key is pressed, or when a Trip function is executed. Hidden dimensions are used to perform
operations, make decisions or maniplulate variables, and are not displayed on the screen or stored in the
database.
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What can formulas do?

Formulas can be constructed to produce a wide variety of results depending on channel input values,
tolerance tests, parallel port conditions, time, temperature and other test and environmental conditions.

Formulas can:

* Assign values to dimensions derived from channel inputs or other dimensions

* Perform operations such as closing a relay contact, sending data to the parallel port, sending a
message on the serial port or printing a report

» Perform conditional tests of measurement results, tolerance test results, parallel port data, or
environmental conditions and make decisions based on the results

 Control the sequence of steps in a measurement process

+ Semi-automate a measurement process

* Display messages and prompts for keyboard input

* Define custom P-400 DRO functions

When are formulas constructed or edited?

Formulas are constructed as the last step of the essential or minimum setup required to begin conducting
measurements the first time the P-400 DRO is used. The first steps of the initial setup are performed using
the setup screens described in Chapter 3: Setup and are diagrammed below:

se|jnwJio4 v

Enter Specify Assign part . . Specify Construct
. channel number & Specify units : . !
supervisor > . > . . > display dimension
input type & dimension of measure .
password . resolution formulas
resolution labels
Supervisor Channels Dimensions Display Eormats Formulas

setup screen

setup screen

setup screen

setup screen

setup screen

described in

Formulas are constructed as the last step of initial P-400 DRO setup

Once the P-400 DRO initial setup is complete and measurements begin, new formulas can be added and
existing formulas can be edited or deleted as application requirements change.

The remainder of this chapter describes formula construction and editing techniques and the use of formula
functions. Examples are included that illustrate each new concept.

How can formulas be recorded for safekeeping?

Formulas and all other P-400 DRO settings can be stored on a USB drive as an .xml file from the Supervi-
sor setup screen. Settings can also be stored on a USB drive as a text file by pressing the Print button when
any setup screen is displayed. Please refer to the description of the Supervisor setup screen in Chapter 3:
Setup for details.
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Constructing and editing formulas

Formulas are constructed in the Formula Setup screen. Navigate to the For-
mula Setup screen from the home screen by pressing the Menu softkey, the
Setup softkey, then repeatedly pressing the down cursor key until Formula
is highlighted in the left portion of the screen.

Formula setup screen

Formulas

mm|]0 | po

About
Dimensions
Formats
Formulas
Variables
Tolerances

(visible)
1

Header
Memory

~

Dimension

A

A default screen is shown above prior to the construction of any formulas. Initially dimensions are visible,
are labeled alphanumerically and are defined to display the channels in your system.

Disabling formulas temporarily for editing or troubleshooting

Normally, formulas are enabled and being evaluated by the system. How-
ever, formulas can be disabled temporarily for editing or troubleshooting
by pressing the top dimension key at the right of the startup screen when
power is applied to your system. Later, formulas will be re-enabled again
upon exiting setup.

Selecting a dimension

Navigate to the Formula Setup screen, and highlight the first dimension.
Dimensions can be decremented or incremented by pressing the Dec or Inc
softkey.

Entering dimension formula functions

Press the down cursor arrow key to position the cursor on the formula line.
A red cursor will appear at the extreme left of the formula line. This cursor
indicates the insertion point for any new formula function. Move the cursor
to the desired insertion point by pressing Cursor arrow keys.

Dimension
key

About . (visible)
Dimensions k1
Formats
Formulas
Variables

Tolerances
SPC

Header
Memory

Formulas mm]10 ['ro
Dimension A

About . (visible)

Dimensions
(4]

Formats

Formulas

Variables

Tolerances

SPC

Header

Memory

~

Dec [ inc_| I

Formulas mm[10 ] po
Dimension A

a

2

(&

4

I o [ ++/. [ Math.. Other.
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Inserting formula functions

Softkeys under the screen control the display of channel and other functions required to construct formulas.
Once displayed, formula functions are selected using the dimension keys at the right of the screen.

Repeatedly pressing any bottom softkey displays multiple sets of related functions for that softkey. For
example, repeatedly pressing the Other softkey displays three sets of related functions near dimension keys
at the right of the screen.

Other softkey functions

Formulas mm Formulas mm[I0 J ko mm]10 | po
Dimension A Dimension A Dimension
About . (visible) About . (visible) dmn About . {visible) e fail
Dimensions Dimensions | Dimensions
Formats Formats Formats
Formulas Formulas dmx Formulas xtra
Variables Variables Variables
Tolerances Tolerances Tolerances
SPC SPC davg copy]|
Header Header
Memory Memory dmd o
~ ~ ~ H
Chan.._ [ Dim_ [ +-+/. [ Math_. Chan.._ [ Dim_ [ +-+/. [ Math_. Chan.. | Dim... | +-+/.. [ Math.. -
o
Pressing the Other softkey repeatedly displays all of its available functions §
=
)
7]
. . . . Formulas mm[10 [ ro ] [Formulas mm][0 ] ro
Pressing a dimension key at the right of a ot Dimension N — Dimension -
formula screen inserts the formula function || Dimensions || 1" | || Dimensions || (s i
. . . Formats Formats
associated with the key into a formula at the ||Formulas exp | |[Formulas exp
Valnables 1\’lall'lables
1 M 1 3 1 1 Tolerances olerances
insertion point indicated by the vertical red [|I5¢ min| Il e min
Header Header
cursor bar. Memory Memory
| max }— max
~~ ~
Chan_. | Dim.. [ +-*/.. Other.. | | Chan.. [ Pim.. | +-+/.. [[YEOM Other..

Pressing the sqrt dimension key inserts the sqrt function

Copying and Pasting formula functions

Formulas can be copied from one dimension and pasted into another. Copy a formula by positioning the
cursor in the formula line, pressing the Other softkey and pressing the Copy dimension key. Paste the
formula into another dimension formula screen by positioning the cursor in the formula line, pressing the
Other softkey and pressing the Pste dimension key.

Formulas mm][0 ] ro Formulas mm][0 T o Formulas mm][0 ] o
Dimension Old Dimension New Dimension New

About | (visible) fail About.. (visible) fail About | (visible) fail

Dimensions & _ Dimensions Dimensions + -

Formats (c1+c2)/(1 C2] Formats Formats [C1 /(-2

Formulas xtra Formulas xtra Formulas xtra

Variables Variables Variables

Tolerances Tolerances Tolerances

SPC —pcopy| SPC copy] SPC copy]

Header Header Header

Memory Memory Memory

— pste —_— pste — ——Jp pste
-, -~ -

Gan T om= T v/ vt Gan- | im__ [ +-+/_ [ vt G- [ D [ 77 [

A formula is copied from the Old dimension and copied into the New dimension
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Formula Dimension
functions keys

PRECISION GAGE & TOOL CO. P-400 Series

Dimension

About 2

Dimensions|| (visible) e e 0
Form alts alie]

Formulas

Variables £2 o e 0

Tolerances
SPC

Header
Memory

Function
categories

Softkeys

Softkeys and dimension keys provide access to formula functions

Chan... Dim... +-*] Math Other
C1 A + sqrt if
C2 B - exp case
C3 C * min seq
C4 D / max trip
( sin dmin
Gage-Checks | The number of ) asin dmax *Xlatch is available in systems
can be ordered | di ions is 5 COS davg that include the external
with 1,4, 8 or | specified for H acos dmd edge-detection option
16 inputs each part in the > tan fail
dimensions >= () atan Xtra —s—— xtra menu
setup screen < avg Ask Global Report
<=() md Beep HwDmn RsetDyn
== (=) abs CIrAlID HwDmx Scan
1= (%) mod ClrData HwLx Send
&& (AND) int CirTrig Lookup SendMsg
|| (OR) pi DateStr Loop SendRec
-- (RANGE) Din Master SetColor
DinBin MaxIndex SetTrig
Display Minindex Setup
= Basic function Dout OnEvent Time
= Advanced function DoutBin PartNo TimeStr
| | =Editing function FnCall Preset Var
FnDefine Recall Xlatch*
FnParam Relay
FnReturn Remark

Basic, advanced and editing formula functions
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Formula construction example

The exact steps required to construct or edit formulas are unique to each formula, and more generally
to the measurements required for each part. Therefore, it would be impossible to present a single set of
instructions that adequately cover the topic. Instead, what follows is a generic guide to formula editing
and construction in the form of an example. More specific instructions and examples regarding the use of
formula constants, channel, dimension and other functions are provided later in this chapter.

The four steps required to construct a formula are:

Select or assign a part number

Label the part’s dimensions

Assign formula functions to each dimension
Test the formulas prior to actual use

B W NN =

Assign formula

—»| functionsto |——»| Test formulas
dimensions

Select or assign| Label
part number dimensions

The following example will use the default Formula setup screen to construct a formula that calculates the
perimeter of a rectangular block from the measurement of two sides.

The general form of the formula necessary to calculate the
. . End channel 2
perimeter of a rectangular block is: ‘ c2

Perimeter = 2 (side + end) Side channel 1
c1

The specific formula that will be constructed in the For-
mula Setup screen is:

P=2*(C1+C2)

se;nwuoy 4,
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Select or assign a part number

Since separate dimension formulas can be created for each of up to 100 parts, begin by selecting the correct

part.
Select or assign Label Assign formula
part number 1 Gimensions [ ] gl_nctlor!s to j——p» Testformulas
Imensions

Navigate to the Dimensions Setup screen from the home screen by press- |Dimensions 0o

i Part @B

ing the Menu softkey, the Setup softkey, then the down Cursor key. Press |About Nae

the right Cursor key to highlight the Part field. Formats (| b1 A Ds None
Variables g; g g;‘g ::llg:llz
iglerances || Dg D D12 None

Press the Dec or Inc softkey, or the left or right wide key to display the ||Header D5 None D13 None

. . Memory D6 None D14 None
desired part number in the Part field. D7 None D15 None

~ D8 None D16 None
Dec||nc |New| |CopyTo

Label the part’s dimensions
Each dimension label should reflect the purpose of its formula.

Assign formula
——p= functionsto |——»| Test formulas
dimensions

Select or assign | Label
part number | dimensions

Relabel each dimension. Dimension labels can include up to 3 characters. Also give the part a name if
desired. Part names can contain up to 8 alphanumeric characters. In this example dimensions are labeled:

S = side, E = end and P = Perimeter.

Dimensions [*m[2Tro ] [Visible Dim 1 mm[[0 ] po
While in the Dimensions Setup screen, press ‘Sl_ﬁl:ggrtmm :l:rr:le . A
the down Cursor key to highlight the first Eg;[':‘]ﬂ,t;s D1 @ D9 None AlB CDEF GH I
dimension field. Press the Label softkey to || yaibes D3 C DI Nene
display the Alpha Entry screen. Basior DS Rone. D13 N J KLMNOPAQR
Memory {1 D7 Neme DIsNee |S T UV WX Y Z sp

D8 None D16 None

-
Label | | [ Hidden abc | [ |
Replace each default dimension label by pressing the Cancel key to erase |Dimensions [mmeTro ]
. . . . Part 0

the label, entering the desired alpha character(s) for the dimension’s new About Nare
Dimensions,

label, and then pressing the Finish key to return to the Dimensions screen.  [[fermats |} py s DS None
Variables D2 E D10 None
Tolerances || D3 P D11 None

. . . . . . . SPC D4 NGA® D12 None
Since only three dimensions are used in this example, the fourth dimension | {jeader D5 None D13 None

Memory D6 None D14 None
D7 None D15 None
D8 None D16 None

-
Label | [ VRN Hidden

is deleted.
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Assign formula functions to each dimension

Now that the correct part is selected, and the dimensions are labeled to reflect the measurement application,
the dimension formulas must be constructed.

) Assign formula
Select or assign Label gn f
part number —> dimensions — fu_nctlor!s to p——m»| Testformulas
dimensions
Navigate to the Formulas Setup screen and |Formulas mm[I0 [ ro | [Formulas mm][[0 ] o
. . . Di i S Di i S
then press the right Cursor key to highlight ||About (Visible) About . (Visible)
p g y g g Dimensions 1 Elmenﬂons c1
. . Fe t:
the Dimension field. The default formula for | g5S 52{;2%,';
dimension S (C1) will be displayed. Tolrances g;l;:anises
SPC
Header meader
. . Memory lemory
This formula already meets the requirement
of our measurement application by display- [ [ [ [ Dec [ inc | [ |

ing the side measurement as dimension S, so
it will remain unchanged.

se;nuuiod 4,

Formulas mm][0 ] o
Display the formula for dimension E by pressing the Inc softkey. This |[about  [{%hs" "

. . . . . R Dimensions (| o

formula also meets the application requirement by defining dimension E as | {Formats
the value of channel 2 (C2), so it will also remain unchanged. yonane
IS-I:cader
Memory

Dec [ nc | I I

Formulas mm][[0 J po
Display the formula for dimension P by pressing the Inc softkey. This for-  |fabout Do -

. . imensions C3
mula will be changed to calculate the perimeter measurement. fomats
Variables
Tolerances
SPC

Press the down Cursor key to position the cursor in the third formula line. || Header

. .. . . Memory
Press the right Cursor key to position the cursor on the right side of the C3
channel function. Press the Cancel key to delete the C3 channel function. Dec | Inc | [ I
Formulas mm[10 [ ro ] [Formulas mm]10 [ ro ] [Formulas mm[10 ] po
Dimension P Dimension P Dimension P
About . (visible) 1 | ||About (visible) 1 ||| About . (visible) a
Dimensions k3 Dimensions c3 Dimensions
Formats Formats Formats
Formulas C2 Formulas C2 Formulas C2
Variables Variables Variables
Tolerances Tolerances Tolerances
SPC (&} SPC (&} SPC 3
Header Header Header
Memory ca Memory ca Memory ca
Dim.. | +-+/.. | Math.. [ Other.. Dim_. | *-*/.. | Math__ | Other_. | [JE22 Dim.. | *-*/.. | Math_. | Other..
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Now that the formula line for P is empty, the following new formula will be entered.

2% (C1+C2)

Press the numeric keypad 2 key, and then
press the None softkey to make 2 a dimen-
sionless constant.

Formulas mm]I0 [ ro] [Formulas mmjio ] po
Dimension Dimension P

About _ ] (visible) il (visible) a
gEnter Number Formats 2
H Formulas 2
T Variables

g 2 Tolerances

feaeT SPC 3
Memory Header

— Memory

Channels <

mm | in

Press the +-*/ softkey and insert the * multiplication symbol. Press the +-*/ softkey again to display paren-
theses, and then press the ( softkey to insert the open parenthesis into the formula. Press the Chan softkey
to display channel functions, and press the C1 softkey to insert the Channel 1 function.

Formulas mm]IS [ ro] [Formulas mm]i0 [ ro] [Formulas mm]10 ['ro
Di i P Di i P Di i P
About  |P(GH" o | [ About  |PSHS" (| [ Avout |G a
Dimensions Dimensions Dimensions
24 2+ 2+(C1|
Formats Formats Formats
Formulas - Formulas ) Formulas 2
Variables Variables Variables
Tolerances ;’glceran( es Tolerances @
SPC & SPC
Header Header
Memory / Memory a
~
Chan__. | Dim._. Dim.. | +-*/_ [ Math_. [ Other._.

Press the +-*/ softkey to display arithmetic functions, and press the + soft-key to insert the plus sign. Press
the Chan softkey to display channel functions, and press the C2 softkey to insert the Channel 2 function.
Press the +-*/ softkey again to display parentheses, and press the ) softkey to insert the closed parenthe-

S1S.

Formulas mm[10 [ ro ] [Formulas mm[10 [ ro ] [Formulas mm[10 ] po
Dimension P Dimension P Dimension P

[f}bwt ) (visible) G [/;«i*:no:rt‘siom (visible) a [/;«,bout ) {visible) (

imensions imensions
Formats 2s(C1+] Formats 2+(c1+C)| Formats 2s(c1+C2)
Formulas Formulas C2 | ||Formulas )
Variables Variables Variables
Tolerances Tolerances Tolerances
SPC SPC &} SPC
Header Header Header
Memory Memory ca Memory

~— ~
Dim.. | +-*/_ [ Math__ [ Other_| | Chan_. | Dim_.

The formulas are now ready to test. Press the Finish key twice to display the DRO screen.
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Test the formulas prior to use

Always test formulas thoroughly to confirm their correct operation before using them for inspection.

In this example, the P-400 DRO encoders are positioned against the side and end of a rectangular block.
The DRO screen displays a side dimension of 1.759 mm and an end dimension of 1.255 mm. The resulting
perimeter is calculated to be 6.028 mm, which is correct and confirms that the formulas are ready to use.

nnel 2

Current Value mm[10 ] po

S 17590

P=2*(C1+C2) E 1.2550

6.028 =2 * (1.759 + 1.255)

Formulas are OK P 60280
g
Long formulas 3
Complex formulas can be entered that require more than a single formula |[Formulas mm[18 [ eo §

line. When formulas exceed a single line, the formula is continued on |[about [°PGEHS" ¢ ¢

Dimensions case( 1+c2)> (C3-C1

. . . . Dmer
subsequent lines. It is rare that a single formula cannot be displayed on ||rmats lcasveclf) e el

Variables

a single screen. However, if a formula cannot be displayed on a single Tokrances

screen, the formula can be scrolled using the arrow cursor keys. Header
lemory

Deleting formula elements

Pressing the Cancel key deletes the element to the immediate left of the cursor. In the example below, the
channel function C3 was removed from this formula for dimension P by moving the cursor to position to
the right of C3, and then pressing the Cancel key.

Formulas mm[I0 ] ro ] [Formulas mm[10 J'ro | [Formulas mm[10 ] po
Dimension P Dimension P Dimension P
About . (visible) C1 | ||About . (visible) C1 ||| About . (visible) al
Dimensions (&} Dimensions c3 Dimensions
Formats Formats Formats
Formulas 2 Formulas C2 Formulas 2
Variables Variables Variables
Tolerances Tolerances Tolerances
SPC C3 | ||SpC C3 [||spC cs
Header Header Header
M M
lemory ca lemory ca Memory ca
~ ~ ~—
Dim.. | +-*/.. [ Math... [ Other.. Dim.. [ +-+/_ [ Math... | Other.. Dim.. | +-*/.. [ Math... [ Other...
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Formula functions

The remainder of this chapter describes formula functions in detail. Each description is accompanied by
at least one example of use in a typical P-400 DRO formula. Study these examples prior to constructing
your formulas. Also, complete the essential setup steps shown below and discussed earlier to constructing

formulas.
Enter Specify Assign part . . Specify Construct
. channel number & Specify units : R .
supervisor . R . » display » dimension
input type & dimension of measure .
password X resolution formulas
resolution labels
Supervisor Channels Dimensions Display Formats Formulas

setup screen

setup screen

setup screen

setup screen

setup screen

Initial P-400 DRO setup must be completed prior to formula construction

Basic and advanced formula functions

described in

Basic and advanced formula functions are displayed and selected in the Formula setup screen by pressing
combinations of softkeys located below and at the right of the screen. P-400 DRO formula functions are

shown under softkey column headings in the table below.

Chan... Dim... +-* Math Other
C1 A + sqgrt if
C2 B - exp case
C3 C * min seq
C4 D / max trip
( sin dmin
Gage-Checks | The number of ) asin dmax *Xlatch is available in systems
can be ordered | dimensions is , cos davg that include the external
with 1, 4, 8 or specified for H acos dmd edge-detection option
16 inputs each part in the > tan fail
dimensions >= () atan T xtra menu
setup screen < avg Ask Global Report
<=(x) md Beep HwDmn RsetDyn
== (=) abs CIrAlID HwDmx Scan
1= (#) mod ClrData HwLx Send
&& (AND) int CirTrig Lookup SendMsg
|| (OR) pi DateStr Loop SendRec
-- (RANGE) Din Master SetColor
DinBin MaxIndex SetTrig
Display Minindex Setup
= Basic function Dout OnEvent Time
= Advanced function DoutBin PartNo TimeStr
| | =Editing function FnCall Preset Var
FnDefine Recall Xlatch*
FnParam Relay
FnReturn Remark

Basic and advanced formula functions
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Basic formula functions

Basic functions calculate and display dimensions
based on channel inputs, other dimensions, arith-
metic operators, math functions and constants.

Later in this chapter, as part of the discussion of
advanced functions, formulas will be shown as-
signing values to dimensions and performing other
operations as well. Typically visible dimensions
are used with basic functions to display values, and
hidden dimensions are used with a combination of
basic and advanced functions to display values or
perform operations. For example, the formula:

A =2%pi*sqrt(B)

uses basic functions to assign a numeric value to visible dimension A. This value is stored in the P-400
DRO database when the Enter key is pressed or when a Trip function is executed.
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Channel Dimension +-* Math
C1 A + sqrt
C2 B - exp
C3 C = sin
C4 D / asin
( cos
| Gage-Checks | The ber of ) acos
can be ordered | di 1S is tan
with 1, 4,8 or specified for atan
16 inputs each partin the abs
dimensions int
setup screen pi

se|jnwJio4 v

The use of hidden dimensions, system dimensions and advanced functions will be discussed later in this

chapter. Basic functions include:

* Channel functions (C1,C2,C3,C4...) include channel inputs in formulas

* Dimension functions (D1,D2...H1,H2...S1,S2) include other dimensions in formulas

* Arithmetic operators (+ - * /) add, subtract, multiply or divide

+ Parentheses () group terms within a formula
* Square roots (sqrt) find the square roots
» Exponents (exp) raise to a power

* Trig functions (sin, cos, tan) find trigonometric values
* Inverse trig functions (asin, acos, atan) find inverse trig values

 Absolute value (abs) remove sign (polarity)

+ Integer (int) convert real numbers to whole numbers
* Constants (Numbers and pi) include values that don’t change in formulas
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Channel functions

Channel function values are determined by the outputs of measurement devices attached to channel input
connectors on the rear panel of the P-400 DRO. These values can be offset, scaled or calibrated using the
Master or SLEC/LEC error correction functions.

The Master function is available to operators using the front panel Master softkey, can be used in formulas
and is used to offset or calibrate channel inputs. Error correction is only available to supervisors using the
SLEC set up menu screen, and is used to compensate for transducer or encoder nonlinearities.

NOTE
4; The Master feature is discussed later in this chapter and in Chapter 5: Operation. The
— y SLEC and LEC error correction features are discussed in Chapter 3: Setup.

Channel functions can be assigned units of measure for linear, angular or temperature values, or can simply
be numeric (no unit of measure). Units of measure can be assigned by supervisors using the Channels setup
screen.

Channel Master Ervor Units of
mout ™| Function [ ™ Correction ——p Measure [ ChanE\eI
P (SLEC, LEC) Function

Channel inputs are processed before becoming channel functions that are used in formulas

As shown above, channel functions used as variables in formulas can be:

* Direct from the channel inputs
* Level-adjusted and calibrated by the Master function or error correction
* Given linear, angular or temperature units of measure

Insert channel functions into formulas to include channel values in dimen- [Formulas mm[10 ] ro
. . . Di i A
sions. Press the Chan softkey to insert channel functions. About (isibley i
Dimensions C1|
Formats
Formulas 2
Channel values can be assigned directly by making a dimension equal to a || Yariables
. . . SPC 3
channel function or can be used in calculations as shown below. Header
Memory
Sl 4
A=CI A =(Pi* (CI exp2))/4 Dim.. | +-*/.. | Math... | Other..
Where:
A = Area

C1 = Diameter of a circle
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Dimension functions
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Dimension function values are determined by formulas acting on channel functions, constants or other

dimension functions. Dimensions can be visible on the DRO and stored in the

P-400 DRO database, or can

be hidden and used to perform actions or define custom P-400 DRO functions.

Dimension values can be offset using the Preset function. The Preset function is available to operators

using the front panel Preset softkey, and can also be used in formulas.

NOTE

The Preset function is discussed more later in this chapter and in

- y Chapter 5: Operation.

Channel
References
Dimension Dimension Preset.and New
—> —— Zero ——» Dimension
References Formula .
Functions Reference

Constants ——p

Channel functions, dimensions and constants are processed before becoming new dimension values

that are used in formulas

Insert dimension functions into formulas to include values of existing di-
mensions in new dimensions. Press the Dim softkey to insert dimension
functions.

Dimension values can be assigned to other dimensions or used in calcula-
tions as shown in this example.

Formulas mm]10 ['ro
Dimension A
éilr)::rt;sions (visible) A
*

Formats Len+Wid]

Formulas Len
Variables

Tolerances -
PC Wid
Header

Memory

+-+/_ | Math_.. [ Other_..

A=B A=Len* Wid
Where:
A = Area of a rectangle
Len = Length of a rectangle
Wid = Width of a rectangle

se|jnwJio4 v
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Arithmetic operators

Arithmetic operators are used to add, subtract, multiply and divide. The use of arithmetic operators in
P-400 DRO formulas is consistent with the use of arithmetic operators generally.

Order of arithmetic evaluation
The order of evaluation of a collection of terms follows generally accepted practice, and is shown below:

* First evaluation: Terms in paretheses, innermost first
* Second evaluation:  Exponentiation
¢ Third evaluation: Multiplication and division

¢ Fourth evaluation: Addition and subtraction

Units of measure

Dimensions acquire units of measure from channel functions, dimension functions and constants used in
their defining formulas. For example, formulas containing numeric channel functions and numeric con-
stants will produce numeric dimensions without units of measure.

CAUTION
If combining and mixing units of measure in formulas violates standard math or phys-
@ ics conventions, type or mismatch errors will be generated.
Insert arithmetic operators into formulas as required by the application. [Formulas mm[[0 T po
Press the +-*/ softkey to insert arithmetic operators. i Craiey . +
imensions || 2,c4+{

Formats
Formulas
Variables
Tolerances

Arithmetic operators are combined with constants and variables to define
dimensions as shown below.

Addition: A=Cl+C2
Subtraction: B=10-Cl
Division: C=Cl1/1.5

Multiplication: D=2 *Pi* Cl
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Parentheses

Parentheses are used to group terms within a formula for convenience and to improve readability. Grouped
terms enclosed by parentheses are evaluated first and treated as a single term by the formula. Parentheses
control the order of evaluation and make complex formulas easier to construct and read.

CAUTION

Parentheses must be used in opposing pairs. When a formula construction is complete,
@ verify that the number of open parentheses equals the number of closed parentheses.

Unmatched parentheses will generate formula error messages.

Insert parentheses into formulas as required by the application. Press the [Formulas mm][[0 ] o
+-*/ softkey to insert Parentheses. About  [(Onepsion P

\ . (visible) (
Dimensions
Formats 2+(c1+C2)
Formulas
Variables
Tolerances
SPC
Header
Memory

)

Parentheses are combined with arithmetic operators, math functions, con-
stants and variables to define dimensions as shown below.

A =(Pi* (Cl exp2))/4
Where:
(C1 exp2) is the quantity C1 raised to the second power
(Pi * (C1 exp2)) is the entire numerator grouped as a single variable for division

se|jnwJio4 v
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Basic math functions

Basic math functions include:

* sqrt: Square root

* exp: Exponentiation

 Trig functions: sin, cos, tan, asin, acos, atan
* abs: Absolute value

* int: Integer

* pi: Constant

Square root function (sqrt)

The square root function (sqrt) is used to calculate the square root of a term. Square roots can be calculated
for any dimensionless single term or collection of terms, or for terms that have square units of measure

such as square inches.
Press the Math softkey to insert the square root function. Parentheses for
the term are provided. The syntax for using the square root function is
shown below.

A = sqrt(term)

For example:

A = sqr(B)
A = 4mm when B = 16 mm?

Exponent function (exp)

Formulas mm]10 ['ro
Dimension A

éilr)::r';sions (visible) €l
Formats sqrt(C1]
Formulas C2
Variables
Tolerances
SPC 3
Header
Memory ca

~

Dim.. | +-*/_ [ Math_. [ Other._.

The exponent function (exp) is used to raise a term to a power. Exponents can be any dimensionless value

or collection of values.

Press the Math softkey to insert the exponent function. Parentheses for
the exponent must be provided when the exponent is a collection of values.
The syntax for using the exponent function is shown below.

A = Termexpvalue B = Termexp(Collection of values)

For example:

A =Clexp3 B =C2exp(C3 +2)
A = 8mm? when C1 = 2mm B =8Imm?’ when C3 =2
and C2 = 3mm

Formulas mm[10 ] po
Dimension A

/D’}l:::rt“ions {visible) sqrt

Formats Clexpd]

Formulas exp

Variables

Tolerances .
PC min

Header

Memory

max

~

chan_. | Dim.. | +-+/. |[YENONY Other.

Formulas mm[10 ] po
Dimension B
About {visible) (

Dimensions
Formats C2exp(C3+ 2]

Formulas )
Variables
Tolerances
SPC

Header
Memory

~

Chan.. | Dim.. Math... | Other...
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Trig and inverse trig functions (sin through atan)

Trig functions are used to calculate the sine, cosine or tangent of a term. Trig functions can be applied to

any angular or numeric term or collection of terms, and will return dimensionless values.
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Inverse trig functions are used to calculate the arcsine, arccosine, or arctangent of a term. Inverse trig
functions can be applied to any dimensionless term or collection of terms, and will return angular values.

Press the Math softkey to insert trig and inverse trig functions. Parentheses
for the term are provided. Terms can include channel inputs, dimensions
and constants. The syntax for using trig and inverse trig functions is:

A = tan(term) C = atan(term)

For example:

A =tan(B)
A =1 when B =45 degrees

C =atan(Cl)
C =45 degrees when C1 =1

Absolute value function (abs)

The Absolute value function is used to remove the sign from a negative term. Insert the Absolute value

Formulas

mm||0 | po

About
Dimensions
Formats
Formulas
Variables
Tolerances
SPC
Header
Memory

~

Dimension

(visible)
tan(B)|

A
A

Wid

mm|]0 | po

Chan... IS +-+/.. | Math.. | Other..
Formulas

About
Dimensions
Formats
Formulas
Variables
Tolerances
SPC
Header
Memory

~

Dimension

(visible)
atan(C1)|

C
a

2

(&

4

I o [ ++/. [ Math.. ] Other.

function to include the absolute value of a channel input, dimension or collection of terms.

Press the Math softkey to insert the absolute value function. Parentheses
for the term are provided. The syntax for using the absolute value function
is shown below.

A = abs(term)
For example:

A =abs(C1)
A=3whenCl=-30or+3

B = abs(C2 + C3)
B =17 when C2=-19 and C3 =+2

Formulas

mm|]0 | po

About
Dimensions
Formats
Formulas
Variables
Tolerances
SPC

Header
Memory

~

Dimension
(visible)
abs(C1)]

A
a

2

(&

4

I o [ ++/. [ Math.. [ Other.

Formulas

mm|]0 | po

About
Dimensions
Formats
Formulas
Variables
Tolerances
SPC

Header
Memory

~

Dimension
(visible)
abs(C2+C3)|

A
(

)

se|jnwJio4 v
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Integer function (int)

The integer function is used to remove the fractional portion from a term, leaving only the integer portion.
The integer function does not round mixed numbers. The fractional portion is simply removed. The Integer
function includes the integer value of a channel input, dimension or collection of terms.

Press the Math softkey to display the Integer function. Parentheses for
the term are provided. The syntax for using the integer function is shown
below.

A = int( term)
For example:
A =int(Cl)

A =2mm
when C1 =2.9732mm

B =int(C2 + 2.71mm + C3)
B =5mm
when C2 =2.21mm and C3 = 1.789mm)

Pi and other constants
Constants are numeric values that do not change. The constant pi, or num-
bers entered from the numeric keypad are examples.

Formulas mm]10 ['ro
Dimension A

Sbout . 1| (visible) abs

Formats int(C1)

Formulas mod

Variables

Tolerances .
PC int

Header

Memory

~

pi

Formats
Formulas
Variables
Tolerances
SPC
Header
Memory

~

chan.. | Dim.. [ +-+/_ [[NEM Other..

Formulas mm[[0 ] ro
Dimension A

About . (visible)

Dimensions

int(C2+2.71+C3)|

Insert constants into formulas to add, subtract, multiply, divide or raise a value to a power. Numeric con-
stants are also used as arguments in logical, data evaluation and measurement control functions described

later in the Advanced Functions portion of this chapter.

Press numeric keypad keys to enter numbers. [Formulas mm[10 [ ro] [Formulas mm[10 ] po
The number will be displayed in a separate |[abow__|[Pfcien — ° apout |[PmERSR A
Enter Number popup screen. Insert the num- || ™" "™ gormas o =
ber into the formula by pressing the softkey ||4 2 yorenes ‘
for the desired unit of measure or the None || memory i e
softkey for constants with no units of mea- || channels = pi
sure. Press the Math softkey to insert pi. mmv| in_| deg | none |other_| ma.:| Dim.. | *+/-. G Other..

Constants can be assigned to dimensions or used in calculations as shown below.

A=0.7251 A= (Pi* (Cl exp2))/4
Where:
A = Area in units?

pi = dimensionless constant 3.14...

2 = dimensionless constant used as a power of C1

4 = dimensionless constant used for division
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Advanced formula functions

Advanced functions are used in *-* Math Other
visable and hidden dimension for- :::( c:se
mulas to assign values, perform > avg seq
conditional tests and perform ac- a <(Z) mm:d ;;:'i’n
tions. <=(3)
== (:)
1= (#)
In this example, the formula as- &8& (AND)
signs a value to visable dimension IL(OR) ' xtra meny
. -- (RANGE) y | Ask Global Report
A that depends on the input value Beep HwDmn RsetDyn
. CIrAlID HwDmx Scan
of C1. When ClI is greater. than E IFDaia g i
1.5 mm, the dynamic minimum ClrTrig Lookup SendMsg
H H DateStr Loo| SendRec
value 9f C2 is a551.gned. Fo A, = MastZr SetColor
otherwise, the dynamic minimum DinBin MaxIndex SetTrig
value of C3 is assigned. Display | Minindex Setup
Dout OnEvent Time
DoutBin PartNo TimeStr
A =if(C1>1.5 mm,dmin(C2),dmin(C3)) FnCall Preset Var
FnDefine Recall Xlatch*
FnParam Relay
In this second example, a hidden dimension is used. Output relay 1 FnReturn Remark

is set to its energized state (closed) when any tolerance test fails, otherwise, the relay is set to its deener-
gized state (open). Since a hidden dimension is used, no data is recorded in the P-400 DRO database.

H1 = if(fail,Relay(1,1),Relay(1,0))

Advanced functions include +-*/, Math and Other

menus:

* Comma
Separate arguments for a single formula
* Semicolon
Separate formulas for a single dimension
* Greater than (>)
Logical test criterion
* Greater than or equal to (>=)
Logical test criterion
e Less than (<)
Logical test criterion
* Less than or equal to (<=)
Logical test criterion
* Equal to (==)
Logical test criterion

Not equal to (!=)

Logical test criterion

AND (&&)

Logical test condition

OR ()

Logical test condition

RANGE (--)

Inclusive range of values between two
specified points

Minimum value (min)

Return the minimum value from a list
Maximum value (max)

Return the maximum value from a list
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Modulo (mod)

Return the remainder value from a

division operation

If

Logical true/false test that controls decisions
and process flow

Case

Logical range test that controls decisions
and process flow

Sequence (seq)

Control process to follow predetermined
sequence of steps

Trip

Automate process or SPC entry based on
channel input or dimension levels

Dynamic minimum (dmn)

Return the minimum sampled input value
Dynamic maximum (dmx)

Return the maximum sampled input value
Dynamic average (davg)

Return the average sampled input value
Dynamic median (dmd)

Return the median sampled input value
Fail

Return logic levels for dimension tolerance
pass/fail

Xtra

An additional menu of functions is accessed
through the Xtra item and discussed later in
this chapter
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Commas and semicolons
Commas are used to separate arguments within formulas. Semicolons are used to separate formulas in a
dimension formula screen.

Comma(,)

Most advanced functions require or permit the use of multiple arguments to support function calculations.
When multiple arguments are used in a function, the comma is used to separate the arguments. Many
advanced functions provide parentheses that include commas. In other cases, parentheses and commas
must be added by the user.

Insert commas into formulas as required by the function. Press the +-*/ [Formulas mm}l0 | po
i . . Dimensi A
softkey to insert commas. The syntax for using commas is shown below.  |[about  [|"{Victie) a
Dimensions || minc1,c2,¢3,c4)
Formats
Formll;IIas C2
p— . V -
A =Function(argl, arg2, arg3, ...argn) Tohee
SPC c3
Header
Memory
For example: — <
Dim.. | +-*/_ [ Math_. [ Other._.

A =min(C1,C2,C3,C4)
A = the minimum of channel inputs C1, C2, C3, and C4

Semicolons(;)

The P-400 DRO permits the use of multiple formulas on a single dimension formula screen. When multiple
formulas are used on a dimension screen, the semicolon is used to separate the formulas. When multiple
formulas are included on one dimension screen, the leading formula defines the value of a dimension,
while subsequent formulas perform some kind of operation. The dimension value is stored in the P-400
DRO database. The actions performed by subsequent formulas can change relay states, set output data, set
variables and so on.

Insert semicolons into dimension screens between formulas as required. MD :
imension

Pr he +-*/ softk in micolons. The syntax for using semico- [|About. (visible)
ess the +-*/ softkey to insert semicolons e syntax for using semico Dimersions [ 402, s of

lons is shown below. Formulas
Variables
Tolerances
) . SPC
A =Function 1(argl, arg2, ...argn); Function 2(argl, arg2, ...argn) mﬂgy

-~
Chan_. [ Dim.. [ +-+/. [ Math._.

For example:

A =min(C1,C2); Dout(1,0)
A = the minimum of channel inputs C1 and C2
and
Output pin 1 of the primary parallel I/O port will be set to a logic 0

se|jnwJio4 v
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Logical and control functions

Logical functions assign values to dimensions or perform operations based on true/false and sorting tests of
specified terms. True/false tests are performed by the If function. Sorting tests are performed by the Case
function. Each test type uses the same set of test criteria and conditions.

Logical test criteria
The logical test criteria functions are only included in If and Case functions for true/false and sorting tests.

Test criteria include:

Greater than (>)
5>3istrue 5>5isfalse 5> 6isalso false

3

Less than (<)
3<S5istrue 3 <3isfalse 3 <2isalso false

* Greater than or equal to (>=)
5>=3is true 3>=3isalsotrue 3 >=4is false

* Less than or equal to (<=)
3 <=51istrue 3 <=3 is also true 3 <=2 is false

* Equal to (=
5==>5istrue 5 ==4is false

* Not equal to (/=)

5!=41is true 5!=5is false
Press the + - ““ / softkey repeatedly to insert mm]IS [ ro ] [ Formulas mm[I0 ] po
. . . Dimension A Dimension A

the test criteria functions. About . (visible) > | ||About (visible) --
Dimensions | Dimensions
Formats Formats
Formulas >= Formulas 1=
Variables Variables
Tolerances Tolerances
SPC SPC &&
Header Header
Memory o Memory "

Math_.. [ Other__\| | ChprZ | Dim_.

Logical test criteria
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Logical test conditions
The logical test condition functions are only included in If and Case functions for true/false and sorting
tests. Test conditions include:

* Logical AND (&&)
True only when all values tested fit criterion

True/false test example:
For the condition (C1 =2) && (C2>1)

(C1=2) && (C2>1)is false when C1 =1.9and C2=2.0
(C1=2)&& (C2>1)is false when C1 =1.9and C2=2.5
(Cl1=2) && (C2>1)is true when C1 =2.0 and C2=2.0
(C1=2) && (C2>1)is true when C1 =2.0 and C2=2.1

* Logical OR (|])
True when any value tested fits criterion

se|jnwJio4 v

True/false test example:
For the condition (C1 =2) || (C2>1)

(C1=2)]](C2>1)is false when C1=19and C2=1.0

(C1=2)||(C2>1)is true when Cl1=19and C2=2.5

(C1=2)||(C2>1)is true when C1=2.0and C2=1.9

(C1=2)||(C2>1)is true when C1 =2.0 and C2 =2.1
* RANGE (--)

The evaluation of Range depends on the formula that includes it. Ranges can be included in the
following formula functions:

Din Avg Max

Dout Med MinIndex

Min RsetDyn MaxIndex

Din

Din ranges can only be specified for the data input pins of the parallel connector.

Syntax:  Din (1--n)  Specifies Din (1) through Din (n)

Din example: If (Din (1--4)> 0,SendRec, 0)

If any Din in the range Din (1) through Din (4) is greater than zero, send our record, otherwise
do nothing
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Dout

Dout ranges can only be specified for the data output pins of the parallel connector.
Syntax:  Dout (1--n)  Specifies Dout (1) through Dout (n)

Dout example:Dout (1--4, 1)

Sets all Dout in the Range Dout (1) through Dout (4) to a logic 1

Min and Max

Min and Max Ranges can be specified for channels, dimensions and system dimensions.

Syntax: Min (V1--Vn) or Max (V1--Vn)  Specifies the min or max of values V1 through Vn
Min example: A=Min(C1--C16)

Dimension A user signed the minimum channel value in the range channel 1 through channel 16

MinIndex and MaxIndex

The index location of the minimum or maximum value in a range can be specified for
channels, dimensions and system dimensions.

Syntax:  MinIndex(V1--Vn) or MaxIndex(V1--Vn)

Specifies the location within the parentheses (index) of the minimum or maximum value
MaxIndex example: A= MaxIndex (C1--C4)

Dimension A is assigned a number 2 when C2 is the maximum value in the range channel 1
through channel 4

Avg

Avg range can be specified for channels, dimensions and system dimensions.

Syntax:  Avg(V1--Vn)  Specifies the average of values in the range

Avg example: A=(C1--C8)

Dimension A is assigned the average of values in the range channel 1 through channel 8

Med

Med range can be specified for channels, dimensions and system dimensions.

Syntax:  Med(V1--Vn)  Specifies the median of values in the range

Med example: A=(C1--C8)

Dimension A is assigned the median of values in the range channel 1 through channel 8

RsetDyn

RsetDyn range can only be specified for channels.

Syntax:  RsetDyn(C1--Cn) Resets the dynamic functions in the range

RsetDyn example: RsetDyn(C1--C4)

Performs a reset of all dynamic functions for channels in the range channel 1 through channel 4
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If function

The If function performs a logical true/false test and assigns a value to a dimension or performs an opera-
tion based on the outcome of the test. The logical test uses test criteria and conditions described in earlier
paragraphs. Tests can be performed on channels, dimensions, system dimensions, custom P-400 DRO
functions, parallel port input pins, database contents, time, output relay state and variables.

Press the Other softkey to insert the If function. The syntax of the If func- [Formulas mm[I0 ] po
tion is: About Di(r\:}siré?iec;n A =
E(')rr"ne]';:'f"’ i(C1>0,1.0)
Formulas case
A = if (Logical test criterion, result when true, result when false) Venoues
azgder e
In this example, a value is assigned to a visible Mem:ry iy
dimension: Chan.. | Dim.. | *-*/.. | Math..
@ . A = IfC1>=0.5mm,2.0,3.0)
A =2.0 when C1 is greater than or equal to 0.5mm f
Yis A =3.0 when C1 is less than 0.5mm §
IS 5
(7]
m In this example, an If function is appended to a dimension formula using the
semicolon function described earlier. This If function performs an operation; it
engages or disengages relay contact 1 depending on the value of C4.
A=C4
A = C4;If{C4>=5mm,Relay(1,1),Relay(1,0))
A =C4 and Relay | engages when C4 is greater than Smm
@ N A = C4 and Relay 1 disengages when C4 is equal to or less than 5Smm
Yis This If function could also be assigned to a hidden dimension as shown below:
Relay 1 | Relay 1
engages disengages

HI1 = If{C4>=5mm,Relay(1,1),Relay(1,0))

Suppressing If logical test results

When the If function is used to perform operations, the true or false result can be suppressed by inserting a
numeric zero constant in either the true or false result position. In the example shown below, no operation
is performed when the logical test result is false.

H1 = If(Fail(),Beep,0)
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Case function

The Case function performs logical sorting tests to assign values to dimensions or perform operations
based on the test result case, or classification. The logical tests use test criteria and conditions described
in earlier paragraphs. Tests can be performed on channels, dimensions, system dimensions, custom P-400
DRO functions, parallel port input pins, database contents, time, output relay state and variables.

Press the Other soft-key to display the Case function. The syntax of the |Formulas mm}l10 | po
. . Ab Dimension A .
Case function is: hout . (visible) if
pmeneions caselCl<<1.0.C1<=2,
Formulas £1>2.2) case
Variables
A = Case(Test 1, result 1, test 2, result 2, ...test n, result n) Tolerances
SPC seq
Header
. . . . Memory =
In this example a value is assigned to a vis- |[— P
ible dimension: Chan_. | Dim.. [ +-*/.. | Math..

A = Case(Cl1<=1mm ,0,C1<=2mm,1 ,C1>2mm,2)

Sort into cases

C1<=1 C1<=2 c152 A= 0 When C1<=1mm
Case 1 Case 2 Casle 3 A =1 when C1<=2mm

L A =2 when C1>2mm
A=0 A=1 A=2

In this example, a Case function is appended to a dimension formula using

the semicolon function described earlier. This Case function will perform an

operation; it sends one of three messages depending on the value of C1.

Amce A = C4;Case(Cl<=1mm ,SendMsg”Case 17,
Cl1<=2mm,SendMsg”Case 2”,C1>2mm,SendMsg” Case 3”)

A = C4 and when C1<=1mm the message “Case 1” is sent to the
Sort into cases RS-232 port

c1<=1 C1<=2 c1>2 A = C4 and when C1<=2mm the message “Case 2” is sent to the
Case 1 Case2  Case3 RS-232 port

A = C4 and when C1>2mm the message “Case 3” is sent to the
SendMsg SendMsg SendMsg
“Case 1” “Case 2” “Case 3” RS-232 pOI’t

This Case function could also be assigned to a hidden dimension as shown below:
HI1 = Case(C1<=1mm ,SendMsg”Case 1”,C1<=2mm,SendMsg”Case 2”,C1>2mm,SendMsg”Case 3”)

Suppressing Case sort results

When the Case function is used to perform operations, any sort result can be suppressed by inserting a
numeric zero constant in the sort result position. In the example shown below, no operation is performed
for the second sort result.

HI1 = Case(C1<=1mm ,SendMsg”Case 1”,C1<=2mm,0 ”Case 2”,C1>2mm,SendMsg” Case 3”)



Logical and Control Functions 133

NOTE
4; Case function tests are performed from left to right and only one result will be gener-
— ated. This precludes the possibility of more than one result being generated for a
/ single Case function. For example, while a value of 0.75 for C1 in the example above
would satisfy the first two tests, only the first test will generate a result.

Incomplete case sets and default cases

Case functions use logical test criteria and conditions to sort a potentially broad set of inputs into a rela-
tively small collection of well-defined output categories. This logical sorting works well unless the inputs
include a case that is not defined as an output category. A simple example of incomplete case sets is
provided here.

A = Case(C1 <1,0,C1>1,1)

A=0whenCl <1

A=1whenCl>1

A is undefined when C1 =1 The case C1 = 1 must be included to provide a
complete set of cases

se|jnwJio4 v

Each Case function must include a complete set of cases. A Case function with an incomplete case set will
not work and will generate an error message.

Default cases provide an output category for any inputs that do not fit into the defined set of cases. The
syntax for a default case is:

A = Case(Test 1, result 1, test 2, result 2, test n, result n...empty test, default result)

L. 4
Y

Default case

All inputs that do not fit into defined case sets produce the default result. Revising the example shown
above to include a default case results in the following:

A = Case(C1 <1,0,C1>1,1,,2)
A=0whenCl<1
A=1whenCl>1
A=2whenCl=1

While it is relatively easy to define complete sets of cases for simple applications, it is good practice to
include default cases in all Case function formulas, thereby avoiding the possibility of undefined results.
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min and max functions

The min or max functions are used to find minimum or maximum values in a specified list. The list of
values can include channels, dimensions and database content. The min or max functions can be used to
assign values to dimensions, system dimensions, custom P-400 DRO functions or specify criteria for a
comparison test.

Press the Math softkey to insert the min and |Formulas mm]I0 [ ro ] [Formulas mm[I0 [ po
. . b Dimension A Dimension A
max functions. The syntaxes of the min and || About (visible) sart | || About (visible) sart
imensions || min(c1,c2,c3) Dimensions || may(c1,c2,c3)
: : . Formats Formats
max functions are identical: Formulas Ol e
Variables Variables
Tolerances . Tolerances
. SPC min | [|SPC min
A = min(valuel, value2, ...value n) Header Header
. L . Memory Memory
Assigns the minimum list value to A - X - X
chan... | Dim.. | +-+/.. [[YEOM Other...| | Chan.. [ Dim.. | +-+/.. |[YEAM Other..

A = max(valuel, value2, ...value n)
Assigns the maximum list value to A

For example:

A =max(C1,C2,C3)
A =6mm when C1=6mm,C2=3mm and C3 =2mm

In another example, multiple terms are grouped by parentheses and treated as a single term:

A = min((C1+C2),C3)
A =3mm when Cl=Imm,C2=2mm, and C3 =4mm

Min and max functions can be used to evaluate many
inputs simultaneously to produce a single result.
The flatness measurement in this example illustrates
this (many channels to one dimension) capability.
The multiple channel inputs are distributed across a

surface, and then flatness is evaluated by simultane- ¥ ‘
ously calculating the difference between the highest v
and lowest points on the surface.

F = max(C1,C2,C3,C4) - min(C1,C2,C3,C4)

c1

NOTE
4? Min and max functions will not accept mixed units of measure.

-
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avg and md functions

The avg or md functions are used to find average or median values in a specified list. The list of values can
include channels, dimensions and database content. The avg or md functions can be used to assign values
to dimensions, system dimensions, custom P-400 DRO functions or specify criteria for a comparison test.

Press the Math softkey to insert the avg and |Formulas mmfle[ro] [Formulas mm]10 ] po
md functions. The syntaxes of the avg and |[About. [:(E('ES:: - A e [:(:\Etgﬁle?; cs.ca ; cs
md functions are identical: Formulas - s [ Formats  CO.CP.LET T
T o [ .

A = avg(valuel, value2, ...value n) ﬂi?:i'ﬁiy meear:'igy
Assigns the average list value to A I nd — &
chan_. | Dim.. | +-+/. |[YENONY Other. Dim.. | +-*/_ [ Math_. [ Other._.

A = md(valuel, value2, ...value n)
Assigns the median list value to A

For example:

A =avg(C1,C2,C3)
A =3.67mm when Cl=6mm, C2=3mm and C3 =2mm

se|jnwJio4 v

and

A =md(C1,C2,C3,C4,C5,C6,C7,CB)
A =4mm when Cl=2mm, C2=2mm, C3 =2mm, C4 =3mm,
C5 =4mm, C6 = Smm, C7 = 6mm, C8 = 6mm

NOTE
4; avg and md functions will not accept mixed units of measure.

-
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Mod function

The Modulo (mod) function is used to return the remainder of a division operation. Modulo values can be
calculated for any term or collection of terms. The dividend and divisor are specified by the user as argu-
ments of the mod function. When the division is performed, the remainder is assigned to a dimension.

Press the Math softkey to display the Modulo function. The syntax for
finding the remainder of a division is:

A = mod(Dividend, divisor)

Results of the formula in the example below are shown in the accompany-
ing table for some values of C1 from 0 to 120 in regular increments of 12.

A =mod(C1,60)

c1 mod( C1,60)
0 0
12 12
24 24
36 36
48 48
60 0
72 12
84 24
96 36
108 48
120 0

In another example:

A =mod(C1,90)
A =25.0039 degrees  when C1 = 385.0039 degrees

Formulas mm[10 ] po
Dimension A

pbout . || (visible) abs

Eormats mod(C1.60)

Formulas mod

Variables

Tolerances .

SPC int

Header

Memory .
7 pi
~

chan_. | Dim.. | +-+/. |[YENONY Other.
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Seq function

The Sequence function (seq) is used to control the order of measurement steps.

Normally, dimension formulas are continuously evaluated and the results entered into the database si-
multaneously when the Enter key is pressed or a Trip occurs. However, the sequence function allows
database record entries to be made individually in a user-defined sequence. The user defines the sequence
by numbering the steps. The steps are then executed one at a time in ascending order each time the Enter
key is pressed or a Trip occurs.

Dimensions calculated from sequence steps are stored in sequence as the Enter key is pressed. During op-
eration, a blue line appears under the dimension label of the current sequence step. Each time the Enter key

is pressed or a Trip occurs the current step function is stored, and the blue line advances to the next step.

This separation of steps makes it possible to conduct a series of different measurements using the same
channel input if desired, and is necessary for the development of applications requiring sequential logic.

Press the Other softkey to display the Sequence function. The syntax of the Sequence function is:
A = seq(Step number,function)

In this example the volume of a rectangular solid calculated from a sequence of 3 measurements using a
single channel based on the equation:

Volume = Height * Width * Length

Where and the dimension formulas are:

H = height H =seq(1,Cl)

W = width W =seq(2,Cl)

L = length L =seq(3,Cl)

Vol = volume Vol = H¥*W*L
To accomplish this sequence of measurements us- [Current Value mm]18.] Fo
ing only one channel, the operator performs the fol- H 1 5 003
lowing steps from the beginning of the sequence: W

The operator positions the block and channel input L
to measure height, and then presses the Enter key Vol
to store the channel value. View... [infmm | [ Master | Menu..

H=seq(1, Cl)

se|jnwJio4 v
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The P-400 DRO advances to the next step in the [Current Value mm[[0 ] o
sequence and waits for the operator to press the H 1 5003
Enter key again. The operator positions the block )
and channel input to measure width, and presses u 2001 3
the Enter key to store the new channel value. L
Vol
W= seq(Z, Cl) View... [ in/mm | [ Master [ Menu_.

The P-400 DRO advances to the next step in the [Current Value mm[[0 ] o

sequence and waits for the operator to press the H 15003

Enter key again. The operator positions the block w 2 001 3
and channel input to measure length and presses .

the Enter key to store the final channel value. L_ 27263

V. 8.1859

L= seq(3, Cl) View... [ in/mm | [ Master [ Menu_.

This last step in the sequence also stores the calculation of volume based on the values of T, W and L.
Vol =H*W*L

Upon completion of the last step, the P-400 DRO returns to the first step in the sequence to begin a new
series of measurements.

This example of volume measurement illustrates that many dimensions can be calculated from a single
channel input.

Performing operations within a sequence
Operations such as sending data and engaging relay contacts can be performed within a sequence by ap-
pending the operation using a semicolon. The syntax is:

A = seq(Step number,function);seq(Step number, operation)

For example:

A =seq(3,Cl);seq(3, ClrTrigd)
Clears event trigger 4 when step 3 of the sequence is executed
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Reinitiating a sequence
The syntax for prematurely ending the sequence before its completion and initiating a new sequence is:

seq(reinitialization step number)

This syntax is used in conjunction with an If or Case statement, and reinitiation of the sequence is per-
formed as a result of a logical decision.

NOTE
4; The reinitializing step cannot be embedded in another sequence step.

-

In the example below, hidden dimension 1 is used to continually evaluate C2, and the sequence is reiniti-

ated at step 1 if the value of C2 exceeds 1. f
e
A =seq(1,Cl) 2
B =seq(2,C2) o

C =s5seq(3,C1+C2)
H1 =if(C2>1mm,seq(2),0)
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Trip function and measurement automation

The Trip function automates the data entry (storage) process. Normally, dimension formula calculations
are stored in the database only when the Enter key is pressed. The trip function duplicates pressing the En-
ter key by automatically storing formula calculations when a changing value passes through user-defined
thresholds.

By automatically storing formula calculations, the trip function allows the operator to conduct a series of
identical measurements by simply loading and unloading parts into and out of a gage.

NOTE
4; Measurement automation (the Trip function) can be toggled on and off from the front
- / panel using the hot key Auto function. Refer to the Hot Keys section of Chapter 3:
Setup for details regarding hot keys.

The trip function is set and triggered by a value passing through predefined threshold levels. A delay can
be included in the trip function to eliminate the effects of hardware noise and settling times.

The trip function thresholds and delay are diagrammed here for a positive-going value. Trip functions can
accommodate positive-going and negative-going values. Positive-going and negative-going values are
conceptually identical except for direction and polarity of the input.

Once the Trip function has entered a value, it must be reset before it can be used again. The trip function
is reset when the monitored value reverses direction and passes back through the set threshold as shown

below.
A
¢——— Delay —>»
Trigger threshold ———
Set threshold ———
| | | |
[ [ [ [
Trip Trip Measurement Trip
ready triggered entered reset
NOTE
4; The trip function delay can be set to 0 if hardware settling is not a problem.

-
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<¢——— Delay —»

Trigger threshold ———

Set threshold ———

| | | |

[ [ [ [
Trip Trip Measurement Trip
ready triggered entered reset

The trip function can be used by itself, included in if statements or case statements as the logical result of
either passing or failing a conditional test, or included in a sequence function step.

Press the Other softkey to insert the Trip function. The syntax for using [Formulas mm[10 ] po
. . . Dimension A -h
the Trip function is: About || "isible)
Dimensions || trip(C1.0.1mm.0.5mm py
ormats ,1sec) o
Formulas ) §
A = trip(Value, set, trigger, delay) Venoues =
. SPC =
Where the value can be a term or collection of terms Header o
Memory
For example: Dec | Inc | [ [

A =trip(C1,0.1mm,0.5mm, 1.0sec)
A = C1 will be stored in the database after the value of C1 has passed through 0.1mm,
then 0.5mm and then 1 second has passed

NOTE
4; The examples shown for the Trip function used channel functions. However, any term
o y or collection of terms that have numeric value could as easily have been used.

Continuous sampling using the Trip function

Typical applications using the Trip function include the use of set and trigger thresholds as discussed
above. However, some applications are configured with the input channel devices in constant contact with
the surface(s) to be measured, and require continuous input sampling.

Continuous input sampling can be achieved by omitting the set and trigger thresholds from the standard
Trip function syntax, as shown below.

A =trip(Value, , , Delay)
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The rate of continuous sampling is determined by the Delay parameter and the system refresh time. System
refresh time typically varies between 0.03 and 0.10 seconds depending on the number and type of channels
used and the complexity of formulas. The resulting sample rate becomes:

Sample rate = 1/(Total trip function time)
~ 1/(System refresh time + Delay time)

Assuming the maximum system refresh time, and no sample Delay, the maximum sample rate is approxi-
mately:

Max sample rate = 1/(0.10 + 0)
= 10 samples/second

Generally applications that require continuous sampling employ slower rates, with seconds, minutes or

even more time between samples. For these applications the sample rate can simply be expressed as the
inverse of the user-specified delay as shown below.

Sample rate ~ 1/Delay
Application developers generally know the sample rate requirement and need to find the delay parameter
to enter into the Trip function. Since sample rate and delay are inversely related, for sample rates less than
10 per second, delay can be expressed as:

Delay ~ 1/sample rate

For example, a sample rate of 1 sample per minute requires a delay of 60 seconds, resulting in the formula
parameters shown below.

A =1trip(Cl, , , 60sec)

Continuous samples can be accumulated in the P-400 DRO database, transmitted over the RS-232 port or
sent to a USB drive.

A =1trip(Cl, ,, 60sec);Send

NOTE
4; The Auto hot key function toggles the Trip function on and off. Assign the Auto func-
— / tion to the desired front panel key prior to configuring the Trip function for continu-
ous sampling. Refer to the Hot Keys section of Chapter 3: Setup for details.
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dmin and dmax functions
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The dynamic minimum (dmin) and dynamic maximum (dmax) functions assign values to dimensions
based on the minimum or maximum values of dynamically sampled channels or dimensions. The sampled
values can be assigned directly, or can be used as triggers to assign a value from a second source.

P-400 DRO channel inputs are sampled many times per second and the system updates and retains the
minimum and maximum values encountered in the sampling process. Minimum and maximum values are
evaluated simultaneously during sampling. Dynamic minimum and maximum values can be calculated
for any term or collection of terms. Pressing the Enter button or the Trip function stores the minimum and

maximum values.

Press the Other softkey to insert the dynamic
minimum or dynamic maximum functions.
The syntaxes of the dmin and dmax func-
tions are identical, so only the dmin function
is shown here.

A = dmin(Sampled value)
Assigns the sampled minimum value

A = dmin(Sampled value, second source)

Formulas mm]1o.] ro ] [Formulas o (68
mvout PGSR A gl | About PGS A G
Formats || dmn(C1) pomensions| [ dmn(c1.c3)

l\:/orr_mI;IIas dmx l\:/orr_mI;IIas dmx
arianles ariables

Tolerances Tolerances

SPC davg || SPC davg
Header Header

Memory o] ‘Memory o

-~
Chan...[ Dim... [ +-+/.. Math..

-~
Chan...[ Dim... [ +-+/.. Math..

Assigning the sampled value

Assigning a second value

Assigns the second source value when the sampled value is at the minimum

CAUTION

Due to the relatively low sample rates of the dmin and dmax functions, surfaces must

Py be moved slowly during the sampling process to insure that all points are evaluated.
Applications that require faster sample rates and have appropriate input devices
should use the HwDmn or HwDmx function described on the next page.

In this example, the runout of a shaft is determined by spinning the

shaft, dynamically measuring the shaft’s minimum and maximum
diameters and then subtracting the minimum diameter from the

maximum diameter.
R =dmax(C1) - dmin(C1)

NOTE

-

The RsetDyn function discussed later in this
chapter must be used to clear existing samples
before using the dmin and dmax functions.

se;nwuoy 4,
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In another example, the angle between high points of two
cams is determined by spinning the cam shaft, dynamically
measuring the rotational angle at each cam minimum, and
subtracting the smaller angle from the larger angle.

Encoder C1 measures cam 1, encoder C2 measures cam 2,
and the rotary encoder C3 measures the rotational angle of

the cam shaft as it spins.

A = dmax (C2,C3) - dmax (C1,C3)

C3

CAUTION
The Reset Dynamic function (RsetDyn) must be initiated prior to the use of the dmin
and dmax functions to clear previous minimum and maximum values.
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davg and dmd functions

The dynamic average (davg) and dynamic median (dmd) functions assign values to dimensions based on
the average or median values of dynamically sampled channels or dimensions. The sampled values are
assigned directly. Dynamic averages are useful when measuring rough surfaces. Dynamic medians are
useful when measuring in the presence of noise.

P-400 DRO channel inputs are sampled many times per second and the system updates and retains the
average and median values encountered in the sampling process. Average and median values are evaluated
simultaneously during sampling. The number of samples used to calculate the average or median is speci-
fied as an argument by the user. Smaller numbers of samples have little impact on system performance but
result in rapidly changing averages and medians. Larger numbers of samples result in more stable averages
and medians but slow system performance.

Dynamic average and median values can [Formulas mm[10 [ ro ] [Formulas mm[I0 ] po
be calculated for any term or collection of |[about ||"(idbie drmn| || About  |IPGigHe" dmn
. Dimensions davg(C1.30) Dimensions dmd(C1,30)
terms. Pressing the Enter button stores the || Formats Formats
Formulas dmx| | | Formulas dmx
average and median values. yorenes i
SPC davg || SPC davg
Header Header
Memory i Memory i

Press the Other softkey to insert the dynamic
average or dynamic median functions. The | chan. [ Dim= | #-+/- [ Math.. Chan_ | Dim_ | *-*/_ | Math_
syntaxes of the davg and dmd functions are

identical.
A = davg(Sampled value, sample size) A = dmd(Sampled value, sample size)
Assigns the average value of the samples Assigns the median value of the samples
The minimum sample size for averages is 2 The minimum sample size for medians is 3
NOTES
4; The sample size must be specified using a dimensionless constant.

)

—

/ The RsetDyn function discussed later in this chapter must be used to clear existing
samples before using the davg and dmd functions.

CAUTION
Due to the relatively low sample rates of the davg and dmd functions, surfaces must be
1) moved slowly during the sampling process to insure that all points are evaluated.

se|jnwJio4 v
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Fail function

The fail function tests the current pass/fail tolerance status of any dimension, list of dimensions provided as
the fail argument or of all dimensions. The fail function returns a logic level 0 or 1, indicating the pass or
fail status of specified dimensions. The value of 0 or 1 can be assigned to a dimension or can be included
in a dimension formula as a logic or dimensionless variable.

Press the Other softkey to insert the fail function. The syntaxes of the fail [Formulas mm[10 J'po
. Dimension A
function are: About . Il (visible) fail
Formats fa'I(A]
Forr_nll;IIas xtra
. V
A = F all() T:{elfanises
. . . . . . SPC copy|
Assigns a logic 1 to A if any dimension fails a tolerance test P'J'eader
lemory

pste

Assigns a logic 0 to A if all dimensions pass a tolerance test

-~
Chan...[ Dim... [ +-+/.. Math..

A = Fail(Dim X)
Assigns a logic 1 to A if the specified dimension (X) fails a tolerance test
Assigns a logic 0 to A if the specified dimension (X) passes a tolerance test

A = Fail(Dim 1, Dim 2, ...Dim n)
Assigns a logic 1 to A if any of the specified dimensions fail a tolerance test
Assigns a logic 0 to A if all of the specified dimensions pass a tolerance test

The Fail function can also be assigned to a hidden dimension as shown in this example that operates
Relay 1 if any tolerance fails:

H1 = if(Fail(),Relay(1,1),Relay(1,0)
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Xtra menu formula functions

Xtra menu functions are accessed by pressing the Other soft- xtra menu
key and then pressing the Xtra softkey. Xtra menu functions Ask Global Report
: . Beep HwDmn RsetDyn
lude:
include CIrAIID HwDmXx Scan
CirData HwLXx Send
* Ask ClrTrig Lookup SendMsg |
Display a message or prompt the user for DateStr Loop SendRec
keyboard entry, then return the entered value _Dm_ Master SetCo!or
‘B DinBin MaxIndex SetTrig
eep Display Minindex Setup
Makes a beep sound Dout OnEvent Time
* CIrAlID (Clear all data) DoutBin PartNo TimeStr
Clears data across all parts FnCall Preset Var
« ClrData (Clear data) FnDefine Recall Xlatch*
. FnParam Relay
Clears data for this part FnReturn Remark

* ClrTrig (Clear trigger)
Part of the OnEvent function. Clears the
specified event trigger

+ DateStr (Date string)
Returns the current system date

* Din (Data in)
Returns logic levels from the primary parallel
port input pins

* DinBin (Data in binary)
Returns a base 10 number equivalent to
the logic levels from the primary parallel port
input pins

* Display
Sets the current graph display starting at a
dimension, with a number a axes

* Dout (Data out)
Applies individually-defined logic levels to the
primary parallel port output pins

* DoutBin (Data out binary)
Applies binary logic levels to the primary
parallel port output pins equivalent to a
base 10 number

* FnCall (Function call)
Calls a user-defined custom P-400 DRO
function which returns a value based on
arguments passed in the calling statement

FnDefine (Function define)

Defines a function and includes parameter
placeholders for arguments

FnParam (Function parameters)

Defines up to 12 parameters to be passed to a
custom P-400 DRO function

FnReturn (Function return)

Returns immediately from a custom P-400 DRO
function without returning a value

Global

Returns the value of a global variable that is
available across all parts

HwDmn (Hardware dynamic minimum)
Returns the minimum channel input value
sampled at high speed by dedicated hardware
HwDmx (Hardware dynamic maximum)
Returns the maximum channel input value
sampled at high speed by dedicated hardware
HwLx (Hardware latch)

Returns the value of one channel based on the
incremental values of another channel
Lookup

Returns one of a selection of several
dimensions, part values or database values

147
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Loop

Loop control used to repeat a series of steps or
functions

Master

Presets channels to a numeric values contained

in the Master screen

OnEvent

Evaluate a formula term and return the value
or perform a task when a specified event \
occurs

Part number (PartNo)

Changes the part number, usually in
conjunction with an OnEvent function
Preset

Presets a dimension to a numeric value
Recall

Recalls dimension values that were specified
the last time the Preset function was used
Relay

Operate dry-contact relay outputs

Remark

Adds a comment to a formula, but has no
effect on values or operation

Report

Print report on the parallel or serial port
Reset dynamic (RsetDyn)

Clear dmn, dmx, HwDmn and HwDmx
sampled channel input values in preparation
for new samples

Scan

Collects all channel data at the maximum rate
Send

Transmit specified dimension(s) to

an output port

Send message (SendMsg)

Transmit text or ASCII codes to the

RS-232 port

Send record (SendRec)

Transmit a specified dimension record(s) to an
output port

SetColor

Sets the color of a specified dimension
displayed on the DRO

Set trigger (SetTrig)

Part of the OnEvent function. Sets a user
defined event trigger

Setup

Performs a variety of setup functions for the
specified dimension

Time

Return elapsed time since startup or the
amount a formula term has changed over
an elapsed time

TimeString (TimeStr)

Returns the current system time
Variable (Var)

Returns or initializes the value of a local
variable available for individual parts
XLatch (Optional)

Return a channel input value when an
external edge is detected
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Ask function

The ask function displays messages that prompt the user for data or simply display instructions on the
LCD. Messages can contain a mixture of up to 80 upper or lower case alphanumeric characters, and can be
displayed once when the part is loaded, always when a data record is entered, immediately (Now) upon for-

mula execution or for a timed interval speci- |[Formulas [2m]I2 ] ro] [Formulas [mm]e]ro]
. A A

fied by the user. The Now selection should | About “ ( fail || About H ( fail

Lm ften d t th OWhat units will th be in?

only be used as the result of a OnEvent gp%"r'ﬁp‘iefz" o Yo T LS R he Fesponse e B

function to prevent continuous prompting. |J ]

Numeric data entered by the user in response | eader o [ ==

. . Memory Memory
to a prompt can be interpreted as linear, an- [|———— pste | ———— pste
gular or dimensionless. Always| Now | Timed | in | ang | none |NofYes

The prompt message is displayed to the user in a pop-up box that provides a space for entering the re-
quested data. Data is entered into the pop-up box from the numeric keypad, and stored by the system when
the Enter key is pressed.

The user prompt messages are constructed on the Alpha Entry screen. [Alpha Entry mmjio | po
Please refer to Chapter 3: Setup for details regarding entering data using |temperature

the Alpha Entry screen. s b d E]f 5 b}

Press the Other softkey, the xtra softkey, highlight Ask and then press the ikl mnopar

Enter key to insert the Ask function. s tuv wxy z sp
ABC ahc I |
The syntax for using the Ask function to get chamnel Formulas mm]10 ] ro
. A Dimension A
data is: About || |CHENENED [l || About | (visible) fail
Dimensions Beep Dimensions ask1"Temperature'1
Formats ClrAlD. Formats
Forml;laﬁ C:rData - Formulas xtra
_ Variables CIrTrig Variabl
A = ask(user pI‘OInpt) Tolerances || |DateStr Tolerances
SPC in B |[sec copy
Header DinB'in Header
Memory Display Memory
For example: Dout pste pste

~ ~— ~—
G [Oim. 7 -+7- ] Wt G [ om. [ +-o/_ vt

A = ask”Temperature”

The syntax for using the ask function to display a message without user data-entry is:
A = Formula;ask(user prompt)

For example:

A = C3;ask”Part 11A10525”

se;nuuiod 4,
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Beep function

The Beep function generates a beep sound. The volume of beep is determined by the Volume parameter
specified in the Misc setup screen, described in Chapter 3: Setup.

Press the Other softkey, the xtra softkey, Formulas [mm]Io [ po]
. . H1 Dimension H1
highlight Beep and then press the Enter key | About . Ask @il | About (hidden) fail
‘ . Dimensions | Dimensions if(fail().Beep. q

to insert the beep function. T | m 5
Variables ClrTrig Variables
Tolerances DateStr - ;’glceran( es

. . . SPC D copy|

The syntax for including the beep function |veader || |Dingin Header

. .. . . . . Memory Display Memory

in a visible or hidden dimension formula is: Dout pste. pEte

~ i o5l
Chan... | Dim.. [ +-+/... | Math.. Chan_ [ Dim._ [ +-+/_ | Math._

A = formula; beep
or
Hn = function (beep)
For example, in the formula:
A.=Cl1: beep
A =ClI and a beep sound is generated
Also, in the formula:

H1 = if (Fail (), Beep, 0)

A beep sound is generated if any measurement fails or tolerance test.
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CIrAlID and ClirData functions

The CIrAlID and ClrData functions clear data stored in the P-400 DRO database for either all parts, or for
only the current part.

CIrAlID
The CIrAlID function clears all | apout Ask A About _ D'(mgz’e‘g)" H1 -
data for all parts. Press the Other | pamensions || |82 | pimensions || onEvent9(CirAlID.)
. : [Formulas || |ClrData [Formulas )
softkey, the xtra softkey, highlight Valri s CirTrig Valri hles -
Tolerances DateStr Tolerances
Cerll]? and then press the Enter | 3¢ Din e copy
key to insert the function. Header DinBin Header
Memory Display Memory
Dout -
. . - - -
The syntax for including the | gmano [ Dim.. | +-+/.. | Math.. Chan.. | Dim.. | +-+/.. | Math..

CIrAllID function in a hidden di-
mension formula is:

Hn = CilrAlID

For example, in the formula:

se;nwuoy 4,

H1 = OnEvent9(ClrAlID)

All database data is cleared when no numeric data is required and the 9 number key is pressed.

ClIrData
The ClrData function clears all | apout  ||ask H1 [ | Ao D'(mggg)" H1
data for the current part. Press the | pamersio™ || |38, E;;:‘,;g?gs OnEvent9(ClrDatal]
Formulas || |CFDSEEID| [Formulas
Other softkey, the xtra softkey, [[{/iriables CrTng xtra Valriames
1 1 Tolerances DateStr Tolerances
highlight Cerata.and then press || 3¢ Din CMES
the Enter key to insert the func- ||Header DinBin Header
R Memory Display Memory
tion. Dout pste.

- - .
Chan_. | Dim_. | +-+/_ [ Math_ [CHISM Chan.. | Dim.. [ +-*/.. [ Math..

The syntax for including the
ClrData function in a hidden dimension formula is:

Hn = CirData
For example, in the formula:
H1 = OnEvent9(ClrData)

All data for the current part is cleared when no numeric data is required and the 9 number key is pressed.
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CirTrig, SetTrig and user-defined events

User-defined trigger events cause OnEvent functions to execute once each time a trigger event happens.
The trigger event must be set using the SetTrig function before it can cause an event to execute, and then
must be cleared using the ClrTrig function before it can be used again.

In the following example, the value of channel input C1 is assigned to dimension visible A once when the
value of C3 exceeds 3mm.

A = OnEventTrigl(C1) Defines the trigger event Trigl

| [Formulas mm][[0 ] Po
[ I A [ S q -
Ahout Hwlx - About DispOff About D'(r\:};ﬁ:;n A 1
Dimensions |Lookup Dimensions I DispOn Dimensions (| 5 F ot 1(c1)]
Loop Formats HwlLx Formats g
Formulas || |Master - Formulas || |Key Formulas 2
Variables Maxindex Variables PartClr Variables
Tolerances Minindex Tolerances PartLoad Tolerances
copy SPC PartUnld SPC 3
PartNo Header Playback
Preset Memory PowerOn
Recall - — <
~ ~—— ~
Chan.. | Dim.. | #-*/.. | Math.. Chan__ | Dim_. | +-*/._ | Math._ Dim.. | +-*/.. | Math__ [ Other..

An If function is used to set and clear the trigger event using the SetTrig and ClrTrig functions.

Formulas mm[10 ] po
d. = A Dimensi H2
About _ Scan About Ask - About _ zmsr&selg)n fail
Dimensions | Send Dimensions |Beep Dimensions if(C3>3mm.Set Trig1
Formats SendMsg Formats ClrAlD. Formats CIrTrigﬂ - 91
[Formulas || |SendRec [Formulas ClrData - Formulas xtra
Variables SetColor Variables Variables
Tolerances Tolerances DateStr Tolerances
SPC Setup SPC Din _ copy SPC copy
Header Time aeader g!nBIm neader
Memory TimeStr lemory Isplay lemory
—| |Var — || [Dout - —_— pste
~ ~— ~ - ~
Chan.. [ Dim_. | +-*/.. | Math.. Chan.._ | Dim.. | +-#/.. | Math.. [ouaen Chan_. | Dim.. | +-*/. | Math._

H2 =If(C3 > 3mm, SetTrigl,ClrTrigl) When C3 > 3mm, Trigl is set and causes the OnEvent

function shown above to execute once.
When C3 <= 3mm, Trigl is cleared so that the next time
C3 > 3mm, the OnEvent function can execute again.




CirTrig, SetTrig and OnEvent Functions

OnEvent function
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The OnEvent function is used to assign values to dimensions or to perform operations when triggered by a
specified event. When the triggering event occurs, the value is assigned to the dimension and latched, or

the specified operation is performed.

Press the Other softkey, the xtra softkey, highlight OnEvent and then press
the Enter key to insert the OnEvent function. The syntax for the OnEvent
function is:

A = OnEventEvent(Value or operation)
e

Triggering event

When the OnEvent function is inserted, a menu of triggering events is
displayed. Highlight the desired triggering event and press the Enter key.
Triggering events include a collection of system triggering events provided
by the menu, and one triggering event that is user-defined:

DataEntr Occurs after a data record is entered into the database
DispOff Occurs after the display is turned off using the red

Ahout
Dimensions
Formats
Formulas
Variables
Tolerances
SPC

Header
Memory

O
Hwlx

—— A

Lookup
Loop
Master
Maxindex

PartNo
Preset
Recall

fail

_ xtra
Minindex -
pste

- ~
Chan.. | Dim.. | #-*/.. | Math..

Ahout
Dimensions
Formats
Formulas
Variables
Tolerances
SPC
Header
Memory

A

DispOff -
DispOn

Hwlx -
Key ;

PartClr

PartLoad -
Plart!l)Jnkli(

Playbhac

PowerOn -

- ~
Chan.. [ Dim.. | +-+/.. | Math..

LCD ON/OFF button
DispOn Occurs after the display is turned on using the red LCD ON/OFF button
Edgel Occurs after an (Optional) external edge event has happened on external edge line 1
Edge2 Occurs after an (Optional) external edge event has happened on external edge line 2
Edge3 Occurs after an (Optional) external edge event has happened on external edge line 3
HxLx Occurs after the HwLx function has latched a new value
Key Occurs after the specified front panel key has been pressed
PartClr Occurs after the part database has been cleared

PartLoad  Occurs after a new part has been loaded
PartUnld  Occurs when a part is unloaded

Playback  Occurs after execution of the scan function, when scanned results are played back

PowerOn  Occurs at startup
Trig User-defined triggering event.

System triggering events

System triggering events cause OnEvent functions to execute each and ev-
ery time predetermined system events happen. In the following example,
the value of channel input C1 is assigned to dimension A each time a record
is entered into the database.

A = OnEventDataEntr(C1)

mm|]0 | po

About
Dimensions
Formats
Formulas
Variables
Tolerances
SPC

Header

Memory

~

Dimension A

OnEventDataEntr(C1)|

(visible) a

2

(&

4

Dim.. | +-*/_ [ Math_. [ Other._.

se|jnwJio4 v
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DateStr and TimeStr function

The DateStr and TimeStr functions display the current system date
and time on the LCD screen in the formats shown here. Since the
current date and time values will typically exceed tolerance limits,
they are often displayed in the color specified for tolerance failures.
The date and time values are updated during each formula evaluation

Current Value [mm]io ] po |
A  8-28-06
B 150540
C 0.000
D 0.000

cycle.
View... | in/mm | | Master | Menu_..
DateStr
The DateStr function displays the | current date
current date. Press the Other soft- | about Ask A About D'{J};ﬁ';;" -
. . Dimensions || ||Beep Dimensions
key, the xtra softkey, highlight ||formats I CIrAlD. Formats Datestr]
[Formulas || |ClrData [Formulas |
DateStr and then press the Enter ||\iriabies || lcirtri Variables
H H Tolerances | Tolerances
key to insert the function. SPC Din SPC
Header DinBin Header
. . Memory Display Memory
The syntax for including the Dat- Dout
-

. . . . . -
eStr function in a visible dimen- Ghan. | Bim.. | * */.. | Math.
sion formula is:

-
Chan.. | Dim_. [ +-*/_ [ Math.

A = DateStr
TimeStr
The TimeStr function displays the current time
current time. Press the Other soft- || apout RsetDyn B At D'("::;g?';;"

: : Dimensions || j|Scan Dimensions ||

key, the xtra softkey, highlight | momvo™ [l zend Formate || Timestr]

: [Formulas || |SendMsg [Formulas |
TimeStr and then press the Enter {2018 e s

1 i Tolerances SetColor Tolerances
key to insert the function. e Seting Lo
Header Setup Header
. . Memory Time Memory
The syntax for including the
o

. . . P . -
TimeStr function in a visible di- G T him.. | *-+/- | Math.
mension formula is:

B = TimeStr

-
Chan.. | Dim.. | +-#/_ [ Math..
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Time function

The Time function is used to:

» Assign the elapsed time in seconds since system startup using the syntax:
A = Time()

+ Assign the elapsed time in seconds equal to, or closest to (but exceeding) the specified interval

using the syntax:
A = Time(Interval)

NOTE
4; The approximation of specific time Intervals is necessary for the exact calculation of
- y velocity and other time-related quantities because the system clock is not a precise
timekeeping device. By returning a time interval that is known precisely, exact calcu-
lations of time-related quantities are possible.

The example below uses an elapsed time interval and a value change captured at channel input C1 over the
same interval to calculate the exact velocity of the motion of C1.

V = Time(1.0,C1)/Time(1.0)

» Assign value changes over a specified time interval using the syntax:
A = Time(Interval,value)

Values can be channel inputs, dimensions Formulas mm][[0 ] po
. > A Dimension A
or any collection of terms evaluated by the |[About Scan [l (| About ] visible) fail
. Dimensions | Send Dimensions Time()
system. Press the Other softkey to display |[|formats || foendhisg = Formats ==
: Variabl | Variabl
the xtra menu, then scroll to Time. Press || vamence || [t Tolerances
. . . SPC Setu SPC copy]
the Enter key to insert the function into the ||Header i copy Header
Memory TimeStr Memory q
formula. —|| |Vvar - pste

. - ..
Gran. | D [ o/ ] Wiath. Ghan_ [ Dim_ [ =47 | Wath..

se|jnwJio4 v
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Din and DinBin functions

The primary parallel port is configured as a general-purpose
data Input/Output (I/O) port, and does not support parallel

printers.

The P-400 DRO uses 5 pins of the parallel port connector
as the inputs shown below. Inputs support 5 volt TTL logic

levels only.

4’

-

NOTES

Electrical characteristics of the parallel
port are contained in Chapter 8: Reference
Material.

Primary parallel port

Din
Insert the Din function to read the logic level of a single parallel Din
port input pin or range of parallel port pins. The logic level from I1| 43
a single pin can be used in a dimension formula, or the decimal
1 1 1 [e] [elye}
equivalent of the binary values from a range of pins can be used. @ VARAARRARRA oD@

Press the Other softkey to display the xtra menu softkey, then

scroll to Din. Press the Enter key to insert the function into the

formula.
Ahout Ask
Dimensions Beep
Formats CIrAlD.
[Formulas || |CrData
Variables CIrTrig
Tolerances DateStr
SPC
Header DinBin
Memory Display

Dout

. | T
Chan.. | Dim_. | +-*/. | Math_.

Dimension
(visible)
Din(3)|

Tolerances
SPC

Header
Memory

Pin 13

Gage-Chek ground reference

Pin 1

| |
000000000006
@@?OOOOOOOOOO?J)@
| |

Pin 25

The Din pins of the
parallel port connec-
tor are numbered 1

through 5 as shown here. Logic levels are referred to ground on pins 18 through

25.

Pin 14

o
S

Parallel pin

15

13

12

Q| B[W(N=

11

10

The logic level at a single Din pin can be assigned to a dimension as a numeric 1 or 0 using the syntax:

A = Din(Pin number)
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For example,

A = Din(3)
A=1
When Din(3) = logic level 1

157

The decimal equivalent of the binary values from a range of pins can be assigned to a dimension as a

numeric value using the syntax:
A = Din(Range of pin numbers)
For example,

A = Din(3--5)
A=20

When Din(3) = logic level 1

Din(4) = logic level 0

Din(5) = logic level 1

DinBin

Din Din(5) | Din(4) | Din(3) | Din(2) | Din(1)
Din logic level 1 0 1 0 1
Decimal equivalent 16 0 4 0 1
| J/
Y
Specified range

Insert the DinBin function to read the logic levels of multiple parallel port input pins simultaneously as a
decimal equivalent. The decimal value can be included directly in a dimension formula as a variable, or can

be tested in conditional if and case statements.

Press the Other softkey to display the xtra
menu softkey, then scroll to DinBin. Press
the Enter key to insert the function into the
formula.

The logic levels at the Din pins can be as-
signed to a dimension as a decimal value

using the syntax:

A = DinBin(Lines)

About Ask
Dimensions I Beep
Formats ClrAlID.
[Formulas || |CIrData
Variables CIrTrig
Tolerances DateStr
SPC Din
Header

Memory Display

Dout

~ -
Chan.. | Dim.. | +-*/.. | Math..

About
Dimensiol
Formats
Variables
Header

Memory

~

[Formulas

Tolerances
SPC

ns

Dimension
(visible)
DinBin{19)|

Where lines is a decimal value of the binary mask that specifies which input pins to read

Dim.. | +-*/.. [ Math... | Other...

se|jnwJio4 v




158 P-400 DRO User’s Guide

For example,
A = DinBin(19)

Includes a lines value of 19, which when converted to a binary mask of 10011, reads Din(1), Din(2) and
Din(5). All unread pins are given a logical value of zero. The binary value of the input pins read at the
parallel port are then returned as a decimal equivalent.

A = DinBin(19)

A=17
When the input pin logic levels are 10101
and the lines mask value is decimal 19 = 10011
The masked result is 10001 = decimal 17

Din Din(5) | Din(4) | Din(3) | Din(2) | Din(1)
Din logic level 1 0 1 0 1
Lines mask (dec 19) 1 0 0 1 1
Masked value (dec 17) 1 0 0 0 1
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Dout and DoutBin functions Primary parallel port

The primary parallel port is configured as a general-purpose
data Input/Output (I/O) port, and does not support parallel
printers.

The P-400 DRO uses 12 of the parallel port connector pins
as the outputs shown below. Outputs are 5 volt TTL logic
levels.

NOTES
6? Electrical characteristics of the parallel
- y port are contained in Chapter 8: Reference
Material.

Dout

Dout
Insert the Dout function to output a TTL logic level of 0 or 1 to @@ 000bddb8854488 )@
a specific parallel port output pin or range of pins. Logic levels ?7999999999°¢

are referred to ground on pins 18 through 25. The logic level is

presented to the pins specified, no other pins are affected. If a T
delay is also specified, the logic level will be presented for the Pin 13 Pin 1
delay period, and then the affected output pins will be changed to | |

the opposite logic state. @@?ooooooooooooooooooooo?@)@
|

se;nwuoy 4,

Press the Other softkey to display the xtra menu softkey, then

. . Pin 25 Pin 14
scroll to Dout. Press the Enter key to insert the function.
| [Formulas ["m[e]ro]

£out sk e About _ D'(ﬁfiﬁﬂr?)" 2
St [ (o Dimensions || pout(3, 1) Dout | Parallel pin | Dout | Parallel pin
[Formulas || |CIrData Formulas xtra 1 2 7 8
Variables ClrTrig Variables
Tolerances || |DateStr Tolerances 2 3 8 9
SPC Din SPC copy 3 4 9 1
Header DinBin Header
Memory Disﬁla‘ Memory e 4 5 10 14

S = - 5 6 11 16
Chan.. | Dim.. | +-+/.. | Math.. Chan.. | Dim.. | +-+/.. | Math.. 6 7 12 17

The Dout pins of the parallel port connector are numbered 1 through 12 as shown above. The logic level
at a Dout pin or range of pins can be assigned using the syntax:

Hn = Dout(Pin number/range of pins, state, delay)
Where: Pin number/range of pins specifies which output pin or pins are used
State is the logic level to output to the specified pins
Delay is the output period in seconds - if a delay is not included, the output is continuous
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For example,

HI1 = Dout(3, 1)
H1 = Sets Dout pin 3 to a logical 1 continuously

H1 = Dout(3--5, 1, 5sec)
H1 = Sets Dout pins 3 through 5 to a logical 1 for 5 seconds, then to zero

DoutBin
. . number
Insert the DoutBin function to output a — - R -
. . . About Bee, i
specified logic level to multiple parallel port || imensions || fcrAp. B ([ rmencions || (vidden)
. . . Formats CIrData Formats DoutBin(2262.1.10sec)|
output pins simultaneously. The new logic |Formulas || |cIrTrig K | Formulas
. Va]nables g_ateStr Valnables
Tolerances n Tolerances
level can be presented continuously or for a 55 Bran TS
. . Header Display Header
SpeCIﬁed perIOd' Memory Dout - Memory
~ ~- ~
Chan.. | Dim.. | +-+/.. | Math..

The logic level is presented to the pins
specified by the lines mask, no other pins are affected. If a delay is also specified, the logic level will
be presented for the delay period, and then the affected output pins will be changed to the opposite logic
state.

Press the Other softkey to display the xtra menu softkey, then scroll to DoutBin. Press the Enter key to
insert the function into the formula.

The output pins, logic level and delay are specified using the syntax:

Hn = DoutBin(Lines, state, delay)
Where: Lines is a decimal value of the binary mask that specifies which output pins are used
State is the logic level to output to the specified pins
Delay is the output period in seconds - if a delay is not included, the output is continuous

For example,
H1 = DoutBin(2262, 1, 10sec)

Includes a lines value of 2262, which when converted to a binary mask of 100011010110, outputs a logic
level of 1 for 10 seconds to lines Dout(2), Dout(3), Dout(5), Dout(7), Dout(8) and Dout(12). All pins not
included in the mask are unaffected. After the 10 second delay period, the affected output pins are changed
to a logical 0.



H1 = DoutBin(2262, 1, 10sec)
When the lines mask is decimal 2262 = 100011010110
and the state is logical 1
and the delay is 10 seconds
outputs a logical 1 for 10 seconds as shown in this table

DoutBin Function

Dout Dout(12) | Dout(11) | Dout(10) [ Dout(9) | Dout(8) | Dout(7) | Dout(6) | Dout(5)
State 1 1 1 1 1 1 1 1
Lines mask (dec 2262) 1 0 0 0 1 1 0 1
Resulting output 1 Unaffected | Unaffected | Unaffected 1 1 Unaffected 1

161
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Display function

The Display function sets the current graph display to a specified dimension and a specified number of
axes. The display function should be used in other functions that are evaluated once, such as the OnEvent
function.

Press the Other softkey, the xtra softkey, [do this on an event (value)

. . . H1 Dimension H1

About About g

highlight Display and then press the Enter [About. Dimensions || (tidden) A

key to insert the function. ‘}E;;Q;,‘a;‘ e OnEvent 9(Display(A.4))| 0
Variables Variables
;glceranc es Tolerances -

. . . SPC

The syntax for including the Display func- || Header Header

. . R . Memory Memory

tion in an OnEvent function is: o

~ -
Chan_. [ Dim.. | +-#/.. | Math_. +-+/_ | Math... [ Other...

Hn = OnEventX(Display(dim,axes)
Where: dim = the dimension to display and
axes = the number of graph axes to display

For example, in the formula:

HI1 = OnEvent9(Display(A4,4))

The display of graphs will change to show € [nmlioTro ] ‘Current Value [mm]iC]ro ]
. . High Limit ] ] A B C D
dimension A and a total of 4 axes when no 2.000 High Warning A 0.970(A]
numeric data is required and the 9 number = -
. Norninal :
key is pressed. 5000 -1.200 ,
-1.200 C
. Low Warning
Low Limit -1.000 D 0.040 D
-2.000

Graph... | Histo... m Data.. | DRO..  Graph.. | Histo.. m Data.. | DRO...
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FnDefine, FnParam, FnCall and FnReturn functions

A custom P-400 DRO function is a collection of formula operations that perform a specific task and is
relatively independent of other formula operations. Calling a custom function in a formula returns a value
calculated by the function.

Advantages to creating custom functions include:
* Reducing the duplication of formula operations in a part program
* Reuse of formula operations in multiple part program locations
» Compressing complex operations into short, simple statements that improve readability

P-400 DRO custom functions always include:
* A collection of formula operations to be executed when the function is called
* A value that is returned to the point where the call occurred

P-400 DRO custom functions can also include:
» Parameters that are passed to the function and will be used in the calculation of the returned value

se|jnwJio4 v

Custom functions are created using FnDefine. Custom functions that are passed parameters also use
FnParam. Functions are executed when FnCall is included in a formula. Functions can be defined with or
without input parameters and return the result of the included formula operations.

Functions must be defined on hidden dimension formula lines, but can be called from hidden or visible
dimension formulas.

Defining and calling custom functions call function (<param>)

Press the Other key to display the Xtramenu [ apout  |[*Jpatestr a About  |[Cfmerson A
. Dimensions I Din Dimensions Fn1()
softkeys, then press the Enter key to insert | |Formats DinBin Formats

the function.

The syntax for defining a custom function
Is:

Formulas )
Variables
Tolerances
SPC

Header
Memory

Display
Dout
DoutBin

FnDefine
FnParam
FnReturn

Formulas )
Variables
Tolerances
SPC

Header
Memory

~ -
Chan_. [ Dim.. | +-*/.. | Math_.

-
Chan_. | Dim.. | +-*/_. [ Math._.

Hn = DefFn#(action 1, action 2, ...action n)
Where actions are combinations of P-400 DRO formula operations

The syntax for calling a custom function Is:

A = Fn#(paraml, param?2, ...param n)

Where parameters are passed to the function and used to calculate the result
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In this example, a custom function is defined to change the logic state of parallel port output pins Dout(3)
and Dout(4) to indicate four ranges of displacement of the channel 1 probe. The value ranges of C1 and
the corresponding logic states of Dout(3) and Dout(4) are shown in this truth table.

C1 value range Dout(4) [ Dout(3)
<0mm 0 0
>=0mm AND <0.5mm 0 1
>=(0.5mm AND <I1.0mm 1 0
>=1.0mm AND <1.5mm 1 1

This custom function is defined in a hidden dimension and uses 2 parameters to set the logic states of
Dout(3) and Dout(4).

H1 = DefFnl(Dout(4,Paraml),Dout(3,Param?2))

Later, the function is called in a Case operation and the 2 parameters are passed in the calling statement that
correspond to the logic states of Dout(3) and Dout(4) shown in the truth table above.

H2 = Case((C1<0mm),Fnl1(0,0)
((C1>=0mm)&&(C1<0.5mm)),Fnl(0,1),
((C1>=0.5mm)&&(C1<1.0mm)),Fnl(1,0)
((C1>=1.0mm)&&(C1<1.5mm)),Fnl(1,1)0)

Returning from functions

Normally, when a function is called, it executes some formula operations and returns a resulting value.
However, when the function involves an IF test or a Case sort, it might become necessary to simply return
from a function with a known, specified value. In this example, a custom P-400 DRO function performs
an IF test of tolerance test results. If all tolerance tests pass, dimension A shows the value of channel 1.
When any tolerance test fails, the function returns with a value of zero.

H3 = DefFnl(If(Fail, FnReturn(0), Param1))
A=FnlI(Cl)
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Variable and Global functions

The Variables and Globals are used to:
+ Assign a values to a dimensions or
* Create loops or event counters to control the flow of logic

Variables
Variables are local to parts. For example, a variable used in part 0 will not be available in Part 1. Up to 20

variables can be used in each part.

Press the Other softkey to display the xtra Formulas mm}19 | Po
— A Dimension A
About Scan Abhout isil i
menu softkey, then press the xtra softkey [|About. e &l |[pbout. \5;;s1-l(:)!|e) fail
and scroll to Var. Press the Enter key to |formats || foenctisg = Formats. ==
. . : Variables SetColor Variables
insert the function into the formula. Tolerances || [SetTrig Tolerances
SPC Setup - PC copy]|
Header Time Header
. . Memory TimeStr Memory e
Setting the value of a variable pste
- ~—— .
The method of setting the value of a variable | chan. | Dim-. | +-+/.. | Math.. Chan... [ Dim... [ +-+/.. [ Math..

depends on the application. Regardless of the method, the syntax for setting the value of a variable is:

Var#( Value)
The examples below use different methods to set Varl to a value:

Varl(ask”Number”)
The value is entered by the user in response to a prompt

Varl(C1 + sqr(C2 + C3))
The value is calculated from the expression in parentheses

Varl(27)
The value is set directly to the constant 27

Reading the value of a variable
Variables can be tested by If and Case functions to count loop executions, indicate states and assign values
to dimensions. The syntax for reading the value of a variable is:

Var#()

The example below assigns the value of Varl to dimension A:

A=Varl()

se|jnwJio4 v
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Variables as loop or event counters
Variables can be incremented or decremented to serve as loop or event counters. Incrementing a variable
increases its value by a specified amount at each increment. Typically, a variable is incremented or decre-
mented each time a loop is executed or an event occurs, and its value is tested to determine if the required
number of loops or events have taken place.
The syntax for incrementing a variable is:

Var#(Var#() + increment value)
This example increments the value of variable Var1 by one:

Varl(Varl()+1)
The syntax for decrementing a variable is:

Var#(Var#() - increment value)
This example decrements the value of variable Var1 by one:

Varl(Varl()-1)
Globals
Globals are variables that are available to all parts in the system. For example, a global used in part 0 will
also be available in Part 1, or in any other part. Up to 20 globals can be used in the P-400 DRO system. The

Global function is identical in use and function to the Variable function described on the previous page.

Press the Other softkey to display the xtra

;, T A Dimension A

menu softkey, then press the xtra softkey || About Din . @ |Abou (visible)

Dimensions lg!nBlm Enmenilons Global1()]

Formats isplay ormats
and scroll to Global. Press the Enter key to | g || D50 B [romies
insert the function into the formula. Ve N VoS

SPC FnDefine L REY

Header FnParam meader

Memory FnReturn - lemory

~ - -
Chan.. | Dim.. | +-*/.. | Math.. [00agl Chan.. [ Dim.. [ +-*/. [ Math..




Loop Function 167

Loop Function

The loop function performs an evaluation or operation repeatedly through a specified number of execution
loops. The syntax of the loop function is:

Loop(number of loops, evaluation or operation)
This example accumulates the sum of C1 and C2 over 5 loops:
A =Loop(5, Cl +C2)
This seems straightforward enough, however, the loop function must be contained by an OnEvent, Se-

quence or some other function, to prevent the loop from being executed continually at the dimension
evaluation rate. In the following example, the loop function is contained within an OnEvent function.

A =OnEvent 9(Loap (5, C1 + C2)) I
g
The loop execution is now constrained by the OnEvent function and will be executed only once when the 3
number 9 key is pressed. %
()
Press the Other softkey to display the xtra Formulas [mm]I0 ] po]
menu softkey, then press the xtra softkey |About Hwdms . avout  |IPiGHiS" ®

Dimensions | Hwlx Dimensions

OnE 9(L¢ 5.C1+
and scroll to Loop. Press the Enter key to |formais | feogte Ogfy enstoont

Formats

Formulas - Formll;IIas 2
. .. L torm
insert the function into the formula. el P s
SPC Minindex B |[sec 3
Header OnEvent l&eader
Memory PartNo lemory
Preset - —_— c
-~

-~ -
Chan.. [ Dim_. | +-+/.. | Math.. Dim... | +-*/.. [ Math... [ Other...



168 P-400 DRO User’s Guide

Remark Function

The Remark function adds a comment to a formula, but does not affect values or operation. The comment
can be added before or after the formula operations in visible dimensions, hidden dimensions and custom
P-400 DRO functions.

Press the Other softkey to display the xtra [channel | B
=S A Di 1
menu softkey, then press the xtra softkey |[Abou |||eniaons About || "G
Dimensions 'Report Dimensions /*Channel 1#/C1]
and scroll to Remark. Press the Enter key |formats | RsetDyn formats
-ormulas || |Scan [Formulas
to insert the function into the formula. The |[Y3urmes || [oend Vonouies
. . SPC SendR SPC
Alpha entry screen will be displayed for the | Header SetColor Header
Memory SetTrig Memory
remark. ————|| [setup
~ ~—— -
Chan_. [ Dim.. | +-*/.. | Math_. Chan.. | Dim.. | +-*/.. [ Math..

The syntax of the Remark function is:

A = /*Remark text*/formula or formula/*Remark text*/
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HwDmn and HwDmx functions

The HwDmn and HwDmx functions are identical to the dmin and dmax functions described earlier, except
that only channel inputs are sampled, and the sample rates are very high.

Press the Other softkey to display the xtra | [Formulas mm[[0 ] o
s A Dimension A
menu softkey, then press the xtra softkey |About Dout _ About . ||"(yisible) fail
Dimensions IEocutllllln Elmen:lons Hmen(C1]
Formats nCal ormats
and scroll to HwDmn or HwDmx. Press Formias | [Fnbefine Formes ma
. . . i FnP. Vari
the Enter key to insert the function into the Yonoties | [ihzen. Tolerenc i
SPC Global SPC copy|
formula. The syntaxes of the HwDmn and |Header HwDmn Header
. . . Memory HwDmx Memory
HwDmzx functions are also identical to the Hwlx Bt
~ ~—- et
dmin and dmax functions discussed earlier _chan. [ Dim- | #-*/. | Math. Chan_ | Dim_. | *-*/_ | Math..
in this chapter.
NOTE
6’ Only encoder and Solartron Orbit input channels can be used with the HwDmn and

— y HwDmx functions.

RsetDyn function

The RsetDyn function clears any existing dmin and dmax values, and must be used before assigning values
using the dmin and dmax functions. The left wide hotkey above the screen is assigned the Dynamic Reset
by default, and pressing this hotkey prior to a dynamic measurement will clear previous minimum and
maximum values.

The Reset Dynamic function is also available in the xtra menu for manual operation and for inclusion
in formulas. Use of the Reset Dynamic function in formulas must be controlled by If, Case or OnEvent
functions so that the reset only occurs when desired, and not repeatedly in every evaluation cycle.

Press the Other softkey to dlsplay the xtra if (condition.do this.else this<.do once>) | number

D H1 Dimension H1

menu softkey, then press the xtra softkey ||About Maxindex About (hidden)

Dimensions || J|Minindex ) Dimensions i )

Formats OnEvent Formats 1f{C1>2mm.RsetDyn. 0]
and scroll to RsetDyn. Press the Enter key formias ) pariv Formils t
to insert the function into the formula. Vaves N It Ve

SPC Relay SPC -

Header Remark Header

Memory Reﬁort Memory

Chan.. | Dim.. | +-*/.. [ Math.. Chan_. | Dim.. | +-*/_. [ Math._.

se;nuuiod 4,
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HwLx function

The hardware latch (HwLx) function is used to include the value of one channel when a second reference
channel reaches a specified value.

Press the Other softkey to display the xtra mm 1— PO
menu softkey, then press the xtra softkey |About. ! About D'T.f.'ﬂ?'e(in fail
imensions Dimensions Hwlx(C1,2,1.5mm)]
and scroll to HwLx. Press the Enter key to Formats
xtra

insert the function into the formula. ¥§|'e'f::.e§es
copy
Header

Memory e

The syntax of the HwLx function is:

- —
Chan.. [ Dim.. [ +-+/.. [ Math. Ghon. [ oim [ +-+/_[ Math_

A = HwLx(Chan #1, Chan #2, value)

This function assigns the value of channel #2 when channel #1
reaches the specified value.

For example, the rotational angle of the cam (C2) will be latched
and the value assigned to dimension A when the cam lift (C1) is 1.5
mm.

A = HwLx(C1, C2, 1.5mm)
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Lookup function

The Lookup function is used to include SPC, tolerance, database record and other information in formulas.
The lookup function is used in If and Case functions to extend the system’s tolerance capabilities. The
information that can be included in formulas using the Lookup function includes:

* BarMax The Nom + Max value from the Tolerances screen

* BarMin The Nom - Min value from the Tolerances screen

+ Calc6Sig The 6 Sigma value from the Data view screen

* CalcCp The Cp value from the Data view screen

» CalcCpk The Cpk value from the Data view screen

» CalcMax The Max value from the Data view screen

» CalcMean The Mean value from the Data view screen

» CalcMin The Min value from the Data view screen

+ CalcPp The Pp value from the Data view screen

+ CalcPpk The Ppk value from the Data view screen I
* CalcR The r value from the Data view screen py
» CalcRBar The rbar value from the Data view screen §
* CalcSig The Sigma value from the Data view screen %
e Datum The current datum status 0/1; absolute/incremental 2
* HiLimit The Nom + Limit value from the Tolerances screen

* HiWarn The Nom + Warn value from the Tolerances screen

» IsDD, IsDMS The current system angular units of measure

* IsInch, IsMM The current system linear units of measure

* MaxSGrp The Max Subgroups value from the SPC screen

* Nextld The Next Record Id value from the SPC screen

* Nominal The Nominal value from the Tolerances screen

* NumRecs The number of records stored in the database for the current part

« LCL The LCL value from the SPC screen

e LoLimit The Nom - Limit value from the Tolerances screen

* LoWarn The Nom - Warn value from the Tolerances screen

* RecDate, RecTime The date and time that a specified record was stored in the P-400 DRO database

« RLCL The r Lcl value from the SPC screen

« RUCL The r Ucl value from the SPC screen

* SGrpSize The Subgroup size value from the SPC screen

« UCL The UCL value from the SPC screen

* XBarLCL The xbar Lcl value from the SPC screen

* XBarUCL The xbar Ucl value from the SPC screen
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Press the Other softkey, then press the xtra
O — A
softkey and scroll to Lookup. Press the Enter || About Global i || Avout
. i Dimensions | :wgmn FDlmensuons

Formats 'wDmx t

key to display the Lookup functions. Scroll e, e 7 Formats

to the desired function and press the Enter |Yaiehies || | (oK Tolerances

: . . SPC Mast

key to insert the function into the formula. Findi Maddex £on e
Memory Minindex EE—
— || |OnEvent - Channels

o -
For example: Chan.. [ Dim.. | +-+/.. | Math.. Chan_ | Dim_

A = Calc6Sig(B)
A =0.0345 when the 6 Sigma for dimension B is 0.0345 in the Data View screen

Data lookup function

The data lookup function is used to assign a value from the database of stored dimension values to a dimen-
sion, or to include it as the criterion of a comparison test. The data lookup function does not appear in any
menu and must be constructed of a dimension label and parentheses containing record and part indexes as
shown in the syntax example below:

C = A(Record index,part index)
When no part index is specified, the current part records are used.
Database record elements are numbered starting with element 0 at the top of the list for each dimension.
The most recently stored value is at the top. Value A(2) is the third element from the top of dimension A

list (not the second) as shown below.

List indexes must be positive integers. An index that exceeds the Dimension A list
range of a specified list results in an error message.

A(0) '
: : . S~ A B C D
For example, using values from the screen at the right: A o013 08676 0318 00155 A]

0.8013 0.9616 0.6218 -0.0193

ly 13013 14616 11218 04808 ,
— 1.3013 1.4616 1.1218 0.4808
C=A4(2) A(2) 13013 14616 11218 04808
1.3013 1.4616 1.1218 0.4808

C = 13013 1.3013 1.4616 1.1218 0.4808 <

1.3013 1.4616 1.1218 0.4808
1.3013 0.9616 1.1218 0.4808 D
1.3013 0.9616 1.1218 0.4808

Another example shows the syntax of a data lookup function that Graph-. [ Histo-. | Bar. [ DRO-
uses record and part indexes.

Rl R mm]l0 ] p3
C=B(,3)
C=1.5710 00012 03010 16208 11415 4
B2 — T s tmu i

-0.0006 0.3012 16217  -1.1412 ¢

: 3 -0.0006 0.3012 16217  -1.1412
The formula assigns the value of the third element of the data 50006 0351z 1oa1y =yasts
. . . . -0.0006 0.3012 16217  -1.1412
stored for dimension B of part 3 to dimension C. ‘0s008 08012 11217 08412 O

Graph... [ Histo.. | Bar.. [EIaM DRO..
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Master function

The Master function is used to perform a master calibration of input channel groups in response to remote
I/O signals on the parallel port, key presses or, more rarely, tests performed in formulas. Mastering with
remote I/O and key presses is implemented using the OnEvent function.

The input channel mastering uses values previously entered into master groups and the mastering type
specified in the Master setup screen described in Chapter 3: Setup; Mean or Min-Max. The Mean mas-
tering type performs either a Min or Max channel preset at the current input probe position. Min-Max
mastering performs a channel preset followed by a resolution calibration.

The order of Min-Max mastering operations can be Min preset followed by a Max to calibrate resolution,
or a Max preset followed by a Min to calibrate resolution. In either case, the mastering type should be
changed to Mean in the Master setup screen once the resolution is calibrated to prevent accidental recali-
bration when a new preset is performed.

Press the Other softkey, then press the xtra [do this on an event (value)

softkey and scroll to Master. Press the Enter || About
Dimensions

key to insert the function into the formula. |formats
Formulas |

H1 Dimension H1
About hidden)

: g [(
Dimensions || onEvent 7(MMinG1)
Formats

[Formulas

You will be prompted for the Min or Max || yaniables el
SPC SPC

preset type and the master group number. Header Header
Memory Memory

~ ~ ~
Chan.. | Dim.. | +-*/.. | Math.. Chan.. | Dim.. | +-+/.. [ Math.. [[0a

se;nuuiod 4,
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MaxIndex and Minindex functions

The MaxIndex and MinIndex functions return the position of either the minimum or maximum value in a
list. The list can contain individual values, ranges of values or a mixture of both.

For example:

In the list (12, 34, 23, 67, 13) the position of the maximum value is 4

In the list (2, 45, 27, 41, 56) the position of the minimum value is 1

In the list (C1--C4, 7, A, 6, 4) the position of the maximum value is | when:
C1=2.0,C2=56,C3=2.1,C4=82
A=38
Because one of the values in the range C1--C4 was the maximum in the list

Press the Other softkey to display the xtra

menu softkey, scroll to MaxIndex or MinIn- | About |(|omsineem| * About |[Cfmension o
: Dimensions {f | Minindex Dimensions || n1ayindex(C1,C2,C3)
dex. and then press the Enter key to insert |Formats ek = Formats -
the function into the formula. The syntax |yanables | [Preset Variables
for MaxIndex or MinIndex is: R Reay copy SC ]
L | g | e @
-

A = MaxIndex(List of values or ranges) Chan.. [ Dim.. | *-+/. | Math.. Dim_. | #-*/- | Math... | Other..

For example:

A = MinlIndex(C1, C2, C3)
A=2whenC1=25,C2=1.5,C3=3.7
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PartNo function

The PartNo function is used to change part numbers from within a formula. The P-400 DRO database
provides storage for up to 16 dimensions for each part. Applications involving more than one physical part
or requiring greater than 16 dimensions can use multiple parts to provide additional database capacity.

Press the Other softkey to display the xtra menu softkey, scroll to PartNo.

. D — A
and then press the Enter key. The syntax for appending the PartNo func- |About. Ikg’a‘;‘ger [fail |
tion to a visible dimension formula is: Formae Il Mo xtra
¥a|riables OnEvent
SF(’)Ce rances Preset -
A =Formula;PartNo Header Recall
Memory Relay
Remark -
For example: Chan.. | Dim.. | #-*/.. | Math..
A = C4;Part2
A = C4 and changes the current part to part number 2 I
g
The syntax for assigning the PartNo function to a hidden dimension is: 3
(=
o
H1 = PartNo @
or

H1 = Function(PartNo )
For example:
H1 = OnEvent Wide 1(Part2)
Changes the current part to part number 2 when the left widekey is pressed
In this example, users are given access to parts in the P-400 DRO by password:

H2 = Ask1”Pass”
H3 = Case(H2 == 1234,Partl H2==5678,Part2,,Part3)
The user is prompted for a password
Password 1234 causes part 1 to be active
Password 5678 causes part 2 to be active
Any other password causes part 3 to be active
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Preset function

The Preset function is used to preset a dimension to a specified value.
Press the Other softkey to display the xtra menu softkey, scroll to Preset
and then press the Enter key. The syntax for appending the Preset function
to a visible dimension formula is:

A = Formula;Preset(Dimension,value)

For example:

A = Cl;Preset(B,1.25mm)
A =Cl and dimension B is preset to 1.25mm

The syntax for assigning the Preset function to a hidden dimension is:
H1 = Preset(Dimension,value)
or
H1 = Function(Preset(Dimension,value))
For example:

H1 = OnEvent Wide 1(Preset(B,1.25mm) )

Presets dimension B to 1.25mm when the left widekey is pressed

About
Dimensions
Formats
Formulas |
Variables
Tolerances
SPC

Header
Memory

>~

Loop

| Master
MaxIindex

Minindex

OnEvent

PartNo

Recall
Relay
Remark

~ ~
Chan.. | Dim.. | +-*/.. | Math..

Formats
Formulas
Variables
Tolerances
SPC
Header
Memory

Formulas mm[[0 ] po
Dimension

About _ (visible)

Dimensions

C1;Preset(B.1.25mm}|

(¢

D

-
chan_ M +-+/_ | Math_| Other__
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Recall function

The Recall function is used to reestablish the last dimension preset value
or values specified using the Preset function. All dimension presets last |About Loop

Dimensions || j|Master

applied will be recalled. The Recall function is generally included in an [fsmes || |Vinoier

Variables

OnEvent, If or Case function. Tolerances
SPC

Header
Memory

Press the Other softkey to display the xtra menu softkey, scroll to Recall -
and then press the Enter key. The syntax for appending the Recall function | chan= [ bim. [ #-+/. | Math

to a visible dimension formula is: Formulas mm]I0] po
Dimension A
About (visible) fail
Dimensions C1;Reca||
A= Formula;Recall Formats
Formulas xtra
Variables
Tolerances
. SPC copy|
For example. Header
Memory
it | pste
A =Cl;Recall Chan__ | Dim_ | *-*/_ | Math_. H
A = Cl1 and all the latest dimension presets are recalled as current py
presets §
=%
0
(2]

The syntax for assigning the Recall function to a hidden dimension is:

H1 = Recall
or
H1 = Function(Recall)
For example:

H1 = OnEvent Wide 1(Recall)

Recalls the most recent dimension presets when the left widekey is pressed
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Relay output function Primary parallel port

The Relay function provides formula control of electrical
relay contact operation.

The contacts of two single-pole, double-throw dry-contact
relays are accessible on the rear of the P-400 DRO for spe-
cial applications requiring low-power electrical switching.
The normally open and normally closed contacts of both
relays are available for use in low-current, low-voltage
applications. The electrical requirements of the relay and
relay output jack are contained in Chapter 8: Reference.

Press the Other softkey to display the xtra menu softkey,
then scroll to Relay and press the Enter key to insert the
function into the formula.

Pi .
el Signal
Formulas [Ere]re] | o
> A Dimension H2 1 Relay 1 Input

About Loop About i i

Dimensions [ Maste(ri - Dimensions R(L];:‘;i(in)1 3 2] 2 Relay 1 Normally Closed

Formats MaxIndex Formats -

Formulas || |Minindex - Formulas orees 3 Relay 2 Normally Open

Variables OnEvent Variables 4 Relay 1 Normally Open

Tolerances PartNo Tolerances

SPC Preset U ES : copy 5 | Relay2Normally Closed

Header Recall Header

Memory [ iers - Memory -~ 6 Relay 2 Input

emarl
- =~ - i - 8 PIN DIN (Male)
Chan... [ Dim... | +-+/.. | Math.. Chan._ [ Dim... | +-+/_. | Math.. 8
The relay function can be used by itself or included in if
or case statements as the logical result of either passing or failing a Input
comparison test. O——< Normally open
Normally closed

The syntax for using the relay function appended to a formula is:
M £ Y PP De-energized

A = Formula;Relay(Relay number, state, delay)

Where: Input
Relay number =1 or 2 ;):( Normally open

State = 0 (off/low/de-energized) or 1 (on/high/energized) O—< Normally closed
Delay = The time in seconds that the relay will be in the .
. . Energized
new state before returning to the previous state

For example:

A =C3;Relay(1,1,2)
A = C3 and Relay number 1 will be energized for 2 seconds
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Report function

179

The Report function is used to print reports on the USB port. Contents can include a user-specified range,
all new records (never before reported), all records or a record selected in the data view.

Press the Other softkey to display the xtra

Formulas mm[10 ] po

f\bout i ”D'( A

fail

fWhat would you like to print?
H

1

ra

P
Header
Memory

~

TOpy|

pste

(> P A
About OnEvent
menu, then scroll to Report. Press the Enter | About. [partio fail
key and select the desired report contents. ;gxg.:; EL?;,‘ B
. Variables Rela
The syntax for appending the Report func- || Tolerances || [Remérk
. .. . . . SPC Report | copy
tion to a visible dimension formula is: Header RsetDyn
Memory Scan
Send -
- -~
A =Formula;Report Chan__ | Dim_ | +-*/._ | Math__

Range | New | Al [selected]

For example:

A = Cl;ReportNew
A = Cl1 and a report is printed of new records

The syntax for assigning the Report function to a hidden dimension is:
H1 = Report
or
H1 = Function(Report)
For example:

H1 = OnEvent Wide 1(ReportNew)

Prints a report of new records when the left widekey is pressed

Dimension

About {visible)

Dimensions y
Eormats C1;ReportNew|

Formulas

Variables

Tolerances
PC

Header
Memory

-~
Chan_. [ Dim.. [ +-+/. [ Math._.

se;nuuiod 4,
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Scan function

The scan function rapidly collects potentially large quantities of measurement data from all input channels
simultaneously. When the scan function is initiated, all channel inputs are collected in a series of data
records that are stored in a temporary memory buffer. No data are displayed on the DRO and no formulas
are evaluated during the scanning period. This process is explained in detail below and shown by the
flowchart on the next page.

The basic syntax of the scan function is:

Scan (ch, st, inc, dp, to)

Parameters specified for the scan function include:

ch

(Reference channel)
Scans of all channels are collected at predetermined intervals that are measured by the reference
channel

st (Starting value)
Scans begin when the reference channel measurement reaches this value
inc (Scanning increment)
A new scan is performed each time the reference channel value increases (or decreases) by this
increment value. The scans continue only when the increments progress in the same direction
(+ or -) over the scanning cycle.
dp (Depth of scans)
Scans are accumulated in a temporary buffer memory until the specified depth (number) of scans
has been collected, or until the timeout interval has elapsed.
to (Timeout interval)
Scanning is aborted if the timeout interval expires before the specified depth of scans have been
collected. A RsetDyn function must be performed before the Scan function can be used again.
When scanning begins, the reference Reference
channel value (ch) is compared to the channel
Starting value (st) parameter. When A

the reference channel value reaches the = Increment(sp)#5 4- - - - - - - - - - - - - - —-—-——-- -~

starting value, all channel inputs are  ncrement(sp)#4 o
scanned once and stored in a temporary
memory buffer. The system then waits
for the reference channel value to cross
the first increment above (or below) the

Increment(sp)#3 - = = = = = = = = = = = = = = = = - -~ — —
Increment(sp)#2 4 - = = = = = = = = = = = = = = - - - — - — -
Increment (sp)#1 | = = = = = = = = = = = = =@ =@ — — — — - - -~

Startingvalue (st) | #- - = = = - - - - - - - - - - ————— -

Number of
> input channel

starting value. scans (depth)

1
All channel values stored
and system waits for first incremental value
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Scan function

Reference channel
value reach starting
value?

Scanning YES
All input channel values
are scanned into a buffer

memory. v YES
Scan all input channel
The scan function is aborted values into temporary

if a timeout occurs before the buffer memory

specified depth of scans has
been collected.

Reference channel
value move in the same
direction to next
increment?

A RsetDyn function must
occur before using the scan
function

se|jnwJio4 v

Number of scans
= Depth?

YES

v

Stop scanning input
channels

»
>

A 4
| Playback one data record |

A 4

| Generate playback event | PlaybaCk

Records of scanned channel
data are played back to the
DRO.

A playback event is generated
with each record.

All records played
back?

‘¢—N

YES

END scan function
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Each time the value of the reference Reference
: channel
channel increases or decreases by the value
specified increment (inc), another scan of A
all input channels is collected and stored ~— 'ncrement(sp)#5 o= == - = - - - -~ -------- -
in the temporary buffer. Input channel =~ "“emenEP# == - oo oo o oo A
. . . . Increment (sp)#3 |- = = - = - == — = — - = — e
scanning continues in this manner at S
. . . Increment (sp)#2 4 - - - - - - — #~- - - - == r i— ---
each new increment until the specified | o cniepm 4- - - - SNV D
depth of scans (dp) is collected. Starting value (st) | #C VM & - - o Z O\ /- = booiboo-
1 : : ' ' Number of
| v i T > input channel
Reference channel values between in- A P seans (depth)

crements are irrelevant to the process as Al channel values stored .
. All channel values stored

long as the values pass through incre-

ments in one direction.

All channel values stored
All channel values stored

All channel values storedl E
The scan function is aborted if the time- T

out interval (to) elapses before the speci- and scan depth reached. )
A Scanning ends and playback begins
fied depth of scans is collected.

When the specified depth of scans has been collected, the channel data are immediately played back and
displayed on the DRO in the order they were scanned. A playback event is generated each time a record
is played back. This playback event is used in conjunction with the onevent function to enter the scanned
data into the P-400 DRO database, include the data in the formulas or send the data to a computer. A
RsetDyn function must be performed to clear the buffer before the Scan function can be used again.

Scanning input channels
The scan function is generally included in another function as an operation to be performed in response
to a condition or an event. The syntax for including the scan function in this manner is:

H1 = Function(Scan (ch, st, inc, dp, to))

In the following two examples, camshaft
lift profiles will be measured at 1degree
intervals over 360 degrees of rotation
using a reference channel rotary encoder
and three cam encoders.

In these examples, the number 5 key is
pressed to generate an event that initiates
scanning.
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The method of playing back scanned data is unique to each of the two examples. However, in both cases,
the OnEvent function is used to route the data.

Example 1: Scanning data to the P-400 DRO database

The channels are scanned and then entered into the database using the Trip function and Playback event.
Scanning is initiated by pressing the number 5 key, and then 360 scans are collected at 1 degree increments.
If all the specified scans are not complete within the timeout period of 60 seconds, the scan function is
aborted. During playback, each time a Playback event occurs, a record of dimension values is entered into
the P-400 DRO database.

H1 = OnEvent 5(Scan (C4,0 Deg,1Deg,360,60 sec))

A=Cl
B=C2
C=C3
D=C4

H2 = OnEvent Playback (Trip (,,,))

Example 2: Scanning data to the RS-232 serial port

The channels are scanned and then transmitted to the RS-232 serial port using the SendRec function and
Playback event. Scanning is initiated by pressing the number 5 key, and then 360 scans are collected at 1
degree increments. If all the specified scans are not complete within the timeout period of 60 seconds, the
scan function is aborted. During playback, each time a Playback event occurs, a record of dimension values
is transmitted to the RS-232 serial port.

se|jnwJio4 v

H1 = OnEvent 5(Scan (C4,0 Deg,1Deg,360,60 sec))

A=Cl
B=C2
C=C3
D=C4

H2 = OnEvent Playback (SendNewRec)
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The Send function is used to transmit the current value of the formula’s dimension or other numeric data
over the parallel or RS-232 serial port. Parallel and serial ports are configured for transmissions in the
Parallel and RS-232 setup screens. The Send function cannot be used on the parallel port when the parallel
port is configured as a general purpose data I/O port in the Parallel setup screen.

Press the Other softkey to display the xtra menu softkey, then scroll to
Send. Press the Enter key to include the function. The syntax for append-

ing the Send function to a visible dimension formula is:

A =Formula;Send

For example,

A =C4;Send

A = (4, and dimension A data is transmitted to a port

The syntax of the Send function can be extended to transmit the value of a
number (constant) or any expression that can be evaluated as number, and

can also include display resolution formatting.

(D P A
About OnEvent
Dimensions I PartNo
Formats Preset
Formulas || |Recall
Variables Relay
Tolerances Remark
SPC Report
Header RsetDyn
Memory Scan
— ~—
Chan.. | Dim.. | +-*/.. | Math..
FO"TI‘QS mm}l0_| po
Dimension A
éikr)::r';sions (visible) <l
Formats C4:send
Formulas 2
Variables
Tolerances
SPC (@)
Header
Memory
ca
~
EE=N o [~/ [ Math [Other

A = Formula;Send(number,display resolution) or A = Formula;Send(expression,display resolution)

For example:

A = Cl;Send((B+D),0.001)

A = CI and the value of the expression (B+D) is transmitted
to a port with 3 decimal places

The syntax for assigning the Send function to a hidden dimension is:

H1 = Send
or

H1 = Function(Send)

For example:

H1 = OnEvent Wide 1(Send)

Transmits data to a port when the left widekey is pressed
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SendMsg function

185

The Send Msg function is used to transmit text or ASCII codes over the RS-232 port.

Press the Other softkey, the xtra dimension
softkey, scroll to SendMsg and press the En-
ter key to display the Alpha Entry screen.

Text messages and ASCII codes are entered
into the Alpha Entry screen.

Text characters

Press a softkey to select the desired upper or lower case, use the cursor
keys to highlight the desired text character, and then press the Enter key to
include the character in the message.

Alpha Entry | GID (C8 3 |
About DRe(J A
Dimensions IReIay - Hetlo“world
Forma%§7 Remark
Formulas Report @ H
Variables RsetDyn - abc e f g h i
Tolerances Scan - . K |
PC Send mhn © r
Header J P 4
Memory SendRec
—— || [SetColor B8 s t uv wxy z sp
~ ~—
Chan.. [ Dim_. | +-+/.. | Math.. ABC [ ASClI
Formlas mm||0_| po
Dimension A
ot (visible) fail
F(')rr"r::z'sms SendMsg"Hello world"|
Formulas xtra
Variables
Tolerances
SPC copy]
Header
Memory
—_ pste

ASCII codes

ASCII codes can precede or follow text characters or text strings. Press the
ASCII softkey prior to entering the ASCII code from the numeric keypad.
The < symbol will appear on the message line. No separation is allowed
between ASCII codes and text.

-~
Chan_. | Dim_. | +-+/_ | Math..

The syntax for appending the SendMsg function to a visible dimension formula is:

A =Formula;SendMsg
For example:

A = Cl;SendMsg”Hello world”
A = C1 and the message “Hello world” is transmitted to the RS-232 port

The syntax for assigning the SendMsg function to a hidden dimension is:
H1 = SendMsg
or
H1 = Function(SendMsg)
For example:

H1 = OnEvent Wide 1(SendMsg)

Transmits a message when the left widekey is pressed

se|jnwJio4 v
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SendRec function

The SendRec function is used to send records over the parallel or RS-232 (serial) ports.

NOTE

a’ Parallel and serial ports are configured for transmissions in the Parallel and RS-232
o y setup screens. The SendRec function cannot be used on the parallel port when the
parallel port is configured as a general purpose data I/O port in the Parallel setup

screen.

Press the Other softkey to display the xtra
menu softkey, then scroll to SendRec. Press
the Enter key and select the desired trans-
mission contents. The syntax for appending
the SendRec function to a visible dimension
formula is:

A = Formula;SendRec
For example:

A =C4;SendRec
A = C4 and record data is transmitted

The syntax for assigning the SendRec function to a hidden dimension is:

H1 = SendRec
or
H1 = Function(SendRec)

For example:

H1 = OnEvent Wide 1(SendRec)

About
Dimensions
Formats
Formulas
Variables
Tolerances
SPC
Header
Memory

D -
Recall

Relay
Remark
Report
RsetDyn
Scan
Send

SendMs:

SetColor

~ -
Chan.. [ Dim__. [ +-+/.. [ Math._

Transmits record data when the left widekey is pressed

Formulas mm[10 ] po
About ”DI( A fail
EWhat would you like to send?
H ra
1
T TOpY|
Header
Memory
pste
~
Range | New | Al [selected]
Formulas mm[10 ] po
Dimension A
it (visible) fail
Formateon® || sendNewRec|
-ormats
Formulas xtra
Variables
Tolerances
SPC copy|
Header
Memory

-~
Chan...[ Dim... [ +-+/.. Math..

pste
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SetColor function

The SetColor function is used to set the DRO display color of a single dimension. The SetColor function
only changes colors in the DRO screen, and has no affect on other screens. The color of a dimension can
be changed to highlight the result of an If test or Case sort, or to emphasize some other state or condition.

Press the Other softkey to display the xtra
menu softkey, then scroll to SetColor. Press
the Enter key and select the desired color
and dimension. The syntax for using the
SetColor function is:

Hn = SetColor(Dimension)
For example:

H1 = SetColor(A)

—-—

H1 Dimension H1

>
About Scan About i
Dimensions I Send Dimensions ér::ﬁ(ez)] -
Formats SendMsg Formats v
[Formulas || |SendRec [Formulas -
Variables Variables
Tolerances SetTrig Tolerances
SPC Setup SPC =
Header Time Header
Memory TimeStr Memory
Var —_— D

~ . ~—

Chan.. | Dim.. | +-*/.. | Math.. Chan... +-+/_ | Math... [ Other...

Select green in response to prompt, then

H1 = Green(A)

and dimension A is displayed in green on the DRO

187
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Setup function

The Setup function is used to specify bar graph parameters for the current part including:

* Max value (BarMax)

* Min value (BarMin)

* High limit (HiLimit)

* High warning (HiWarn)

e Low limit (LoLimit

* Low warning (LoWarn)

* Nominal value (Nominal)

Press the Other softkey to display the xtra
menu softkey, then scroll to Setup. Press the
Enter key and specify the bar graph param-
eter, value and dimension. The syntax for
using the Setup function is:

Hn = SetupParameter(Dimension,value)
For example:

H1 = SetupHiWarn(A,1.75mm)

HI1 = SetupHiWarn(B,2.00mm)

H1 = SetupHiWarn(C,2.25mm)
H1 = SetupHiWarn(D,2.50mm)

-

About o Remark H1
Dimensions I Report
Formats RsetDyn
[Formulas || |Scan
Variables Send
Tolerances SendMsg
SPC SendRec
Header SetColor
Memory SetTnﬁ

~ -
Chan_. [ Dim.. | +-*/.. | Math_.

Dimension H1

About . (hidden)
Dimensions | o, upHiWarn(A.1.75m
Formats mi
(Formulas )|
Variables
Tolerances
SPC
Header
Memory

~
Chan... +-+/_ | Math._. [ Other_. |

Sets the Bar graph high warning parameters of dimensions A through D to different values.
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Xlatch function

The XLatch function is used to latch and assign the value of a channel to a dimension when an edge is
detected on an optional edge-detection input.

NOTES
? The XLatch function is available only when the edge detection option is specified for
— y the P-400 DRO at the time of purchase. This option cannot be installed in the field.

Edge detection and relay functions alternately use the same connector located on the
P-400 DRO rear panel. When the edge detection option is included, relay output func-
tions are not available.

Press the Other softkey, then press the xtra | [Formulas
softkey and scroll to XLatch. Press the Enter | About . lsend . about ||Pe0n
. A . Dimensions | SendMsg Dimensions XLatch{C1.2,1)]
key to insert the function into the formula. formats | [Eondhee Formats
Variables SetTrig Variables
Tolerances ?fr:]lg) gglceran(es
The syntax of the XLatch function is: Header TimeStr Header
Memory Var Memory
S E—
Chan... | Dim.. | +-*/.. [ Math.. Chan... | Dim.. | +-*/.. [ Math..
A = XLatch.(Channel, edge line #, auto
trip)
Edge lines numbers are: Auto trip numbers are:
1 = Single edge option 1 = Auto trip enabled
2 = First of two for double edge option 0 = Auto trip disabled

3 = Second of two for double edge option

A Trip function event can be initiated to automatically enter the latched channel value into the P-400 DRO
database when an edge is detected by enabling auto trip in the formula function.

Box motion
In this example, the horizontal position of a label on a box will
be measured by latching the value of C1 when the label edge
is recognized by a photoelectric sensor C2 connected to edge
line # 2. When the edge of the label is detected, dimension A c1
is automatically entered into the P-400 DRO database by an
. cmwe——____
auto trip event.
A = XLatch(C1,2,1)
Photoelectric

edge detector

®
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Chapter 5:
Operation

The P-400 DRO can be operated as a digital readout for manual measurements conducted completely un-
der operator control, or as a semi-automated multipoint measurement system in conjunction with a fixtured
gage. In either case, operation of the P-400 DRO is very straightforward, requiring only a basic understand-
ing of the available panel controls and LCD screens.

Front Panel Keys and LCD SCIeens........ccccovveririeniinienenienenieniceesieeenieene 192
Front panel Keys.......ooouieieiiieiiieeee e 192
LCD Screens and MENUS...........ccveeveerrieeieeneeereesieereeseeesseesseeeveesseeennes 197
SCreen NAVIGALION. .....ccveuereieiieieiieieeeteeee et eae e eaesreeaeseeenseenees 197
HOME SCTEEM ....eviiiiniiiieiieictetcc ettt 197
DRO SCIEEN ..c.eenviiienieiieieeiieteetese ettt sttt 197
VAW SCIEEINS ...veentintientieiteteententeentesbtente st ee b e st et et e et eseesbeeneesbeesesneas 198 or
I0/MM MENU TEIM ..ttt 203 'g
Master menu item and SCIEENS.........ccveerreercreereeereereeesreeereeereeseee e 204 §_
Menu SOTtKEY SCTEENS .....c.ovvivieieieeetceeeeeeteteeeee ettt 206 )
Operating INStUCHONS .....ccveevieiieiieieieeeerie ettt sae st sae e sreeaessesssesseensenseens 211
Select a part to begin a MEASUTEMENL ...........cceervieeerrieierreeiesieereseeneneens 212
Establish a reference for the measurement ..........c.cccoceevenieiiniencnenene. 212
Calibration groups (G1, G2, G3..G18) ..eeoirieiiiiieeeceeeeee 218
Calibrations of transducer resolution (Full calibrations)................... 214
Establishing a temporary dimension reference............ccceceverenuenene 216
Conducting MEASUTCIMENLS .......cceevvierierrerrerreeeesreeeesteesesreesesseesseessenseenes 219
Reviewing measurement reSults ..........ccoecverriecieneerieneeieneeieeeesre e 222

Printing reports or sending results to a computer ...........coceeeeeeenencennenne. 222
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Front Panel Keys and LCD Screens

The P-400 DRO combines front panel keys and color LCD screens to provide a simple, intuitive opera-
tor interface for setting up and conducting measurements, and for reviewing measurement data and SPC
information.

The P-400 DRO front panel keys and LCD screens are explained in the following pages. Please read this
portion of the guide carefully as subsequent operating instructions depend on a familiarity with the key
functions, screen content and screen hierarchy descriptions.

Front panel keys

Front panel keys include:

* Command keys * Cursor keys * Print key » Wide keys
* Numeric keypad * LCD ON/OFF * Dimension keys * Softkeys
Command keys

The command keys are used to enter individual data points, finish a data entry session, cancel (or delete)
the last data entry, or quit the current activity and return to the DRO screen.

Enter key
Enters data for a measurement. Information on the LCD is stored as measurement or configuration data.
This information includes current dimension values or alphanumeric data for a configuration or user-

prompt data field.
Wide kevs Dimension
4 keys
. <&— Print key
<— Numeric keypad
(U <«— Command keys
Softkeys O<«——LCD ON/OFF
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Finish key
In general, the Finish key is used to exit a screen saving any changes that were made. The Finish key may
also be used to return from the display of measurement or SPC data to the current DRO screen.

Cancel key
Erases the last data value entered into the system from the numeric keypad. The Cancel key can also be
used to delete any highlighted alphanumeric characters from data fields shown on the screen.

Quit key
The Quit key aborts the current task and returns to the previous screen. The Quit key can also be used to
exit the current menu.

Cursor keys

The 4 cursor keys are used to scroll menu lists and to navigate through the hierarchy of screens.

Print key
Pressing the Print key transmits data corresponding to the screen contents to the USB printer port.
Screen displayed Data Transmitted
DRO Screen: Currently displayed dimension values
Data View: Stored dimension data as specified by the user in response to a
prompt message.
Graph Views: Currently displayed graph, including:
* Dimension values or histogram for subgroups of 1
or
* xbar and r for subgroups greater than 1.
Setup Menu: A list of all P-400 DRO setup parameters.
Wide keys

The wide keys can be configured as hot keys to initiate frequently used functions in the Hot Keys setup
screen. Refer to Chapter 3: Setup for details regarding Hot Key setup.

The keypad is used primarily for numeric data entry. The decimal point key and +/- key can also be used
to increase or decrease the LCD screen contrast when a decimal point or +/- input are not expected by the
system as part of a data entry process. The screen contrast setting will be saved when the system is pow-
ered down and used as the default contrast setting the next time the system is turned on.

uonesado S
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LCD on/off

The LCD on/off key toggles the LCD display on and off without removing power from the instrument.
The LCD on/off key can also be used to clear channel calibrations, delete data stored for a single part or
delete data stored for all parts.

Dimension keys

Dimension keys can be assigned one of six hotkey functions for use when the DRO screen is displayed.
When graph, bar value and data screens are displayed, the dimension keys are used to display values for
single dimensions or a smaller group of dimensions.

When Viewing... Pressing the dimension Softkey...
DRO screen: Performs the function assigned in the Hotkey setup screen. By default,
no hotkey function is assigned until the user makes the assignment.
Graph screens: Displays a single graph for the corresponding dimension.
Bar screens: Displays a single bar showing current values for the corresponding dimension.
Data screens: Displays a single data table of stored values for the corresponding dimension.

NOTE
Hotkey assignments are discussed in detail in Chapter 3: Setup.

Dimension A key

PRECISION GAGE & TOOL CO. P-400 Series | PRECISION GAGE & TOOL CO. P-400 Series

paLp s man | © 2" Thid=®  [nollo [ro]
- V-

UCL2.0000

0.0000

LCL -2.0000

Pressing the dimension A key in a graph screen... selects the dimension A graph for display
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Softkeys
The softkeys initiate functions that are labeled above the keys at the bottom of the LCD screen. As different
system functions are selected, the softkey labels change in support.

PRECISION GAGE & TOOL CO. P-400 Series PRECISION GAGE & TOOL CO. P-400 Series

0.8117 B

1.4610 C

-1.7857 D

causes softkey labels to change in support,
offering 5 options for viewing data

Pressing the View softkey...
In the example above, pressing the View softkey of the left screen changes softkey labels to those at the

bottom of the right screen. The new softkeys offer 5 options for viewing current and stored data.

When viewing graphs of stored data, current value bars or tables of stored data, pressing a different softkey
changes to the view indicated by the softkey label.

(6]
(®]
o
o
=
QO
(=3
o
3

PRECISION GAGE & TOOL CO. P-400 Series PRECISION GAGE & TOOL CO. P-400 Series

A B = D

0.8117 B

1.4610 C

-1.7857 D

causes the dimension data table to be
Pressing the Data softkey when viewing bars... displayed
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Pressing the currently highlighted softkey alternates between single-dimension and multiple-dimension
displays.

PRECISION GAGE & TOOL CO. P-400 Series PRECISION GAGE & TOOL CO. P-400 Series

.\  |mm]ioJro] @

| Low Limit Nominal  High Limit
-3.0000 0.0000 y‘340000 “

16234

Low Warning High Warning

=2.0000 2.0000

[ Histo_ [N Data_ | |

SR S RN R RS

Pressing the Bar softkey when viewing causes the currently selected dimension to be
multiple-dimensions... displayed by itself

The leftmost 4 softkeys can be designated as hot keys to provide quick access to commonly used functions
when the DRO screen is displayed. More about hot keys is contained in Chapter 3: Setup.
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LCD Screens and menus

The large-character color LCD presents a variety of screens and menus selected by the user to display cur-
rent dimension values, pass/fail test results, dimension value graphs, statistical process control graphs and
data tables, and setup and part configuration options.

Screen navigation
As suggested by the diagrams shown on [Current Value mm[l0 ] ro] [Current Value [T ro]

subsequent pages, navigation from one A 16234 [T W] e
screen to another is very straightforward. B 0 81 17 I R

For example, to display a bar graph of cur-

rent values from the DRO screen, press the C 146 1 0 [ T ] raewoc
View softkey and then the Bar softkey. D 178857 | ] s

View... [ in/mm | [ Master [ Menu_. Graph... [ Histo.. Data.. | DRO..
Press the View softkey... then the Bar key

Home screen

The home screen is displayed after the startup screen when power is applied to the P-400 DRO, and is dis-
played after the Finish key is pressed to complete a measurement or screen evaluation. The default home
screen is the DRO, but can be reassigned to another screen in the Display setup screen. The assignment of
the home screen is discussed in detail in Chapter 3: Setup.

uonesado S

DRO screen

The DRO screen is the default home screen displayed after power is ap- |Current Value mmlI1 ] Po
plied and the startup screen is shown. The DRO screen provides numeric A 17630
displays of the current values of up to 4 dimensions. The unit of measure, B 0 9621
current datum and current part number or part name are displayed in the C 1 923 3
upper right corner of the screen. D 1 4421
Use the cursor keys to scroll dimensions when more than 4 dimensions are [Zero AllZero AfZero B Zero C[Zero D

active.
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View screens

The screens accessed by pressing the View softkey are shown on the next page.

Dimension graphs for SPC subgroups of one
The dimension graph screen is displayed for SPC subgroups of 1, and displays graphs for up to 16 dimen-

sions.
Press the Graph softkey to change the num- . .
ber of graphs presented on the screen. Press |||A B e
. g ‘P p ’ L——= B UCL2.0000
a dimension softkey to display a graph of the —

. . .. .. . B Il \—\ B
dimension and the minimum additional di- |{- - 0.0000
mensions. Use the cursor keys to scroll the ([ ——"1 |~ & € « €

X i LCL -2.0000
graphs when more data is stored than will fit o D D
on the screen. m Histo.. | Bar.. IM&M Histo.. | Bar.. [ Data. | DRO..

Individual samples are selected by a vertical Vertical selection lines

line on the graph. Move the vertical line left

and right through the stored data using the cursor keys. The time and date that the selected sample was
stored are shown in the upper left corner of the screen. The ID number of the sample for the dimension and
the value of the data are also shown in the upper left corner. Displays of a single dimension also show the
nominal and control limit values.

Dimension histograms for SPC subgroups of one

The dimension histogram screen displays histograms of values for up to 16 dimensions. The dimension
histogram screens are displayed for SPC subgroups of one.

Press the Histo softkey to change the number [Histograms mm[[L]ro] [Histogram A mm[[T ] po
of histograms presented on the screen. Press |||* 77 /‘/ﬁ"\\ N 1'4615_.7-7-»-,\.7‘_'_'?" 08210
a dimension softkey to display the histogram \\ \ R / R
of a single dimension. T \\

v S /S h G \ (€

il | N N N\

The display of a single dimension also shows | ° D
the total range and mean of the values. Graph ISBeM Bar. | Data. | DRO | | Graph. ISRt Bar. | Data. | DRO

Bar and dial current value displays

The bar and dial screens provide graphic displays of the current values of up to 16 dimensions. The default
bar screen can be configured to display current value bars in horizontal or vertical orientation using the
Display setup screen.
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[mm]Io [ po]
S
1.7630[A] 08013 09616 06218 -0.0193A
| o813 osets oexts -oois3
13013 14616 11218 04808
0.9621¢F 13013 14616 11218 04808 © 9]
13013 14616 11218 04808
1.02331€ 13013 14616 11218 04808 ¢ O
13013 14616 11218 04808 S
\ 13013 14616 11218 04808 ®
D D ‘:] -1.4421 D 13013 09616 11218 04808 D L
13013 09616 11218 04808 o
IR fisto. | Bar [Data. | DRO. Graph.. Bar. | Data. | DRO % | r. IS vata_ | DRO. Graph.. | Histo | Bar.. DRO.. =2
o
3

2 : Fla]re]  [Hisk AL [FEETre] A | G (8 K|

1.4615 Mean 0.8210 - ) o
A A F = E Low Limit Nominal  High Limit
UCL2.0000 “3.0000  0.0000 3.0000 e Meant. 5223
| 13013 13013
L—o] £ E g 13013 enc.0000 &
= U 17630 |1 & =
J bt 11.3013 c
¢ . ¢ i 6 02,0349
LCL -2.0000 Low_Warni High Warnin 13013 :
; ; O o] e

== isto | Bar. [Data. [ DROL Graph.. [T Bar_ | Data. | DRO R | r- Data.. | DRO.. [Graph...[ Histo.. | Bar.. |[eMl DRO..

A
\\\\“‘“'"|""""1/,,
- . Nomina|~ T, B
0.0000
Low Limit High Limit
-3.0000 3.0000 ¢
17630 =
%. | r. [EEMY vata. | DRO.

View screens displayed for SPC subgroups of one
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A mm]|1 | po

High Limit | A
3.0000 .

Nominal
0.0000

10628 |

Low Warning
-2.0000

Low Limit
-3.0000

High Warning
2.0000

Bar displays of multiple dimensions show [Current Value mm[IT ] po

current values. Bar displays of single di- :-j 1.7628(A]
mensions include the current value, nominal :-: + sozelB

value, and high and low warning and limit

values [ M ] -remsic

Press the Bar softkey to change the number | Graph-[Histo~ Data... | DRO..

Graph.. [ Histo.. Data.. | DRO..

of bars presented on the screen. Press a dimension softkey to display a bar for a single dimension.

The display can be configured in the Display setup screen to include a dial
in addition to the bars. When the dial display is also available, press the Bar
softkey to toggle between the bars and the dial.

NOTE

The display of a single dimension can be configured to
be a bar or a dial, but cannot be toggled between a single
bar and a single dial.

3

Dimension data tables for SPC subgroups of one

A mm[[1 | po
\\\w\“""u’rr/»/,
\ " Nominal / B
o 0.0000 : o
Low Limit High Limit
-3.0000 3.0000 (

1.7628

Graph.. [ Histo... [JEEMl Data.. [ DRO..

Dimension data screens contain measurement data stored for up to 4 dimensions. Press the Data softkey
to toggle between views of data for all dimensions and data for a single dimension that includes SPC sta-

tistics.

Press a dimension softkey to display data

for a single dimension. Use the cursor keys
to scroll the tables when more data is stored
than will fit on the screen.

1.3013
1.3013
1.3013
1.3013
1.3013
1.3013 0.9616 1.1218
1.3013 0.9616 1.1218

1.4616
1.4616
1.4616
1.4616
1.4616

1.1218
1.1218
1.1218
1.1218
1.1218

Mean0.8223

Max1.3013 B
1.3013 Min0.0000

13013

o5 r1.3013 .
13013 G0.3391

1.3013 6 62.0349

13013 Cp1.9657 D
1.3013 CPK1.1575

Graph... [ Histo.. | Bar.. [EIaM DRO..

Graph... [ Histo.. | Bar.. [EIaM DRO..

Dimension Xbar charts for subgroups greater than one

The Dimension Xbar screen is displayed in place of the Value Graph screen discussed earlier for SPC
subgroups greater than 1, as shown on the next page. The Dimension Xbar screen graphs the mean (X) of

each subgroup for up to 16 dimensions.
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Current Value mm][0 ] po

A 1.7630
B 09621
C 1.9233
D -1.4421

View. | in/mm | | Master | Menu.

[ . | r. [ Bar. |Data. | DRO..

N

Current Value — [»m[I2]ro]

T ] ve

; : 23 1. o
1.7630 0.9621 19233 -1. 4621 I
r. | Bar. [Data. [ DRO. "% IES e [vata | RO % [ r. I8 oata. | DRO- [ [ r [6ar W 0RO g.
S
H i [mm]io ] po A [mm]10 ] po]]
A A - . N .
L Li Nominal High Li
Ucl 3.0000 Ucl2.0000 30000 0,000 " "°'36000 = 2“;3;8 E
8 B B ) 17630 g
0.0000 1 7630 e 1.6026
g by 0.1604
C S < 17630 G 0.0692 (¢
Lel -3.0000 A Lcl 0.0000 Low Waming  High Waming 17630X 17630 6 O 0.4153
D D - D 17630t 00000 Cp14.4462
2,0000 2.0000 1.7630r CPK 6.1474 L
“ r. | Dia. | Data. | DRO- % IS oo [pata_ | DRO- %- | r. I8N vata_ | DRO- I I DRO..
Xbar and r charts replace Dimension graphs and ) Individual subgroup
Histograms when SPC subgroup sizes I mean and range are
are greater than 1 shown when SPC
A mm[10 | po .
subgroup sizes
it | v, Bl are greater than 1
=" Nominal B
0.0000
Low Limit High Limit
-3.0000 3.0000 ¢
17630 =
%- | r. [T vata [ DRO-

View screens displayed for SPC subgroups greater than one
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Press the X softkey to change the number of [ 2 355%7 AMEST S mm[10 [P0 ] (P82 Aede ™ mm[10 ] po
raph t th . P i- (]2 B &

graphs presen ed on the screen. Press a fil et 30000
mension softkey to display a graph of a sin- ol I—— .
gle dimension. - - 0.0000

(& (&

Lcl -3.0000

Use the cursor keys to scroll the graphs D
when more data is stored than will fit on the [JESEl v [ 8a [pata [ oro. | MEM r | bia. [Data. | DRO.

screen.

Individual subgroups are selected by a vertical line on the graph. Move the vertical line left and right
through the stored data using the cursor keys. The time and date when the selected subgroup data was
stored are shown in the upper left corner of the screen. The ID number of the subgroup and the value of the
data for the dimension are also shown in the upper left corner. Displays of single dimensions also show
the control limits.

Dimension r charts for subgroups greater than one

The dimension r screen is displayed in place of the Histogram screen discussed earlier for SPC subgroups
greater than 1, as shown on the previous page. The dimension r screen graphs the range ( r ) of each sub-
group for up to 16 dimensions. The range is not recalculated for each measurement, but is recalculated each
time a subgroup is completed. Refer to the SPC information contained in Chapter 8: Reference material
for details.

Use the cursor keys to scroll the graphs [F3%%2 ¥ 82203 mm][0 T po] [P2%52 AMei 2" mm[10 ] po
when more data is stored than will fit on the |||A B e
Ucl 2.0000
screen.
4 B B
. . < L c c
Individual subgroups are selected by a verti- Ao A
) . ) A Lcl 0.0000
cal line on the graph. Move the vertical line 4 D
left and right through the stored data using | == SN Bar. | Daw=. | 080~ || /&- [BESEN Dia | Data. | DRO-

the cursor keys. The time and date when the

selected subgroup data was stored are shown Vertical selection lines

in the upper left corner of the screen. The ID

number of the subgroup and the value of the data for the dimension are also shown in the upper left corner.
Displays of single dimensions also show the range control limits.

Dimension data tables for subgroups greater than one

Dimension data screens display measurement data for up to 4 dimensions. The Data screen for a single
dimension is slightly different for SPC subgroups > 1 than those for SPC subgroups of 1. Individual sub-
groups are indicated by a horizontal line in tables for single dimensions. The data table for multiple dimen-
sions remains unchanged for SPC subgroups > 1.



LCD Screens and Menus 203

Press the Data softkey to toggle between
views of data for all dimensions and data for - 0.0070
H : : : 17630 09621 19233 -1.4421 1.7630 X 1.7630Mm 1.7239
a single dimension that includes SPC sta- 1760 o1 1mm amn g 1760c oo hj:; g
tistics. Press a dimension softkey to display 17630 09621 19233 -14d21 || 17630% izgs0 M 08026
. . . 1.7630 0.9621 19233 -1.4421 ¢ 1.7630 r 0.0000 r e @
data for a single dimension. 17630 09621 19233 -14421 || 17630 7 2:003<
17630 09621 19233 -1.4421 1.7630 X 17630 6 © 0.4153
1.7630 0.9621 19233 -1.4421 p 1.7630 r 0.0000 Cp14.4462 D
1.7630 0.9621 1.9233 -1.4421 1.7630 CPK 6.1474
se the cursor keys to scro e tables [ = [ r. [ Bar. oMl oro. |[ %= r. | Bar. M ORO.
Use th keys t Il the tabl [ [ [ [
when more data is stored than will fit on the
screen.

The time and date when the highlighted subgroup data was stored are shown in the upper left corner of the
screen. The ID number of the subgroup and the value of the data for the dimension are also shown in the
upper left corner.

in/mm menu item

Pressing the in/mm menu softkey toggles the display of distance between [Current Value mm[10 ] po
inch and millimeter units of measure. This does not alter the channel con- A 176 30
figurations in the Channel setup screen. The P-400 DRO simply calculates B 0 9621 (3}
the conversion from one unit of measure to another as a convenience to - [o)
the user. 8 ]2‘%%% }3
- ! g_
View... [ in/mm | [ Master [ Menu... g

Converts units of measure for
display purposes only
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Master menu item and screens
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Master screens are used to calibrate the encoder datums or transducer input channel ranges. The Master
function is configured in the Master setup screen to either calibrate datum DO for encoders, or calibrate

datum DO and the entire channel range for transducers.

NOTE

4;

- y chine zero is used as the absolute datum.

Master screen for calibrating encoder datums

When the Master setup screen is configured to calibrate en-
coder channel datums (Master type set to Mean), the absolute
datum (DO) of any channel can be calibrated at any time us-
ing the Master function. Up to 18 mastered datum values can
be stored for each P-400 DRO input encoder channel. Any
of these groups can be quickly recalled and applied later.

NOTE
4; Instructions for calibrating channel da-

- y tums are provided later in this chapter.

Prior to applying, and after clearing a mastered channel value, the P-400 DRO ma-

Current Value

A
B
C

D

mm}l0 | po

1.7630
0.9621
1.9233
-1.4421

iliew... [ in/mm |

| Master | Menu...

Actual
- 0.1602500
++++ ~0.9615500
-+ 0.6410500
-0.1602500

G2 G3

Channel Master screen for calibrating
encoder datums
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Master screens for calibrating transducer ranges

When the Master setup screen
is configured to perform full
calibrations of transducer in-
put channels (Master type set to
Min-Max), the full range of any
channel input can be calibrated
at any time using the Master
function Min and Max screens.
Up to 18 range calibration val-
ues can be stored for each P-400

Current Value

A
B
C
D

mm}l0 | po

1.7630
0.9621
1.9233
-1.4421

View... | in/mm |

| Master | Menu...

DRO transducer input channel.

205

Any of these groups can bequickly recalled
and applied later.
[mm]IL] Po
NOTE Actual  MnMx Actual  MaMx
. . . C1 - (G - 0.1602500 ase: '0 1602500
4’ Instructions for calibrating o Bl 54115 el reaod
. . -+ =0,1602500 <0.1602500
@ transducer input channels Min
—
and Max range values are pro-
vided later in this chapter. S
Master Min and Max screens for calibrating

transducer range

9
(®)
T
[0}
=
[N
(=4
o
S
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Menu softkey screens

The screens accessed by pressing the Menu softkey are shown below.

Current Value

A
B
C

D

mm||0 | po

1.7630
09621
1.9233
-1.4421

View.. |in/mm | | master | Menu... |

(Engish

Deutsch
Fran ais
Espa ol
Itakiano

[ View_ [ in/mm [Datum_| Extra | Setup ——Pp 5 =

Setup and formula
screens described
in Chapters 3 & 4

Toggle between ot
absolute (D0) ¢—"po/p1 | Z Master | Preset | Cle xtra menu
and incremental / I s | er| L | L] L functions

(D1) datums

e | A
[Zero All|Zero A | Zero B | Zero C|[Zero D | e e 1 B
- K =T
ca - -+ ~1.4820500 D . i
Clear dimension
o PreKt grgsgnnj_l_“u 7o incremental
Zero any or all dimension Master channel | B Yod | datums (D1=D0)
incremental datums (D1) inputs C
D
T T T T Twmen]

Preset dimension
incremental datums
(D1)
to specific values

Menu softkey screens
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The Datum menu functions

The datum functions provide the means to zero, preset, clear and toggle between measurement reference
datums.

Toggle between datums (D0/D1)
Pressing the D0O/D1 key toggles between the absolute datum (DO0) and the incremental datum (D1).

Zero datum functions
The Zero menu function can be used at any time to simultaneously zero all incremental datums, or to zero

any specific incremental datum.

Master functions
The Master functions are used to calibrate the encoder datums or transducer input channel ranges.

Preset function

The Dimension Preset screen is used to preset incremental datums. PreKt 8’"595';" 0 158 £
The incremental datum of a dimension can be preset to a specific value at B
any time by pressing the Preset softkey, pressing a dimension softkey and C (é)]
entering the desired value. (@]
D B
P
Clear function | | | [w/Nom =
The Clear menu function can be used at any time to simultaneously clear |Current Value mmiiL 1 ro S
all incremental datums. Cleared incremental datums (D1) are made equal T —<4nl
to absolute datums (DO). ' 5
D
|\ V.40V
The Extra menu functions N | | |
The extra menu provides quick access to a variety of display and other |Current Value mmjit ] po
system functions. To use any Extra menu function, highlight the desired A 5 6084
. Fast3
function, and then press the Enter key. B Hold 6026

C [:4.04808

Cycle Rt
Advances to the next defined part. Part numbers are cycled in a continuous D bendiee 9231
lOOp, View... |in/mm |Datum...| Extra | Setup
DMS/DD

Toggles the display of angles between Degrees, Minutes, Seconds (DMS) and Decimal Degrees (DD).
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Fast3

The Fast3 function samples the channel 2 input each time the channel 1 input changes a specified sample
increment. If the sampled value of channel 2 falls outside a specified range, all base-channel (first 1, 4 or
8 channels) input values will be stored in a dedicated memory array, otherwise samples will not be stored.
This sampling process continues until:

1) The user aborts the process by pressing the Quit or the Cancel key

2) The user clears memory and restarts the process by pressing the Enter key

3) The user successfully completes the process by pressing the Finish key

4) The process is automatically completed after 50,000 sets of channel positions have been stored

NOTE
For the duration of the Fast3 function process, the P-400 DRO adopts an X-Y axis
— y paradigm. Channel 1 is referred to as the X-axis, and channel 2 as the Y-axis.

! /

High limit N

Channel input
values stored

M
1%

Channel 2
input value

Low limit (l‘__,f/lLV.A / Q\ /f\u,x.‘/

Y-Axis (channel 2)

£\ e\ £ ) £\ £\ ) £\ >
A A A A A A A A A
—
Sample X-Axis (channel 1) ,
increment Channel input

values stored

In the example shown above, the channel 2 (Y-axis) input values exceed the user-specified limits five
times, but channel input values are stored only twice when the channel 2 value exceeds the limits at a
sample point between intervals.

When the Fast3 function is successfully completed, the stored sets of channel input values are processed
by the P-400 DRO dimension formulas in the order that they were collected. The formula results are then
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stored in the P-400 DRO database. During the processing of formulas, a percentage of completion will
be displayed. Since up to 50,000 sets of channel input values can be collected and processed by formulas,
considerable time could be required to complete the processing.

NOTE
4; Since the values processed by formulas after Fast3 data collection are contained in
- y memory storage, no user interaction is possible. For this reason functions that require
user interaction such as the Ask function must be avoided in formulas when the Fast3

Extra menu function is used.

CAUTION

If any key is pressed while the P-400 DRO is processing formulas, the remaining chan-
@ nel input values will be deleted from memory and formula processing will be abort-

ed.

Press the Menu button, the Extra button and then highlight Fast3 and press |Current Value mm[10 ] po
Enter to initiate the Fast3 function. You will then be prompted to: 6055

2975

1) Enter an Y axis (channel 2) upper limit /Di

2) Enter an Y axis (channel 2) lower limit )0080

3) Enter an X axis (channel 1) capture increment SendRec )0030

4) Enter an X axis (channel 1) resolution factor (this is a multiplier View... [ in/mm [Datum_.| Extra [ Setup
of scale resolution)

Once these parameters are entered, the Fast3 function will begin to read the input values for
channels 1 and 2.

Hold
Toggle function that holds (freezes) or releases the current value of a single dimension when a dimension
softkey is pressed, or of all dimensions when the All softkey is pressed.

Part?
Displays a pop-up screen that allows the user to specify a new part number.

Rad/Dia
Toggles between the radius and diameter measurement types on the DRO screen, if radius or diameter was
specified earlier in the Formats setup screen.

Recall
Applies the last-used incremental datum (D1) preset that was entered by the user.

uonesado S
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RsetDyn
Resets the minimum and maximum values accumulated during dynamic measurements. This function
must be initiated prior to new dynamic measurements.

Send
Sends the specified current dimension values, or all current dimension values to the RS-232 serial port for
transmission to a computer. The user is prompted to send one or all.

SendRec
Sends stored records to the RS-232 serial port for transmission to a computer. Refer to Chapter 3: Setup
for details regarding the setup screens.

Setup menu functions

P-400 DRO operating parameters and formulas that define dimension values are entered into the system
from Setup menu screens. Setup menu functions and formulas and are discussed in Chapter 3: Setup and
Chapter 4: Formulas.




Operating Instructions

Operating Instructions

Basic operation of the P-400 DRO is extremely simple, as shown by the typical process steps below.

211

Establish a Condiict a Review Repork oF
Select Part —®» Measurement [—p>| Kisasurement Measurement —p> send Results
Reference Data
Specify part number  Absolute Datum (D0) Manual: SPC Subgroup = 1 Print reports
Hard stop zero Probe & Enter Dimension graphs Send data to
Set datum Sequence: Histograms computer
Calibrate datum & Series of probes & Dimension data
range Enters tables
Incremental Datum Dynamic: SPC data
(D1) Probe samples & SPC Subgroup > 1
Zero datum Enter Xbar graphs
Preset datum Semi-automated: r graphs
Probe & automatic Dimension data
Enter tables
SPC data

Measurement steps and the resulting data collected depend entirely on setup parameters and dimension
formulas defined earlier to satisfy a specific application.

NOTE
Examples used in this chapter use encoder probes to emphasize concepts. However,
the concepts apply equally well to all types of input devices.

uonesado G

—?/
Often the measurement process simply consists of selecting a part number, establishing a
measurement reference, manually probing the part and pressing the Enter key to store the data.

At other times, the P-400
DRO is used in conjunc-
tion with a fixtured gage
to conduct sequential, dy-
namic or semi-automated
measurements. In all cas-
es, the fundamental oper-
ating steps are the same.
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Select a part to begin a measurement

The correct part (number) must be selected prior to conducting measurements.

P-400 DRO User’s Guide

Establish a
Measurement
Reference

Select Part —

Review
Conduct a
Measurement Meag;r;ment

Report or Send
Results

One hundred part configurations can be stored in the P-400 DRO. Each part configuration includes all the
P-400 DRO settings and dimension formulas required to conduct measurements and report results for the

part.

To select a part:

1  Press the Menu softkey, the Extra soft-
key and use the cursor keys to highlight Cy-
cle or Part?

2 Press Enter. If Part? was highlighted,
you will be prompted for a part number. Use
the Numeric Keypad to specify the part and
press the Enter key.

Current Value

Fast3
B Hold
Part?
Rad/Dia
C Recall
RsetDyn

Send
SendRec

A DMS/DD

mm||0 | po

0000
).0000
).0000
).0000

Current Value

=2 ).0000
=) 0000

mm||0 | po

View_.. [ infmm |Datum..

Extra | Setup

View... [ in/mm [Datum_.| Extra | Setup

If Cycle was highlighted, the part number will be incremented. Continue incrementing to select the desired

part number.

Establish a reference for the measurement

A measurement reference must be established prior to conducting measurements. Measurement references

HalkEng Conduct a . Report or Send
Select Part | —®> Measurement —» —»> Measurement s
Measurement Results
Reference Data
can be established by calibrating channels or presetting dimensions.
NOTE
4; An input calibration is applied to any parts that use that channel in a formula. For

-

example, a channel calibration performed for channel 1 and part number 0 will also
apply to any other parts using channel 1.
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Calibrating channels using the Master function

Channel calibrations are performed using the Master function. A single-point calibration defines the refer-
ence value of the absolute datum (DO) of an input channel. A full calibration defines the reference value
of the absolute datum, and the resolution of the channel input.

Since encoders have fixed resolutions based on etched scales or some other permanent device characteris-
tic, typically only a single point is calibrated to define a reference position. Transducers such as LVDT and
Half-bridge devices do not have fixed resolutions. The use of these devices requires calibrating both ends
of the transducer’s measurement range to derive resolution. Once a full calibration has been performed,
single-point calibrations can be performed as required to define new measurement reference positions.

Calibration of a single reference point
A single measurement reference point can be calibrated for encoders and fully-calibrated transducers.

NOTE
4; The Master type should be set to Mean in the Master setup screen to perform a cali-

- y bration of a single encoder point. Refer to Chapter 3: Setup for details.

To calibrate a single reference point:
1 Press the Master softkey. Use the cursor keys to select the desired channel if necessary.

(&)
(®]
o
o
=
QO
(=3
o
3

2 Position the probe against the measurement reference surface.

3 Use the Numeric Keypad to enter the reference value (zero or the desired offset) into the Master Value
data field. Press the Enter key, then press the Yes softkey to calibrate the measurement reference.

Channel Master 1 [nm[i2 [ ro] [Channel Master 1 [»m[i2]ro] [Channel Master 1 [mm[I2]ro
Master Value Actual Master Value Actual Master Value Actual
C1 - CE— - 0.3205000 Do you want to Master now? 1 - G - 0.0000000 @
Q=_ e 0.0000000 q Q= 0.0000000
G=_ e 0.0000000 q CBimic i 0.0000000
4= e 0.0000000 q Camy e 0.0000000
[ EGE @ [ @ | e [Ye [ [ [ A @ [ o

A green dot will appear next to the actual value indicating that the reference point is calibrated.
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Calibration groups (G1, G2, G3...G18)

All calibration values shown on the screen are simultaneously applied when the Enter key is pressed. While
this is acceptable in most cases, some applications require entering a series of calibrations at different
times. The example shown here illustrates this difference.

When measuring runout at two points on a rod, both chan- Channel Master 1 [mm[ic ] ro
nels are measuring a common surface and can be cali- _ Master Value Actual
]
l

. . 4 R 0.0000000 @
brated simultaneously. In this example, both channels are C2 - (ONENNSEED - 0.0000000 @
. . . . C3 mbe W 0.0000000
calibrated to zero on the rod surface in calibration group 1 - 0.0000000
(G1). Completed calibrations are indicated by filled circles
at the right of the actual channel values.

| @ e
When measuring the low and high lifts of two offset cams, Channel Master 1 [Fm[%] ro
simultaneous calibration on the offset surfaces is not pos- ESEE Velie AetiE

1 - S 0.0000000 @
O 0.0000000

o 0.0000000
o T 0.0000000

sible. First one channel must be calibrated to zero on the
low surface of one cam, then after turning the cam shaft 90
degrees, the second channel must be calibrated to zero on

the low surface of the second cam.
The first calibration is performed in calibration group 1 {{ Channel Master 2 [+[=] 7o

| @l e
(G1), then the camshaft is turned 90 degrees, and the second calibration is T —
performed in calibration group 2 (G2). By performing the calibrations in ||} = o gggggggg:
different groups, the calibrations are made independent. Completed cali- || - e

brations are indicated by filled circles at the right of the actual channel
values.

[T e E
Calibrations of transducer resolution (Min-Max calibrations)

Transducers such as LVDT and half bridge devices do not have fixed resolutions based on etched scales or
other permanent device characteristics. The use of these devices requires calibrating both ends of the trans-
ducer range of measurement to derive transducer resolution. Full transducer calibrations are performed
periodically on a schedule determined by your application using the Master function. Full calibrations are
performed only after performing the transducer gain and null setup steps described in Chapter 3: Setup.

NOTE
The Master type should be set to Min-Max in the Master setup screen to perform a full

— y transducer calibration. Refer to Chapter 3: Setup for details.
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To perform a full transducer calibration:
1 Press the Master softkey, then press the Master Min softkey to display ~|[Master Min 1 mm}0-J:Po

the Master Min screen. Master Value Actual  Mn Mx
1 -~ 0.3205500
[ N 0.0000000
. o 0.0000000
Use the cursor keys to select the desired channel, then press the G1, G2... |jca- - 0.0000000
G18 softkey to select a group to store the calibration data in. Refer to the
discussion of groups on the previous page if necessary.
Max G2 | G3

2 Position the channel’s probe against the measurement Min reference surface.

3 Use the Numeric Keypad to enter the [Master Min 1 mm[[0 TPo] [Master Min 1 mm][[0 ] Po
Min reference value into the Master Value Master Value Actual  MnMx Master Value Actual MnMx

1 - G - 0.3205500 Perform a Min Calibration now?
data field for the channel. Press the Enter |jc2- - 0.0000000
. B=__ e 0.0000000
key, then press the Yes softkey to setthe Min  f[ca - - 0.0000000

value or offset the absolute datum (DO) for
the channel. This calibrates the low end of
the channel measurement range.

vex NG G2 | G No [ Yes | [ |

The completed minimum level calibration will be indicated by a filled [Master Min 1 mm[I0 ] po

e . (3
green circle in the Mn column at the right of the Actual channel value. Master Value Actual  MnMx
(1 - CE— - 0.0000000 @ O
Q= e 0.0000000 g
BB=_ e 0.0000000 w
Chomy, g 0.0000000 Q
=
o
S

i W ale
4 Press the Master Max softkey and use the cursor keys to select the [Master Max 1 mm[[0 ] o

same channel as in step 1 if necessary. Master Value Actual Mn M
C1 - GEEEEED - 0.0000000 @
Q=___ e 0.0000000
.. . B=__ e 0.0000000
5 Position the channel probe against the measurement Max reference |{ca - .. 0.0000000

surface for the maximum end of the channel calibration range.

Min G3

6 Use the Numeric Keypad to enter the |Master Max 1 mm[[0 [ ro] [Master Max 1 mm[[0 ] o

Max value into the Master Value data field Master Value Actual  Mn Mx Master Value Actual MnMx
1 - S - 0.2499950 @ Perform a Max Calibration now?
for the channel. Press the Enter key, then |[cz- .. 0.0000000
. . CIime s 0.0000000
press the Yes softkey to calibrate the maxi- |{ca - - 0.0000000

mum value for the channel input.

G2 G3 No | Yes | [ [
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The completed maximum level calibration will be indicated by a filled
green circle in the Mx column at the right of the Actual channel value.

Master Max 1 mm][10 J'po

Master Value Actual  Mn Mx
----- 2.5000000® @
----- 0.0000000
----- 0.0000000
----- 0.0000000

LI |

NN
Bwn =

Establishing a temporary dimension reference

Establishing a temporary dimension reference is useful when quick point to point measurements are de-
sired. The temporary reference is only applied to the associated dimension, and only to the current part.
For example, a temporary reference established for dimension A and part number 0 will not apply to any

dimensions or to any other parts that might include their own dimension A.

Temporary dimension references can be established for encoders and transducers. Since only one point is

used as a reference, transducer resolution remains unchanged.

Dimension references can be zeroed or preset to specific values.

Zeroing a dimension reference

Dimensions can be zeroed at any time using the Datum/Zero function. The zero reference is temporary in
the sense that it uses the incremental datum D1, and has no effect on the absolute datum DO.

To zero a dimension:

1 Press the Menu softkey, the Datum softkey and the Zero softkey. The
softkeys across the bottom of the screen will be labeled to support zero-
ing specific or all dimensions. Use the left and right cursor keys to scroll
through dimensions when there are more dimensions defined than P-400
DRO softkeys.

2 Press the desired Zero key to zero the corresponding dimension.

Current Value mm[[T ] po

A 0.3205
B -0.5000
C 0.8013
D 0.4808

Zero All[Zero A[Zero B[ Zero C[Zero D

Current Value mm[[T ] po

A 0.0000
B -0.5000
C 0.8013
D 0.4808

Zero All[Zero A[Zero B[ Zero C[Zero D

Pressing Zero A zeros the A
dimension
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Presetting a dimension reference to a specific value

Dimensions can be preset to a user-specified value at any time using the Datum/Preset function. The ref-
erence is temporary in the sense that it uses the incremental datum D1, and has no effect on the absolute
datum DO.

To preset a dimension reference:

1 Press the Menu softkey, the Datum softkey and the Preset softkey. The |Select dimensions.[mm][L] ro
Select dimensions screen will be displayed. A
| | | [w/Nom
2 Press the dimension key associated with the dimension you wish to [Preset dimension..[mm[IT ] ro
preset. A text line will be displayed. A
D o
| I I [w/Nom o
3 Use the Numeric Keypad to enter the [Preset dimension..[mm[[L]ro] [Tolerances mm[[T ] po o
Dimension A Q
- by
reference value (preset) of the new refer A 025 ot =
ence. Press the w/Nom softkey to change B Formats  ||nom + Limit 4.0000 =
. . Tolerances Nom + Warn 3.0000
the Nominal value in the Tolerance setup SPC Nominal 0.2500
h C Peader  |[Nom - Wam 3.0000
screen to the new preset reference value if Memory ||[Nom - Limit 4.0000
Nom - Min 5.0000
desired. D Channels || Audio Alert  None
| | | [w/Nom | | | |
The Nominal tolerance value can be changed to the preset
value by pressing the w/Nom softkey
4  Press the Enter key to preset the dimension measurement reference. Current Value mm[LL] Po

A 0.2500
B 0.1282
C -0.1923
D 0.4968

View_.. | in/mm | [ Master [ Menu_
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Clearing channel calibrations

The reference calibrations and full calibrations of all channels can be cleared using the LCD ON/OFF

key.

To clear calibrations:

1 Press the LCD ON/OFF key, then press |Current Value =~ [mm[I2]ro
the Clr Cal softkey. You will be asked to
. . This will reset the calibrations for
confirm your intention. Press the Yes soft- your input channels. Are you sure
you want to do this?
key to clear channel mastered values and full

Channel Master 1 [mm[12]ro

Master Value Actual
O - 0.0000000
----- 0.0000000
----- -3.2050000
----- -16.026000

mn
-

2
3

nwonn
o
s
~
]

n
R

calibrations. .
D -(|).8(|)13

Channel mastered values and full calibra- [ No [ Yes |

W o [

tions will be cleared, as indicated by the

empty circles at the right of the screen. However, the values will be retained in the Master values fields,

and can be reactivated at any time by pressing the Enter key.

Clearing dimension references (presets)

Dimension references can be cleared at any time using the Datum/Clear function.

To clear dimension references:
1 Press the Menu softkey, press the Datum softkey and then press Clear.
You will be asked to confirm your intention.

2 Press the Yes softkey to clear dimension preset references. When a
preset reference is cleared, DO becomes the new reference.

Current Value mm[10 ] ro

Clear the incremental datums?

D —918913

No | Yes |
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Conducting measurements

Once a part number is selected and a reference is established, measurements can be conducted.

SSERI Conduct a S Report or Send
Select Part —®>{ Measurement —p> —> Measurement —P P
Measurement Results
Reference Data

Measurements can:

* Be conducted manually, completely under the control of the operator

* Follow a predetermined sequence of steps shown on the screen

* Be based on dynamic samples of changing input data

» Be semi-automated to increase the throughput of repetitive measurements

Typically a setup person will configure the P-400 DRO for operation in the Setup screens described in
Chapter 3: Setup, and then will construct formulas defining dimensions in the Formula screens described
in Chapter 4: Formulas.

Once the P-400 DRO is configured and dimension formulas are constructed, measurement instructions are
usually given to the operator that reflect the specific measurement requirements and gage equipment setup.
Instructions provided in this guide are generic and meant to be used as guidelines when applying the P-400
DRO to specific measuring applications.

uonesado S

Manual measurements

Manual measurements are performed completely under the control of an operator. Measurement results
can be displayed as current values, in graphs or in data tables using the screens described earlier in this
chapter. Please refer to the descriptions of graph and data table screens for details.

Measurements can also be printed or transmitted to a computer. The data printed or transmitted are speci-
fied and formatted in the setup screens described in Chapter 3: Setup.

To conduct manual measurements:
1 Probe a single point with one channel, or multiple points simultaneously with multiple channels.

2 When the measurement data are displayed on the LCD, press the Enter key to store the data.
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Sequential measurements

The P-400 DRO can be configured in the Formula setup screen to direct the user through a sequence of
predetermined measurement steps. Typically a setup person will provide instructions describing how to
conduct the measurements. However, the P-400 DRO operation is fundamentally the same for all sequen-
tial measurements.

Measurement results can be displayed as current values, in graphs or in data tables using the screens de-
scribed earlier in this chapter. Please refer to the descriptions of graph and data table screens for details.

Measurements results can also be printed or transmitted to a computer. The data printed or transmitted are
specified and formatted in the setup screens described in Chapter 3: Setup.

To perform a sequential measurement:
1 Probe the dimension underlined on the |Current Value mo][L T ro] [Current Value AT

DRO screen and press the Enter key to store A 07692 A 07692
the data. The underline will advance to B_ B 0 6090

highlight the next dimension in the measure- C C
ment sequence. D D
2 Continue probing the underlined dimen- [View- Jin/mm | [ Master | Menu.. | | View... [in/mm | e

sions and pressing the Enter key as described above, following the sequence of underlined steps on the
LCD.

When measurements specified for the part are complete, the P-400 DRO will return to underline the first
dimension in the series to indicate the beginning of a new sequence.

Dynamically sampled measurements

The P-400 DRO can be configured in the Formula setup screen to sample input channels and retain the
minimum and maximum values of all samples for each channel. Typically a setup person specifies dy-
namic measurements to evaluate rotational or curved surfaces and will provide instructions describing how
to conduct the measurements. The P-400 DRO operation is essentially the same for all dynamic measure-
ments.

Measurement results can be displayed as current values, in graphs or in data tables using the screens de-
scribed earlier in this chapter. Please refer to the descriptions of graph and data table screens for details.

Measurement results can also be printed or transmitted to a computer. The data printed or transmitted is
specified and formatted in the setup screens described in Chapter 3: Setup.
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In the example shown here, the runout of a shaft is measured. The minimum and maxi-
mum values are sampled as the shaft is turned.

To perform a dynamic measurement:

1 Perform a dynamic reset by pressing the left Wide key (factory default), or by high-
lighting RsetDyn in the Extra menu, and pressing the Enter key. This clears old dynamic
measurement data prior to a new measurement.

2 Position the probe(s) against the surface to be measured and repeatedly rotate or
move the surface slowly while observing the resulting dimension value(s).

CAUTION

The sampling rate for LVDT, HBT (Half-bridge) and serial transducers will be slower
@ than for encoders. If your system includes these input devices, the part must be ro-

tated or moved slowly to ensure that all points on the surface are sampled.

3 Repeat the rotation or movement until the dimension values that reflect minimum or maximum values
no longer change.

4  Press the Enter key to store the measurement data.

Semi-automated measurements

Normally, measurements shown on the DRO screen are not stored in the P-400 DRO database until the
user presses the Enter key. However, the P-400 DRO can be configured in the Formula setup screen to
perform and store measurements automatically when the gage is loaded with a new part.

Measurement results can also be printed or transmitted to a computer. The data printed or transmitted is
specified and formatted in the setup screens described in Chapter 3: Setup.

In the example shown here, the flatness of a sheet is measured. The measurement is performed and entered
into the database a short time after the gage is lowered to position the probes against the surface of the
sheet. The channels are reset for a new measurement when the probes are lifted away from the sheet.

Load part: Channels ready Gage closed: Channels measure Unload part: Channels reset

(&)
(®]
o
o
=
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Typically, a setup person specifies semi-automated measurements to increase the throughput of repetitive
measurements, and will provide instructions describing how conduct the measurements, and load and un-
load the gage.

Measurement results can be displayed as current values, in graphs or in data tables using the screens de-
scribed earlier in this chapter. Please refer to the descriptions of graph and data table screens for details if
necessary.

The instructions for performing semi-automated measurements depend entirely on the measurement ap-
plication and equipment setup, and must be provided by the setup person. Please refer to the description of
the Trip function in Chapter 4: Formulas for more details regarding semi-automated measurements.

Reviewing measurement results

Measurement results can be reviewed in graphs or in data tables using the screens described earlier in this
chapter. Please refer to the descriptions of graph and data table screens earlier in this chapter for details.

Printing reports or sending results to a computer

Measurement data can be printed or transmitted to a computer. The report and data transmission formats are
prepared in the Header, Report, Send, Parallel and RS-232 setup screens described in Chapter 3: Setup.

Establishia Conduct a st Report or Send
Select Part —®{ Measurement Measurement —9> s
Measurement Results
Reference Data

Printing reports
Reports of current dimension values, stored measurement results or P-400 DRO setup parameters can be

printed by displaying the desired screen and pressing the Print key. In some cases, the user will be prompt-
ed to provide additional information.

Establish a Conduct a Review Report or Send
Select Part —® Measurement T E——— Measurement —> sl
Reference Data
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Sending data to a computer

Current dimension values, or a collection of stored dimension measurement results can be transmitted to a
computer using the Send and SendRec functions in the Extra menu. Please refer to the Extra menu descrip-
tions provided earlier in this chapter for more details regarding the Extra menu.

To send current dimension values:

Press the Extra softkey, use the cursor keys [Current Value mm[IL] ro] [Current Value mm[[T ] po
to highlight Send and press the Enter key to A S 7372

Hold
Part?

puter. ;
C [50.3365
To send stored measurement results: D SendRec ) 1 442

Press the Extra softkey, use the cursor keys View... [ in/mm [Datum_.| Extra | Setup View... | in/mm |Datum...| Extra | Setup

to highlight SendRec and press the Enter Use Send to send current Use SendRec to send stored

send the current dimension values to a com- B Fast3 4590

key to send a file of stored measurement re- values measurement values
sults.
(6]
Report type Screen User actions _co
o
Current dimensions (Numeric display) DRO Press Print key =
Graphs of dimension values Graph... Press Print key E
(SPC subgroups = 1)
Histograms of dimension values Histo... Press Print key
(SPC subgroups = 1)
xbar chart of subgroup mean values xbar chart Press Print key
(SPC subgroups> 1)
r chart of subgroup range values r chart Press Print key
(SPC subgroups>1)
Current dimension values (Bar display) Bar... Press Print key
Current dimension values (Dial display) Dial... Press Print key
Data table multiple-dimensions Data... Press Print key, respond to prompt
Data table single-dimensions Data... Press dimension softkey, press
Print key, respond to prompt
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Clearing stored measurement data

Stored measurement data can be cleared for a single part, or for all parts by pressing the LCD ON/OFF
key.

CAUTION
Erased data cannot be restored.

Clearing data stored for a single part
Select the desired part, press the LCD ON/OFF key and press the Clr Prt softkey to erase stored data for
the part.

Clearing data stored for all parts
Select the desired part, press the LCD ON/OFF key and press the Clr All softkey to erase stored data for

all parts.
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Chapter 6:
Communication

This chapter explains how to use ASCII control characters, HyperTerminal programs and QC-Wedge.

Printing reports
Instructions for connecting and testing a printer are provided in Chapter 2: Installation. Instructions

for formatting reports are included in Chapter 3: Setup. Instructions for printing reports are included in
Chapter 5: Operation.

ASCII| codes

The table shown on the next pages list ASCII codes that can be used to format data for printed reports and
data transmissions to a computer.

Insert the desired ASCII character codes in [Rep Chars [nm]icTro ] [Send Chars 9] ro

(o))
- Pre Line = -5nd

the Rep Chars or Send Chars setup screen. |5 Labels (lpot Line 10 13 Globals +Snd 10.13. o
?3! Flz))rlmulas Pre Form Ch I -Lbl o

For example, use ASCII character codes to obals _ [lpost Form 12 Chamnels |1+l 32, 3
insert a line feed and carriage return com- | Crames |{;5 = e ol 3
g U Master Unt 32 Display Dim 32. =

SLEC Report -Unt =

mand as shown here. Display Rep Chars ||+Unt 32. =
Report Send [

Rep Chars Send Chars =

~ ~ ]

S

In the example Rep Chars screen shown on the last page, ASCII character codes 10 (line feed) and 13 (car-
riage return) are included in the post line field. This instructs a printer to perform a line feed and carriage
return after each line of print.

Use the decimal key on the numeric keypad to space ASCII character codes in the fields.
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Controlling the P-400 DRO using ASCIl command codes

Nearly all P-400 DRO functions can be controlled over an RS-232 serial connection using the ASCII com-

mand codes shown below.

ASCII code P-400 DRO function ASCII code P-400 DRO function
@E Enter @S1 Soft key #1
@F Finish @S2 Soft key #2
@C Cancel @S3 Soft key #3
@Q Quit @S4 Soft key #4
@U Up Arrow @S5 Soft key #5
@D Down Arrow @D1 Dimension key #1
@L Left Arrow @D2 Dimension key #2
@R Right Arrow @D3 Dimension key #3
@P Print @D4 Dimension key #4
@W1 The left most "wide" key @0 to @9 Numeric keys
@W2 The right most "wide" key @-, @+, @. Plus, minus & decimal keys
@! LCD on/off key

Zero (argument): Zeros

Dimension label ~ Zeros a specific dimension

All Zeros all visible dimensions
Send (argument): Sends

Dimension label ~ Sends a specific dimension

All Sends all dimensions shown on screen

Commands can be transmitted from a file, or keyed in manually using MS Windows HyperTerminal or an
equivalent communications application. The use of HyperTerminal is explained later in this section. Use
a carriage return or line feed to separate commands included in command strings.
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Controlling the P-400 DRO with ASCII Codes
ASCII Codes
8 backspace 46 . 84 T
9 horizontal tab 47 / 85 U
10 line feed 48 0 86 V
11 vertical tab 49 1 87 W
12 form feed 50 2 88 X
13  carriage return 51 3 89 Y
14 so 52 4 90 Z
15 si 53 5 91 [
16 dle 54 6 92 \
17  ddl 55 7 93 1]
18 dc2 56 8 94 ~
19 dc3 57 9 95 _
20 dc4 58 : 9%
21  nak 509 ; 97 a
22  syn 60 < 98 b
23 eth 61 = 99 ¢
24  can 62 > 100 d
25 em 63 ? 101 e
26 sub 64 @ 102 f
27  esc 65 A 103 g
28 fs 66 B 104 h
29 gs 67 C 105 i
30 rs 68 D 106 |
31 wus 69 E 107 k
32 space 70 F 108 |
33 | 71 G 109 m
34 " 72 H 110 n
35 # 73 | 11 o
36 $ 74 J 112 P
37 % 75 K 113 q
388 & 76 L 114 r
39 ! 77 M 115 s
40 | 78 N 116 t
a1 ) 79 0] 117 U
42 * 80 P 118 v
43 4 81 Q 119 w
44 comma{,) 82 R 120 X
45 - 83 S 121 y
z

122

»
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o
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Using HyperTerminal

Microsoft Windows HyperTerminal can easily be configured to transfer data between the P-400 DRO and
your Windows computer using the RS-232 serial port.

Communication with a computer running HyperTerminal relies on a serial RS-232 connection between
the P-400 DRO and your computer using a cable that does not include crossed receive and transmit wires.
Instructions for connecting and testing a computer are provided in Chapter 2: Installation.

Connecting to a computer using HyperTerminal

The following steps describe how to connect the P-400 DRO to a computer running HyperTerminal.

1 Launch the HyperTerminal application by clicking the following sequence:

 Start button
* Programs
» Accessories

« Communications
* HyperTerminal

2 Enter the desired connection name into

the Connection Description dialog box, click
OK and then select the desired serial port and

click OK.

3 Enter the following COM properties:

* Bits/second:
 Data bits:

* Parity:

* Stop bits:

* Flow control:

4  Click OK.

9600

8

None

2
Hardware

% New Connection % B0 DRO
Enter a name and choose an icon for the connection: Enter details for the phone number that you want to dial:
Name:
P-400 DRO ‘ Country/region:
leon: Area code:
R Y b R —
SR 3 [ -
== w Phone number:
& | % Connect using: | [BE[¥]I v
COM1 Properties @@
Port Settings
|
|
Bits per second: | 9600 v/ |
Databits: |8 |
Paily: [None ]
St b v
Flow control: | Hardware v
Restore Defaults
ok N [ Cancel ][ Appky |
S
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5  Click on the File menu and then click Properties to display the Prop-  [ZEER @]
erties dialog box. Click on the Settings tab and configure the settings as |/ ComestTo seting: |
Function, arrow, and ctil keys act as

shown below. el o0 i

Backspace key sends
® CuvH O Del O CtiisH, Space, CtilsH

Emulation:

Function, arrow and cut keys act as: Terminal o detec 3

Backspace key sends: Ctrl + H TehelteminaID: [N

Emulation: Auto detect Backscrol buffer fnes: [500 B

T eln ett ermin al ID ANSI [ Play sound when connecting or disconnecting

Backscroll buffer lines: 500 [iroxTemeiony] [ AsCiscun QJ

6  Click on the ASCII button and configure the ASCII setup as shown TGS [?]x]
1 1 k K. Connect To| Settings |

pelowand elick &

ASCIl Sending
Check only the following boxes: (1 Send neends it e feecs

Echo typed characters locally

Line delay: |0 milliseconds.
 Echo typed characters locally | Chasctrdelas [0 miliseconcs.

* Append line feeds to incoming line ends Te|  AsCil Receiving

. . . Append line feeds to incoming line ends
B,
* Wrap lines that exceed terminal width {15 s s

Wirap lines that exceed terminal width

7  Click OK in the Properties dialog box to return to the main Hyper-
Terminal screen.

8  Click the File menu and then click Save. The HyperTerminal pro-
gram is now ready to exchange data with the P-400 DRO.
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Preparing to exchange serial data with HyperTerminal

The following steps describe how to connect the P-400 DRO to a computer running HyperTerminal.

9  Press the Menu softkey, press the Setup softkey and then highlight the RS-232 menu item.

Current Value mm[[0 ] o Current Value mm[I0 ] po RS232 [mm[S T ro ]
A 17628 | A 17628  [omm e TS
B -04808 |B  -04808 | [&F I
C 281 |C 12821 Jo. o |

. . RS232

~—
View... [ in/mm | [ Master [ Menu_. View... [ in/mm [Datum_| Extra | Setup | [ | |
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10 Enter the following:

* Baud: 9600
* Word length: 8
 Stop bits: 2

EOC Delay: 330

P-400 DRO User’s Guide

* EOL Delay:
* Parity:
* Data:

RS232

-
Channels Baud

None Handshake
Send
Send EOL Delay

Primary
115200
8

1

None
Hard.

Report | Both |

11 Press the Finish key twice. The P-400 DRO is now setup to send data to and receive data from the

HyperTerminal application.

Using QC-Wedge

QC-Wedge is software that can be purchased from Precision Gage &
Tool Co. and communicates between your PG&T digital readout and
a Microsoft Windows-based PC. Measurement data is sent from your
P-400 DRO over the RS-232 serial connection to a Microsoft Excel file
in your PC. The data can then be edited, saved on your PC or printed.
The QC-Wedge package includes the RS-232 serial communication

cable required for use with PG&T digital readouts.

Instructions for using QC-Wedge are included in the QC-Wedge software Help file.
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Chapter 7:
Problem solving

The P-400 DRO is based on a hardware platform common to the Metronics QC-100 and QC-200 products.
Years of continuous improvement of this hardware have resulted in extremely reliable operation and few,
if any hardware problems. Problems experienced with the operation of the P-400 DRO are likely to be the
result of printer or cable incompatibilities, configuration or setup errors or encoder/transducer incompat-
ibilities or malfunctions.

The steps recommended for initial troubleshooting are shown below. These are typically the same initial
steps that would be taken by a distributor or factory product support technician. Since most problems

USB printer
. compatible and
port properly
configured?
Power properly Channel Inputs Dimension
connected and LCD(():;r;trast —» con’:;?tzzyand formulas
applied? : configured? correct?
Serial port and
' computer
properly
configured?
Power LCD screen Input devices Dimension Reports and
values printing

experienced in the field will have simple causes, and equally simple solutions, substantial time and expense
can be saved by performing some straightforward troubleshooting of configuration settings and hardware
connections prior to calling the distributor or factory for assistance.

As you’re troubleshooting, list the steps that you use to identify and solve your problem. Should problems
persist in spite of your efforts, gather the necessary product information listed at the end of this chapter,
and your list of troubleshooting steps, and contact your distributor for assistance.
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Symptoms, probable causes and solutions

Some common symptoms of problems are listed in the following pages with probable causes and possible
solutions.

No image is visible on the LCD screen

Probable cause 1: Power is not applied to the P-400 DRO

Possible solutions:

1 Activate the main power source.

2 Connect the power cord or turn the power ON.
3 Replace the fuse.

Probable cause 2: LCD ON/OFF toggle switch is in the OFF mode

Possible solution:
1 Press the LCD ON/OFF button to toggle the LCD ON.

Probable cause 3: LCD contrast or backlighting is out of adjustment

Possible solution:
1 Perform the following procedure to reset the LCD contrast and backlighting parameters
to factory defaults.:

* Turn the power OFF

* Press and hold the 0 numeric keypad key and turn the power back ON while
continuing to hold the numeric 0 key down until beeps are heard

* Release the 0 numeric keypad key

* Press the left-most softkey under the LCD screen

Dashes are displayed across the LCD screen

Probable cause 1: The wrong encoder or transducer is connected

Possible solution:
1 Connect the input device specified in the Channels setup screen.

Probable cause 2: The wrong input device is specified in the
Channels setup screen

Possible solution:
1 Change the Channels setup screen parameters to reflect the correct input device.
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Dimension values displayed on the LCD screen are incorrect

Probable cause 1: The channel input device is not connected
or is malfunctioning

Possible solutions:
1 Connect the input device cable firmly to the P-400 DRO.
2 Replace the input device.

Probable cause 2: The Channels setup screen specifies the
wrong input device resolution

Possible solution:
1 Specify the correct resolution in the Channels setup screen.

Probable cause 3: The wrong input device count polarity is
specified in the Channels setup screen

Possible solution:

1 Specify the correct count polarity in the Channels setup screen.

Probable cause 4: The wrong encoder or transducer is connected
Possible solutions:

1 Connect the input device specified in the Channels setup screen.
2 Confirm that the each probe is connected to the correct channel input.

Probable cause 5: The wrong in/mm unit of measure is specified
Possible solution:

1 Specify the correct units of measure in the Channels setup screen.

Probable cause 6: The wrong Rad/Diam measurement type
is specified
Possible solution:

1 Specify the correct Rad/Diam measurement type in the Formats setup screen.
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Probable cause 7: The dimension formula specifies the
wrong calculation

Possible solution:
1 Correct the dimension formula in the Formula setup screen.
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Dimension values displayed on the LCD screen are incorrect

Probable cause 8: The wrong datum is being used

Possible solution:
1 Confirm that the correct datum number (D0/D1) is being displayed in the top-right
corner of the Current Value screen.

Probable cause 9: The wrong part is being used

Possible solution:
1 Confirm that the correct part number is being displayed in the top-right corner
of the Current Value screen.

Reports are not printed or are incomplete

Probable cause 1: The channel input device is not connected
or is malfunctioning

Possible solution:
1 The printer is not supported by the P-400 DRO . Most HP inkjet USB printers
using HP2 printer pack are supported.

Probable cause 2: The USB printer cable is not firmly connected
or is damaged

Possible solution:
1 Connect or replace the USB printer cable.

Probable cause 3: The USB port configuration is incorrect

Possible solution:
1 Correct the USB port configuration in the Parallel setup screen.
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Reports are printed incorrectly

Probable cause 1: The wrong report configuration is specified
Possible solution:

1 Correct the report configuration in the Report setup screen.

Probable cause 2: The wrong control characters are specified
Possible solution:
1 Correct the control character configurations in the Rep Chars setup screen.

Data cannot be transmitted to a computer

Probable cause 1: The wrong serial cable (or no cable) is connected
between the computer and the P-400 DRO
Possible solution:

1 Connect the computer to the P-400 DRO using an RS-232 serial cable that
does not include crossed transmit and receive wires. The correct cable can be ordered
from PG&T Co. by specifying part number 62596652.

Probable cause 2: The wrong computer serial port is used

Possible solution:
1 Connect the serial cable to the serial port specified by the computer port settings.

Probable cause 3: The wrong RS-232 port settings are specified

Possible solution:
1 Correct the RS-232 port settings to match the computer’s serial port settings in the
Send setup screen.

Probable cause 4: The wrong control characters are specified

Possible solution:

1 Correct the control characters to reflect the requirements of the receiving sofiware in
the Send Chars setup screen
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Error (ERR) or asterisks appear in the LCD display
Probable cause 1: Errors are contained in formulas or settings

Solution:
1 Check the DRO display for diagnostic messages.
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Battery low message displayed
Cause: The data backup battery voltage is low

Solution:
1 Contact Precision Tool & Gage Co. and arrange a backup battery replacement.

CAUTION
Arrange to have the battery replaced immediately. All data and formulas will be
permanently lost if the battery is allowed to fail.
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Getting help

Performing the simple troubleshooting listed on the previous pages solves most problems experienced with
the P-400 DRO. If a problem persists after performing this troubleshooting, follow the steps listed below
and contact Precision Gage & Tool Co. for assistance.

1  Be prepared to discuss your troubleshooting steps.
2 Gather the following P-400 DRO information:
* Model number
* Serial number
* Approximate purchase date
* Software version number and other information from front of User’s Guide and the
About setup screen
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Chapter 8:

Reference material

This chapter contains technical information regarding:

* Output relay contact specifications

* Parallel port specifications
* Footswitch wiring specifications

RS-232 serial measurement input device configuration
SPC formulas used by the P-400 DRO
P-400 DRO product specifications

8Pin .
cam Signal
Ld id Ld
Output relay specifications —
2 Relay 1 Normally Closed
. . . . 3 Relay 2 Normally Open
These tables show the electrical connections and specifications of the 4| Relay 1 Normaly Open
output relay contacts controlled by formulas created in the Formula 2 “e‘“”:"l’"‘z"ly Ct‘:e"
elay 2 Inp
setup screen. 7 -
8
CAUTION CONTACT RATINGS
Be careful to limit Switching Voltage Max DC/Peak AC Resist. Volts 100
Voltage and current Switching Current Max DC/Peak AC Resist. Amps 025
? . Carry Current Max DC/Peak AC Resist. Amps 05
to the maximum | coyaq Rating Max DC/Peak AC Resist. Watts 3
ratings shown in this | Life Expectancy-Typical ! Signal Level 1.0V,10mA x 10° Ops. 100
: Static Contact Resistan
table. Exceedlng ( . ice SOmV, IOmA Q 0.200
. . max. init.)
the maximum ratings can cause
. Dynamic Contact 0.5V, S0mA a
- NA
serious damage the P-400 DRO | ;... (ma. init) at 100 Hz, 1.5 msec
and void the product warranty.
RELAY SPECIFICATIONS
Insulation Resistance Between all Isolated Pins
(rminimum) at 100V, 25°C, 40% RH Q 10’
Dielectric Strength Between Contacts VDC/peak AC 250
(minimum) Contacts to Shield VDC/peak AC 1500
Contacts/Shield to Coil | VDC/peak AC 1500
Operate Time - including At Nominal Coil Voltage,
bounce - Typical 30 Hz Square Wave IIee L4
Release Time - Typical No Suppression msec 10
Diode Suppression msec. LS
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Parallel port pin assignments

The parallel port can be configured in the Parallel setup screen as
a standard printer port, or as a general purpose data input/output
(I/0) port. Refer to Chapter 3: Setup for details.

This drawing shows parallel port pins that can be used as logic
level data I/O connections. When used as logic level 1/0, the par-
allel port pins are controlled by formulas created in the Formula set
up screen. Refer to Chapter 4: Formulas for details.

The logic ground reference is connected to pins 18 through 25.

Footswitch wiring

The optional foot switch is connected to the RJ-45
connector on the left side of the P-400 DRO.

The wiring of the footswitch is sometimes duplicated
by other external switching devices to facilitate re-
mote operation in conjunction with other devices in
a larger semi-automated system.

CAUTION

Never apply power to the footswitch

wires. Applying power to the con-

nector wires or wiring the switch

connector in any way other than
shown by this diagram can cause serious damage
the P-400 DRO and void the product warranty.

Dout

[1 4 5]

76543

OO0OO0O000O000O0O00O0
000000000000

| Gage-Chek ground reference ][12 11

10]

Pin 13

Dout

Pin 1

O000000O0000O0O0
000000000000

Pin 25

1 >———Ground for switch chassis 87 6 5432 1

2

i S1

:>_v ~ ASZ
6 >—

7 >—

8 >—

Pin 14

@:

Footswitch
connector
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RS-232 serial input device configuration

Currently, three serial devices can be configured as input channels using the RS-232 serial port. These
include:

* DGH D1311 thermocouple
* D5451 thermocouple
» Albion Gage Comp

RS-232 communication setup

The RS-232 communication parameters for all serial input devices are the same except for baud rate, which
depends on the device. Serial communication settings are configured in the RS-232 setup screen and are
shown below. Refer to Chapter 3: Setup for details.

 Baud: 9600 (changed to suit input) RS232 [nm[2]ro ]
h AI Uart Id Primary
* Word Length: 8 Channels || gaud 115200
. SLEC Word Len 8
. StOp bits: 1 Display Stop Bits 1
. Report Parity None
* Parity: None Rep Chars ||Handshake Hard.
0C Del 330 29 o [FOL Dy
« E clay: Send Chars elay
y parallel  ||Data ‘None

R5232

~

* EOL Delay: 0
¢ Data:

None send |Report | Both |

Port configurations for serial devices

The input channel configuration parameters for serial input D1311 D5451 | Albion
devices are entered into the Channel setup screen and are |Resolution 0.01 0.01 0.01
shown here. Refer to Chapter 3: Setup for details. saits Lolcis | Colons Ll
Reversed No No No
Reference None None None
M.Z. counts 0 0 0
Notify errors Yes Yes Yes
Type D1311 D5451 Albion
. . . Interpolation X5 X5 X5 (o'0)
Serial port pin assignments 2
o
The RS-232 serial port pin assignments are QC Comn | Signal Name QC | PC Signal Name PC :g:
shown here. CONNECTOR 3
1 ®
2 Transmit (TX) 2 Receive (R0 3
3 Receive (RX) 3 Transmit (TX) 9
4 g
5 Ground 5 Ground )
6
7 Clear to send 7 Ready to send
(CTS) ®RTS)
8 Ready to send 8 Clear to send
RTS) (CTS)
9
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SPC formulas used in the P-400 DRO

The following SPC formulas are used in the P-400 DRO:

. X Mean of a single subgroup’s values (only a completed subgroup)

« X Mean of all subgroup mean values (only completed subgroups)

* Mean Mean of all sample values (total population)

o I Range of a single subgroup’s values (only a completed subgroup)

* Range Range of all sample values (total population)

o T Mean of all subgroup range values (only completed subgroups)

* ULC/LCL Upper and lower control limits (UCL & LCL)

* Max Maximum of all sample values (total population)

* Min Minimum of all sample values (total population)

+ 0/60 Standard deviation and 6 X standard deviation of all samples (total population)

* Cp/CpK Capability indices of all samples (total population)

X0
Xbar is the mean (average) of the samples that makes up each subgroup. The Xbar chart is a graph of the
Xbars of all complete subgroups.

X0

Xdoublebar is the mean of all the Xbars and is equal to the mean of all the samples (except those of an
incomplete subgroup). It is only updated when the recalc function is used in the SPC setup page to recal-
culate xbar UCL and LCL.

Mean
Mean is the average of all the samples. It is the same as Xdoublebar except that it includes the samples of
any incomplete subgroup.

ro

r is the range of a subgroup (max of subgroup minus min of subgroup). The r chart is a graph of the ranges
of all complete subgroups.

Range
Range is the overall range (Max — Min) of all the samples taken.
To

rbar is the average of the ranges of all the completed subgroups.
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UCL and LCL

The Upper Control Limit (UCL) and Lower Control Limit (LCL) are horizontal lines in the Xbar chart,
representing the likely limits of the values of the Xbar of future subgroups. The values of these limits may
be entered by the user, or if there is sufficient data, the system can calculate values for UCL and LCL:

The value of the UCL of the Xbar chart is: Xdoublebar + A2 times Rbar
(A2 is shown in the factor table)

The value of the LCL of the Xbar chart is: Xdoublebar — A2 times Rbar

The Upper Control Limit (UCL) and Lower Control Limit (LCL) are horizontal lines also found in the
r chart, representing the likely limits of the values of the range. These may be entered by the user or
calculated by the system:

The value of the UCL of the r chartis: D4 times Rbar
(D4 is shown in the factor table)

The value of the LCL of the r chart is: D3 times Rbar
(D3 is shown in the factor table)

The statistics display (in the View display when only one dimension is shown) shows a list of values on
the right. These values are statistics that are derived from all the samples taken so far. These are calculated
as follows:

Subgroup size | 2 3 4 5 6 7 8 9 10

A2 1.8811.02/0.7310.58|0.48{0.42|0.37|0.34|0.31

D3 0 0 0 0 0 0.080.14]0.18 | 0.22

D4 3.27 2571228211 ]2.00/1.92|1.86|1.82|1.78
SPC Factor table

Max

Max is the Maximum value of all the samples taken.
Min

Min is the Minimum value of all the samples taken.
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G/6 G

Sigma (O) is the standard deviation of all the samples taken. The formula for sigma is:

. ] ¥ (X; — mean)’
-1

6 G is 6 times the standard deviation.

Cp/CpK
Cp is a capability index. The formula for Cp is:

Cp=(USL-LSL)/6 G

Where USL and LSL are the max and min tolerance values. They stand for Upper and Lower
Specification limits. In this system, the G in the denominator is not an estimate based on

Sigmabar (the average sigma). This system does not calculate sigma for each subgroup.
The sigma for all samples is used instead.

CpK is another capability index. The formula for CpK is:

CpK = Min of (USL- X, X-LSL) /3 &
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Product specifications

Electrical
Input Voltage Range: 85 VAC to 264 VAC. 1.0 Amp maximum (Auto switchable)
Fuse: 1.6 Amp 250V Slow Blow 5X20mm
Input Frequency: 43Hz to 63Hz
CAUTION
For continued protection against fire, use only replacement fuses with the specified
@ voltage and current ratings.
Environmental
Temperature: 0°C to 45°C (32°F TO 113°F) non-condensing
Humidity: 90% rh
Altitude: 2000 meters (6,562 ft)
Installation: Category: 11
Dimensions
Enclosure (WxHxD): 292 ecm X 19.1 cm X 7.0 cm (11.57 X 7.57 X 2.757)
Base (WxHxD): 254cm X 5.1 cm X 19.8 cm (10" X 27X 7.8”)
Enclosure weight: 1.6 kg (3.5 1bs.)
Base weight: 3.2 kg (7 1bs.)
LCD
Size/color: 14.5 cm (5.7 inch) color
Display digit size: 1.27 ecm (0.5 inch)
Resolution: 0.000 1 mm (0.000004 inch)
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Chapter 9:
Options

Available options are listed and shown here and on the next page with PG&T Co. part numbers:

* Foot switch for remote operation

» Keypad for remote operation

RS-232 cable without crossed cable wiring for communication with computers

» Arm-mounting bracket and bracket adapter for mounting the P-400 DRO on vertical surfaces
(must be ordered together)

* QC-Wedge for communicating serial data directly from the P-400 DRO to PC applications

Foot switch w/8 ft cable Remote keypad
62596482 w/15 ft cable 62596483

suondo 6

Serial cable QC-Wedge software
62596652 62596653
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¥

QC arm-mounting bracket QC arm-mounting bracket adapter
62596654 62596655
NOTE

9 The arm mounting bracket and arm mounting bracket adapter must be ordered as a
— / pair.

Contact the Precision Gage & Tool Co. by phone at 937.866.9666 or by e-mail at info@pgtgage.com to
order P-400 DRO options.
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Chapter 10:
Air-Electronic Converter
Connection & Set-Up

With air supply shut-off valve closed, and the restrictor valve Closed (fully Clockwise) connect Air
Source to the rear of the Converter (Shop Air Pressure of at least 60 PSI is sufficient). The regulator on
back of A/E converter has been Factory preset to 15 PSI (Open-Jet and leaf-jet tooling);

NOTE: If Special Tooling is being used then the Regulator must be adjusted to 20

-?/ PSI for elongated jets or 25 PSI for Ball —jets.

Connect interface cable from the rear of the Converter to the correct Channel Input Connector (located
on the back of the P-400 unit).

Connect the Air line for the Tooling to the front of the converter.

The Shut-off valve, on the rear of the converter may now be opened.

The Restrictor valve, on the front of the converter should be turned approx. 2 1/4 turns counter-clock-
wise, your Spans are now set and you are ready to set up the P-400.

To Configure P-421, P-424 or P-428

Turn on switch on back of unit — Current Value (DRO) Screen should be displayed

At this Screen, select either Inch or MM by Pressing the IN/'MM SoftKey (Second key from the lower
Left)

Press: MENU Softkey

Press: SETUP Softkey, the About Screen will appear.

Scroll up to the SUPERVISOR Screen

Scroll right to highlight the Password Entry Line & Enter the generic Password 070583,

then press Enter.

5  Scroll down and unlock each of the Selections below the password by using the Softkey at the
lowerleft hand corner. (DO NOT UNLOCK DATUMING)
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Scroll left and highlight SUPERVISOR

Scroll down to DIMENSIONS

Scroll right to highlight Part 0.

If more than one part is to be configured, Press INC button to change part 0 to part 1 and so on.
Press DEC to return to part 0.

Scroll down to activate the amount of channels that are to be used. Switch D1 from NONE to
desired Label name (example "A") by Pressing LABEL softkey to designate dimension label name.
This screen will allow up to three characters (using Lower or Upper case letters and/or Numerical
symbols).

Press ENTER after highlighting the desired label.

Continue to Scroll down and change D2, D3 etc. until the desired amount of channels have been
turned on and labeled.

Press FINISH when complete; DIMENSIONS will again be highlighted

Scroll down to FORMATS
Scroll over & down to observe default resolution. Change resolution if necessary.
Press FINISH when complete, FORMATS will again be highlighted

Scroll down to FORMULAS

Scroll over and Highlight Dimension A

Scroll down to Formula Field.

Press the appropriate channel using the Soft key at the right.

NOTE: Each channel MUST have a formula in order to perform master setup so
even if no Mathematical formulas are required, Dimension A must equal at least

q?/ C1. Other Symbols and Math functions are also available by pressing the 5 Soft-

keys located at the bottom of the screen.

See Chapter 4: Formulas for help with additional formulas.
Press FINISH when complete, Formulas will again be highlighted

Scroll down to TOLERANCES
Scroll over and Highlight Dimension A

NOTE: At this screen you may enter Actual Master Values or +/- Part Tolerances
If you desire to enter actual Master values (min. & max limits, cautions etc.) press

q?/ Limits Softkey or if you desire to enter the +/- part tolerances press the +/- Softkey.

Press FINISH when complete, TOLERANCES will again be highlighted
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Scroll down to CHANNELS

Scroll over to highlight CHANNELS

Scroll Down to Type, setting should be A2D

Scroll Up to Reversed and enter YES (MUST BE IN “YES” POSITION)

Scroll down to Gain

Press TEACH (lower left button). Follow prompts on screen.

With air tooling untouched, press ENTER.

With air tooling fully restricted (closed off by placing fingers over jets) press ENTER.

0 NN L W N

The Red Ball at the bottom of the screen will go to the extreme right and when the fingers are removed
the Ball will return to the near middle of the screen.

1 Scroll up to RESOLUTION. (This procedure will be performed using the Min/Max Masters)
2 Press the TEACH (lower left button)
3 Press MIN. button and enter Min. Master Value.
4 Insert Tooling into Min. Master and Press ENTER and answer YES to Question
“Do You Want to Calibrate”.
5 Press MAX. button and enter Max. Master Value.

6 Insert Tooling into Max. Master and Press ENTER and answer YES to Question
“Do You Want to Calibrate”.

7  Press FINISH & QUIT to return to the main Current Value screen. The P-400 is now Setup and
ready for master setup.
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Master Setup

o)} DN A W N =

NeRNe N |

11

Press: MASTER soft key

Place all Air Tooling in the MIN. masters

Type in Min. master size in C1 and other used channels.

Press: MIN soft key

Press: ENTER

Screen will display “Perform a min calibration now?”

Press: YES

One green light will be displayed if Calibration was successful. If green is not displayed, repeat
Min. master setup.

Remove Air Tooling from Min. master and place in Max. masters.

Type in Max. master size in C1 and other used channels.

Press: MAX soft key

Press: ENTER

Screen will display “Perform a max calibration now?”

Press: YES

Two green lights will be displayed if Calibration was successful. If green is not displayed, repeat
Max. master setup.

12 Remove Air Tooling from Max. master.
13 Press FINISH to display main screen.

At this point if you want to lock the settings proceed with the following:

N A W N =

Press: MENU Softkey

Press: SETUP Softkey, the About Screen will appear.

Scroll up to the SUPERVISOR Screen

Scroll right to highlight the Password Entry Line.

Scroll down and lock PART SETTINGS, CLEARING DATA and CONTROL KEYS by using
lower SOFTKEY labeled LOCKED.

Scroll to MASTER NOW. If you want your operators to have the capability of mastering, press
the SOFTKEY labeled RD. ONLY; if you don’t, press the SOFTKEY labeled LOCKED.
Scroll up to the Password Entry Line and press the cancel button until all of the X’s have
disappeared.

Press ENTER, FINISH and QUIT to return to the main Current Value screen.

The P-400 is now Setup and ready to be used.
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Symbols

!= Not equal 128

&& And 129

++ Tolerances 37

+/- Tolerances 36

- - Tolerances 38

< Less than 128

<= Less than or equal to 128
== Equal 128

> QGreater than 128

>= Qreater than or equal to 128
|| Or129

-- Range

3-Wire adapters 6

A

A2D 49

About screen 27

Abs 123

Abs AC scale 54

Abs HH scale 54

Absolute value function (abs) 123
Acu-Rite C-scales 54

Advanced formula functions 125
Air Electronic Converter & Set-Up 249
Albion input device 49

Alert 35, 39

Algebraic equations 105

Alpha entry screen 22

Analog 49

AND (&&) 129

Angles 69

Angular and linear display modes 69
Apply all softkey 24

Arithmetic evaluation 120
Arm-mounting bracket 247

ASCII characters 3

ASCII codes 75, 185, 225

ASCII remote control command codes 226
Assembling the mounting stand 6

Assigning hot key functions 86

Atan 123

Audio alert 35, 39

Auto (trip) function in Special menu 88

B

Backlighting 232

Backup battery 20

Bar function in Special menu 88
Bar and dial current value displays 198
Bar display type 70

Bar graph 70

Bar graph levels 35

Bar graph parameters 188

Bar graph orientation 70

Basic math functions 122

Baud rate 80

Bracket (mounting) 247

Bracket (mounting) adapter 247

C

C-scales 54
Cable 234
Calibrating a Solartron orbit channel 57

Calibrating channels using the master function 213

Calibrating encoder datums 204
Calibrating transducer ranges 205
Calibration groups (G1, G2, G3...G18) 214
Calibration interval 59

Calibration lock 58

Calibration points 58

Calibration process 58

Calibrations of transducer resolution 214
Calibration type 58

Calibration warning 60

Cancel key 22, 193

Centering (nulling) LVDT and HBT transducers 55

Channel calibrations 218
Channel input devices 7
Channel input polarity 53
Channel input resolution 53
Channel inputs 105
Channel input type 49
Channel number 7
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Channel or dimension number 23
Channel resolution 32

Channel setup parameters 50
Channels screen 49

Character codes 75

Clear function in Special menu 88
Clear all datums 64

Clear function 207

Clearing channel calibrations 218
Clearing dimension references (presets) 218
Clearing stored measurement data 224
Clear all data for all parts 151

Clear all data for the current part 151
Clock screen 94

Clr all function in Special menu 88
CIrAlID and ClrData functions 151
Clr part function in Special menu 88
Clr scale errors 102

ClrTrig function 152

Color 35,70

Columns per page 73

Command keys 192

Comment 168

Communication 12,225

Complex formulas 115

Computer 12

Conducting measurements 219
Constants including pi 124

Continuous sampling using the Trip function 141

Contrast 232

Control characters 235

Control functions 128

Control limits 41

Controlling the P-400 DRO using ASCII
command codes 226

Control or character codes 75

Copying and pasting formula functions 109

Copying dimension parameters 30

Copying setup parameters to other dimensions 24

Copy to softkey 30

Correction (error) 62, 63

Creating new parts 29

Cursor keys 21, 192, 193

Curved surfaces 31

Custom P-400 DRO function 93, 105, 163

P-400 DRO User’s Guide

Cycle function in Special menu 89, 207
Cycle power 65
Cylindrical and spherical parts 31

D

DO0/D1 function in Special menu 89

D0/D1 key 207

D1311 input device 49

D5451 input device 49

Data function in Special menu 89

Database 106, 172

Data input/output (I/O) port 156, 159

Data port 15

Data type 81

Date 94, 154

Date format 94

DateStr function 154

Datum 64, 234

Datum menu functions 207

Debounce 79

DEC softkey 23

Delay 98, 142

Deleting data entries 22

Deleting formula elements 115

Deleting parts 30

Dial current value display 198

Dial for display 70

Diameter measurements 31

Dimension data tables for SPC subgroups
of one 200

Dimension data tables for SPC subgroups
greater than one 202

Dimension formula 33 233

Dimension functions 119

Dimension graphs for SPC subgroups
of one 198

Dimension histograms for SPC subgroups
of one 198

Dimension keys 192, 194

Dimension labels 28, 29, 48, 72

Dimension number 23

Dimension r charts for SPC subgroups greater
than one 202

Dimension references (presets) 216, 218

Dimensions 29
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Dimensions screen 28 Environmental specification 245
Dimension units 72 Equal to (==) 128
Dimension xbar charts for SPC subgroups greater ~ Equations 105
than one 200 Error correction 62, 63
DinBin function 157 Error notification 55
Din function 156 Errors 235
Disable SLEC 66 Establish a reference 212
Display function 162 Establishing a temporary dimension reference 216
Display modes 69 Event counters 166
Display resolution 32 Events 152
Display screen 69 Exponent function (exp) 122
Divider lines 72 Exponentiation 120
Division 120 External edge detector option 15
Dmax function 143 External edge latch (Xlatch) function 189
Dmd function 145 External edge screen 95
Dmin 143 External speaker jack 3
Dmin and dmax functions 143 Extra menu functions 207
Dms/dd function in Special menu 89, 207
Dmx 49 F

Dout function in Special menu 89
DoutBin function 160

Dout function 159

DRO function in Special menu 89
DRO display color 187 Finish key 24, 25, 193
DRO screen 194, 197 Fixed limits 39
Dynamically sampled measurements 220 FnCall function 163

Dynamic average 145 FnDefine function 163

Dynam%c m§dian 145 . . FnParam function 163
Dynamic min/max values for calibration 59 FnReturn function 164

Failed, warning and passed colors 70
Fail level 35

Fast3 function 90, 208

Feet, base 3

E Foot switch 10, 85, 247
Footswitch wiring 240
Earphones 3 Formats screen 31
Edge detection 95 Formula functions 109, 116
Edge detector option 15 Formulas 1, 103
Editing formulas 107, 108 Formula setup screen 108
Elapsed time 155 Formulas relate inputs to dimensions 106
Electrical 245 Formulas screen 33
Electrical wiring and connections 6 Formula testing 115
Enable SLEC/LEC 68 Front panel keys 83
Encoder or transducer 232 Front panel keys and LCD screens 192
Encoder reference marks 54 Full (min-max) calibrations 214
End of character (EOC) delay 81 Function 93

End of line (EOL) delay 81
Entering setup parameters 23
Enter key 24, 192



Index 4 P-400 DRO User’s Guide

G Input channel 49
] Input channel setup parameters 50
P-400 DRO custom function 93 Input device 7, 49, 232

Gain (transducer) 53, 55
Globals screen 48
Global variables 48, 165
Graph display 162
Graph function 90
Graph orientation 70
Graph parameters 188

Input polarity 53

Input resolution 53

Input type 49
Installation 5

Integer function (int) 124
Interfaces, input device 3

Graph points 41 K

Graphs 44

Greater than (>) 128 Keypad 10, 85, 247

Greater than or equal to (>=) 128 Keys 2

Groups, mastering (G1, G2, G3...G18) 214 L

H Labeling parts and dimensions 29
Hand switch 85 Labels 45

Hardware latch (Hwlx) function 170 Label softkey 29

Hardware version 27 Language 27

HBT transducer 49, 53, 55 LCD 2 o
Header labels 45 LCD contrast or backlighting 232
Header screen 45 LCD on/off 192, 194

Heidenhain C-scales 54 LCD screen 192, 232

Help, getting 237 LCD screens and menus 197
Hidden dimensions 29, 106 Lel 42

Histogram 90 LEC 6l

Hold, dimension value 90, 209 Less than (<) 128

Home screen 71, 197 Less than or equal to (<=) 128

Hot key functions 86 L%gh.tning 7

Hot key mapping 83 Limits 35

Hotkeys 3, 83 Linear display modes 69

i Linear display resolution 32

Hot keys screen 83 ) )
Linear error correction 62

Hot key types 83

HwDmn and hwDmx functions 144, 169 Lines. per page 73 .
Hyperterminal 228, 230 Loading P-400 DRO configurations 25
’ LoadX softkey 25

1 Locking the home view 102

Logical and control functions 128
Logical sorting tests 132

Logical test conditions 129
Logical test criteria 128

Logical true/false test 131

Long formulas 115

Loop function 167

I/O debounce 79

ID numbers, SPC next record 41
In/mm 90

In/mm menu 203

Inc and dec softkeys 23

Incrementing a loop count variable 166
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Loop or event counters 166
LVDT and HBT devices 55, 58, 214
LVDT and HBT transducer gain 55

M

M.Z.(machine zero) Cnts 54

Machine zero 54

Machine zero offset 67

Manual, reference marks 54

Manual measurements 219

Master calibration 90, 93, 173

Master function 118, 173,207,213

Mastering type 173

Master link probe balancing 50

Master menu item and screens 204

Master screen 51, 58

Master screen for calibrating encoder
datums 204

Master screens for calibrating transducer
ranges 205

Math functions 122

Max function 134

Max calibration warning 60

Maximum bar graph level 35

MaxIndex function 174

Md functions 135

Mean mastering 173, 204

Measurement resolution 32

Measurement results 219, 222

Measurement result status 70

Memory screen 47

Menus 197

Menu softkey screens 206

Message time 98

Min function 134

Min-max mastering 173, 205

Min/max values for calibration 59

Min and max calibration warnings 60

Minimum/maximum bar graph levels 35

Minlndex function 174

Mirror values 40

Mod function 136

Mount 3

Mounting stand 6

MPLX multiplexer input 49

Index 5

Multiplication and division 120

N

Navigation 197

New parts 29

New softkey 29

Nominal values 35

Nominal with ++ tolerances 37
Nominal with +/- tolerances 36
Nominal with - - tolerances 38
Nominal with fixed limits 39
Not equal to (I=) 128
Null-modem adapters 8
Nulling input device 55
Number of calibration points 58
Numeric keypad 192

0]

Offset count value 54

OnEvent function 152

Operating instructions 211
Operation 191

Options 247

OR (|)) 129

Orbit channel 57

Orbit network 8, 49, 53

Order of arithmetic evaluation 120
Overview 1

P

Page numbers 72

Page orientation 74

Page up or down 21

Panel keys 2

Parallel port 3, 15, 156, 159
Parallel port configuration 234
Parallel port data connections 15
Parallel port input 156

Parallel port input pins 84, 85
Parallel port output pins 159
Parallel port pin assignments 240
Parallel screen 79

Parentheses 121

Parity 81
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Part 29, 91, 209, 234 Recall function 177
Part and dimension labels 28 Record ID 41, 73
Part no. 91 Records printed 74
PartNo function 175 Reference marks 54
Part numbers 28, 175 Reference material 239
Pass, warning and fail levels 35 Re-initiating a sequence 139
Pass, warning and fail colors 70 Relay 239
Password, supervisor 21 Relay contact operation 178
Pasting formula functions 109 Relay function 178
Polarity 53 Relay output 14
Port configurations for serial devices 241 Relay output cable connector 14
Power cord and plug 6 Remark function 168
Power line transients and surge suppressor 7 Remote control 79
Preset 91 Remote keypad 10, 85
Preset function 176, 207 Repackaging the P-400 DRO 16
Presetting a dimension reference 217 Report characters screen 75
Printed reports 45 Report configuration 235
Printer 11 Report function 179
Printer cable 234 Reports screen 72
Printing P-400 DRO setup configurations 25 Resolution 32, 53
Printing reports or sending results to a Reversing channel input polarity 53
computer 179, 222 Reviewing measurement results 222
Print key 25, 192, 193 Rj-45 connector 10
Probe balancing 50 Rj-45 splitter 10
Probe diameter 97 RS-232 cable 247
Probe ID numbers 57 RS-232 communication setup 241
Probe vibration 96 RS-232 input port 57
Probing technique 97 RS-232 networks 57
Problem solving 231 RS-232 port 3,8, 12,57, 185
Product specifications 245 RS-232 port settings 235
Prompts, user 46 RS-232 screen 80
RS-232 serial input device configuration 241
Q RsetDyn 93,210
Quit key 25, 193 RsetDyn function 1.69
Rubber feet, mounting base 3
R rucl 43
rucl and lcl 43
Rad/dia 91,209 ruclandrlcl 43
Rad/diam measurement type 233
Radius or diameter measurements 31 S
Radix 69

Range function 129 Safekeeping, of formulas 107

Reading the value of a variable 165 Safet}I 6
Recalculating or specifying xbar, ucl and Icl 43 Sampled measurements 220

Recall 91,209 Sample rate 142
SaveX softkey 25
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Saving or loading P-400 DRO configurations 25 Sorting tests 132

Scale errors 55, 102 Sound 3

Scan function 180 SPC 171

Screen navigation 197 SPC formulas 242

Screensaver inactivity time 99 SPC screen 41

Segmented linear error correction (SLEC) 63 Speaker 3

Select a part 212 Specifications 245
Semi-automated measurements 221 Spherical parts 31

Semicolons 127 Spread-sheet 105

Send 93, 210 Square root function (sqrt) 122
Send characters screen 78 Station values 67

Send function 184 Statistical process control parameters 41
Sending records automatically 76 Stop bits 80

Sending results to a computer 222 Storing a parameter 24
SendMsg function 185 Strict unit (of measure) check 100
Send rec 93,210 Subgroup 41

Sendrec function 186, 187, 188 Subtraction 120

Send screen 76 Supervisor password 21

Seq function 137 Supervisor screen 101
Sequence function 137 Surge suppressor 7

Sequential measurements 220 System dimension formulas 48
Serial cable 235 System information 27

Serial devices 241

Serial number 27 T

Serial port 3, 8, 12,57, 185

. . . Tan function 123
Serial port pin assignments 241 Teach softkey 55

SetColor function 187

Set machine zero 65
SetTrig function 152
Setup 19

Setup fields 22

Setup function 188

Setup menu 20

Setup menu functions 210
Setup requirements 26 Time stamp 72

Setup screen fields 22 TimeStr function 154

Setup steps required to begin 26 Toggle between datums (d0/d1) 207
S formulas screen 48 Tolerance 171
S labels screen 48 Tolerances screen 35

SLEC 61, 63 Touch probe parameters 95
SLEC setup procedure 64 Transducer 53, 58, 232

So?keys 2,d2i, 8(?’ 192, 195. ) Transducer gain 53, 55
Software an : ardware versions 27 Transients 7

Software Vers19n 16 Trigger event 152
Solartron’s orbit network &, 53, 57

Temporary dimension reference 216
Test criteria 128

Text size 74

Thermocouple channel 57

Tilt, adjust for enclosure 3

Time 94, 154

Time function 155

Time interval 155
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Trip function 140 X
Troubleshooting 231
True/false test 131 Xbar 43,93
TTL logic level 49 Xbar ucl and Icl 43
Xlatch function 189
U Xtra menu functions 147
Uart ID 57, 80 Z
Ucl and Icl 42
Unit check 100 Zero 93
Unit keys 84 Zero datum functions 207
Units of measure 53, 71, 100, 120, 233 Zeroing a dimension reference 216
Unlocking measurement control keys 102 Zero offs.e.t 67
USB drive 25 Zero position 54

USB screen 82
User interface screens 2
User prompts 45

\%

Values with tolerances 36

Variables 165

Variables screen 34

Version 16

Vibration 96

View 93

View screens 198

Visible and hidden dimensions 29, 105
Volume 98

W

Warning and fail levels 35

Warning, failed and passed colors 70
Warning limits 44

Warning per (%) field 44

Warnings 35, 60

Warranty registration form 16

Wide keys 3, 85, 192, 193

Wiring and connections 6

Word length 80





