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1. SECTION: EPIC CAG Hardware Specifications and Description

EPIC CAG™ EPIC ADAMM

CPU Intel® ATOM™ E3825 2 core, 1.33 GHz Intel® ATOM™ E3825 2 core, 1.33 GHz
Memory 2 GB of DDR2 SODIMM 2 GB of DDR2 SODIMM
Storage Solid State Industrial C-Fast Card Solid State Industrial C-Fast Card
9 16 GB 16 GB
Windows Embedded Standard 7 Windows Embedded Standard 7
Operating System or or
Windows 10 loT Enterprise Windows 10 loT Enterprise

LCD or Analog VGA or Flat Panel (simultaneous
operation supported)

LCD: 15” Industrial GFG 5-wire touchscreen, 1024 LCD: 15" Industrial GFG 5-wire touchscreen,

Video X 768 resolution 1024 x 768 resolution
VGA: Analog VGA resolution up to SXGA
1024x768
Ethernet 2 Intel® 10/100/1000 Mbps Ethernet controller 2 Intel® 10/100/1000 Mbps Ethernet controller
Digital I/O 22 GPIO Bidirectional lines
Serial Ports 2 serial ports (RS-232/422/485) 2 serial ports (RS-232/422/485)
USB Ports 4 USB 2.0 ports 4 USB 2.0 ports
Up to 32 inputs, software configurable for LVDT or
Air/Elec Up to 8 inputs, software configurable for LVDT
Sensor Inputs or Air/Elec
* Expandable to 64 Inputs with remote signal
conditioning box
Porer 120-240 VAC, Fused at 5A. Power consumption is 120-240 VAC, Fused at 5A. Power
46 Watts (max) consumption is 46 Watts (max)
Industrial Operating o o o o
Temperature -40°Ct0 70°C -40°C to 70°C
Dimensions: 14.2" Hx 16" W x 5.5” D
- Dimensions: 11.5” H x 16.0” W x 9.75” D Weight: 15 Ibs (6.8kg)
Mechanical

Weight: 27 Ibs (12.2kg)

* 22” H with stand
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EPIC Connections

POWER ENTRY ETHERNET use 1-2 USB 3-4
120-240 VAC ..

ETHERNET/IP VGA

Connector/Port Typical Device Connections

120-240 VAC, Fused at 5A:
Power cable provided with unit.
Power Switch (Turn CAG On/Off)

USB 2.0 Ports (1-4)
® USB Start Gage Pushbutton(s)

® USB Start Gage Footswitch(s)

USB 1-2 —51

USB 3-4 ® USB Memory stick for Result & Setup storage

Power Entry 120-240
VAC & Power Switch

=

® Digital Probe(s) USB Interface Module
® USB Mouse (wireless or corded)
® USB Keyboard (wireless or corded)
® USB Touch Screen (remote monitor)
®  USB Printer
Ethernet Port: Intel® 10/100/1000 Mbps
®  Facility network for offload of measured results
ETHERNET ®  Machine Control for Feedback Compensation (Fanuc Focusll,Okuma Thinc, etc..)
°
[
E
°
S
°
°

Vision sensors and Code Scanners (Cognex®, Keyence etc..)
Edmunds Remote Signal Conditioning Box (SO# XXXXXXXX).
thernet Port: Intel® 10/100/1000 Mbps
EtherNet/IP connection to Allen Bradly PLC
erial Ports (RS-232/422/485)
Data collector or computer for offload of measured results
Vision sensors and Code Scanners (Cognex®, Keyence etc..)
® TELESIS® Part Markers

ETHERNET/IP

COM 1
COM 2

VGA Monitor Port

e Video Monitor (external/remote) connection

Discrete Parallel 1/0 Interface Connection =
/0 For communication with external machine controls (PLCs, o Beieeh I@l|

Robots, Gantries, etc..)
See: Section 3.1 Standard Parallel |IO Communications
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Bottom of Enclosure Side of Enclosure

Connector/Port Typical Device Connections

120-240 VAC, Fused at 5A:

Power cable provided with unit.

Power Switch (Turn CAG On/Off)

USB 2.0 Ports (1 & 2 bottom)(3 & 4 side)
® USB Start Gage Pushbutton(s)

i T

® USB Start Gage Footswitch(s)

Power 120-240 VAC &
Power Switch

USB 1-2
USB 3-4 ®  USB Memory stick for Result & Setup storage

-'W

Digital Probe(s) USB Interface Module
USB Mouse (wireless or corded)

USB Keyboard (wireless or corded)
USB Printer

Ethernet Port: Intel® 10/100/1000 Mbps
®  Connect to facility network for offload of measured results

Ethernet Port: Intel® 10/100/1000 Mbps
® Connect to facility network for offload of measured results

Serial Ports (RS-232/422/485)

ETHERNET

ETHERNET/IP

ggm ; ® Connect to data collector or computer for offload of measured results
VGA VGA Monitor Port

Video Monitor (external) connection

EPIC User Guide 9



EPIC CAG Input(s) Connections

The EPIC CAG™ can be configured for up to 32 inputs. Inputs are provided in banks or 4 inputs.

There are two types of inputs that can be be utilized with the EPIC CAG™, electronic (LVDT) and Air/Electric
(A/E). Both input types utilize the same connector style. The same input connection can be used for either a
LVDT input or A/E input. The type of input connected is programmed within the EPIC software application
(see SECTION 1.3.4 Input Setup).

Inputs - Inputs are identified within the EPIC software as follows and connector locations can be seen in
the image below:

1 A1

A
L Corresponds to the Input's position on the
Signal Conditioning Board. (1,2,3,4)

Corresponds to the Row in the Signal
Conditioning Box. (A,B,C,D)

I Corresponds to where the input is located. (1 - Left Side, 2 - Right Side)

EPIC - CAG

Inputs 1A1 - 1A4

Inputs 1B1- 1B4

Inputs 1C1- 1C4

Inputs 1D1 - 1D4

= A = -
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EPIC-ADAMM

Inputs 1A1 - 1A4

POWER
100-240 VAC, 50160 HZ

Inputs 1B1 - 1B4
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2. SECTION: EPIC Software Specifications and Options

Software Feature

EPIC CAG™

Expandable beyond 32 with remote signal

Inputs (LVDT, A/E) 32 conditioning box
Depends on the size of each Setup (number of
Setups 300 Check, Gages , Inputs, stored results etc...
Gages 32
Checks 125 Optional software module required
Sort Classes 40
Result Records Depends on number of Checks programmed in
. 30,000
(Gage Data File) the system.
Gage Data File: 5 The Gage Data File can be sorted by User
User Defined Fields Defined Filed 1 only.
Feedback Compensation 8 Optional software module required
(machines per Gage setup)
Gaging Positions 20

EPIC ADAMM

(machines per Gage setup

Inputs (LVDT, AJE) 8
Depends on the size of each Setup (number of
Setups 200 Check, Gages , Inputs, stored results etc...
Gages 4
Checks 12
Optional software module require
Sort Classes 40
Result Records Depends on number of Checks programmed in
(Stored in Gage Data File) 50,000 the system.
Gage Data File: The Gage Data File can be sorted by User
i i S Defined Filed 1 onl
User Defined Fields Y.
Feedback Compensation 8 Optional software module required

EPIC User Guide




Optional Software Modules

Software Option

Feedback Compensation to
Machine Control

Feedback Types:
Parallel I/O
Edmunds Serial (RS232)
Okuma Serial (RS232)
Okuma Thinc (Ethernet)
GE Focus2 (Ethernet)
Allen Bradly EtherNet/IP
Ethernet File Transfer
+/- Pluse Comp. (dedicated 10)
Ethernet File Transfer

Verification

Zero Verification Automation

Part Graphics

Includes sequential photo/graphics
prompting

Approach Limits

Temperature Compensation

Edmunds Temperature probes required.

Sort Classes

QDAS™

Offload measured results in QDAS File
format

EtherNet/IP Data Offload

Multi-Language

English

Spanish (Mexico)
Chinese
Portuguese

EPIC User Guide




3. SECTION: Menus - Screen Descriptions

EPIC Main Screen

Gaging Sy

File - Results - Setup - Calibration - Analysis * Diagnostics - Window Help - E3

Menus: Screen Selections
Custom Screen
Layouts

Last Gage to
perform a
measurement  Statys of last
cycle part gaged
Triggered Alarm Cycle Status

& | G CONSECUTIVE REJECT LIMIT EXCEEDED  5/5/2015 11.30.03 AM = o | Idls [11302m |
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3.1. File

File -| Results - Setup - Calibr
Logon
$ Backup & Restore

Print Screen
Print Preview
Print Reports ...

Shutdown
Minimize Application
B Exit Application

@ EEE e

3.1.1. Logon
The “Logon” screen lets the operator login as one or four users (Operator, Maintenance, Supervisor, or
Administrator) . The user password and permissions can be change when logged-in as Administrator. When
the system is first started the “Operator” user is automatically logged-in and does not require a password.

Login [x]

| Current User [6p?rat0r

Last Time Logged In

SAT2007 B:50:42 Al
Password s Login |

GHange Passwurdsl &) Pemmissions | RLEt |

User

i\i) NOTE: Administrator login requires a password. The Administrator password is generated by the
system and can not be changed. Authorized users should have access to this password or the password

can be obtained by contacting Edmunds Gages.

3.1.1.1. User
Use the pull down menu to login as Operator, Maintenance, Supervisor, or Administrator. The administrator
can program the different users to have different permissions regarding what can be accessed or changed.

EPIC User Guide 8



e
Operator =
Maintenance =3 Logn |
Supenisar -
Administrataor

3.1.1.2. Change Password

Only the administrator is allowed to change user passwords. There is no password required to login as
“Operator”. The passwords must be 4 character long (numbers and/or alpha characters).

Current User | Administrator

User  [Administator <] 4/9/201 946 39 Al

Password [ = |
= .
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3.1.1.3. Permissions
The administrator is allowed to program various permissions for the operator, maintenance, and supervisor.

‘qaqAE

waaaaa

r
2
v
v
4
4
i
v
2
|
b
L]
"

R EEEEEEEEE
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3.1.2. Backup & Restore
$ Backup & Restore |

The “Backup & Restore” screen provides the user a way to backup the current programmed Setup(s) and
stored data (measured results). There are two options for Backup/Restore they are local and remote. The
local option provides and easy and quick method to Backup and Restore the system without the need for a
remote connection or USB drive. The local Backup is created on the CAG™Ilocal drive in a predefined location.
Only one Backup is stored on the local drive, therefore each time a local Backup is made the existing Backup is
overwritten. The remote option provides a way to Backup and Restore the system to and external (remote)
location such as a USB drive or network drive.

i Backup & Restore H

o
- Local Backup & Restore
Backup & Restore Selup & Dala fo local dive

Last Backup was made (3/16/2020 12:37 PM |

Backup Setup & Data
Backup RN

Restore Setup & Dala
from local backup

s Remote Backup & Restore

Beckup & Rastore Setup & Dats from ramode UEEMework drive

Backup Selup & Data lo
Backup remofe LS8 or Network
diive

Resfore Setup & Dafa
Restore from Backup on remote
UISE or Nebwork arive

-
|
* Restore Gage Data File
Feset ALl Stored Resulls in Gage Dala Files (GOF) for AN Setups

Reastore Gage Dala File
(GOF) Database. All stored
resedts will be delefed

3.1.2.1. Backup (local)

Backup (local) creates a system backup, including all programmed setup parameters and stored results. The
backup is stored on the CAG™local drive in a predefined location. The current backup will be overwritten.
The date and time of the last backup made is displayed.

@ NOTE: It is recommended to do a local Backup whenever Setup has been changed.

If Setup has been changed and the system has not been backed up, the “Backup” button will be
RED indicating backup needed.

Setup has changed
and Not Backed up
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a CREATE BACKUP OF SYSTEM 7

Existing Backup will be overwyitten.

=N A

3.1.2.2. Restore (local)

Restores the complete system from the current backup that is stored on the local drive in a predefined
location. The current setup will be overwritten including all stored results.

Resore System From Backup?
@ The Existing System Selup Will Be Lost I

Backup was made: 471G 11:48 AM

3 N

3.1.2.3. Backup (remote)

Backup (remote) creates a system backup at a users selected location. The backup location may be a USB
drive or network folder. The backup includes all programmed setup parameters and stored results. The
backup does not contain the EPIC system files required to run the application, to make a full backup see
Section 7 Backup & Restore System.

Browse For Folder 2= I

‘Select Folder ko Copy System Backup To

]

% Local Disk (C:)

Uk SCRABBLEW20 (D)

(b CD Drive [E2)

m:g Nawell on'Edmunds001° (F:)

(-5 Gtorage [G:)

-5 Hame on 'E dmunds01' [P:]

Ei.;ﬁ Shared on 'Edmunds001" (S:)
[ﬂ(}‘ Control Fanel

Make Mew Folder e Cancel

B

l\i) NOTE: The name of the remote backup folder that is created will be “CAGBackup”. This backup folder
name should not be changed. The restore routine will not recognize the backup if the name is changes.

3.1.2.4. Restore (remote)

Restore (remote) will restore the system setup and data from remote location. The remote location may be
USB drive or Network folder. In order to restore the system, the user needs to browse to remote location
containing the backup folder “CAGBackup” and select the folder. The current setup will be overwritten
including all stored results.
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Browse For Folder x|

Select Folder Containing Badwp Files
Folder Name = CAGBadkup

[l g DVD RW Drive (E:) a
[ 58 NOVELL {YEDMUNDS00Z) {F:)
e 1JSE DISK (B3]
| base
B cleup
[El Ji DatzBases
. GDFDataBase
. PartGraphics
|| RRDataBase
. SetupDatabase
[ 0 CAGSU

Make New Folder | ok | concel |

Restore System From Backup?
é The Existing System Sefup Will Be Lost Il

Backup was made: 4/7/2016 1:54 PM

3.1.2.5. Restore Gage Data File

Restore GDF will delete the existing Gage Data Files for all Setups. All measured results will be lost. A new
empty Gage Data File (GDF) will be created when Setup is loaded. Restore Gage Data File should only be
performed if the GDF has become corrupt or unreadable (the GDF can be reset in the Gage Data File
screen). Restore Gage Data File can only be performed if the user is logged in as Administrator.

—
-~
» Restore Gage Data File

FReset ALl Stored Results in Gage Date Files (GOF) for Alf Setups

Resgtore Gage Data File
R‘e;si;go (GDF) Database. All stored
resuits will be geleled

Do you wantto Restore the Gage Data File (GDF)?

All Stored Results will be DELETED and a new GDF Database will be created

Gage Results for ALL SETUPS will be DELETED |
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3.1.3. Print Screen
L, Print Screen

Allows the operator to print the current screen to a PDF file or an installed printer. If the screen is to be printed
to a PDF file select “PDF995” and printer.

Print x|
~ Printer
Rame: Buopailes

Status: Ready
Type: PLFIS5 Printer Driver
‘where:  PDFI3EFORT

Comment: ™ Print to file
- Piint rang -~ Copi
Lo | Mumber of copies: 1 H:
£ Pages [mml e
5 P Callate
£~ Selection
cot |

3.1.3.1. Print Preview

& Print Preview

Displays the print screen in preview mode.

3.1.4. Print Reports ...
& Print Reports ...

Allows the operator to print the following reports to the system default printer:

Print Reports
Select Report To Print Select Gages for Report | [ Select Checks for Report
" Setup Repart W 1. Gage Name 1 51 - Gage Mame 1 -
" Calibration Repart ¥ 1: Check Name

' R &R Report W 2: Check Mame

" Histogram Report

i Print Prit Preview B et

3.1.4.1. Setup Report
Prints a complete list of setup parameters for the currently loaded setup.

3.1.4.2. Calibration Report
Prints the calibration and verification (optional) results for the selected Gages.
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3.1.4.3. R&R Report
Prints the R&R results for the selected Gages and Checks.

3.1.4.4. Histogram Report
Prints the Histogram charts for the selected Gages and Checks.
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3.1.5. EtherNet/IP Comm.
‘Fﬁ-’l EtherNet/IP Comm.

See Section 3.2 - EPIC Standard EtherNet/IP Communication

:E]Gaging System - [Ethernet/IP Communications] [ = |:||1|

Demo Wode|
o

i@ File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - | =

EtherNet/IP Communications

Scanning

Communication Setup

T 192 168.1.141 e r Data Available
XTI conr oo
200 | msec

* LastReceived Input Msg. % Last Sent Output bisg.

‘CAG to PLC - Message Communication Erro

CAG_IN_CYCLE CAG 1o PLC - Message

| Operation Value T
I A |

Eniable simulation mode when nol connected fo hardians device: -
V' Simulate Hardware Device Exit

’F’ Unknown l‘ | 8:31 AM

3.1.6. Language

Language (idioma) * [ | English
Espafiol
Chinese

Language Selection - English, Spanish, Chinese

3.1.7. Backup System
€ Backup System l

When the Backup System menu is selected a system backup is created, including all programmed setup
parameters and stored results. The backup is stored on the CAG™ local drive in a predefined location. The
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current backup will be overwritten. The date and time of the last backup made is displayed in the Backup &
Restore screen. (See Backup & Restore menu for more detail on local backup)

@ NOTE: It is recommended to do a local Backup whenever Setup has been changed.

If Setup has been changed and the system has not been backed up, the “Backup System” menus
selection will be RED indicating backup needed.

Iﬁ Backup (Setup Changed) |

CREATE BACKUP OF SYSTEM ?
Existing Backup will be overwritten.
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3.2. Calibration

Calibration -| Analysis - [

®@) Calibration
8¢ Input Balancing
W Verification

3.2.1. Calibration

|ﬂ@] Calibration
The analog signal received from the gaging fixture is an uncalibrated signal that must be scaled before converting it
to an actual dimension. The EPIC software calculates a gain multiplier (MAG) and a zero offset (ZERO) for each
part characteristic (Check) by taking readings from a max and a min master of known dimensions. This MAG and

ZERO are then used to convert the input voltage to an actual dimension. The formulas used to calculate MAG and
ZERO OFFSET are:

ActualMax — ActualMin
MAG =
MeasuredMax - MeasuredMin

Zero = ActualMax — [MAG * MeasuredMax]
Corrected Reading = (Raw Reading * MAG) + ZERO

Where: Actual Max is the known size of Max Master from the master certification report.
Actual Min is the known size of Min Master from the master certification report.
Measured Max is the gaged size of Max Master.
Measured Min is the gaged size of Min Master.
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- [Mastering ] = (=]

= File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -

Last Calibrated 3/16/2020 9.57 16 AM

Check Name Act. Size Max | Act. Size Min |Measured Max | Measured Min [ K Mag Value
Crank Bore 0.00100 -£.00100 0.00101 000100 L 099502 0.00000
Pin Bore 000110 -0.00100 LR 000110 ¥ 0.95455 0.00005
Center Distance 0.000%0 {.00100 0.00091 000090 T 1.04872 -0.00006
Thickness 000100 -0.00100 000101 0.00100 0.93502 0.0a000

& Losa O vaues | & s | 7 sancawran |

LY | G1 AUTO CALIBRATION PASSED SUCCESSFULLY 3/16/2020 9:57:16 AM G1 ' Mastar ‘ Calibratron 957 AM |

For each Check the following information is displayed:
Check Number - The programmed Check number.
Check Name - The programmed name of the Check .
Actual Size Max — The actual max master size from the master certification report.
Actual Size Min — The actual min master size from the master certification report.
Measured Max — The size measured by the gage in the last calibration cycle.
Measured Min — The size measured by the gage in the last calibration cycle.
% Mag Adjust - The percentage of adjustment applied to the measured difference in master readings to
obtain a Mag value of 1.00.
%Mag Adjust = Absolute Value (1 - Mag) * 100
Mag Value — The numeric value multiplied times the measured difference in master reading to obtain the
actual max/min difference.
Zero Offset — The numeric value added to any gaged reading to correct for the zero offset.
Status — The status of the Check from the last calibration cycle.

Unknown Default values loaded, Gage has not be calibrated.

Pass Check passed calibration

Max=Min Max measured reading equals Min measured reading

Min>Max Min measured reading is greater than Max measured reading

Mag Adj %Mag Adjust is greater than %Mag Adj Limit. The default limit is 25% (see Limits)
Zero Adj Zero Adjust is greater than Zero Adj Limit. The default limit is .002 (see Limits)

Sat Input One or more of the Inputs used in the Check formula contain Saturated readings.

NOTE: If on the Check Setup screen the Enabled box is not selected for a Check then the check will NOT be displayed
on the Calibration screen.
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# Load Default Walues | &3 Print | 7 Start Calibration

Start Calibration
Select this button to begin the gage calibration cycle. The CAG™ will prompt the operator to load the first
master and begin the calibration cycle. Refer to the individual gage documentation for specific calibration
procedures. All Checks must “Pass” during a calibration cycle for the gage to be successfully
calibrated.

! GAGE 1 - Gage Name

1 Calibration Sequencei of 2
1) Place Master into Gage Position
2) Inttiate the Gage Cycle

2 Calibration Sequence? of 2
1) Place Master inta Gage Position.

iata o
ini wy G,

SEIEE R P SO =

Load Default Values
Resets all Mag Values to 1.000 and all Zero Offsets to 0.0000.

Master Sizes and Sequence Number
Select Setup = Check Setup to enter the master sizes and sequence numbers.

Calibration Fail Conditions

Max = Min
The measured Max and Min sizes are equal. This indicates the same master or no masters were introduced
to the Gage during the calibration sequence.

Min > Max
The measured Min size was greater than the Max Size. This indicates the masters were introduced in the
wrong sequence.

Mag Adj Error (% Mag Adjustment > 25%)

The percentage of Mag adjustment required to calibrate the Check exceeds the default value of 25% (see

Limits). This indicates the input requires adjustment.

v With an electronic input, the LVDT needs to be repositioned so that the raw reading is closer to the
master reading from the calibration report.

v' With an Air input the Mag of the air input needs to be adjusted.

Zero Error (Zero Adj > .002 inch)
The amount of zero correction required to calibrate the Check exceeds the default value of .002 in (see
Limits).

With an electronic input the LVDT needs to be re-positioned so that the raw reading is closer to the master
reading from the calibration report.

With an Air input the Zero of the air input needs to be adjusted.

Saturated Inputs
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One or more of the Inputs used in the Check formula contain Saturated readings. The raw Input value
exceeds the saturation limits during the calibration cycle (see Inputs Setup Screen).

Calibration Limits (%Mag Adj Limit / Zero Adj )

In most cases in is not recommended to change the default calibration limits. The causes of failed calibration
should be investigated first.

To access the Calibration Limits the user must be logged in as ADMINISTRATOR. When logged in as
administrator the “Limits” button will be visible on the bottom of the screen.

Calibration Limits B

Mag. Limit o

Fero Limit

Zero Limit:

Enter limit in Inch, it will be converted to mm if needed when it is used.

If'0" is entered, the limit will automatically be set based on Check Resolution as follows:
.2 = 3 decimal places

.02 = 4 decimal places

.002 = 5 decimal places

.0002 = 6 decimal places
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3.2.1.1. Calibration Log

Calibration Log

The Calibration Log stores the calibration results for last 10 calibrations performed on the system. The
Calibration Log is accessed by selecting the “Calibration Log” button on the bottom of the Calibration screen.
The calibration results are written to the Calibration Log as the completion of a calibration cycle.

NOTE: In previous versions of the EPIC application, the previous calibration results where written to the Calibration Log
at the start of a calibration cycle and the Calibration Log did not contain the current calibration results.

Calibration Log n

Setup. Setup? Gage Gage 1

Calibration History Log Number [} -| Calibration Date/Time:

31612020 | 9-57-16 Al ' 000100 | -000100 | 0.00101 | -0.00100 0.00000
| 311612020 | 9:57-16AM | ' ' 000110 | 000100 | 000110 | -0.00110 | | | 0.00008
| 3162020 957-16AM | 2 | 1| 000030 | -0.00100 | 0.00091 & -0.00080 | | -0.00006
| 31612020 | 95716 AM | 0.00100 | -0.00100 | 0.00101 | -0.00100 | 0.00000

* CopylogFile | 4 Delste Log | g, et |

Copy Log File

The Log File can be copied to a user specified location such as USB drive by selecting the “Copy Log
File” button. The calibration results will be copied to a “.csv” file that can easily opened with
spreadsheet program such as Microsoft Excel. The naming format of the log file is “S1G1CalLog.csv”
where S1 indicates the Setup ID, G1 indicates the Gage Number.

Delete Log
The Log File can be deleted by selecting the “Delete Log” button.
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3.2.2. Input Balancing
‘QT_S Input Balancing

This menu allows an operator to balance several inputs in relation to one "reference" input. The balancing
algorithm calculates a "Balancing Mag" for each of the inputs by reading the inputs concurrently and comparing the
readings to the reference input reading. If a balancing routine is required for a Gage set up, a balance master may
be supplied for the balancing routine. If no balance master is supplied, a master or a part with the maximum
clearance for the balance inputs may be utilized.

'€ Gaging System - [ Input Balanang] S fin] 3

80 File + Results - Setup + Calibration * Analysis + Diagnostics * Window Help |

Input Balancing G1- Gage Name 'I Units: inch

Selected Inputs Inpit  Firsl Reading  Sec. Reading Spraad Balancing Mag Statug

Referanca input = 0.001509

[a = 0.001751

0.002269

0.00075 |1.00000 |Pass

0.001920

0,000 [5.46763

0.001230
Inpuis To Balance 0002965
¥ 1A1
+ 1A2
W 1A3

g 1A

0.003121
0001529

0.00183 041507 [MagQut

000074 |1.03281 |Pass:

Baiancing Falled -Caleulated Mag > 25%

vimw Alnput St @ sop ] B Bt

Last Balanced |4/82015 922°55AM

a

[

Reference Input
Selected inputs can be balanced relative to a REFERENCE input.
The balancing algorithm calculates a Balancing Mag for each
of the inputs by reading the inputs concurrently and comparing the readings
to the reference input readings.

Input Bal. Mag = (Ref. Reading 1 - Ref. Reading 2) / (Input Reading 1 - Input Reading 2)
Inputs to Balance
Select the inputs to be balanced from the list. The referenced input must be selected.

Balancing Procedure
Load the appropriate part or master onto the gage.

Press the “Start” button on the Input Balancing screen.

The system will prompt the operator to shift the part to one side.

With the part or master shifted toward the reference input press “Continue”.
The system will prompt the operator to shift the part to the opposite side.
With the part or master shifted away from the reference input press “Finish”.

1)

Logsel
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7) The results of the balancing procedure will be displayed on the system. If the balance procedure is
successful the Balance Mag value will be applied to the input, see the Input Setup screen.

Balancing A/E Inputs
If an A/E input does not balance on the first attempt perform the following procedure:

1) With the part or master on the gage, bias it in the direction of the reference input and press “Start”
on the Input Balancing screen. Observe the “First Reading” for the reference input. Using the
"ZERO"knob of the A/E block for the input to be balanced, adjust the display for the “First Reading”
of the input to match that of the reference input.

2) Do not press “Continue”. This allows the operator to see live readings in the First Reading column
on the display. Bias the part in the opposite direction. Observe the reading for the reference input
in relation to the input being balanced. If the value for the balance input is less than that of the
reference input, the Mag needs to be increased. If the value for the balance input is more than that
of the reference input, the Mag needs to be decreased.

3) Toincrease the Mag, turn the "MAG" knob of the A/E block for the corresponding input clockwise
until the display reads approximately 5 times the noted difference, regardless of the direction the
display changes. After adjusting the Mag, turn the "ZERO" knob in the same direction as the "MAG"
knob to correct the display to match the reading of the reference input.

4) Bias the part in the opposite direction. Observe the reading for the reference input in relation to the
input being balanced. If the value for the balance input still does not match that of the reference
input, the Mag will have to be adjusted again according to the procedure above. When the values
for the balancing inputs matches those of the reference input press “Stop” on the Input Balancing
screen and then perform the balancing routine.
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3.2.3. Verification (Optional)
Verification
Once the Gage has been calibrated, the means to verify the stability of the process is provided by the Verification

menu. The checks that will utilize verification are set up in the menu “Check Setup”. Once verification is enabled,
the Gage will be verified from the Verification menu.

Check Setup Screen - Verification
Verification Part Size [0.002000  gnabled
Max Zero AdjustLim [0.000800 W

Min Zero AdjustLim [0.000010

This menu initiates the verification process and displays the results. Each mastered Check, for which verification
has been defined, is displayed with the following information:

i =loi=l
File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -| ZRR

Verification G1 - Gage Name - Units: inch
| Last Verified 4/23/2015 11:15:17 AM

Check Name Actual Size | Meas. Size | ZeroAdj | AccZero Adj | . Min Lim Max Lim
Crank Bore 0.002000 0.002176 0.000176 0000176 i 0.000010 0.000800
Pin Bore 0.00200 0.00228 000028 -0.00028 0.00001 0.00080

Center Distance 0.00200 0.00237 -0.00037 -0.00037 : t I 0.00001 0.00080
Thickness 0.00200 0.00230 -0.00030 -0.00030 Adjust 0.00001 0.00080

[ | &1 AUTO CALBRATION PASSED SUCCESSFULLY 412312015 11.15:17 AM I T | e [RE

No. - The number of the Check being verified.
Check Name - The name of the Check being verified.

Actual Size - The actual size of the verification master for the Check selected. This value is programmed as
the “Verification Part Size” on the Check Setup screen from the Master Calibration report.

Measured Size - The check size of the verification master as measured in the last verification cycle.

Zero Adjustment - The difference between the actual size and the measured size of the verification master.
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Acc Zero Adjustment - The accumulated zero adjustment of all verification cycles. In order for the gage to
pass Verification the accumulated value cannot exceed the programmed Max Zero Adjust limit.

Status — The status of the Check from the last Verification cycle.

Unknown Default values loaded, Gage has not be verified.

Pass Check passed verification - no zero adjustment made, zero adjustment below min
zero adj limit.

Adjust Check passed verification - zero adjustment made.

Max Zero Adj  Accumulated zero adjustment exceeds max zero adjustment limit.

Sat Input One or more of the Inputs used in the Check formula contain Saturated readings.

Min Limit - Minimum amount of zero offset applied during verification.
If the verification zero offset is less than this value then no zero offset adjustment will be applied.

Max Limit - Maximum accumulated verification zero correction allowed.
If the accumulated zero offset exceeds this limit the verification will fail.

Start Verification - Initiates the gage verification cycle. The system will prompt the operator on the steps
required.
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3.3. Analysis

Analysis -| Diagnostics - W

E& Gage Data File
“» GDF Chart

/Mt Histogram

X-R Chart
Scatter Chart
Gage Rand R ...

Feedback Monitor

YL FER

3.3.1. Gage Data File (GDF)
Gage Data File

The Gage Data File on the EPIC system contains all of the information stored for each part gaged. There is
one file for each Gage programmed on the EPIC system.

@ NOTE: Checks that are not “Enabled” in the “Check Setup” screen will be displayed as “Disabled” in the GDF

& File - Results - Setup - Calibration - Analysis - Dlagnost|cs - Window Help - -8 x
G1 - Gage Name - Samples : 9 1N y Units: inch
Sample |1 2 |3 |4 |3 & 1% & a
Date | 4z2r0s 402202015 |arz2rn1s | 422205 | az2nms |4R2R01s 42202015 |az2rms 402212015
Time 1:02.07 P 1:02:27 PM 1:02:41 PM 1:02:53 PM 1:02:55 PM 1.03:02 P | 1:03:08 PM 1:03:13 Pw 1:03:17 PM
Part Status Reject Accept Accept Accept | Acoept Accept Reject Reject Reject
Annotation
Sort Clags Class 12 | Class 11 Class 11 Class 11 | Class 11 Class 8 Class & Clasz 8 Clazs 9
Machine_ Machine 1 Machine 2 Machine 2 Machine 2 | Machine 2 Maching 2 | Machine 2 Machine 2 Machine 2
Serialbo_ 1234565 1234568 1234570 1234570 | 1234570 1234570 1234570 1234570 1234570
Station_ 1 1 1 1 &l 1 1 1 #
EvertiDr_ Azd | AZ4 A2d £24 | A2 | A2d A£24 Azd 224
1-Crank Bore | oomss 000076 “[0.00076 |o000sa |ooooio |-0.0015E 000233 “[-ooozag -0
2-Piri Bare 000188 + 0.00106 000106 0.00089 | 000040 noo1zse - 000209 - -0.00209 - 000155 -
3-Center Distance 000129 * 0.00048 0.00048 0.00028 | -0.00020 A001ss - -0.00269 * -0.00268 * -0.00215 *
4-Thickness 000177 0.00094 000094 0.00077 | 0.00028 -0.00140 |-0.00221 -0.00221 000167
™ Export Data | ™ Export Q-DAS® Study Tvpe-1 | Amnotate | X Delete Sample(s) % ResetGDF m

|
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For each gage cycle the following information is recorded:

Sample — The sample number since the last data reset.
Date — The date the samples was taken
Time — The time the sample was taken

Part Status — The status (Accept or Reject) of the part. If any part Check results are out side of the USL and
LSL then the part will be rejected.

Sort Class (Optional) — If sort classes are defined for a part Check then the sort class into which the part falls
will be displayed.

User Defined Fields (Optional) - The user can define additional information to be stored for each sample. For
example, a field may be defined to specify the sample as coming from one of four different machines. In the
GDF screen displayed above, Machine, SerialNo, Station, EventID are user defined fields. User defined fields
are setup in Gage Setup screen.

Check Results - The results of all enabled Checks are displayed.
If a Check status is “Reject’, that is outside of the USL (upper specification limit) or LSL (lower specification
limit), then an asterisk will be placed next to the results to denote a reject on that Check feature and the
value will be RED. (Optional) If the Check results are outside of the UAL (upper approach limit) or the LAL
(lower approach limit) then a “+” or “-” will be placed next to the results and value will be YELLOW.

i\1.> NOTE: If the Check results are outside of the URL (upper reasonable limit) or the LRL (lower reasonable limit) then
data will not be recorded for that part.

Select Data to View
Allows the operator to select what data to display. The display options are:

Tirme Frame For Displayed Data Wiew Data Method
£ Displas &l

£+ By Time Frame

From | 5090007 08 45:03 AM =

To l /2972007 05:45:03 AM ‘i“,

I To Currert Time:

Fitter By GOF Field

l1 :! [~ Machine
‘ Total Parts Stored . 0 Ok | Cancel | ‘

Display All — Displays all accumulated data for the current Gage.

By Time Frame - The operator can select to display only samples taken in a given time frame. The operator
can select to display data from a given date and time to another date and time or from a given date and time
up to the current time by selecting “To Current Time”

Filter By GDF Field - If User Defined Field is used and setup for sorting (See UDF Setup in Gage Setup
Screen).

Delete Sample
X Delete Sample(s)
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Allows the operator to delete a sample or range of samples by sample number or time frame. Enter a
sample number(s) in the From and To boxes and press “Delete”. The system will prompt “Sample (#) will be
deleted from the Gage Data File. Do you want to delete the sample.” Press “Yes” to delete the sample.

Al
Total Parls Stored: 7
; Delete Data Method
|ete mber- e .
Delete Data By Sample Nur & ﬁy X . _
s ) € By Time Frame
To 1
| X oeae o | |
Annotate

The Annotation Option of the EPIC software provides the ability for the user to assign an explanatory note to
a measurement part record stored in the Gage Data File (GDF). Annotations are useful for identifying
special point in the GDF, such as new operator, excessive tooling wear, or a change of material. The user
has the ability to enter predefined annotation notes that can be selected at time of annotation or enter the
annotation directly. (See Section 2 Annotation, for full description)

Demo Made

File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -

Gage Selection

Edit Annotation
selections. Add,
Delete or Change
selections

Programmed
Annotation values

Annotated record will be

Annotation Selections
Tool Change

M Offload Annotated GDF Record

T |

Enter Annotation or
select for default
alues

|Sa_mp\e Mo.
|DaterTime

rRrTTE

| Annotation |

Record of last part
izaged. Annotation will
be added to this
records.

ave record with

Annotation. Record in

he GDF will be
updated with the

&

Annotation.

Part_Status
Innotation
Machinel
Machine2
Hum_Checks
Checkl
Checkl_Status
Check2
Check2_ Status
Check3
Check3_Status
Checkd
Check4_Statua

Reject

cne
WO

4

0.012
Over USL
0.0021
Accept
0.0022
Rccept
0.00544
Accept

ritten to remote
offload file when "Save"
is pressed. This record

ill not replace any
existing records but will
be appended to the file.

Idle

1:06 PM
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Reset GDF
4 ResetGDF

Clears all data from the GDF for the current Gage.

Export Data

| - Export Data

The measured results stored in the Gage Data File can be exported to comma delimited text file
(GageName.cvs). The export location can reside locally on the EPIC system or externally on USB memory
drive or mapped Network drive.

File Record Format :

The individual fields of the comma-delimited file are described below.

Header Information
The first section of the file contains the header information.

The first line contains the date the file was created.

The second line contains the time the file was created.

The third line contains the name of the Gage the data is from.

The fourth line contains the number of Checks for which data was recorded.
The fifth line contains the number of samples in the file

Gage Data Records Format
Sample Number, Date-Time, Part Status, Sort Class*, UDF1*, UDF2*, UDF3*, UDF4*, UDF5*, Result1,
Status1, Result2, Status2,.......

* Optional fields

Each line contains results for a single part, with commas separating the individual fields, which are
described below.

The first field is the sample number

The second field is the date and time the sample was taken.

The third field is the overall status of the part (Accept or Reject)

The next field lists the sort class result for the part. This is an optional field and will not be included if
sort classes are not defined for the gage.

The next fields contain any user-defined-field data, such as defining what machine or spindle the part
was machined on. These fields are optional and only included if user defined fields have been
created in the Gage Setup screen. A maximum of five user-defined-field can be defined.

The next two fields contain the actual gage reading of Check #1 and the Check status (Accept, Over
USL, Under LSL, Over UAL, Under LAL) of Check #1.

The data fields then continue with the gage reading and check status for all the other checks in the
same manner as Check #1.
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File Example:

Date, 3/24/2011
Time, 12:46 PM

Gage, G1-G-51547
Number Checks,

Number Samples,

1,3/17/2011
Accept,
2,3/17/2011
Accept,
3,3/17/2011
Accept,
4,3/17/2011
Accept,
5,3/17/2011
Accept,
6,3/17/2011
Accept,

12

12

12

12

12

12

3

6

122

122

122

122

122

122

08

08

08

08

08

08

PM,

PM,

PM,

PM,

PM,

PM,

Accept,
Accept,
Accept,
Accept,
Reject,

Accept,

.0033,
.0034,
.0037,
.0031,
.0033,

.0032,

Accept,
Accept,
Accept,
Accept,
Reject,

Accept,

.0018, Accept,
.0017,Accept,
.0018, Accept,
.0018, Accept,
.0012, Accept,

.0018, Accept,

.0025,
.0025,
.0025,
.0025,
.0025,

.0025,
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3.3.2. GDF Chart

% GDF Chart

The Gage Data File Chart is generated from the stored gaged data. The display is a chart of all gage readings for
the selected Check and selected data range.

# File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - - A x
iG1 - Gage Hame LI 472202015 1:02:07 PM - 412312015 5:01:145 AW Units: inch Select Data To Wiew

Check 1 - Crank Bore (Machins 1) fi-Crank Eore: [
GDF Samples 33

X-bar  0.00100
Stdl. Dev. 0.00183

0.00397 hin -0.00285

1 0.00159 =
2 -0.00187
3 -0.00170
4 -0.00237
5 -0.00238
g
7
]

0.00300 P
usL
000203 /\ /\@/
-0.00285
-0.00177
0.00107 i -0.00185
V 9 -0.00073
10 000030
11 000123
e eeie 12 000199
12 000253
14 000097
Liosasss 15 0.00181

16 0.00085
17 0.00240
18 000286

-0.00183 o

19 0.00269 |
20 0.00286
21 000766
22 000286
000280 23 000286
LsL w

24 000314
25 000232
26 000172
000377 27 000173
28 000173
29 000173
30 000153
. . . . : ’ - . . . s . . : . ; 31000137
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Select Data to View
Allows the operator to select what data from the gage data file to display.

View Data Method
" Display All
" By Time Frame
¢ By Sample Number
| = Last Parls Gaged

Display the last |200 parts
gaged.

1
| ™ De not include results from Disabled Checks |

|Tota| Parts Stored: 7 Ok | Cancel |

Display All — Displays all accumulated data from the gage data file for the selected check.

By Time Frame - The operator can select to display only samples taken in a given time frame.

By Sample Range - The operator can select to display a range of samples.

Last Parts Gaged- The operator can select to display only the results from a selected number of the last parts
gaged.
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For each Check the following is displayed:

Samples — Total number of samples viewed.

X-bar — Average of the samples viewed

Max — The maximum reading of all samples viewed

Min — The minimum reading of all samples viewed

Range — The difference between the max and min samples
Std. Dev. - The standard deviation of the sample viewed.
Pp - Process Performance

Pr — Performance Ratio

Ppk - Performance Index

* see APPENDIX A - Performance/Process Capability Calculations
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3.3.3. Histogram
il Histogram

A Histogram is a bar graph, which displays the relative frequency of occurrence of values within a group of
observations. A separate histogram display is generated for each part Check. The pull down menu at the top the
screen can be used to select which check’s data will be displayed. The histogram is generated from the stored
gaged data.

m File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - -8 x
G1- Gage Name j &Iﬁ’l Check |1—CrankEIDre ;I Fiter By: ¥ Machine_

LI Select Data To View

4.’22{201 51:02:07 PM - 42312015 2:01:1 EQM Specifications
4 @
-30s b Mean 'y 308 Harminal 1.0000
UsL 0.00300

LsSL -0.00280

Type 11 vl

Bilsteral Tolerance:
Al Process Mean

333

Counters

Samples 33
OverlsL 1
UnderLSL 1
Accept H

250

Spread
-har 0.00100
M a 0.00314
Min -0.00285
Range 0.00593
Std, Dev, 0.00183

Frequency (%]

Petformance

Fp 053
Pr 189151
Pk 0364

Mormality
Skewness -0.84
kurtogis  -0.70

a3

T T T T T 1
00997 00814 00631 -00448  -00266 - 00083 00283 00466 00649 00532 o4 aier i Print
Bl Exit

la] [ 1 [ Unknown [ 1018 am
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Select Data to View

Allows the operator to select what data from the gage data file to display.

Display All — Displays all accumulated data from the gage data file.

View Data Method
{+ Display All
All Parts Displayed By Time Frame
" By Sample Number
" Last Parls Gaged

I” Do notinclude results from Disabled Checks
v Display Probability Density Curve

Total Parts Stored: 7 Ok | Cancel | ‘

By Time Frame - Displays only samples taken within a given time frame.

Time Frame For Displayed Data View Data Method

— || £ Displayan
From [ 4222015 08:22:01 Al = L

* By Time Frame
To [ 4232015 01:0839 P = || By Sample Number

[~ To Current Time " Last Parts Gaged

™ Do notinclude results from Disabled Checks
i Display Probability Density Curve

Total Paris Stored: 7 Ok | Cancel | ‘

By Sample Range - Displays a range of samples.

S Wiew Data Method
Display Data By Sample Mumber  Display Al
From |1 " By Time Frame
To l1— i+ By Sample Number
{~ Last Parts Gaged

™ Do notinclude results from Disabled Checks
i Display Probability Density Curve

Total Parts Stored: 7 Ok | Cancell

View Data Method
(" Display All
Display the last |s00 parts X
R {" By Time Frame

"~ By Sample Number
& Last Parts Gaged

" Do notinclude results from Disabled Checks
v Display Probability Density Curve

Total Parts Stored: 7 Ok | Cancel | ‘

Histogram Display

Last Parts Gaged- Displays only a selected number of the last parts gaged.

There are 5 floating vertical lines displayed on the Histogram:

1) Mean of the Sample
2) USL - Upper Specification Limit
3) LSL - Lower Specification Limit
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4)x + 3o
5)x - 3o
o = standard deviation

The Histogram also displays additional information for each check:

Specifications

Nominal Size — The nominal size programmed for the check.
USL - The Upper Specification Limit programmed for the check.
USL - The Lower Specification Limit programmed for the check.

Tol. Type
Specification Type Selection

Type 1: Bilateral Tolerances, Adjustable Process Mean
Type 2: Bilateral Tolerances, Non-Adjustable Process Mean
Type 3: One-Sided Tolerance, or Zero-Based Tolerance

Counters

Samples — Total number of samples included in the histogram.
Over USL - Number of samples above the USL.

Under LSL - Number of samples below the LSL.

Accept - Number of samples acceptable parts in the sample.

Spread
X-Bar — The average of all the readings in the sample.

Max - The maximum reading in the sample.

Min - The minimum reading in the sample.

Range - The difference between the maximum and minimum readings in the sample.
Std. Dev. - The standard deviation of the sample.

Performance (see Appendix A for Performance Capability Description and Calculations)

Pp - Relationship of process distribution to spec limits. If Pp is >=1.33, process is considered capable.
Pr — Inverse of Pp.

Ppk- How centered the process distribution is. If Ppk is >=1.33, process is considered capable.

Normality
Skewness- The Measure of Symmetry.

For a Histogram with normal distribution, Skewness = 0.
Skewness >0, distribution extending to the right.
Skewness <0, distribution extending to the left.

Kurtosis

The Measure of whether the data is peaked or flat relative to Normal Distribution.
For a Histogram with normal distribution, Kurtosis = 0.

Kurtosis >0, distribution sharp peak.

Kurtosis <0, distribution relatively flat.
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3.3.4. Xbar-R Chart
A2 X-R Chart

The Xbar-R chart plots the process mean (Xbar chart) and process range (R chart) over time for measured
data in subgroups. This combination control chart is widely used to examine the stability of processes in many

industries.
% File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - -8 x
IG1 - Gage Mame _'j Bore _vJ Fiter By: ¥ Maching_ IMachine1 ;] Units: inch
¥-Bar
Chart & Alarms
A Setup
noozen A I Compress Chart
g
f\v/_/ \v)\ C;pab\lim:dex
v Cok O omk
0,00000 \\‘/'\ o Av Total Groups 41
m / SFhar  0.00035
v R-bar 0.00053
N Std D Est 0.000311
1 cp 3.1050
.0 00250 Cr 0.3221
Ll Cpk 2.8359
A Ak A Ferformance Index
Range Tot Samples 123
H-har 0.00035
a5 Std Dev  0.001027
000136 Fp 0.9417
el Pt 1.0518
4 Ppk 08600
- Tol Type I1 vl
Bilsteral Tolerance:
A N Adj. Process Mean
000053 ] f\ F/\
y \/\/ V V \,/ \/ \/\./ \/\_//
0.00000 ]
LCLr
T 2 % 4 & 6 7 8 9 1011 12 13 14 15 16 17 1815 20 21 22 23 24 25 26 7 25 29 30 31 32 33 34 35 36 37 33 39 40 41 i
Exit
a |

’?!ﬁ\ccepg-_ 11 - Class ’ﬁ_| 1:52 P

3.3.4.1. Chart & Alarm Setup

Setup

Chart & Alarms

When you select to “Chart & Alarms Setup” the SPC Setup screen is displayed. Each Gage setup can have a

different set of control charts setup parameter defined and each Check setup can have different control limits
and alarming defined.
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SPC Setup

GAGE |&1- Gage Name

-

Sampling Setup

Subgroup Size ig_
Frequency [D_
Wax Samples !300

—SPC Alarm -Automatic Annotation —
Annotation Msg

Enahle ¥ [spc TestFail

—SPC Alarm -Inform MC

Chart Display Settings
V¥ Color Limit Lines
M Color Ghart Points
[ Spec. Limit Lines

[ 5ave |

N hESRaD: +- F sigmaim {v axis range)
Enahle [~ [255—
SELECT CHECK i (=etup per Check)
-Control Limits
¥ Chart B Chart Calculate Contral Limits
UCLx |0.0025000  ycLr |0.0013572 i Calcuiste
LCLx [0.0025000 (el {0.0000000 Check Al

Digplay

Mo. Process Siahilhy'Tast Enable Method

Process Stability Alarms

|1 point heyond 3o conteal limit Window v

|2 nut of 3 consecutive phts outside 2@ contral limit Window v

|4 out of 5 consecutive pnts autside 1 acontrol limit Window A

Window hd

|9 consecutive points on same side of centerline

|6 consecutive points increasing or decreasing indow A

|14 consecutive points oscillate up & down Window =

|15 consecutive pnts inside of the 1o control limit Window v

=l Save

I, Ext |

3.3.4.2. Sampling Setup

This value defines the number of samples in a subgroup for a Check. Subgroup size can be value 1 to 15.
Each Check have the same subgroup size. A subgroup is represented on the chart as a point.

Frequency - Number of Consecutively Gaged parts skipped between Sample plots (subgroup).

Max Samples - Maximum number of samples used (display and analysis).
Example: if Max Samples is set to "300" then the last 300 measured readings will be used, if subgroup size is

set to 3 then 100 chart points will be displayed.

3.3.4.3. SPC Alarm - Automatic Annotation

Enable - If enabled, annotation will automatically be logged in the Gage Data File when any of the “Process
Stability Alarms” are triggered for any Check. The annotation can be viewed in the Gage Data File screen or

on the chart (see Viewing Chart below).
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Annotation Msg - Message that will be written to Gage Data File if a Process Stability Alarm is
triggered and Automatic Annotation enabled. Message can be a maximum of 15 characters.

3.3.4.4. SPC Alarm - Inform MC

Enable - Enable- Inform Machine Control of Process Stability Alarm . If an Process Stability Alarm is
triggered, this programmed message will be transmitted to Machine Control (PLC etc..). This is primarily
used to shutdown the machine control when an out of process condition occurs.

MC Message - Message that will be transmitted to Machine Control (PLC etc..) if a Process
Stability Alarm is triggered and Inform MC enabled.

3.3.4.5. Chart Display Setting

Color Limit Lines - Uses colored lines to show the boundaries for the control chart zones.
Within control charts, there are four zones:

Green : From the center-line to +1 standard deviation.

Blue : From x1 standard deviations to +2 standard deviations.
Yellow: From +2 standard deviations to +3 standard deviations.
- Outside %3 standard deviations

Color Chart Points - Plots the subgroup data points using a colored dot to show which zone contains the
point.

Spec. Limit Lines - Plots the specification limits for displayed Check on the control chart. If the
specification limits do not plot on your control charts after activating this feature, this indicates that your
process is in such control that the spec limits would chart outside the control chart.

Y axis range - Used to specify the range of the Y-axis (the vertical axis) of your control charts. The range
value is + number of standard deviation from median center line.

3.3.4.6. Control Limits

There are a set of control limit for each feature being measured (Check).
UCLXx - Xbar chart upper control limit

LCLx - Xbar chart lower control limit

UCLTr - Range chart upper control limit

LCLr - Range chart lower control limit

New control limits can be either be entered manually or have the software calculate new limits from the
active data in the gage data file. Your control charts are the indicator of when you may need to modify or
recalculate your control limits. For example, let's say you make an improvement to your process—you
replace an old, unreliable piece of equipment with a new machine. After replacing the machine and
beginning to make your product again, let's say your control charts begin to show that you have a great
deal less variation in your product. At this time, you may want to recalculate your control limits to reflect the
improved process.
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Manually Entering New Control Limits

Control limits can be manually enter for the current data file at any time. For example, perhaps you've

been performing your SPC analysis by hand in the past and have already established your control limits for
a process. To enter new limits, select the Check you want to modify and enter the new limit in the text
boxes provided and select “Save” when done.

Calculating New Control Limits from Existing Data
Calculate Control Limits
Calculate

Selected
Check

Calculate Al
Check

Select the “Calculate Selected Check” button to calculate new control limits for the
currently select "Check". The calculated control limits will
be base on the currently accumulated readings.

Select “Calculate All Check” button to calculate new control limits for all "Checks". The calculated
control limits will be base on the currently accumulated readings

EPIC calculations for control limits:

UCLx = x + (3 * (StdDev / Subgroup Size))
LCLx = X - (3 * (StdDev / Subgroup Size))

3.3.4.7. Process Stability Alarms

Process Stability Alarms

Display
No. Process Stability Test Enable Method

!1 |‘lpoimbeyondsucomrolIimit I |window ¥

|2 | 2 out of 3 consecutive pnts outside 2a control limit Window -

! 3 |4 out of 5 consecutive pnts outside 1o control limit Window -

|4 |9 consecutive points on same side of centerling Window -

!5 |Sconsecutivepoints increasing or decreasing Window -

|B |14 consecutive points oscillate up & down Window -

!7 |15 consecutive pnts inside of the 1o control limit Window -

There are seven process stability alarms that can be activated for each Check independently. The alarms
are generated from sample data charted the Xbar chart. The alarm process stability test is performed
when new data is added to the gage data file at the completion of a measurement cycle when the Enable
checkbox is selected. If a process stability test fails the alarm will be activated and displayed according to
the “Display Method”. The alarm will also be logged in the SPC Alarm Log (see Alarm Display).
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Display Method - Select the display method (Status Bar, Window, or None) for the alarm. If Status Bar is
selected then the alarm will be displayed on the bottom line of the EPIC application. If Window is selected
the alarm will be displayed in a pop up window (see figure below).

m - [Hbar & R Charks] =10 %

Ciams Modal
— =X

& File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -

q& - Gage Mama | Check |1-Crank Bore k| Units: inch
X-Bar

Chart & Alarme
Batug.

bk I Compress Chat

A SPC Process Stability Alarmis) ‘Capabilit indas
& ok ek
10,601 85, [Gage [ Check | Alarmn [ Las Occumance | | Total Girouos 58
1| 1 [40F 5 POINTS QUTSIDE 1E CONTROL LIMIT | 4242015 12:36:15 P | | b 000167
Rpal 000001
514D Est 0.000005
S o Go 1963gal
000430, Cr 00051
Ll opk 7A.4534

Eeromance indey
fimge = i Sampes 1T

soar 0NQTET
7 Std Dev  0.000039

Fp 245608
Pr 00407
PRk, 98881

4 Tol Tynn ]1 vI

Eiaheral Teleranoe:

= /\ Ad] Procesa Neon
nmm_ /'\ fﬂ\
1234587 23 NNUBHBETELLN REMNEERFTANN NN HEBTIED I

I!G1 FEEDBACK DATA NOT ACKNDWLEDGED 42413095 123615 P | G1 nm[mﬂ F‘J

Annotation from Alarm Window Display

When a process stability alarm is triggered and displayed (Window) there is an option to annotate the
gage data file with cause of alarm. Select the “Annotation” button to bring up the following screen that
allows an annotation message to be entered.

Annotation

\Sample o

[DaterMims [4/242015 123815 P10
| annotation [5PC Test Fail

Bar: Statun Feject
Annotation SPC Test Fail
Soct_ Class Class 9

Machine Machine 1
Serlallio_ 1234567

223

Vom Checka
Checkl

Checki Status
Check2

Check? Statusd
Cneckd

Theck3 Status
Checkd
Checkd Status

3.3.4.8. Viewing Chart

The control chart shows the upper and lower control limits (UCL and LCL) and the individual subgroup
data. There is also the option to display color limit lines and specification limits. When a large amount of
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subgroup data has been collected that will not fit on the display a scroll-bar will be displayed to allow scroll
back and forth through the chart data.

Viewing Subgroup Data

When viewing a control chart, click on any subgroup point displayed on the chart to receive a small data
table which displays information about that particular subgroup, including subgroup number, sample that
makeup the subgroup, date and time, subgroup data readings, and annotation.

| ®-Ber

Group oo, 73

Samgtaz: 5760

Joanans1 4515 A ———— /

000214 [0 00248 £.00250,0.00205) 2

000250 ®
UEix \/
f\v.//_/ \ A
vy
000000 m //'\/ ,/..T\/,/'\YA A
//\\- o W
gy
Py FEr SNy

e e e e e S SR T8 1, it e e e sy e et ey

Viewing Annotation
The control charts also shows if Annotation has been attached to any subgroup by displaying a black
triangle flag on the axis below the subgroup. To view the Annotation click on the triangle flag (see figure

below).
XT3
PR
|l e e R R OO S SR . e el S, i
e
g__,—‘-"‘" Annotation

Compress Chart - The control chart window also contains a Compress Chart checkbox. Use this option
when you have collected more subgroup data than fits in the control chart window at one time. The
Compress Chart option compresses your control chart so that all subgroups are visible in the control chart

window.

Process Capability

‘/\i) See Appendix A for Performance / Process Capability Description and Calculations

Cpk - Process Capability Indices Cp and Cpk are normally used when determining the capability of a
continuous production process and where the sampling of parts is made continuously during the
production.
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Cmk - Machine Capability Indices Cm and Cmk are used when determining the ability of a production
machine to produce, for example as acceptance test of new equipment. The sampling of parts is made
in a short period of time without changes in machine settings. All efforts are make to try to isolate the
influence on the machine from other factors.

Total Groups- Total number of subgroups used in generating the chart.

X-bar - Average (Mean) of the average of each subgroup values

R-bar - Average range of all the range values (Xmax-Xmin) for each subgroup
Std D Est - Estimated Standard Deviation (Std Dev Est). Std Dev Est = Rbar / d2
Cp - Process Capability.

Cr - Capability ratio.

Cpk - Process Capability index.

Performance Capability

‘Ri) See Appendix A for Performance / Process Capability Description and Calculations

Performance Capability Indices Pp and Ppk are normally used when determining the possibilities of a
process to produce within specified requirements and where the sampling of parts is made in the form of
a large sample taken on one occasion.

Total Sample - total number of samples.
Xbar - Average (mean) of all readings.
Std Dev - Standard Deviation

Pp - Performance index.

Pr - Performance ratio.

Ppk - Performance index.

Tol. Type - Specification Type Selection
Type 1: Bilateral Tolerances, Adjustable Process Mean
Type 2: Bilateral Tolerances, Non-Adjustable Process Mean
Type 3: One-Sided Tolerance, or Zero-Based Tolerance
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3.3.5. Scatter Chart
|l Scatter Chart

The Scatter Chart generates a plot of two variables (Part Checks), one against the other to display trends. The
Gage, Part Checks and Data Viewing Method are selected in this menu.

:e]Gaginq System - [Scatter Chart] [ = | ) LI
Demo Mode
iex

J& File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -

—
G1-Gage Name =l | X dxis [1-Crank Bore ] v s TR | Select Data To View
[[#2412015 1:38:57 PM - 42412015 1.40:38 PM |
LSL UsL
; ]
0.00250+ TLSL
000188 s
: et x
* x
2
&
5]
=
£ 0001251
&
=
%]
000083+
x * %
000000+ 1usL
000000 0.00075 000150 000225 000300
Chk 1- Crank Bore
Correlation Coefficient=0.19625 R Sguared =0.03812
‘
la] 1 | unknown | [ 10:28 Am

Gage - By using the pull down menu, the operator selects the gage in which the part checks to be monitored are
programmed.

X Axis - By using the pull down menu, the operator selects the X Axis Part Check to be displayed.

Y Axis - By using the pull down menu, the operator selects the Y Axis Part Check to be displayed.

Select Data to View
Allows the operator to select what data from the gage data file to display.

Display All — Displays all accumulated data from the gage data file.
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All Parts Displayed

View Data Method
¥ Display Al
" By Time Frame
By Sample Number
" Last Parts Gaged

™ Donotinclude results from Dizabled Checks
¥ Display Probability Density Curve

Total Parts Stored: 7

_ox | cmea ||

By Time Frame - Displays only samples taken within a given time frame.

Time Frame For Displayed Data

From [ 4222015 08:22:01 Al =
To [ 4232015 01:08:39 P =

[~ To Current Time

View Data Method
~ Display All
* By Time Frame
¢~ By Sample Number
" Last Parts Gaged

™ Do notinclude results from Disabled Checks
i Display Probability Density Curve

Total Paris Stored: 7

Display Data By Sample Number

From |1—
To |1

View Diata Method
£~ Display Al
i~ By Time Frame
{* By Sample Number

¢ Last Parts Gaged

™ Do notinclude results from Disabled Checks
¥ Display Probability Density Curve

Total Parts Stored: 7

_ox | coen ||

Display the last |s00 parts
gaged.

View Data Method
(" Display All
{" By Time Frame
¢ By Sample Number
' Last Parts Gaged

[T Do notinclude resufts from Disabled Checks
v Dizplay Probability Density Curve

Total Parts Stored: 7

By Sample Range - Displays a range of samples.

Last Parts Gaged- Displays only a selected number of the last parts gaged.
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3.3.6. Gage Rand R
R GageRandR...

:E]Gaginq System - [Gage Repeatability and Reproducibility Report]
Rp File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -| Rr

G51-Gage Name -

(=]

Demno Mode

- ~
Units: inch

(84,11 A1 -Check Name | & +* Bl List Chiks By %GRR

—

Appraiser PART
gy 1 2 3 1 5 5 7 3 [ 10 AT
A 1| o28350 0.25340 0.26900 026870 0.26920 0.26440 027000 0.26980 0.28830 026750 0.26709
2| oze%60 0.26000 026960 026780 028910 026490 027030 0.27000 028820 026770 026722
3| o2 0.25870 0.28950 026300 0.26800 0.28510 026990 0.27000 0.26840 026750 0.26717
Average| 026410 0.26870 026340 028350 026910 026480 027007 026987 028830 026777 026715
Range| 000110 0.00080 0.00060 0.00180 0.00020 0.00070 0.00040 0.00040 0.00020 0.00010 0.00082
B 1] 028450 025890 0.26980 026830 0.26910 0.26520 027090 0.27000 0.26830 026780 0.26738
2| ozee30 0.26000 026980 026340 0.26980 0.28500 027070 0.27010 026790 026730 026738
3| o2ss40 0.28010 026970 026850 0.26980 0.28500 027090 0.27040 028810 026780 026755
Average| 026440 0.26000 028977 026873 026843 028507 027033 027017 028810 026730 026743
Rangs| 000020 0.00020 0.00010 0.00120 0.00060 0.00020 0.00020 0.00040 0.00040 0.00000 0.00034
c 1| e2s410 025300 0.26940 026980 026360 0.26550 027090 0.27150 0.26950 026790 0.26772
2| ozsa20 0.25810 0.26840 026800 0.28920 0.28520 028950 0.27070 0.28800 026740 026720
3| @260 0.25350 0.26920 026920 0.26380 0.26420 027040 0.27190 0.26950 026790 0.26770
Average| 026410 026820 028957 026833 026953 028520 027037 027137 028900 026773 026754
Range| 000020 0.00050 0.00050 0.00080 0.00080 0.00060 0.00110 0.00120 0.00150 0.00050 0.00075
PartAvg.| 026420 026283 026958 026358 026336 028502 027042 0.27047 028847 026777 0.26738

(ARM)

Average an .
%, Max % 1 0.00062 ev [
w

i2s PrintRR Study || ™ Export Readings || O View Summary

R&R Study Status ||

Study Selup

%GRR
%PV

# of Appraisers
# of Trials
# of Parts

Reset Study

=18 0 T 12/3/2015 10:49:31 AM

2 |

’F’ Unknown ‘|

3.3.6.1. Gage R&R Overview

Gage R& R or GRR

Gage repeatability and reproducibility studies determine how much of your observed process variation is due
to measurement system variation. Gage R&R is an estimate of the combined variation of repeatability and
reproducibility.

Gage Repeatability - Equipment Variation (EV) - is the variation in measurements obtained when one
appraiser uses the same gage for measuring the identical characteristics (part checks) of the same parts.

Gage Reproducibility - Appraiser Variation (AV) - is the variation in the average of measurements made by
DIFFERENT appraisers using the same gage when measuring identical characteristics of the same parts.

SSp=Q (X )——=
; nkr
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Assessing Repeatability and Reproducibility

EPIC system provides two methods for assessing repeatability and reproducibility: Average and Range
Method (ARM), and ANOVA (Analysis of Variation) method. The ARM method breaks down the overall
variation into three categories: part-to-part, repeatability, and reproducibility. The ANOVA method breaks
down the variation into four categories: part-to-part, reproducibility (appraiser), reproducibility (part-to-
appraiser), and repeatability (equipment).

ARM and ANOVA methods are in accordance with Automotive Industry Action Group (AAIG) (2010), MSA (Measurement
System Analysis Reference Manual), Fourth Edition.

3.3.6.2. Gage R&R Setup

A complete R & R study is conducted on a sample size of 1 to 10 parts, in two or three trials and is performed
by different appraisers: A, B, and C. A partial or "simulated" R & R study can be conducted by a single
appraiser using the ARM method to quickly verify gage Repeatability, exclusively, as an aid in detecting any
tooling problems that may be present.

When an R & R study is enabled, regular gaging is disabled, SPC charts are not updated, and no feedback is
sent to the machine control.

Study Setup

Study Setup

# of Appraisers u

# of Trials

# of Parts

# of Appraisers - Number of appraisers to be used in the study. There must be from 1 to 3 appraisers
for ARM study and from 2 to 3 appraisers for ANOVA study.

# of Trials - Number of trials for each part. Must be either 2 or 3.

# of Parts - Number of parts to be used in the study. Must be between 1 and 10.

Options

Gage R&R Options

Study Variation: m (number of Standard Deviations)

—Method of Analysis ———
© ¥Bar and R (ARM) riation (TV)
& ANOVA
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Study Variation (sv) - Multiplier used in study variation calculations. The default multiplier is 5.15,
which is the number of standard deviations needed to capture 99% of the process measurements. A
99% spread is on considered to represent the full spread of measurement error. A 99.7% spread is
represented by a multiplier of 6, which is +-30 and represents the full spread of a “normal” curve.

Method of Analysis
XBar and R (ARM) - The ARM method breaks down the overall variation into three categories: part-to-
part, repeatability, and reproducibility.

ANOVA -The Analysis of Variation (ANOVA) method breaks down the variation into four categories:
part-to-part, reproducibility (appraiser), reproducibility (part-to-appraiser), and repeatability (equipment).

R&R Results Based On

% Total Variation (TV) - %EV, %AV, %GRR, %PV are computed as a percentage of the Total Variation
(TV)

% Tolerance - %EV, %AV, %GRR, %PV are computed as a percentage of the part tolerance

UCLr Test - This test compares the upper control limit range (UCLr) to the data accumulated in the R&R
test and discards any reading which exceeds the upper control limit range. If this box is checked then
any reading which exceeds the upper control limit will be discarded.

Sampling Order

The order in which parts are measured is important when using the ANOVA method. If the parts are not
measured in a random manner, this can lead to a source of bias. A randomizing algorithm has been
incorporated in the EPIC software that can be used to generate a random sampling order. When the
“Set Sample Order” button is selected the “Sample Run Order” grid is displayed. The “Randomize
Sampling withinTrials” button can be selected to generate the random order. If the ARM analysis
method is being used it is recommend to use a non-randomize sampling order to make the study easier
to conduct. The sample order can also be manually entered for those who want to generate a custom
sample run.

@ NOTE: Sample order can only be changed after R&R study has been reset “Reset Study” and a
new study has not be started.
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3.3.6.3. Performing a Gage R&R Study

1. Use the pull down menu in the upper left corner of the screen to select the gage on which the gage
R&R study

2. Under “Study Setup” enter the number of appraisers (1-3), the number of trials (2-3) and the number
of parts (1-10) to be used in the study.

3. Select “New Study”. The system will alert the operator that any existing gage R&R data for the
current Gage will be deleted. Select “Yes” to continue.

4. The system will prompt with next part to be gaged. The part to be gaged will also be highlighted in
blue on the screen. The sample order is setup under the “Option” section.
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Have the first appraiser load part on the gage and initiate a gage cycle.

The system will prompt for the next appraiser, trial, and part to be gaged.

Continue to gage parts as prompted by the system until the study is completed. To pause in the
middle of the study select “Stop Study”. The study can be continued by selecting “Continue Study”.

Noo

Regage Part

Regage Part I

If an error occurs when measuring a part during a gage R&R, an individual part may be re-gaged rather
than repeating the entire study. For example, if a part is not properly seated in the Gage when the start
gage command is issued the gage will record incorrect readings. These readings can be over written
using Regage Part. When the “Regage Part” button is pressed a dialog box will open allowing the
operator to select the Appraiser number, Trial number, and Part number to be regaged (see figure
below).

Regage Selection i |

Select Sample To Regage

Appraiser  Trial Part

0| T

ok | cawcel |

Gage R&R Results

When the R&R study has been completed the result will be calculated and displayed.

You can determine whether your measurement system is acceptable using the following guidelines.

If the Total Gage R&R percentage in the %GRR (% Tolerance, %TV) is:

- Less than 10% - the measurement system is acceptable.

- Between 10% and 30% - the measurement system may be acceptable depending on the application.
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Study Results

X =}

: v

EV - Equipment Variation (Gage Repeatablity)

AV - Appraiser Variation ( Gage Reproducibility)

GRR - Gage Repeatablity and Reproduciblity

PV - Part Variation

TV - Total Variation (GRR and Part Variation)

%EV - Equipment Variation as percentage of Total Variation or Total Tolerance

%AV - Appraiser Variation as percentage of Total Variation or Total Tolerance

%GRR - Gage Repeatablity and Reproduciblity as percentage of Total Variation or Total Tolerance
ndc - number of distinct data categories

@© See Appendix D for calculations:
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Study Result - ANOVA Study

:e]{;aging System - [Gage Repeatability and Reproducibility Report] _ |E||5|
. . . . . . . | Demo Hod
Ry File - Results - Setup - Calibration - Analysis - Diagnostics -+ Window Help | Rr R
({300 "8 1 Check Name =i | & Wl List Chiks By %GRR Units: inch

ANOVA Table Without Interaction

Source DOF S8 MS E

Appraiser 02 316726 1.68383 79.406 *Estimated variance based on madel without interaction
Parts 08 35.361934 9817993 492291 e e
AppraiserbyPart 18 0388982 0019943 0434

Equipmert 60 2756933 0.045962

Total 09 54.647112

ANOCVA Gage R&R Results Table

Source Est. of Var Std Dev (SD} 6.00*SD %TotVariation %Tolerance %Contribution
EV (Repeatability) 0.039973 0.199933 1.199593 18.42% 12.00% 03.39%

AV (Reproducibility)  0.0514558 0.226838 1.381025 20.90% 13.61% 04.37%

Gage R&R 0021428 0.302372 1.814229 27.86% 18.14% 07.76%

Part to Part 1.086447 1.042327 6.253865 586.04% B2 54% 52.24%

TV (Total Variation) 11477875 1.085300 6511787 100.00% 85.12%

MNumber of Distinct Categories (ndc) = 4

2 3 |t pctve
=

I min ¥ B 1 v av FES CAAT 20 90% # of Appraisers _
0254 .. O 20 LN 1814 %GRR IR # of Trials

v [EE nde T B3

[IEE @1 TR 11/13/2015 1:49:38 PM 2y PrintRR Study | ™ Export Readings | JO View Summary

’E‘ ’F’ Unknowvin “ | 9:31 AM

The ANOVA Table

Source column is the cause of variation.

DF column is the degree of freedom associated with the source

SS (sum of squares) column is the deviation around the mean of the source.

MS (mean square) column is the sum of squares divided by degrees of freedom.

F (ratio) column is calculated to determine the statistical significance of the source value.

— #ofPans  [EH
b 0.001 vct, [EEA [ T 6254 LT 96.04% L.

The Gage R&R Results Table

This table shows the calculated variance of the ANOVA study for the system. The variance is
expressed in terms of standard deviation for easy of interpretation. In the above example the measure
of spread is given in 6 times the standard deviation (6 * SD). The table shows the 60 spread for a
measure of repeatability (EV) and measure of reproducibility (AV). If the interaction of part and
appraiser is significant then and estimate of its variance component is given. In the example above the
interaction of part an appraiser was not significant so variance is “without interaction”. The variation
expressed as a percentage of total variation and percentage of tolerance are given in columns 4 and 5.
The % Contribution is given is column 6. If you are looking at the %Contribution , the corresponding
standards are:

- Less than 1% - the measurement system is acceptable.

- Between 1% and 9% - the measurement system is acceptable depending on the application, the cost
of the measuring device, cost of repair, or other factors.

@® See Appendix D for calculations:
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3.3.7. Feedback Monitor
# Feedback Monitor

The Feedback monitor menu allows the operator to view the compensation amounts and rates for the process.

@ See also Section 4 Feedback Setup and Operation

= EY
” . s ” : o - Demo Mode
# File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - R
| Feedback Monitor |G1 - Gage Name j Units: inch
| Offset Data Machine [1-Machine Name = | ] individual Offset Details  Offset [1-ometoNE -] |
Sample Running Feedback [F kool seliip
Offset Count Average Status Offset ol
_ Start-Up Mode Limit |10 ucL [0.00000
1 - Offset ONE )] 0.00506 DOwer UCL 0.00506 = .
2 - Offset WO 1 000506 Ower UCL 0 00506 Run Made Trigger \3 Setpoint |0.00000
LeL [0ooo00
Part Lag (Stat-Up) 0
e Compensation
Part Lag (Run} o Resolution 0.0001
Min Sample Size 1
Mazx Sample Size ‘3
i Feedback Data
| Check Result [0.00506 ‘
| Feedback Mode m Part Status _ | | Sample Count |1 Lag Count |1 ‘
| Transmit Status ‘ Offsets Transmitted | X oy A e tek
Running Avg. |—0,[][]50€ 01 0.00506
Taotal Parts 1 C itive Ac 0 &
onsecutive Accept | Calculated Offset|0.00505 .
Accept Parts 0 Start-Up Count |0 Transmitted Offset |—U.UUSUE
Reject Pats |1 Tool Adj. Total | 0.00506
z = Transmitted Counts |?]
From |4/28/2015 1:01:00 PM To |4128/2015 1:01:00 PM
Log Transmitted Feedback Write Vaiue
4 ResetFB Data For Mach'mel 4 ResetAlIFD Data FDrGagel |7 Machine 1 |~ Enable  View | Earl e IU—
[a] o1 1:01 PM

3.3.7.1. Offset Data

Offset — The name of the current offsets.

Sample Count — The number of samples used to calculate the offset.

Running Average — The running average of the offsets.

Status — The status

Feedback Offset — Amount of offset applied to the last part.

Feedback Mode — The current mode of feedback (Run or Start-Up)

Part Status — The status of the last part gaged.

Total Parts — Total number of parts gaged since last reset of feedback data

Accept Parts -Total number of Accept parts gaged since last reset of feedback data
Reject Parts -Total number of Reject parts gaged since last reset of feedback data
Consecutive Accept - The number of consecutive Accept parts gaged since last reset of feedback data
Start-Up Count — The number of parts used in the Start-Up mode.

Time Stamp — The From and To time of the current feedback data

Reset — Resets Feedback data for either Gage or Machine
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3.3.7.2. Individual Offset Details

The Feedback control set-up and data for each individual offset can be viewed here. The offsets can be
selected using the pull-down menu.

3.3.7.3. Feedback Control Setup
The Feedback Control Setup is taken from the Feedback Setup menu and is for display only.

3.3.7.4. Feedback Data

Check Result — The last measured result for the Check associated with the offset

Sample Count — The current number of samples.

Lag Count — The current number of lag parts.

Running Average — The running average of the sample data.

Calculated Offset — (Running Average — Set Point)*(Comp Rate) This is calculated when the Running
Average violates the Control Limits for the check.

Transmitted Offset — The calculated Feedback Offset to be transmitted if the Tooling Adjust Limits are not
exceeded.

Tool Adjustment Total — The total of the tooling adjustments since the last feedback reset.

Transmitted Counts — The number of counts transmitted thru the binary coded messages via the parallel
I/O.

Sample Data - The values used to compute the Running Average.

3.3.7.5. Log Transmitted Feedback

Machine 1 ¥ Enable | View |

If enabled, Transmitted Offset Data will be logged. The offset data will be written to a comma delimited text
file that can be viewed or copied (see figure below).

|
Setup: Selupd Gage: Gage 1 WMachme: Machine Mames
e
| Date | Tme | Offseivol TotAdg  TotPrCnt | AveAd
L3 h 14 Pl 1 0051 0204 5 0003041
=i 42812015 1.14Pl 0.0081 |0.030271 i) 0.003379
|amanaris [11apu [0 0os1 lopzaa 7 0002820
4‘|'2W2‘D15 | 114 P | 00 .U.E 3T .3 u.DUmﬁ
ARER0IS 114 Pl £.0051 0.035481 -] 0.003540
szezts | 144 Pu 00081 lopaszs |1 0.004053
A2E2015 114PW 00051 0.045588 i 0004144
yzEz0s | 114Pu |roost |onsesez |12 0.004220
42802015 114PW 00051 0055710 13 0.004285
4282015 | 114 PM | 00051 .O.EGE TET | 14 0.004340
azBEOIS  |145PW 0.0051 0085833 |15 [.004338

# Copy LogFile 1 ‘ Drslte Oiiset Log I ‘DgHeAIDﬂdeﬂgsI {18 Entl
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3.4. Diagnostics

Diagnostics -| Window Help -
A Alarm Display

@ 10 Diagnostics

£ Live Inputs

£ Monitor Check

# Feedback Communications
§¥ Temp. Comp. Study

3.4.1. Alarm Display
£ Alarm Display

Alarm Display screen displays a log of system alarms with the date and time the alarm occurred.

5 Gagmng System - [Alarm Display Screen] =
4 File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - i llay

Active Alarm(s) Internal Alarm Log
Description Last Occurrance Date-Time - | Description
Consecutive Reject Limil Exceeded A/28/2015 1.54.12 PM A/28/2045 10.49:47 AM Feedback Data Mot Ackn owl=dged
Feedback Data Not Acknowiedged 4/28/2015 1.54.12 PM fenn bilea T B e sdieh Dita Bk tekmata e
4282015 1:13.20 PM Feedback Oata ot Ackn owledged
442872015 1:13:22 PM Faadback Data Mot Ackn owledged
AR28/2015 15346 PM___ | Feedback Data Mot Acknowledged
42872015 1:53.:48 FM Faedback Data Mot Acknowledged
ARBAMS 1:5412PM | Conseciitve Repect Limit Exceeded
4/28/2045 1:54. 12 PM Faedback Data Mot Acknowledged

SPC Alarm Log
Chk | Date-Tima Description
(A2A015 1:AG12PM |2 0f3 Points Dutaide 25 contral fimit
| 4242015 1:40:25 PM 1 Paint Beyond 3o Control Limit
(42812015 1:40:25PM |2 of 3 Points Dutside 20 control limit

412412015 14025 P |6 Consecutive Faints increasing or decreasing
14/28/2015 10:48:58 AM 1 Puaint Beyond 30 Control Limit

(282015 104858 AW |2 013 Poirts Dutside 2a control imit
|4/28/2015 1048 58 AM |4 of 6 Points Dutsids 1o Control Limit

:
1
e
1 |[4/24/2015 140.36PM |4 of & Paints Dutside 1o Control Limit
1
:
1
i

# Fesstlams # Rezethlarm Log
g, ot |
|4 | G1 FEEDBACK DATA NOT ACKNOWLEDGED  4/28/2015 15412 PM SN T | e [REET

Active Alarm(s) - alarms that are currently active and have not been acknowledged.

Internal Alarm Log - a log of the last 25 internal alarms that were triggered. Internal alarms are alarms
triggered from the EPIC CAG™ system as opposed to alarm triggered from an external connected controller
(PLC).

SPC Alarm Log - a log of the last 25 SPC Alarms (Process Stability Alarms) that were triggered.

External Alarm Log - a log of the last 25 external alarms that were triggered. External alarms are received
from external machine control such as controlling PLC.
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3.4.2. 10 Diagnostics
@ IO Diagnostics

The 10 Diagnostics screen is used to view the communication between the EPIC CAG™ system and the
external controller (PLC). The IO Diagnostics screen that will be displayed will depend on the type of
communication configured for the system. There are two standard interfaces for communication between
external controller and the EPIC CAG™ system, Parallel IO and EtherNet/IP. The two types of interfaces are
explained in detail in Section 3.1 and Section 3.2.

3.4.2.1. Parallel IO Communications

@ See Section 3.1 Parallel IO Communications for more details.

The 10 Diagnostic screen used for Parallel IO Communication is display below. It pictorially displays the
three ports of digital 10 (Port A, Port B, Port C).

:e] - [Parallel I0 Diagnostics] = E3

#. File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - | PR
b y Ly
Port A Port B Port C Input 1/0 Trace Output /O Trace
(OLtputs) (Outputs) (Inputs] . i
Binary(MSE - LSB) Dec. Binary(MSE - LSE) Dec.
| 0000000010000
0000000000011

42}
b
Q)
=
&
7]

25 lelolefeleele]e]f

(95)
=2
@
(=]
@

Bit OFTO

o
2
[
B
=
7]

22 lefololelelelels]

Bit OFTO Bit OFTO

RO0-A O8-A 0 MO4-A

00000010

MO0-8 MO8-B 1 MO4-B

MO01-A MO8-A 2 MOE-A

M01-8 M08-B MO5-B

MOZ-A 10-A MOB-A

WM02-5 M10-B MOB-5

MO3-A M11-A MOT-A

M03-8 M11-B MO7-B

[
=
()

=
(=)

2| g [ofeo[e]e]ee]e

“Wiewy Description Clear | Refresh | * Last Received 0 Msg.

10 Duration Time (mel (100 Save

o
AutoAir Shutoff  Air OFF Air oM |

| B = = OE

Outputs — Ports A& B

Bit - the bit number on the output port.

OPTO - the location/label of the output on the opto board (optically isolated relay board).

Status - a green dot indicates that the output is ON and a black dot indicates that the output is OFF. Click
on the status button to force the output ON.

EPIC User Guide 56



Inputs — Port C
Bit - the bit number on the output port.

OPTO - the location/label of the output on the opto board.
Status - a green dot indicates that the input is ON and a black dot indicates that the input is OFF.

Input I/O Trace
The Input I/O Trace displays the last 15 messages received in the Input buffer. The display shows the message

in binary that can be used to see what individual input is on/off easily. It also shows the message in decimal. If
the Description button is pressed, a brief description of the message will be displayed.

Output I/0 Trace
The Input I/O Trace displays the last 18 messages transmitted in the input/output buffers. The display shows the

message in binary that can be used to see what individual input is on/off easily. It also shows the message in
decimal. The input and output messages are grouped by color. Each group of messages having the same
background color represents on gaging cycle. If the View Description button is pressed, the description of the
message will be displayed.

Input /O Trace Qutput /O Trace Input 1O Trace Cutput IfO Trace

BinaryiW3H - LSH)  Dec. BinanhSE - L=B) D, Msg. Descnpbion Dac Mzg. Descnplion Cec.
* [ | «[0000000000100 [004 * + [Reject/Class4  [00D4
0000000000011 {003 Accept/Class3 on3

00000010  |0D2 Auto SG 1 |002
' 0000000010000 (016 Class16 016
0000000000011 |003 AcceptfClass3  |003

00000010 |002 _ _ : Auto SG 1 002
0000000000000 (000 Class0 ooo
0000000000100 (004 Reject/Class4 004

00000010 (D02 Aute SG 1 |D02

Wiews Demsc riptinn | Clear | Redresh | * Last Receted D vy, e I MELG I Claar | Befrash | * Last Recebyed U0 Mg

10 Duration Time

Allows the operator to program the length, in milliseconds, of the I/O message as sent by the EPIC system to
the PLC. For example, if the 10 Duration Time is set for 100, the output lines used for the message will be
held ON for a duration of 100 milliseconds then turned OFF.

10 Duration Time (ms) |1DD Save |

Auto Air Shutoff (Optional)
The Air Off and Air ON buttons provide means of testing the Auto Air function. When the Air ON button is

pressed the output used for controlling the air will be turned ON. The output(s) used to controlling the auto
air shutoff are programmed in the Check Setup screen.

Auta Air Shutoff AirOFFI Air O |
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3.4.2.2. EtherNet/IP Communications

Communication between EPIC CAG™ system and Allen Bradley ControlLogix Controllers is achieved using
EtherNet/IP (Industrial Protocol). Control commands and status are passed between the EPIC CAG™ and
AB Controller (PLC) by means of reading and writing messages to predefined memory locations (TAGS)
residing on the AB Controller.

@ See Section 3.2 EtherNet/IP Communications.

The 10 Diagnostic screen used for EtherNet/IP Communication is display below.

EtherNet/IP Communications
@ File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - | R
Scanning

Communication Setup

PLC hiodel ControlLagix >
192.168.1.141 e
5 es i WS ar
1 Cantraifer CRU Slat q

Reject/Classd

: 250 mSen Accept/Class3
Auto 5G 1
Connection Timeout |EEI mSec 4 HG,IBCT-}C.F.@SS‘

BIATRC R

Scan Rate 100 mses 00 Auto SG 1

Desctiption TAG Mame D

e
[cromss
[cAG N CYCLE
[PLC_HEARTEEAT

Save |

ard Communic
PLC_HEARTBEAT )

Value

£t s sy
eomecfed o e e e,
¥ Sirmulate Hardware Device

Communication Setup

IP Address - address of the controller CPU.
CPU Silot - controller CPU slot

Transaction Timeout - Transaction Timeout occur when a query is sent but no reply is received within
the number of milliseconds specified by the Timeout Transaction setting.

Connection Timeout - Connection Timeout occur when system tries to connect to the controller but can
not within the number of milliseconds specified by the Connection Timeout setting.
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Scan Rate - the amount of time in milliseconds between each query for new data.

Diagnostics - TAG Read/Write

Read - To read a TAG value from the controller, enter TAG name and Data Type and select Read button.
The value will be displayed in the Value textbox. A value returned of “9999” indicates an error has
occurred and the TAG could not be read.

Write- To write to a TAG on the controller, enter TAG name,Data Type and the value to write then elect
the Write button. If the value can not be written a error message will appear.

Standard Communications: CAG - Controller

PLC_HEARTBEAT - The PLC Heartbeat is used to verify communication between CAG™ and PLC. The
LED will switch between GREEN and RED when communication is working correctly.

Display the value of communication Tags

Diescription

PLC_MSG _ PLC to CAG - Message
CAG_MSG CAGto PLC - Message
CAG_IN_CYCLE CAG to PLC - Message

Read/Write to the predefined communication Tags

Scanning
Scan for Data Available: Scanning must be enabled to receive new data (messages) from the controller.

If the LED is Green the system is Scanning and operating correctly. If the LED is Red the system is not
scanning.

Scan for Setup Load: Scanning must be enabled to receive Load Setup ID message from the controller. If
scanning is enabled the “PLC_LOAD_SETUP_ID” Tag containing Setup ID will be read from the Machine
controller. The Setup corresponding to the read Setup ID will be loaded automatically. (See System Setup
screen for more details).

. Scanning

B Scanfor Data Available H =can Far Setuip Load

EPIC User Guide 59



INPUT & OUTPU TRACE
The Input/Ouput Traces displays the last 18 messages received. The displays show the message number and
description.

INPUT TRACE OUTPUT TRACE

Description s Description

Reject/Classd
Accept/Class3

Auto 5G 1

Auto 6.1

e L B

3.4.3. Live Inputs
# Live Inputs

This screen displays live readings of all active Inputs. An active Inputs is an input that is used in a defined
Check formula or assigned to a temperature compensation probe set.

Reading = Input Value * Polarity/Mag * Balancing Mag + Input Offset

Reading = 1A1, 1A2, 1A3, etc...

Input Value = LVDT or Air/Electronic (A/E) Input reading

Polarity/Mag = Defined in Inputs Setup screen.

Balancing Mag = Defined in Inputs Setup screen and Input Balancing screen
Input Offset = Defined in Inputs Setup Screen.

Gage Selection - Use the pull down menu at the top center of the screen to select the gage . All inputs
programmed in the Checks for the selected gage will be displayed.
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:e]Eagmg System - [Live Inputs] _.[g[gl
7 File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -| R

Live Inputs G1 - Gage Name - Units: inch

55 000236
155 [Not Uses

- 00000000/
E| ’F' mknowml| [ 11:05 am

EPIC User Guide 61



3.4.4. Monitor Check
‘izﬁ Monitor Check

This display contains specific information on the readings used to calculate a Check. It includes a chart of all
readings taken for the individual inputs that make up the Check as well as the Check result. In also includes
information on the total number of readings taken, the number of readings passing cutout and rotation tests, and
the number of saturated readings. The High and Low readings are displayed as well as the Max and Min queue
entries. Only one Check may be monitored at a time.

k# File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - -8 x

I|G1-Gage Name j Manitor Check |1—Crank Bure ;I Pnsihnﬂl1 = T ICheck Readings j

[Resut 000180
-0.0004 il -0.00108
hin -0.00174

Samples
Tatal 447
Used 447

I Profile Chart

118 -0.00185 ‘I

119 -0.00168

-0.0006

f 120 -0.00166
-0.0008 Jai A amii A h add e P W ¥ T 121 -0.00185
: 122 -0.00166
123 -0.00165

124 -0.00166
/“'J 125 -0.00165

-0.0010 " ¥ 126 -0.00168
127 -0.00166
128 -0.00166 J
129 -0.00165
130 -0.00166

-0.0012 131 -0.00165
132 -0.00168
133 -0.00166
134 -0.00166

W"‘W—‘N\ 135 -0.00165

136 -0.00166

-0.0014
137 -0.00165

\I MW L\ 138 -0.00166

Hinflmd it} 138 -0.00165

L\\_ 140 -0.00185

141 000188

-0.0018 142 -0.00165
l\\'\M.. 143 -0.00162

144 -0.00163

145 -0.00162

146 -0.00162
00018+ : 147 -0.00161

1 50 100 150 200 250 300 350 400 447 ||148 -0.00160
149 -0.00158

Readings

Sample = 150 : Reading = -0.00159
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# File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -

- 2 X

I ’61 - Gage Name

tonitor Check |1 -Crank Bore

L

133 121 109
145
157

169
161

193
205
27
229
24
253

265

27

289
3o

73
&1

43
ar
25

13

das
433
42
109

397

385
373

Zoom? | [Check Readings =]

Result  -0.00150

Il -0.00108
Mdin -0.00174

Samples
Total 447
Used 447

¥ Profile Chart

18 -0.001685 ‘I

119 -0.00166
120 -0.00166
121 -0.00165
122 -0.00166
123 -0.001685
124 -0.00166
125 -0.00165
126 -0.0018%5
127 -0.00166
128 -0.00166 J
129 -0.001685
130 -0.00166
131 -0.00165

3 3861 132 -0.00166

3 o i 133 -0.00166
134 -0.00166
135 -0.00165
0004 136 -0.00166

2 i i : 137 -0.00165

00006 = { ke — - o - - 138 -0.00166
- 138 -0.00165

2.000% \ 140 -0.00165
e s e 11141 -0.00165
Paaa P bt 142 -0.00165

20012 / \ 143 -0.00163
aonie 144 -0.00163
s AP oo A, 145 -0.00162

00018 s b pre—y s MW—M 146 -0.00162

| 147 -0.00161
148 -0.00160
149 -0.00158

Reaidings

40018 7 v v : v v v v v .
1 50 100 150 200 250 200 250 A00 “7

Sample = 150 : Reading = -0.00159

Check i 11 [clRV Exil
N g - | - T

Gage Selection - Use the pull down menu in the upper left corner of the screen to select a gage.
Monitor Check - Use the pull down menus in the upper center section of the screen to select a Check from
the current gage and a position of the selected Check to monitor.

v Active

Active - Select this box to activate Check monitoring for the selected Check. If the Active box is selected
and any or all of the Check, Result, or Input boxes are checked then data will be recorded for the selected
items when the current Check is gaged.

Check - All readings associated with the selected Check will be listed. To record the readings from a Check
activate the “Check” box and select “Active”. The next time a start gage command is initiated the readings
from the Check will be displayed in the corresponding color.

Result- The result of the Check selected will be shown as a horizontal red line on the chart.

Inputs- All readings associated with the selected input will be listed. To record the readings from an input
activate the input box and select “Active. The next time a start gage command is initiated the raw readings
from the input will be displayed in the corresponding color.

Profile Chart - The Profile Chart option can be displayed by checking the Profile Chart box. This chart is
useful in setting up a type of roundness check or cut-out detection.

The number of readings taken is shown on the outside of the chart and the shape of the chart gives an
indication of part geometry.
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3.4.5. Feedback Communications (Optional)
# Feedback Communications

@ See Section 5.1 Focus2 Feedback
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3.5. Window
| Window | Help -

Screen Colors ’
Start Gage - Push Buttons
Software Keyboard
Annotation Button ’
Tile Vertical

Tile Horizontal

Save Screen Layout ’
Restore Screen Layout »

Close All Windows

F23llHel ©

3.5.1. Screen Colors

| Screen Colors

Choose background screen color. There is a choice between black or blue background color.

3.5.2. Start Gage - Push Buttons
@ Start Gage - Push Buttons

Selecting the “Start Gage — Push Buttons” option will create a “Start Gage” button that will display on all
screens. A “Start Gage” signal is sent to the system if this button is pushed. This enables the operator to
initiate a gage cycle from any displayed screen. To remove the “Start Gage” icon, click the “X” in the lower right

hand corner of the icon. The Start Gage button can be moved to desired location on the screen by click-hold
and drag with a mouse.

Multiple Start Gage Buttons - a Start Gage button will be displayed for each Gage that is setup in the system.
The Start Gage buttons will be labeled with the Gage number in the center of the button. To change the
orientation of the buttons from vertical to horizontal select the <--> symbol. To display only one Start Gage

button with the option to select the Gage from a drop-down box, select the [-] symbol. Selecting the [+] will
display all the Start Gage buttons.

!
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Resize Start Gage Button
The Start Gage button(s) can be resize by placing the cursor on the edge of the button frame where the

cursor changes to to the resize icon %¥* and holding down the right mouse button and dragging to the desired
size.

3.5.3. Software Keyboard
& Software Keyboard

Selecting this option will bring up Windows Software Keyboard. To enter data, place cursor in the field to be
edited and select the keys on Software Keyboard.

== On-Screen Keyboard

=1l

B || 1] %] 3]7s)*s] "6 |%2] 8] (] o] -] =|Bep | Home [rolp |
Tob_Ja Jw e Jr Jt Jy Ju]i Jo Jp J((];] \]od| End |pgon]
Gps Ja Js Jd |7 Jo Jh [3 [k J1 ] ;] ]— | ioset]pouse]
“Shift [z x Je Jv Jb |n [m |< |>.]7/|* |Shit | PrtScn] Scrik |
ol ] i [+ ENC O ST

@ NOTE: An embedded Keypad can be activated and used to enter data in any field in the EPIC

application by simply double clicking the field that needs editing. The embedded Keypad can also be
activated when using a touch-screen by pressing twice on the field.

Crank Bore

. | BACK 9PACE
I

! | EHIFT

3.5.4. Annotation Button (Optional)
@ Annotation Button
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When the Annotation Option is installed as part of the EPIC system an “Annotation Button” can be displayed on
the screen by selecting “Enable” under this menu option. See Section 2 for more information on Annotation.

“Annotate

3.5.5. Tile Vertical
1] Tile Vertical

The Tile feature for displaying multiple screens is available only when the “Multiple Screens” option is
selected in the System Setup Menu.

Tile Vertical : The multiple screens selected will be displayed top to bottom.

3.5.6. Tile Horizontal
= Tile Horizontal

The Tile feature for displaying multiple screens is available only when the “Multiple Screens” option is
selected in the System Setup Menu.

Tile Horizontal : The multiple screens selected will be displayed left to right.

3.5.7. Save Screen Layout
™ Save Screen Layout
The system allows the operator the ability to save 3 screen layouts for fast retrieving. To save a screen layout

open the screen(s) to be saved. Click on “Window” in the Menu bar and select “Save Screen Layout”. Click on
one of the 3 options listed and that screen will be saved under that Layout number.

® Save Screen Layout "B Layout 1
® Restore Screen Layout * @ Layout 2
1B Close All Windows B Layout 3

When a screen layout is saved, an icon will be displayed on the Main screen menu bar. This icon can be
selected to display (restore) the saved screen layout.
/7 {auad Layouts

File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - -

To remove (clear) a saved Screen Layout close all screens and “Save Screen Layout” to the Layout number to
be removed.
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3.5.8. Restore Screen Layout
|ﬁ: Restore Screen Layout

The selected Layout (1,2,3) will be restored (displayed).

\Q Restore Screen Layout i \ Layout 1
B, Close All Windows Layout 2
I 1 L2yout 3

3.5.9. Close All Windows
B, Close All Windows

All open Windows (screens) will be closed

4. SECTION: Annotation - Gage Data Records

The Annotation Option of the EPIC software provides the ability for the user to assign an explanatory note to a
measurement part record stored in the Gage Data File (GDF). Annotations are useful for identifying special point in
the GDF, such as new operator, excessive tooling wear, or a change of material. The user has the ability to enter
predefined annotation notes that can be selected at time of annotation or enter the annotation directly.

4.1. Annotation Button (Figure 1, Figure 2)

When the Annotation Option is installed as part of the EPIC CAG system an “Annotation Button” will be displayed
on the screen. This button can be moved around the screen giving the user the ability to place it at a convenient
location. The Annotation Button can be disabled (not displayed) in the “Window — Annotate Button” menu (see
Figure 2). Pressing the Annotation Button will bring up the Annotation Screen. The Annotation Screen allows
the user to assign annotation to the last part record stored in the gage data file.
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FIGURE 1.
File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -

Demo Made

- A x

Check Name 4 LSL
DIAMETER 1 -0.01000 0.01000 0.00200
DIAMETER 2 -0.01000 0.01000 0.00210
DIAMETER 3 -0.01000 0.01000 0.00220

Gage Cycle Info.

AVG DIA -0.01000 0.01000 0.00210

Cycle Status Idle
Mext Position | pos-1 | 10f1

Num. Readings 15002

Acquisition Time 0.089

Part Counts

Annotation Button

pccert NG
Refect [
Rework [ NN
Total [ 82

From: (812312013 10:30:25 AW
To: |8/29/2013 12:59:35 PM
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FIGURE 2.

File - Results - Setup - Calibration - Analysis - Diagnostics -| Window | Help - By

Gaging Results £ Screen Colors X

Check Name LSL Nominal UsL Actual Deviation Start Gage - PUSh BUttonS
01 | Crank Bore 0.00280 || 1.00000 000300 || 100120 | 0.00130 Software Keyboard
02 | Pin Bore 0.00250 | 097000 | 0.00250 Jj Annotation Butto N
03 | Center Distance 000200 || 100000 | 000100 D Enabled AnReaton DUTo!
04 | Thickness 001000 || 000000 | 001000 | 000189 | 000199 Tile Vertical

T

Tile Horizontal

Save Screen Layout 4
Restore Screen Layout 4

Close All Windows
1 Result: G1 - Gage Name

Total [ 481

From: |4/9/2015 92400 AM
To: |4/24/2015 12.:36:15 PM

Sort Class

2 a8 IHCE ©

Classifying Check
[1 - Crank Bore
Part Class

Class Value

000190
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4.2. Annotation Screen (Figure 3)

The Annotation Screen is displayed when the Annotation Button is pressed. The screen will display the last part
gauged (last record stored in the gage data file). The “Gage” drop down box can be used to select the last part
gauged for a different Gage. The user can enter the annotation note by typing in the Annotation input box or by
double clicking on the input box and using the on screen keyboard. The annotation note can be a maximum of 15
characters. The user also has the option to select the annotation note from the Selections drop down box
containing preprogrammed annotation notes. Once the annotation note is entered, the SAVE button must be
pressed for the annotation to be written to the gage data file. If the EPIC system is setup to offload the part
measurement record to a network file or remove device file, the “Offload Annotated GDF Record” checkbox will
be displayed on the Annotation Screen. If the “Offload Annotated GDF Record” checkbox is selected (checked),
the annotated record will be offloaded (re-transmitted) when the SAVE button is pressed. Note: this may result in
the offload file containing duplicate measurement records, one with annotation and one without. The duplicate
records will contain the same date-time stamp.

FIGURE 3.
File - Results - Setup - Calibration - Analysis - Diagnostics -~ Window Help -

Demo Mode

Annctation

Gage

Annotation Selections
= | Tool Change

I Offload Annotated GDF Record

Gage Selection

Edit Annotation
selections. Add,
Delete or Change
selections

Enter Annotation or

select for default Last Part Gaged

alues

Record of last part
icaged. Annotation will
be added to this
records.

|Sa_mple Mo,

s

| DaterTime

(622013 T0AZE P

| Annotation

Part Statusg
Annotation
|Machine1
Machine2

Num Checks
Checkl
Checkl_S3tatus
Check2
Check2 Status
Check3
Check3_Status
Checkd
Checkd_Status

Reject

ave record with
Annotation. Record in
he GDF will be
updated with the

2|

Annotation.

Programmed
Annotation values

Annotated record will be
ritten to remote
offload file when "Save"
is pressed. This record
ill not replace any
existing records but will
be appended to the file.

Idle

1:06 PM
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Entering Predefined Annotation Notes (Figure 4)

To enter predefined Annotation notes the user would select the “edit” button on the Annotation Screen. An input
box screen will appear and user would proceed to enter the Annotation notes. The Annotation notes can be a
maximum of 15 characters.

FIGURE 4.

Check Name
Check Mame
Check Mame
Check Mame

Annoctation

Seleclions

Check Mame
Check Mame
Check Mame
Check Name
Check Mame
Check Mame
Check Mame
Check Mame
Check Mame
Check Mame
Check Mame
Check Name
Check Mame
Check Mame
Check Mame
Check Mame
Check Mame

Tool Change

Ed Offload Annotated GDF Record

- Enter Defautt Field Values (one per ling)

‘Samp\eNo:

DatelTime
Annotation

Part_Stat
Annotatig
Machinel
Machine2
Hum_Check
Checkl

Checkl 5t
Checkz2

Check2_ St

Tool Change
(Temp High
Temp Low
Tool Break
(Gage Calibrate
(Gage PWR DN

ok | cesr | cancel |

Check3
Check3_Status
Checkd
Check4_Status

o.00

File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - e’
[ ing Resuits (G2 - Gage Name Units: inch

Gage Cycle Info.

Cycle Status ,T
MNext Position | pgs-1 Tof 1

MNum. Readings 0
Acquisition Time 0
Part Counts
Accept  [NENIN
Reject |
Rework N
Total 8
From: |82312013 11:23:21 A
To: | 812612013 2:08:17 PM

’?!'l}ﬂknuw-‘|
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4.3. Viewing Annotation in the Gage Data File (Figure 5)

FIGURE 5.
File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - e
le R52 - Samples : 10 B . Units: inch

|2 3 |4 |5 & |7 | 15 | 10
| 8302013 | 8/30i2013 BEE RS | Bi30/2013 813072013 BEEE] 8I30/2013 REE D | 8302013
11:16:24 AM 11:16:28 AM 11:16:28 AM 11:16:30 AM 11:18:30 AM 11:168:31 AM 11:16:33 AM 11:16:34 AM 11:18:65 AM

Part Status Accept | Accept Accept Accept Accept Accept | Accept Accept Reject
Annotation | | | | Tool Change | | | | Tool Wear
1-DIAMETER 1 | 000200 |0.00189 | 000200 | ooz 0.00201 | 000261 ['0.00201 1 [oDrige =
2-DIAMETER 2 0.00211 | 0.00210 0.00210 | 0.00210 0.00211 0.00208 0.00210
3-DIAMETER 3 | D.oD220 | 0.00220 0.00220 i | 0.00220 D.00220 0.00221 0.00220
4-AVG DIA 0.00210 |0.00209 0.00210 8 | 6.00210 0.00210 0.0021 | 0.00543

View the Annotion in Gage
Date File

Annotate m X Delete Sample(s) . « Reset GDF _
[a] (&t | unknown | | 1121 am
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4.4. Adding Annotation to Previous Measurement Records (Figure 6)

The user can Annotate previous measurement records in the Gage Data File by selecting the “Annotate” button
on the bottom of the Gage Data File Screen. When this button is selected, the Annotation screen will be
displayed with an option to enter a “Sample No.”. The user can enter a record sample number and hit the
“Select” button to load that sample record in the Annotation screen. Annotation can then be entered and saved.

FIGURE 6.
Demo Mod;

File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help ~| - @
Samples: 10 3

E] |10

13 | 8302013 BEE RS
11824 AM | ] 11:16:34 AM 11:16:55 AM
Part Status Accept | mp b Accept Reject
Annotation |
1-DIAMETER 1 0.00200 .0018 Annotation Selections 0.00200 peties *
2-DIAMETER 2 0.00211 | 9 0.00210 0.00210
3-DIAMETER 3 0.00220 Tool Change 1 0.00220 0.00220
4-AVG DIA 0.00210 | ! 0.00210 0.00543
I Offload Annotated GDF Record

|Samn\e Mo. \

[Daterrime [8r30/2013 11:16:55 AM
[annotation I

Part_S5tatus Reject
Annotation

Hum Checks 4
Checkl 0.01199
Checkl Status Over USL
Check2 0.0021
Check2 Status Accept
Check3 0.0022
Check3_Status Accept
Check4 0.00543
Check4_Status Accept

Annalale ||| X Delete Sample(s) | % ResetGOF
o] (o1 Idie [11:17 Am
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4.5. Viewing Annotation in the Gage Data File Chart (Figure 7)

Measurement records containing a previously entered Annotation Note can be identified in the list of readings on
the right side of the screen. Readings will be followed by the letter “A”, indicating that an Annotation Note has
been entered for that record. To view the Annotation Note, the user can select the reading containing the
Annotation (“A”) and the Annotation Note will be displayed on the bottom of the screen and the sample will be
highlighted on the chart. Sample points on the chart can also be selected and the reading will be highlighted in
the list of readings and if there is an Annotation Note associated with that record it will be displayed on the bottom
of the screen.

FIGURE 7.
P . - = = = & = 4 Demo Mode
#x File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - =4 -8 X
Annatatshe R52 | /412013 9:44:38 AM - Q/4/2013 9:43:39 Al Units inchil || GeectDae o New |
g Check 1 - DIAMETER 1 [t-DlMETER 1 ]
GOF [Samples 55
Xbar  0.00098
sample highlighted S
a0 e p enlig Annotated Sample by 0.01250
— Range  0.024281
Pp 051518
Pr 1.62553
\ Ppk 0.55520
001000 i J
= N4 000200 =l
2%, 00200
3 0.08499
0.00667 4 0.002
& 0.01201
7 0.01201
dH0TH - 8 0.00221
s = l L ensnnus” " 9 0.00220
| 10 0.00220
{ 11 0.00220
SR 12 0.00220
13 0.00221
14 0.00219
15 0.00220
oo 16 0.00279
17 0.00280
18 0.00279
| 0.00857 19 000280  —
20 0.00280
21 0.00230
22 0.00230
001000 23 0.00280
A 24 0.00280
Annotation Note for 25 U-UUESU
lected sample 26 0.00280
001333 =2 P 27 0.00231
28 0.00280
29 0.00230
30 0.00231
31 0.00230
3 6 L 42 15 18 21 \24 7 30 33 36 35 42 45 43 51 B4 32 0.00280 ;I
Bt |
| 61 [ Unknown | | 9:52 am
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5. SECTION : EPIC CAG Communications

5.1. EPIC CAG Standard Parallel /0 Communications

Communications with the Edmunds EPIC CAG™ is accomplished via a discrete parallel interface. All parallel
communication lines are optically isolated providing a versatile interface between a sensitive microprocessor
system and a factory environment. Most applications dictate the use of 120 VAC opto 1/0 modules, but "DC"
requirements are easily satisfied by direct replacement.

EPIC CAG™ communication is distinctly different depending on the CAG™ type, auto or manual. A manual
CAG™ typically provides a 37-pin connection to be used in conjunction with the Edmunds external control
push-button pack. The automatic CAG™ configuration implements an asynchronous protocol. The remainder
of this section will exclusively discuss attributes of the automatic CAG™ protocol. See Section 3.1.4. CAG™
Wiring For Automatic Parallel IO Communications.

[\i) Note that information in this section only exemplifies the standard configuration and is subject to
change where applicable. The protocol depicted here, however, will most likely be modeled. Refer to the
Application Specific Setup section for inclusive details of all modifications.

As with any asynchronous communications, a protocol, or set of conventions governing the format and timing
of the data transfer must apply. EPIC CAG™ utilizes a simple handshaking type protocol to enhance its
interface compatibility. Communication is bi- directional, meaning both the EPIC CAG™ and the external
device may initiate communication. For the most part, however, the EPIC CAG™ only responds to or
acknowledges external requests.

First, a discussion of how a message or command is transferred between the CAG™ and an external device
may be appropriate. An illustration that represents a standard configuration is given below:

EPIC CAG OUTPUTS EPIC CAG INPUTS
5 data lines, bits 0-4 7 data lines, bits 0-6
1 data available line 1 interrupt line

In the event the direction of communication is not clear, the EPIC CAG™ inputs correspond with the external
device's outputs. Note that 7 data lines for both the CAG™ and the external device only exemplifies a typical
configuration and is subject to change where applicable.

The CAG™ input data lines provide the means to transfer information from an external device to the CAG™.
The CAG™ input interrupt line will initiate a hardware interrupt. The CAG™ will handle this interrupt by reading
the data lines and responding appropriately. In effect, the interrupt indicates to the CAG that a valid message
or command is present on the data lines.

The CAG™ output data lines provide the means to transfer information from the CAG™ to an external device.
The CAG™ output line, data available, will ensure the receiving device that the information on the data line is
valid on a low to high transition.

The information transferred by the data lines is encoded as a binary representation. To state simply, each
message has a unique code, or bit pattern.
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Communication with the CAG™ may be initiated by writing the appropriate bit pattern on the data lines and
asserting the interrupt. It is important to ensure that the data lines are electrically stable when the interrupt is
asserted. The maximum pulse length of the interrupt is not a consideration since the CAG™ is triggered on the
rising edge of the pulse. The user must only ensure the turn on and off time for the opto isolators are satisfied
(typically 5 to 15 ms).

Similarly, the CAG™ communicates to an external device by writing the appropriate bit pattern on the data lines
and asserting the data available line. The I/O Duration Time is programmable. If the CAG™ is required to
send a series of messages, 1ms is the minimum time between data available pulses.

5.1.1. EPIC CAG™ Input Messages

Start Gage

The CAG™ performs the task of translating an electronic signal to a useful numeric representation. In doing so
the CAG™ must sample the inputs (i.e. LVDTs) an appropriate number of times and execute an algorithm(s) to
acquire a numeric result. This function is termed "GAGE" or "GAGING". For obvious reasons, the CAG™
must be informed when to initiate this function. Through parallel communication, the CAG™ can be instructed
to begin this process. This command is termed "Start Gage". Two types of start gage messages are available,
auto and manual. They both prompt the CAG™ to initiate the algorithms discussed above; however, distinct
differences apply. A manual start gage requests the CAG™ to gage and that's all. With the manual start gage
command, the CAG™ will acquire a numeric result for the sampled inputs and update the current part status,
however the CAG™ will NOT update the SPC charts, counters, feedback, and so on.

The auto start gage message requests the CAG™ to gage and update all appropriate SPC charts, counters,
feedback variables, and any or all other functions the CAG™ provides.

Since the CAG™ has the ability to access any gage setup on request, it is only appropriate that a start gage
message, for both auto and manual, exist for each gage setup. Simply, for each gage setup there is a
corresponding auto and manual start gage message. In response to a start gage message, the CAG™ will
acknowledge with a part status message.

End Gage

It was defined in the discussion for the start gage command that the CAG™ samples the inputs an appropriate
number of times, and then executes an algorithm(s) to attain a numeric result. This definition holds for many
applications; however, it may be desirable to acquire input readings while the part is in motion. This dynamic
process adds the flexibility of externally controlling at what time the CAG™ starts and stops collecting input
readings. Until now, the discussion has focused on static gaging which only required a start gage indication.
With dynamic gaging, an "End Gage" command is needed to instruct the CAG™ to end the current input
sampling. The CAG™ can also be configured to end this process after a programmed time interval, in which
case the end gage command is not necessary.

Auto Mastering (Calibration)

When a CAG™ is used in a full automation environment it can be instructed to initiate a mastering sequence by
the PLC. The “Auto Mastering” command will put the CAG™ into Calibration Mode. When in Calibration Mode
a start gage message will begin the mastering process as programmed in the “Check Setup” menu. The
masters must be introduced to the gage in the correct sequence by the PLC controlled process.

Abort Mastering (Calibration)
If a situation arises where the PLC detects an unfavorable condition an “Abort Mastering” message can be sent
to the CAG™ to stop the mastering process.

Auto Verification (Optional)
When a CAG™ is used in a full automation environment it can be instructed to initiate a verification cycle by the
PLC. The “Auto Verification” command will put the CAG™ into Verification Mode. When in Verification Mode a
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start gage message perform a Verification cycle as programmed in the “Check Setup” menu. The verification
master must be introduced to the gage by the PLC controlled process.

Reset Feedback
The CAG™ feedback data used to transmit offsets to the machine can be reset by the PLC. This is usually
done when a tooling change has been made.

Machine ID

The identity of the machine that is supplying offset data to the CAG™ is supplied with this command. The
Machine ID can be used in Feedback application where the identity of the machine supplying the part is
required.

Reset Position
If the multi-position gage cycle is interrupted the PLC can issue a “Reset Position” message to the CAG reset
the gaging position to the start position.

Load Setup
The load setup message(s) is used to automatically load the EPIC system with a different Setup.

External Device (PLC) ---> EPIC CAG Messages
The table below references each available message with the appropriate bit pattern.

: ote: The interrupt input (opto - bit 7) will need to be turne or the message to be
‘L Note: The interrupt input (opto M7 C7 - bit 7) will need to be turned ON for th to b
acted on by the CAG™.

Interrupt MESSAGE

opto M7 opto M6 opto M6 opto M5 | opto M5 opto M4 opto M4

C7-bit7 | C5-bits | C4-bit4 | C3-bit3 | C2-bit2 | C1-bit1 | CO-bit0
gltaarlltuglage 1 1 0 0 0 0 0 !
Sowte, | | o | o [ o[ o [ 1 [0
’\S/Itzr:tuglage 2 1 0 0 0 0 ! !
Mowte, | | o | o [ o | 1 [ o | o
’\S/Itzr;tuglage 3 1 0 0 0 ! 0 !
Moty |t | o [ o [ o [+ [t [
gltaarlltuglage 4 1 0 0 0 ! ! !
Mo, |t | o [ o [t [ o [ o [ o
End Gage 1 0 0 1 0 0 1
B 1 0 0 1 0 1 0
Y 1 0 0 1 0 1 1
Sng e 1 0 0 1 1 0 0
B e 1 0 0 1 1 0 1
Abort Mastering 1 0 0 1 1 1 0
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Reset Feedback
Gage 1

Reset Feedback
Gage 2

Reset Feedback
Gage 3

Reset Feedback
Gage 4

o | O

Machine ID 1

Machine ID 2

—_

Machine ID 3

Machine ID 4

o | o

Machine ID 5

—_

Machine ID 6

—_

Machine ID 7

AlAalAalala|lOlOjl OO | O | O

~ O/l O|OO|OC|~|—~

Machine ID 8

—_—

-_—

o | o

A | OO~ |lO|~|0O

Reset Position
Gage 1

-_—

o

Reset Position
Gage 2

O |l o |ol0oloflojlojlojlo|lo|lo | o | o | oo

-_—

Reset Position
Gage 3

Reset Position
Gage 4

o | ©

Auto Verification
Gage 1

—_

Auto Verification
Gage 2

O | O | O | O

—_

Auto Verification
Gage 3

-_—

Auto Verification
Gage 4

O |l o|lo|o|o| o

Load Setup ID 1

—_

-_—

Load Setup ID 2

oO|Oo| O | o

Load Setup ID 3

-_—

-_—

-_—

—_

Load Setup ID 4

—_

Load Setup ID 5

Load Setup ID 6

o | O

Load Setup ID 7

Load Setup ID 9

—_— - - - -

—_— - - - -

Al A~ O/O OOl O] OO |O|O| O

oO|lo|oOo|O |~

- 1 O|~|O|~|O|—~|0O

Load Setup
ID10

-_—

-_—

o

Load Setup
ID11

O |l o|ojlojlo|lo|o|oOo|o

-_—

5.1.2. CAG™ Output Messages

Acknowledge
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The CAG™ transmits an "Acknowledge" message in response to a fault code message.

End Gage
The CAG™ transmits an "End Gage" message in response to a manual start gage or to an auto start gage
during a mastering sequence

Good, Reject or Rework Part Status
The CAG™ transmits a part status message as an acknowledgment to an auto start gage.

R & R Sort
The CAG™ transmits an "R&R Sort" message to acknowledge an auto start gage during the R&R study.

Class

The CAG™ can classify a part into 30 programmable categories. If the CAG

is setup to classify then the class data will always be present on the second data
available strobe during an auto start gage.

Shutdown

The CAG can be configured to notify an external device of an undesirable event or sequence of events, such
as a consecutive reject error for example. When necessary the CAG will transmit a "Shutdown” message.
This message is initiated by the CAG and requires no response.

EPIC CAG Messages ---> External Device
The table below references each available message with the appropriate bit pattern.

‘\i) Note: The data available output (opto M10 B5 - bit 5) will be turned ON when the message is ready
to be acted on by the external device.

Data MESSAGE
Available
opto M10 opto M2 | opto M1 | opto M1 opto MO | opto MO
B5 A4 A3 A2 A1 AO

Bit 13 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ACK 1 0 0 0 0 1
End Gage 1 0 0 0 1 0
Accept Status 1 0 0 0 1 1
Reject Status 1 0 0 1 0 0
Rework Status 1 0 0 1 0 1
R&R Sort 1 1 0 0 1 1 0
Shutdown 1 1 1 1 1 1
Class Error 1 0 0 0 0 0
Class #1 1 0 0 0 0 1
Class #2 1 0 0 0 1 0
Class #30 1 1 1 1 1 0
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5.1.3. Examples: Parallel IO Communications

Example #1

Application: Typical Automatic Gage Cycle:
A. Single Gage
B. No Classifying

1. PLC Sends Start Gage Message to initiate the measurement cycle.

The PLC will set the binary coded message on data bit O thru data bit 4 and wait for a short duration for
the lines to setup before activating the Interrupt. The message and Interrupt will remain on until a
response is received from the CAG™.

PLC -> CAG - Sends Start Gage Message

Interrupt MESSAGE
opto M7 opto M6 opto M6 opto M5 | opto M5 opto M4 opto M4
C7-bit7 | C5-bits | C4-bit4 | C3-bit3 | C2-hit2 | C1-bit1 | CO-bit0
Automatic Start
Gage 1 1 0 0 0 0 1 0

2. CAG™ responds with Status message at the completion of the measurement cycle.

The CAG™ will set the binary coded message for status on data bit 0 through data bit 12 and wait for a
short duration for the lines to setup before activating the data available line. The data available line will

remain on for the programmed message duration in IO Diagnostics screen.

CAG -> PLC - Sends Status Message (Accept Part
Data MESSAGE
Available

opto M10 opto M2 | opto M1 | opto M1 opto MO | opto MO
B5 A4 A3 A2 A1 AO
Bit 13 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Accept Status 1 0 0 0 1 1
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SIGNALS
PLC > CAG

BITO
PLC > CAG

Example #1 Timing Diagram Typical Automatic Gage Cycle
BIT 1
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Example #2

Application: Typical Automatic Gage Cycle:
A.Single Gage
B. Classifying

—_

. PLC Sends Start Gage Message to initiate the measurement cycle.

The PLC will set the binary coded message on data bit O thru data bit 4 and wait for a short
duration for the lines to setup before activating the Interrupt. The message and Interrupt
will remain on until a response is received from the CAG™.

PLC -> CAG - Sends Start Gage Message

Interrupt MESSAGE
opto M7 opto M6 opto M6 opto M5 | opto M5 opto M4 opto M4
C7-bit7 | C5-bits | C4-bit4 | C3-bit3 | C2-bit2 | C1-bit1 | CO-bit0
Automatic Start
Gage 1 1 0 0 0 0 1 0

2. CAG™ responds with Status message followed by the Class message at the completion of the
measurement cycle.

The CAG™ will set the binary coded message for Status on data bit 0 through data bit 12 and wait for a
short duration for the lines to setup before activating the data available line. The data available line will

remain on for the programmed message duration in |O Diagnostics screen.

The CAG™ will then set the binary coded message for the Class number on data bit 0 through data bit
12 and wait for a short duration for the lines to setup before activating the data available line. The data

available line will remain on for the programmed message duration in 10 Diagnostics screen.

CAG -> PLC

CAG Sends Status Message (Accept Part)

CAG Sends Class Message (Class #2)

Data MESSAGE
Available
opto M10 opto M2 | opto M1 | opto M1 opto MO | opto MO
B5 A4 A3 A2 A1 AO

Bit 13 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Accept Status 1 0 0 0 1 1
Class #3 0 0 1 0 0
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SIGNALS
PLC > CAG

BITO
PLC > CAG

Example #2 Timing Diagram, Single Gage Gage Cycle with Sort Classification
BIT 1
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5.1.4. CAG™ Wiring For Automatic Parallel IO Communications

WIRING INSIDE

WIRING INSIDE EPIC CAG CUSTOMER'S EQUIPMENT
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Connector J1 Pin Assignments

PN # COLOR WIEE # LESCRIPTION

i BLE CAG —> PLC, BIT 0, MO—A
7 BREN CACZ —= PLC, BIT 1, MO—FE
3 RED 24 WDC CONTROL LINE

4 ORG CAG —> FLC, BIT 2, M1—A
5 YEL CAG —> PLC. BIT 3. M1-B
B GAN 24 WDC COMTROL LINE

7 BLL CAG —> PLC, BIT 4, M2—4
] PUR

g CRY Z4 WDC CONTROL LIME

10

11

12

13 1K WHT PLC —> CAG, BIT 0, M4—4
14 SRHHT 2L —> CAG, BIT 1, M4—B
15 REL/WHT 24 YDC CONTROL COMMOM
] TRGRHT PLC —= CAG, BIT 2, M5=A
| ¥ GENWHT PLC . —> CAG, BIT 3, M5-B
18 LW 74 VDL CONTROL COMMON
19 SRS PLL —= CAG 3IT 4, ME=A
20 RED/BLE

21 DR,ALK 74 VDL _CONTROL COMMOM
27 YEL/ELE,

23 T FLC —> CAG, INTERRUFT, M7—BE
24 GRY/BLK 74 VDG CONTROL COMMOM
25

26

27

2B

20

30

A1

32| o CAG —> PLC, DATA AVAIL, M10—B
33| Lreu 24 VDT _CONTROL LINE

S SPARE

35 SPARE

S SPARE

37 SPARE
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Internal EPIC CAG Wiring

NOTE; TE
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5.2. EPIC CAG Standard EtherNet/IP Communications

CAG (EPIC) €< -2 Allen Bradley ControlLogix Controller (PLC)

Communication between Edmunds EPIC CAG™ units and Allen Bradley ControlLogix Controllers is achieved
using EtherNet/IP (Industrial Protocol). Control commands and status are passed between the CAG™and AB
Controller (PLC) by means of reading and writing messages to predefined memory locations (Tags) residing on
the AB Controller.

TAGS that must be defined on Allen Bradley Controller (PLC)

Tag Name Scope 1[.);;2 Description

PLC MSG Controller Integer PLC --> CAG message
CAG MSG Controller Integer CAG --> PLC message
CAG IN CYCLE Controller Boolean CAG --> PLC message
PLC HEARTBEAT Controller Integer PLC --> CAG message

Controller Tags - setup in RSLogix 5000

{5 RSLoge: 5000 - Test_Commection [1756-L61 200111
Gl Edit Mew Search Logc Communicadors Jook wWindaw  Help
; = e = ==
| El==| S 7 |m{e] oo [k N Y = N S
Ofifine I, = Aun — R e e ~] &
1 Er=rizer i e ——
= = Contrall Test_oommection -\nv - ———+\
- {0 Carkraler Tags Scopa [ﬁ] Test_Comesiio x| - Show: El Tag 2
e :::,h“h | [ blare alv: | Ains For | Bz Tag | Dava Tupe Deactigian [Esminel Srcess [ Canea
i SO R e e FHALC G T FLCAl Realiviia =
ErE5 ManTack 7 FLC_HEARTBEAT T PLCCAG FeadAwiis r
e O N =T INT CAG=FLE [FeadMwin =
25 wischedaed Progrars | cemmome OOl CAG5FLE Fimadwii= [E
= Motion Groups > =
| Ungreuped doss
17 add-on Inetructons
=5 Data Tupes
- User-Defined
11 Cg stings
i pdcton-Defined L.
(2 Frecefined
!5 module-Defined
3 Trends ;i
Eribier a tag name o

PLC 2 CAG

Messages from the PLC Controller to the CAG™ unit (Start Gage, End Gage, Reset etc...) will be written to
“PLC_MSG” tag by the PLC. The CAG™ will scan the “PLC_MSG” Tag for any change if value. If the Tag
value changes and the value is greater than zero “0”, the message will be acted upon. The CAG™ will clear
the Tag value (set to 0) right after it is read.

CAG > PLC

Messages from the CAG™ unit to the PLC Controller (Part Status, End Gage, Class etc...) will be written to the
“CAG_MSG” tag by the CAG™. The PLC will scan the “CAG_MSG” tag for a valid message. The PLC will
clear the tag (set to 0) after it has acted upon the message.

CAG IN CYCLE

The CAG™ will set the “CAG_IN_CYCLE” Boolean tag to “1” when the CAG™ is in cycle (gauging). The
“CAG_IN_CYCLE" tag will be cleared (“0”) when the gaging cycle is complete. The PLC can monitor this tag to
insure a gaging cycle is not initiated when the CAG™ is currently in a gage cycle.

PLC HEARTBEAT
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The PLC Heartbeat can be used to verify communication between CAG™ and PLC.
If the PLC sets the “PLC_HEARTBEAT” Integer tag to “1”, the CAG™ will then set it to zero “0”. The PLC can
use this as a way to insure communications exists.

5.2.1. PLC Messages (PLC - CAG)

TAG: PLC_MSG

Start Gage
The CAG™ performs the task of translating an electronic signal to a useful numeric representation. In doing
so the CAG™ must sample the inputs (i.e. LVDTs) an appropriate number of times and execute an
algorithm(s) to acquire a numeric result. This function is termed "GAGE" or "GAGING". For obvious reasons,
the CAG™ must be informed when to initiate this function. Through Ethernet/IP communication, the CAG™
can be instructed to begin this process. This command is termed "Start Gage". Two types of start gage
messages are available, auto and manual. They both prompt the CAG™ to initiate the algorithms discussed
above; however, distinct differences apply. A manual start gage requests the CAG™ to gage and that's all.
With the manual start gage command, the CAG™ will acquire a numeric result for the sampled inputs and
update the current part status, however the CAG™ will NOT update the SPC charts, counters, feedback, and
SO on.

The auto start gage message requests the CAG™ to gage and update all appropriate SPC charts, counters,
feedback variables, and any or all other functions the CAG provides.

Since the CAG™ has the ability to access any gage setup on request, it is only appropriate that a start gage
message, for both auto and manual, exist for each gage setup. Simply, for each gage setup there is a
corresponding auto and manual start gage message. In response to a start gage message, the CAG™ will
acknowledge with a part status message.

End Gage
It was defined in the discussion for the start gage command that the CAG™ samples (reads) the inputs an
appropriate number of times, and then executes an algorithm(s) to attain a numeric result. This definition
holds for many applications; however, it may be desirable to acquire input readings while the part is in motion.
This dynamic process adds the flexibility of externally controlling at what time the CAG™ starts and stops
collecting input readings. Until now, the discussion has focused on static gaging which only required a start
gage indication. With dynamic gaging, an "End Gage" command is needed to instruct the CAG™ to end the
current input sampling. The CAG™ can also be configured to end this process after a programmed time
interval, in which case the end gage command is not necessary.

Auto Calibration (Mastering)
When a CAG™ is used in a full automation environment it can be instructed to perform a calibration
(mastering) sequence by the PLC. The “Auto Calibration” command will instruct the CAG™ to begin the
calibration process as programmed in the Calibration menu. The masters must be introduced to the gage in
the correct sequence by the PLC controlled process (see example of auto calibration cycle below).

Auto Verification (optional)
When a CAG™ is used in a full automation environment it can be instructed to perform a verification
sequence by the PLC. The “Auto Verification” command will instruct the CAG™ to begin the verification
process as programmed in the Verification menu. The verification masters must be introduced to the gage by
the PLC controlled process.

Abort Calibration and Verification
If a situation arises where the PLC detects an unfavorable condition an “Abort Mastering” message can be
sent to the CAG™ to stop the mastering process or verification process.

EPIC User Guide Q0



Reset Position
If the multi-position gage cycle is interrupted the PLC can issue a “Reset Position” message to the CAG™
reset the gaging position to the start position.
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PLC Messages - Complete List

ACTION PLC_MSG Tag (Integer)
Manual Start Gage 1 1
Auto Start Gage 1 2
Manual Start Gage 2 3
Auto Start Gage 2 4
Manual Start Gage 3 5
Auto Start Gage 3 6
Manual Start Gage 4 7
Auto Start Gage 4 8
End Gage 9
Auto Calibration Gage 1 10
Auto Calibration Gage 2 11
Auto Calibration Gage 3 12
Auto Calibration Gage 4 13
Abort Calibration & Verification 14
Reset Feedback Gage 1 18
Reset Feedback Gage 2 19
Reset Feedback Gage 3 20
Reset Feedback Gage 4 21
Feedback Machine ID 1 22
Feedback Machine ID 2 23
Feedback Machine ID 3 24
Feedback Machine ID 4 25
Feedback Machine ID 5 26
Feedback Machine ID 6 27
Feedback Machine ID 7 28
Feedback Machine ID 8 29
Reset Positions Gage 1 30
Reset Positions Gage 2 31
Reset Positions Gage 3 32
Reset Positions Gage 4 33
Auto Verification Gage 1 34
Auto Verification Gage 2 35
Auto Verification Gage 3 36
Auto Verification Gage 4 37
Load Setup ID1 52
Load Setup ID2 53
Load Setup ID3 54
Load Setup D4 55
Load Setup ID5 56
Load Setup ID6 57
Load Setup ID7 58
Load Setup ID8 59
Load Setup ID9 60
Load Setup ID10 61
Manual Start Gage 5 65
Auto Start Gage 5 66
Manual Start Gage 6 67
Auto Start Gage 6 68
Manual Start Gage 7 69
Auto Start Gage 7 70
Manual Start Gage 8 71
Auto Start Gage 8 72
Manual Start Gage 9 73
Auto Start Gage 9 74
Manual Start Gage 510 75
Auto Start Gage 10 76
Manual Start Gage 11 77
Auto Start Gage 11 78
Manual Start Gage 12 79
Auto Start Gage 12 80
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5.2.2. CAG Messages (CAG > PLC)

TAG: CAG_MSG

Acknowledge
The CAG™ transmits an "Acknowledge" message in response PLC command.

End Gage

The CAG™ transmits an "End Gage" message in response to a manual start gage or to an auto start gage
during a mastering sequence

Good, Reject or Rework Part Status

The CAG™ transmits a part status message as an acknowledgment to an auto start gage during static gaging
and to an end gage message during dynamic gaging.

CAG Messages
Description CAG_MSG Tag
(Integer)

Acknowledge (ACK)
EndGage

Accept Status
Reject Status
Rework Status

R&R

OB |IWIN|(=

5.2.3. Example of a Typical Gaging Cycle:

TAG VALUE DESCRIPTION

PLC_MSG 0 Initial state, PLC_MSG tag clear with a value of “0”

PLC MSG > PLC Initiates the gaging cycle by writing a “2” in PLC_MSG tag.
— In this case “2” is the “Auto Start Gage 1” message.

CAG reads the PLC_MSG tag, and then clears the message by
PLe s 0 writing “0” to PLC_MSG tag

CAG acts on the message and starts a gaging cycle

At the completion of the gaging cycle, the CAG writes the part
A st : status (3, 4, or 5) to the CAG_MSG tag

CAG MSG 0 PLC reads the part status from the “CAG_MSG” tag and then
— clears the message by writing “0” to “CAG_MSG” tag.
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5.2.4. Example of a Typical Automatic Calibration Cycle:

TAG VALUE DESCRIPTION
PLC_MSG 0 Initial state, PLC_MSG tag clear with a value of “0”
PLC puts the CAG in calibration mode by writing a “10” in PLC_MSG
tag. In this case “10” is the “Auto Calibration Gage 1” message. The
CAG Calibration screen will automatically be displayed if it is enabled
in System Setup screen.
PLC_MSG 10
[ T~ W | =R (e
A in il 1
The CAG writes Acknowledge (ACK) to the CAG_MSG tag. This
CAG_MSG 1 informs the PLC that CAG has successfully been put in Auto
Calibration Mode.
PLC reads the ACK from the CAG_MSG tag and then clears the
= 0 message by writing “0” to CAG_MSG tag.
Master 1 is introduced to the gage. In most cases this will be the Max
Master.
PLC MSG 1 PLC Initiates the gaging cycle by writing a “1” in PLC_MSG tag. In this
— case “1” is the “Manual Start Gage 1” message.
CAG acts on the message and starts a calibration gaging cycle. The
calibration cycle will measure Master 1 and store the measured results.
At the completion of the calibration gaging cycle, the CAG writes the
Caie e 2 End Gage message to the CAG_MSG tag.
CAG MSG 0 PLC reads the End Gage message from the “CAG_MSG” tag and then
- clears the message by writing “0” to “CAG_MSG” tag.
Master 2 is introduced to the gage. In most cases this will be the Min
Master.
PLC Initiates the gaging cycle by writing a “1” in PLC_MSG tag. In this
PLC_MSG 1 g « ”
- case “1” is the “Manual Start Gage 1” message.
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CAG acts on the message and starts a calibration gaging cycle. The
calibration cycle will measure Master 2 and store the measured results.

At the completion of the calibration gaging cycle, the CAG writes the
CAG_MSG 2 End Gage message to the CAG_MSG tag. The CAG screen will
update with the Calibration Status.

PLC reads the End Gage message from the “CAG_MSG” tag and then

CalE 0 clears the message by writing “0” to “CAG_MSG” tag.

@ Note: The EPIC CAG™ can be setup to write the Calibration Pass/Fail status to the PLC and
display a Calibration status Alarm (see Alarm Setup screen).

IO Trace Showing the Automatic Calibration Cycle Example
(see 10 Diagnostic Screen for |0 Trace details)

INPUT TRACE OUTPUT TRACE

Description

EndGage
EndGage
Bk
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5.3. Establish Connection (CAG and PLC Controller)

1. Create the required Controller Tags in the Allen Bradley Controller

TAGS that must be defined on Allen Bradley Controller (PLC)

Tag Name Scope .?;;2 Description

PLC MSG Controller Integer PLC --> CAG message
CAG MSG Controller Integer CAG --> PLC message
CAG IN CYCLE Controller Boolean CAG --> PLC message
PLC HEARTBEAT Controller Integer PLC --> CAG message

Example of Controller Tags setup in RSLogix 5000

5 RSLogig 5000 - Test_Commection [1756-061 200117
Ele Edit Miew Search Loge Communicadors Took  Window  Help

|Bleie e il sisiaE i 2l
A ra [ ] 2]

«

* Controller Tags - Test_Cormme
'—1 Contrale Tas_ComTection
g Carkraler Tags Scopa [ﬁ] Tost_Commciio x| - Shiop: fil Tage
e S | [niarme =alr: s For | Base Tag | Dt Tape Desseriction [Esmraicces:  [Conea
L SR TRl FHALC G T FLCAl Realiviia =
58 ManTack 3] FLC_HEARTEEAT INT PLCYCAS Fleadwiks r
{5 [ Marernoam | |Hoee MeG T CAB=FLD Realia =
_: 2 Unscheduled Frogrars || cemn oL BOOL CAG-PLC Flmadrwii= 3
=43 Mekion Groups o | =
! Ungreoped dues
(71 k-G Inctructiors
=5 Daa Tupes
- User-Defined
151 5 stngs
i pdcton-Defined L.
{4 [ Precefined
| O modubs Dsfired
3 Trends 3 ;i
Ender a tag name i

2. Set the CAG Ethernet IP address to the same Ethernet sub-net as the PLC Controller’s Ethernet IP

address.

For example: Controller: 192.168.1.230, CAG: 192.168.1.233.

The CAG Ethernet IP address is set in the Windows embedded “Control Panel” under “Network

Connections”.

3. Set the Controller Ethernet IP address and CPU Slot in the EPIC software (Ethernet IP Comm. screen )

Note: Drive Protection must first be disabled before CAG Ethernet IP address is
changed (see APPENDIX B for instructions on setting the CAG IP Address).
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5.4. EPIC CAG EtherNet/IP Gage Data (Optional)

The EPIC CAG™sytems are capable of writing measurement data (Check measurement results, Part Status, Sort
Class, etc..) to Allen Bradley PLC controller. The measurement data is written to controller Tags on the PLC.

The Tag names are programmable in EPIC CAG™ software. The Tag names must match the name of an
existing Tag residing in the PLC.

Below is a list of available measured results (Gage Data) that can be setup to write to EtherNet/IP Tags:
Setup ID - value indicating the current loaded Setup.
Part Status - value indicating the part status of the last measured part.
Check Result - measured value of an individual Check from the last measurement cycle.
Check Status - value indicating the status of an individual Check from the last measurement cycle.
Sort Class - value indicating the Sort Class of the part from the last measurement cycle.
Alarm Message - value indicating that an alarm has been triggered.

‘/\i) Note: There are duplicate methods of writing some of the Gage Data to EtherNet/IP Tags when both the
“EtherNet/IP Gage Data” option and the “Stanadard EtherNet/IP Communications (Section 3.2)” option are
used. For example, Part Status is written to an EtherNet/IP tag as part of the “Standard EtherNet/IP

Communication”. Part Status can also be enabled to be written to a different EtherNet/IP tag as part of the
“EtherNet/IP Gage Data” option.

Setup ID (Programmed in System Setup Screen)

Write Setup ID to Controller:

If the EtherNet/IP option is installed a user programmed Setup ID will be written to a “TAG” on
connected PLC controller. If this option is enabled, the Setup ID will be written to the PLC controller
when the Setup is loaded and at the completion of a measurement cycle. The Setup ID Tag must be
defined as a Controller Tag of Integer data type on the PLC controller.

Read Setup ID from Controller and Load Setup:

If this option is enabled, a predefined controller tag “PLC_LOAD_SETUP_ID” will be scanned and value
will be read when the value has changed. If the read tag value contains a valid Setup ID corresponding
to an existing Setup that Setup will be loaded automatically. The “PLC_LOAD_SETUP_ID” Tag must
be defined as a Controller Tag of Integer data type on the PLC controller.
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Part Status (Programmed in Gage Setup Screen)

Write Part Status to Controller:

If the EtherNet/IP option is installed the part status can be written to “TAG” on connected PLC controller
at the completion of a measurement cycle. The part status will be written to the controller Tag at the
completion of the measurement cycle. The part status Tag must be defined as a Controller Tag of

Integer data type on the PLC controller.

Integer value written to PLC

0 = Unknown
1 = Accept

2 = Reject

3 = Reworkl
4 = Rework2
5 = Rework3
6 = Flyer

E - [Gape Satup)

E File - Results - Setup - Calibration ~ Analysis

- Diagnostics - Window Help - |

Select Gage

Gana (1 vIEGage Namma + | + |

¥ Enabled Hum. of Gages

3

Neminal Units

Data Accumulation

™ Apply Haminal & Inch T mim

Gaging Cycle Satup

[se-r &
—

’m (=ec)
[T msey

Start Gage Mumbar
Hlurber Pasitions
Satnpling Time

Settle Tirme

Calibration Linking

™ Disabla T Irifiator At

EtherNetlP - Wirite Part Status To Controller (rt

~ Offload Gage Diata Records -> Remate File

13a0e Data File (GOF)
[ Enable Gage Dats Fila

Max GOF Records Allowed {30000 ' Enable Wrapping

Erk Gage Deta Fie Fiekls

I¥ Enabla Parl Counters ¥ Enable SPC Data

™ Ensble Ofioad G0F Racords [ Includa Header Record
Oiffaad Lozation [C:ilisa Data [51]
Oifaad Hame  [GOF |t =

Offload Gage Data Records -= Serisl Forl [R5332)

I Enable Sarial Offoad: Port [Comt v]

Select
_i Dffinad Fleks:

Selact seral
Dfflosd Fieks:

Enabled [T TAG NsmeF AG_MAKME

Gage Copy

Source Sags - Destinatian Gape

=1 Gage Name j 162' Gage Mame

Copy Gage |

=

Last Changed

Gl r.U.nknown ]

[&31am

Check Result (Programmed in Check Setup

Screen)

Write Check Result to Controller: If the EtherNet/IP option is installed the Check result can be written
to “TAG” on connected Allen Bradley PLC controller at the completion of a measurement cycle. The
Check result Tag must be defined as a Controller Tag of Real data type on the PLC controller.

@ NOTE: The individual Check results can be setup to write to individual Tags or and array of Tags.

Example: Tag: Chk1_Result, Chk2_Result, etc...

or Array Tags: Chk_Result[0], Chk_Result[1], etc...
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Allen Bradley Controller - RSLogix 5000 - Tags for Check Result

# Conilrollcr Tays - Fest Cunimncol i {Lunboolier )
Srane | i Tes_Crmmestiv v | Show A0 Tacs ﬂl T j
T =& ] s Tor [ Do Tog | Ddn Time oy e
GHIL_RE SULT [ | REAL &
CHE_RESLLTS FEALTn) = '«5
" i bd (%
<[P merng Tegecaw tage || R} il B

Write Check Status to Controller: If the EtherNet/IP option is installed the Check status can be written
to “TAG” on connected Allen Bradley PLC controller at the completion of a measurement cycle. The
Check status ag must be defined as a Controller Tag of Integer data type on the PLC controller.

Check Status (values written to Taq)
Unknown =0

Within Spec = 1 Within Specification Limit

Over UAL =2 Over Upper Approach Limit
Under LAL =3 Under Lower Approach Limit
Over USL =4 Over Specification Limit

Under LSL =5 Under Specification Limit

Over URL =6 Over Reasonable Limit

Under LRL =7 Under Reasonable Limit

Sat Input =8 Saturated Input used in formula

:e: - [Check Setup]

« File - Results - Setup - Calibration - Analysis - Diagnestics - Window Help - e
Select Check Check |1 v”Cranl-c Bore & | T+ | Mumb er of Checks

Enabled & Display 7 Pesolution (000001 = Calibration

Master Sizes Sequence Ho.
Function - Formula Mak W Ha. II_
Function F.&wsrags '} Min !-D ooee | Ha. F
Formula [181 e l | At Cal. Al Gage { - mt.u.eck|| - |

Formuks Generator
o Operstor Numeric Funttion Calibration Resuks
Mag. 100000 Zuro |7 00000

I =l =l = =
Specification Limbs Cormelation Offset
i Correlation Offset EIIIII]

Huminal UAL nocoen usL [ooinon URL [z Verification

0.00000
LAL 0000 LSt [0 07000 LRL -0.02040 Varification Part Size 100000 Enalled
Cut-Out Detection Max Zero Adjust Lim EEI:IID I

Min Zero Adjust Lim EEDJII

Sampling
Dhiane Sz I'T" Enabled [~ QueueSize [ 5
Filter [ Max. Data  [000100 =W Rk o o

Check Result
Min Delta [0 s
n. De L0001 Max Limit {00010 Enabled [ TAG Name [TA5 HAME (Real)

Rin. Samples | 40 Min. Limit [0 00100 Check Status

Enablad T  TAG Hame |T4G_CHE_STATUS (it}

Huxto Air Shulofi Test Check (Read Input & Calc. Results]

Enabled [T OutputBit|t - Fesult ] Run Teet I
S tum. |
3182020 621,37 A e | 3 Delots Chock JE ]

& | Gl r Unknown —l |1‘D:.D‘5 Abd
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Sort Class (Programmed in Sort Classes Setup Screen)

Write Sort Class to Controller: If the EtherNet/IP option is installed, the Sort Class number can be written
to a “TAG” on connected Allen Bradley PLC controller at the completion of a measurement cycle. The Sort
Class TAG must be defined as a controller tags on the PLC of “Integer” data type.

The value written to the tag will be the sort class number, for example if the Sort Class was determined to be
“Class 3” a value of “3” will be written to the tag.

E - [5ort Classes Setup]

mn Lower Class
Class Boundary
e Clazs 1 000700 0.01000
Number of Classes | &

| um-ul- assos Claga 2 -0 00400 -0 00700
|Classitying Mag. i Class 3 -0 00100 -0 00400

| Cllassifying Offset Class 4 000200 -0.00100

Class & 0.00500 0.00200

| Chassifying Check [1-Crank Bore

Auto Generate Class Boundaries

| Class 1 Lower Boundany o

| Ctass Spread ooz

At Fill I

Etha tHetP - Write Class To Controller TAG

Enabled {Int)

TAG Hame |SORT_CLASS

Last Chan god 343073020 10:92:05 A

& El T | omaN
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Alarm Message (Programmed in Alarm Setup Screen)

Write Alarm Message to Controller: If the EtherNet/IP option is installed this option is available. If “MC Msg
Write” is enabled the system will write the MC Alarm programmed message number to the specified machine
control PLC Tag. The Alarm TAG must be defined as a controller tags on the PLC of “Integer” data type.

In the example show in the below image, if alarm 1 “Consecutive Reject Limit Exceeded” is triggered the
Machine Control Message (MC = 10) will be written to the PLC controller tag “CAG_ALARM_MSG”.

& - [Marm Setup] [=] E3
4 File « Results = Setup » Calibration - Analysis - Diagnestics + Window Help ~| R
Alarm Setup {61 - Gage Name B Units: inch

| Internal-Alarms

MC Ic
Infarm WMeszage

Display s

Digglar I5]
Mo, Description Enabled  tdethod hlo. - Diascription Enzbled  Method — [nform essage

[t |cansecutve Rejzct Limit Excazaen | patus B = i“iu—g’r.’ Tl ALEET 5 | |[EeiseeEE]) e
.|2 |Femsonahlz Limil Exseedad | [Eataz Bar j | [zss i Fradiach Dals Hal Radd N |-.:':'.LE =
& [menamic sepe cue Eror s Bar =] [[zss | (36 eeabaen 0t HatatenEn B rETE
ia | Zaturate d Inpulis) Vi o P T | [ =] _| [55

s [cage eIz Dz es O Ful

] s g =] | [ B

Fandbatk Fan e Ra0 i sted

_] |?=.;:LaE:-| 5| _| [a53

|[& [input Frobe CheckFailed

il [statuz Bar j J [256

Al B Conymunisaton ey

_] |'."-‘|.’| k| _I [2%53

'|' |'|-" mpErire Probe o Gead Gand

_ s ] | | |[2=

CRmErsSammunic ainne Ernn

_] |gtaiue Ear ¥] _I 255

[0 [rermeeramre Frove Satustad

"_.I.i..'.:la.‘-_a Bar j J|_Jo ile

Errar Offioa d Results o FlsPod

ii |‘Els1u9 Bar ﬂ _I [255

| T2 [sribnn e e Moty _|FEEETE] | [2=
%4 | SRR N I}z
dFs o_J= |z
e

_Hgbah.ls Bar j _J|255 |

WEBIGE S0 M

| [tz Bar =] | fss
N
| ey O

.|!U |.llu|D Calibration Failed

Serial Communications Enar

[0 |ssto cal ioration Passad Bucesstile Eihernel I Cormtnunication Error

[12 [mrne 1o canbrae Dinal Frobes Comrmunication Ermr
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([ [rvensars e Fatiea
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6. SECTION : Feedback Setup and Operations

1) Machine 2) Part is
Process Part Transported

CLOSED LOOP
FEEDBACK
GAGING

2} Edmunds 3) Edmunds
Provides Feedback Measures Part

The EPIC CAG system can be configured to compute machine tool offsets and transmit the offsets to the
machine for tool adjustments. One Gage setup can provide feed back for multiple machines and multiple offsets
can be programmed for each machine.

The final offset that goes to the machine for a given tool will be made up of components from two sources. The
first source is the running average of a measured feature minus a set point. The second source is a combination
of the other offsets generated for this cycle.

This will handle cases where some variables affect others in the machine. It becomes apparent that if this second
source is utilized, the order of offset calculation becomes critical and must be taken into account by the user
when defining the offset algorithm.

The offset calculation is a function of one running average multiplied by a compensation factor and up to three
other offsets, each with a multiplier.

The compensation algorithm operates in two modes. The first mode is called "START UP" mode. The second is
called "RUN" mode.

The Start Up mode is entered on demand by the machine or manually by the operator. Upon entering this mode,
all running averages are reset. The CAG provides a separate set of running averages compensation factors that
will be used while in this mode.

When the system is in the Start Up mode it will include rejected parts in the feedback calculations. When in the
run mode the rejected parts are not included in the calculations.

The CAG will stop the process if the system stays in start up mode for more than an adjustable number of pieces.

The CAG will stop the process in Run Mode if an adjustable number of consecutive rejects are measured.
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6.1. Feedback Setup Settings

:E_]Gaging System - [Feedback Setup] 10 x|
- = - . . . - Demo Mode
# File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - ERC
|I Feedback Setup |G1 - Gage Name j Units:inch
| Machine Setup | | Offset(s) Setup - Machine 1
- Select Machine ~ Select Offset
Machine {1 =]/ [machine Name M Enabled omset [1 | |omsetname R Enabled
—Feedback Interface — Sample Size G ion Rates
Ethernet, Fanuc Focas2 Min. I.I - Max |3 § Santilea =111
1P Address [010 . 000 . 000 . 000 Port [5793  Patn [T ~C i i #Sampies sita 1
fooor = Startup Mode |1
Status | Connect
i~ Feedback Control Limits | [ Tooling Adjust Limits
~ StartupMode ——— ~RunMode — i Jo.00000 Percyde  |0.00000
I” Enabled ' Include Rejects Setpoint  [100000 Total [oooo00
Start-up Mode Limit |10 PartLag [0 LG Jo.00000
gt g ~ Offset Definition
Run Mode Trigger 3 Running 4va. of Check Previously Defined Offset Multiplier
1-Crank Bare -+ (| | x[ro0000 1)
~ Machine Specific - Macro Variable Communications
Moara bl Maco Mo — Machine Specific - Transmitted Offset Location
) Reset Offset Data
Offset Data Available |1 Feedback Mode {0 Macro Variable No. |2 Macro Variable No. |0
Reset Feedback 0 -Part Status 0
‘ Add Machine | Save | » Delete ua‘emr_a] ‘ ‘ Add Offset | Save | ¥ Delete Gm;er[ ‘
[ Lasichanged 41152015 1.57.38 Py
[a] 51 10:24 AM

6.1.1. Machine Setup

Machine Selection
Machine - Selection for Machine and programmable machine name.
Enabled - Enables feedback for the selected machine.

Feedback Interface
The EPIC system is capable of interfacing with many types of machine controls. The EPIC system will be
configured at the factory with the feedback interface required to communicate to the specified machine
control. This section of the machine setup will include setup required to interface with the specific machine

being configured. The following is a list of the current standard feedback interfaces (see also Section 5

Feedback Interfaces):

Standard Interfaces
Parallel 1/0

Edmunds Serial (RS232)
Okuma Serial (RS232)
Okuma Thinc (Ethernet)
GE Focus?2 (Ethernet)
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Allen Bradly EtherNet/IP
Ethernet File Transfer
Plus - Minus Comp (dedicated 10)

Start-up Mode
Enable - Enables a machine to use a Start-up mode

Start-up Mode Limit - Maximum number of consecutive parts allowed to be gaged in Start-up mode. If this
limit is exceeded an alarm is triggered and feedback will not be calculated. The alarm can be programmed
to send a shutdown.

Part Lag (Start-up) - Number of parts following a compensation that will not be included in the new running
average.

Run Mode Trigger - Number of consecutive gaged good parts that must be measured in the Start-up Mode
before advancing to Run Mode.

Run Mode
Include Rejects - Enabled allows feedback to be calculated on rejected parts in Run Mode.

Part Lag (Run Mode) - Number of parts following a compensation that will not be included in the new
running average.

Machine Specific
This section of the machine setup will include specific setup required to interface with the specific machine

being configured for (see Section 5 Feedback Interfaces)

Add Machine - Add additional feedback Machine to the current select Gage setup.

Add Machine |

Save - Save the current Machine setup. The Save button will be red when changes have been made but not
yet saved.

Q Save

Delete Machine - Delete the current Machine setup and all Offset setup associated with the Machine.
X Delete Maching

6.1.2. Offset Setup

Select Offset
Offset - Selection for offset and programmable offset name.
Enabled - Enables feedback for the selected offset.

Sample Size
Min - Minimum number of parts that must be gaged before feedback data can be computed for an offset.

Max - Maximum number of parts that can be used to compute feedback data.

Compensation Rates
# Samples = Max - Compensation rate applied to the running average when the following conditions exist:
® The Gage is in Run Mode.
® The running average exceeds 1 of the Feedback Control Limits.
® The number of Samples accumulated for the offset is equal the Max Sample Size.
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# Samples < Max - Compensation rate applied to the running average when the following conditions exist:
® The Gage is in Run Mode.
® The running average exceeds 1 of the Feedback Control Limits.
® The number of Samples accumulated for the offset is equal or greater than the Min Sample Size.

# Start-up Mode - Compensation rate applied to the running average when the following conditions exist:
® The Gage is in Start-up Mode.
® The running average exceeds 1 of the Feedback Control Limits.
® The number of Samples accumulated for the offset is equal or greater than the Min Sample Size.

Feedback Control Limits

UCL - The Upper Control Limit is a trigger point for computing compensation data for a given offset. If the
Running Average minus the set point is greater than the Upper Control Limit and the accumulated # of
samples is equal to or greater than the Min Sample Size then Feedback data will be computed for that offset
and transmitted back to the Machine.

Setpoint - The Setpoint is a value that is subtracted from the running average before the running average is
evaluated against the UCL and LCL Limits. This feature allows the offset to correct to a value other than
nominal.

Example: A dimension that is measured right after being machined may be larger, do to heat expansion,
than when the part is cooled. In this case, it may be desirable to control the dimension to a Setpoint greater
than nominal to compensate for the heat expansion.

LCL - The Lower Control Limit is a trigger point for computing compensation data for a given offset. If the
Running Average minus the Setpoint is less than the Lower Control Limit and the accumulated # of samples
is equal to or greater than the Min Sample Size then Feedback data will be computed for that offset and
transmitted back to the Machine.

Compensation Rate - The resolution of the machine tool being compensated is entered here.

Feedback Control Limits

Per Cycle - The Per Cycle Tooling Adjust Limit is the maximum allowed adjustment on any given
measurement cycle. This protects the Machine from over compensation. If the limit is exceeded an alarm is
triggered which can be programmed to send a shutdown command.

Per Cycle - The Total Tooling Adjust Limit is the maximum allowed adjustment since the last tool change
(feedback reset). The computed compensation data for an offset is totaled and compared against this limit.
If the Limit is exceeded an alarm is triggered which can be programmed to send a shutdown command.

Offset Definition

Running Avg. of Check - The measured part feature (Check) that the running average will be performed on
for an offset.

Previously Defined Offset - An offset can be a function of another offset. This is useful when the other
offset computed for the same measurement cycle will affect the amount of compensation this is to be applied
for this offset (this is not common).

Multiplier - The percentage of the previously defined offset that will be added or subtracted to the running
average during the measurement cycle.

Machine Specific
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This section of the offset setup will include specific setup required to interface with the specific machine
being configured for (see Section 5 Feedback Interfaces)

6.2. Feedback Operation

In this section the operation of the Edmunds Feedback will be demonstrated through a several examples. Note
that many of the screens shown in the examples are of the “Feedback Monitor” screen . The “Feedback Monitor”

screen allows the operator to view the compensation amounts and rates for the process (see Section 1.5.7
Feedback Monitor).

6.2.1. START-UP MODE:

Start-up mode is used to quickly bring the production process under control and produce acceptable parts.
Start- up mode differs from run mode in two important ways:

1) A separate, start-up mode compensation rate is used to allow for a different rate of feedback than during
run mode.

2) Because reject parts are likely to be produced during start-up mode, they are also included in the running
average used to calculate feedback.

If start-up mode is utilized and enabled, and feedback is reset, start-up mode is entered and all accumulated
data, such as tooling adjustments and part counters, are cleared. The following example uses one offset
defined as Offset #01 to illustrate start-up mode operation (see Figure 1).
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1. Start-up Mode - initialized
On power-up, or when resetting the feedback data in Feedback Monitor screen , the feedback data is
initialized to the values shown in Figure 2. The part status is “Unknown” and Check result values is 0.000.

The part counters and sample count are set to 0. The lag count is set to the user defined start-up mode part
lag, 0, because after reset, it is assumed that there are no parts waiting to be gaged between the machine
and the CAG and, therefore, there is no lag. Initializing the part lag in this manner allows the CAG to include
the first part gaged in the feedback algorithm.

The feedback mode is set to Start-Up mode, and the running average, calculated and transmitted offsets,
tool adjustment total, and sample data are all set to 0.

Figure 2.
e
. - - . . - - Demo Mode
# File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - -
|.. Feedback Monitor |G1 - Gage Name j Units: inch
‘ Offset Data Machine |1 - Machine #1 | ‘ } Individual Offset Details ~ Offset |1 Ofset #1 3|
Sample Running Feedback [ ek tantol Seiup
Offset Count Average Status Offset o
= Start-Up Mode Limit |5 ucL [0.00500
1 - Offset #1 0 0.00000 Within CL 0.00000 —
Run Mode Trigger |2 Setpaint | 0.00100
LCL -0.00500
Part Lag (Start-Up) |0
| Compensation
Part Lag (Run) | 0 Resolution 0.0001
Min Sample Size 1
Max Sample Size |3
i Feedback Data
‘ Check Result | 0.00000 ‘
‘ Feedback Mode Start-Up Part Status _ ‘ ‘ Sample Count |0 Lag Count |0 ‘
| Transmit Status | | STp— [
Running Avg. |T],[][]D[][] o1
Total Parts 0 C tive Ac 0 i z
onsecutive Accept ‘ Calculated Offset | 0.00000 03
Accept Parts |0 Start-Up Count |0 Transmitted Offsst | 0.00000
Reject Pats |0 Tool Adj_ Tatal | 0.00000
: e Transmitted Counts ﬁ
From [6/7/2015 11:33:47 AM To |&/7/2015 11:33:47 AM
- - LogTi itted Feedback
|¢ ResetFBDﬁtﬁFmMachheI % nesctAl FB Data FurGagBl ’7 Machine 1 [ Enable View | ‘ R, Exit |
a| a1 [ Unknown | [11:33AM
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2. Start-up - First Part (Reject)
The first part is gaged, the part status is Reject, and the Check result is +0.01035. The feedback data is
updated as shown in Figure 3.

The part counters were updated as follows: Total Parts was incremented from 0 to 1 because a part was
gaged, Consecutive Accept remained unchanged because the part status was not Accept, and Start-Up
Count was incremented from 0 to 1 because the part was gaged in START-UP mode.

The sample counters were updated as follows: Sample Count was incremented from 0 to 1 because the
Check result was included in the sample data (Reject parts are used in START-UP mode only ), and Lag
Count was incremented from 0 to 1 because the Lag Count was less than or equal to the user defined
start-up mode lag count.

The feedback mode is Start-Up because the Consecutive Accept counter, 0, is less than the run mode
trigger, 2. The running average, +0.01035, is the average of the sample data. The calculated offset,
+0.00935, is the running average minus the setpoint value, +0.00100, multiplied by the start-up mode
compensation rate, +1.00000. Feedback is transmitted because the running average exceeds the upper
feedback control limit UCL, +0.00500, and the sample count, 1, is greater than or equal to the min sample

size, 1.
Figure 3.
ol
- - - - . - - | Demo Mode
# File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - -
|  Feedback Monitor [61-Gage Name =] Units: inch
| Offset Data Machine [1-Machine #1 -] ‘ ‘ Individual Offset Details Offset [1- Offset #1 - |
_ Sample Running Feedback [ e oo venip
Offset Count Average Status Offset o
_ _ Start-Up Mode Limit & ucL [0.00500
1- Offset #1 1 0.01035 Owver UCL 0.00935 .
Run Mode Trigger 2 Setpoint  |0.00100
LeL [-0.00500
Part Lag (Start-Up) |0
= Compensation
Part Lag (Run) ‘ 1 Resolution 0.0001
Min Sample Size ﬁ
Max Sample Size ‘3
i Feedback Data
| Check Result [0.01035 ‘
‘ Feedback Mode Start-Up Part Status _ ‘ ‘ Sample Count | 1 Lag Count | ;| ‘
‘ Transmit Status | ‘ ) S ~igie bite
Running Avg. 5-01035 01 0.01035
Total Parts |1 Consecutive Accept |0 Calculated Offset | 0.00935 g§
Accept Parts |0 Start-Up Count |1 Transmitted Offset ﬁ]ﬁﬁ
Reject Parts |1 Tool Adj. Total | 0.00935
- Transmitted Counts | 94
From |6/7/2015 2.01:59 PM To |6/712016 2:01:59 PM
Log Transmited Feedback
4 Reset FB Data For Machine | 4% Reset AllFB Data For Gage | ’7 Machiie 1 [ Enable  View | ‘ B, Exit |
a| G1 Reject Idie | 202PM
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3. Start-up - Second Part (Accept)

The sample count, lag count, and sample data are reset to 0 when the next part is gaged, because feedback

was transmitted on the last gage cycle.

The next part is gaged, the part status is Accept, and the Check result is +0.00624. The feedback data is

updated as shown in Figure 4.

The part counters were updated as follows: Total Parts was incremented from 1 to 2 because a part was
gaged, Consecutive Accept was incremented from 0 to 1 because the part status was Accept, and Start-

Up Count was incremented from 1 to 2 because the part was gaged in Start-Up mode.

The sample counters were updated as follows: Sample Count was unchanged because the lag count, 0,

was less than the start-up mode part lag, 1, and then Lag Count was incremented from O to 1.

Figure 4.
=Y
= - - - - - - | Demo Mode
# File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - | -2
|I. Feedback Monitor |G1 - Gage Name j Units: inch
‘ Offset Data Machine [1-Machine #1 - ‘ ] Individual Offset Details ~ Offset [1. Ofset #1 =l
.. Sample Running Feedback " Eektntiol wip
Offset Count Awverage Status Offset .
_ _ Stant-Up Mode Limit [5 ucL [0.00500
1 - Offset #1 1 0.00624 DOver UCL 0.00524 —
Run Mode Trigger |2 Setpoint 0.00100
LeL 000500
Part Lag (Start-Up) |0
Compensation
Part Lag (Run) | 1 Resolution 0.0001
Min Sample Size 1
Max Sample Size |3
i~ Feedback Data
‘ Check Result | 0.00624 ‘
‘ Feedback Mode Start-Up Part Status ‘ ‘ Sample Count |1 Lag Count |1 ‘
| Transmit Status ‘ | T SRy
_ Running Avg. |0 00624 01 0.00624
Total Parts 2 Ci e Ac 4 02
onsecutive Accept | Calcvlated Offsst 000524 o
Accept Parts 1 Start-Up Count |2 Transmitted Offset |—0_00524
Reject Parts 1 Tool Adj. Total | 0.01459
— Transmitted Counts |52
From |6/7/2015 2:01:59 PM To |6/7/2015 2:03:62 PM
g - LogTi Feedback
# Reset FB Data For Machine | # Reset AllFB Data For Gage | ’7 Machine 1 | Enable View ‘

s

B = |

Idle

EPIC User Guide

112




4. Start-up Mode - Third Part (Accept)
The third part gaged is Accept, and the Check result is +0.00552. The feedback data is updated as shown in
Figure 5.

The part counters were updated as follows: Total Parts was incremented from 2 to 3 because a part was
gaged, Consecutive Accept was incremented from 1 to 2 because the part status was Accept, and Start-
Up Count was incremented to 3 because the part was gaged in Run mode.

The sample counters were updated as follows: Sample Count was incremented from 0 to 1 because the
Check result was included in the sample data, and the Lag Count was incremented from 1 to 2 because the
Lag Count ,1, was not greater than the user defined start-up mode lag count, 1.

The feedback mode displays RUN because the Consecutive Accept counter (2) was greater than or equal
to the run mode trigger and it will be in Run mode for the next cycle. The running average, +0.00552, is the

average of the sample data. The calculated offset, +0.00452, is the running average minus the setpoint
value, +0.00100, multiplied by the start-up mode compensation rate, +1.00000. Feedback is transmitted
because the running average exceeds the upper feedback control limit UCL, +0.00500, and the sample
count, 1, is greater than or equal to the min sample size, 1.

Figure 5.
=
i = = - - - - | Demo Mode
A File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - -2
|  Feedback Monitor [G1-Gage Name | Units: inch
 OffsetData Machine [1-Machine #1 -] || Individual OffsetDetails  Offset [1-Oset #1 -] |
Sample Running Feedback IE Bark £ abliol Selup
Offset Count Awerage Status Dffset sl
_ Start-Up Mode Limit 5 ueL [0.00500
1 - Offsat #1 1 0.00552 Dwer UCL 0.00452 l—
Run Mode Trigger 2 Setpoint | 0.00100
LeL [-0.00500
Part Lag (Start-Up) |0
Compensation
Part Lag (Run) ‘ 1 Resolution 0.0001
Min Sample Size ﬁ
Max Sample Size ‘3
i Feedback Data
‘ Check Result [0.00862 ‘
‘ Feedback Mode | Part Status ‘ ‘ Sample Count | 1 Lag Count 1 ‘
| Transmit Status ‘ | . ST — fradidaaa
Running Avg. 5.00552 01 0.00552
Total Parts 3 Consecutive Accept |2 Calculated Offset | 0.00452 gg
Accept Parts |2 Start-Up Count |3 Transmitted Offset ﬁ_g_m—s_z
Reject Pats |1 Tool Adj. Total | 0.01911
Transmitted Counts \’E
From [5/7/2015 2:01:59 PM To |5/712015 2:04-46 PM
- LogTr F
% ResetFB Data For Machinel & ResetAlFB Data FurGagel ’7 Machine 1 | Enable  View | ‘

N

B = |

Idle | 204 PU
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6.2.2. RUN MODE:

Run mode is used to continuously control the production process to produce acceptable parts as close to the
set point as possible. Run mode is entered when the consecutive good counter equals the run mode trigger,
and can only return to Start-up mode in three ways:
1) Turn power off and on again.
2) Reset the feedback data through “Reset FB Data” on “Feedback Monitor” screen.
3) Special software to communicate with an external source that instructs the EPIC CAG to reset the
feedback data.

EXAMPLE:

This is a continuation of the previous example, with the same feedback setup as in the Start-Up mode section.
It will continue from the last gage cycle described in START-UP mode step 5. above, and the feedback data
from Figure 5.

1. Run Mode - First Part (Accept)
The sample count, lag count, and sample data are reset to 0 when the next part is gaged, because feedback
was transmitted on the last gage cycle. The next part is gaged, the part status is Accept, and the Check
result is +0.00152. The feedback data is updated as shown in Figure 6.

The part counters were updated as follows: Total Parts was incremented from 3 to 4 because a part was
gaged, Consecutive Accept was incremented from 2 to 3 because the part status was Accept, and Start-Up
Count was unchanged.

The sample counters were updated as follows: Sample Count was unchanged because the Lag Count, 0,
was less than the run mode part lag, 1, and then Lag Count was incremented from 0 to 1.

[\i) NOTE: No Feedback was Calculated/Transmitted because the 1 part Lag (Lag Count set to 1).
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2. Run Mode - Second Part (Accept)
The next part is gaged, the part status is Accept, and the Check result is +0.00178. The feedback data is
updated as shown in Figure 7.

The part counters were updated as follows: Total Parts was incremented from 4 to 5 because a part was
gaged, Consecutive Accept was incremented from 3 to 4 because the part status was Accept, and Start-Up
Count was unchanged.

The sample counters were updated as follows: Sample Count was incremented from 0 to 1 because the
Check result was included in sample data, and LAG COUNT was incremented from 1 to 2 because the Lag
Count, 1, was not greater than the user defined run mode lag count, 1.

The running average, +0.00178, is the average of the sample data. Feedback is not transmitted because
the running average does not violate the feedback control limits, -0.00500 and +0.00500, and therefore,
the calculated offset and transmitted offset are zero.

Figure 7

=lolx|
# File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - et
|' Feedback Monitor |G1-Gage Name =l Units: inch

‘ Offset Data Machine |1 - Machine #1 ‘l

]’ Individual Offset Details  Offset [1_Ofiset #1 -] |

i Feedback Control Setup

Jn Sample Running Feedback
Offset Count Average Status Offset .
- - - Start-Up Mode Limit |5 ucL "0_00500
1- Offset #1 1 0.00178 Within CL 0.00000 —
Run Mode Trigger |2 Setpaint 0.00100
LeL 000500

Part Lag {Start-Up) |0
e Compensation
Part Lag (Run) | 1 Resolution 0.0001
Min Sample Size 1
Max Sample Size |3

i Feedback Data

‘ Check Result |0.00178 ‘

‘ Feedback Mode “ Part Status ‘ ‘ Sample Count | 1 Lag Count |2 ‘
| Transmit Status | | . ST e
| Running Avg. 5-001?3 01 000178
Total Parts g Consecutive Acce 4 [ -
Accept | Calculated Offset | 0.00000 -
Accept Parts |4 Start-Up Count |3 Transmitted Offsat E.UUUUU
Reject Parts 1 Tool Adj. Tatal  |0.01911
— Transmitted Counts ﬁ
From |5.|‘?!2015 2:01:59 PM To ! 5/7/2015 2:16:00 PM

# ResetFB Data For Maching | # Reset Al FB Data For Gage | ’fm:;hm 1 |I- Enable  View ‘
[a] o | Idle | 216 PM
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3. Run Mode - Third Part (Accept)
The next part is gaged, the part status is Accept, and the Check result is +0.00347. The feedback data is
updated as shown in Figure 8.

The part counters were updated as follows: Total Parts was incremented from 5 to 6 because a part was
gaged, Consecutive Accept was incremented from 4 to 5 because the part status was Accept, and Start-Up
Count was unchanged.

The sample counters were updated as follows: Sample Count was incremented from 1 to 2 because the
Check result was included in the sample data, and Lag Count remained unchanged.

The running average, +0.00263, is the average of the sample data. Feedback is not transmitted because
the running average does not violate the feedback control limits, -0.00500 and +0.00500, and therefore,
the calculated offset and transmitted offset are zero.

Figure 8.
i)
; " - . . . . | Demo Mode
# File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - - ox
|. Feedback Monitor |G1 - Gage Name j Units: inch
‘ Offset Data Machine [1-Machine #1 - ‘ | Individual Offset Details  Offset |1 - Ofeet #1 - |
w Sample Running Feedback I Ektamotse up
Offset Count Average Status Offset -
: Start-Up Mode Limit |5 ucL 10.00500
1 - Offset #1 2 0.00263 Within CL 0.00000 —
Run Mods Trigger |2 Setpoint | 0.00100
LCL -0.00500
Part Lag (Stat-Up) |0
== Compensation
Part Lag (Run) | 1 Resolution 0.0001
Min Sample Size 1
Max Sample Size |3
i Feedback Data
‘ Check Result | 0.00347 ‘
| Feednack Moce [N PartStatus (DRGSR | | samecount 2 LagCoum[> |
| Transmit Status | | : ST e g
Running Avg. ﬁ.UUEES 01 0.00178
Total Parts 3 Ci tive Ac 5 ; 02 000347
onsecutive Accept | Calculatad Offset | 0.00000 03
Accept Parts 5 Start-Up Count |3 Transmitted Offset ﬁ.UUUUU
Reject Parts 1 Tool Adj. Total |0.01911
— Transmitted Counts ﬁ
From [5/7/2015 2.01:59 PM To |6/7/2015 2:23:07 PM
. - . LogTi i Feedback
* ResetFBDataFwMachhel 4 AesetAlFE Data FurGagel ’V Machine 1 [ Enabie. | View | ‘
[a] 1 Aol Idle | 223Pm
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4. Run Mode - Fourth Part (Accept)
The next part is gaged, the part status is Accept, and the Check result is +0.00518. The feedback data is
updated as shown in Figure 9.

The part counters were updated as follows: Total Parts was incremented from 6 to 7 because a part was
gaged, Consecutive Accept was incremented from 5 to 6 because the part status was Accept, and Start-Up
Count was unchanged.

The sample counters were updated as follows: Sample Count was incremented from 2 to 3 because the
Check result was included in the sample data, and Lag Count remained unchanged.

The running average, +0.00348, is the average of the sample data. Feedback is not transmitted because
the running average does not violate the feedback control limits, -0.00500 and +0.00500, and therefore,
the calculated offset and transmitted offset are zero.

Figure 9

i
# File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - TR
|  Feedback Monitor [G1-Gage Name ~] Units: inch

‘ Offset Data Machine |1 - Machine #1 -

]' Individual Offset Details  Offset |1 Ofset #1 1|

. Feedback Control Setup

Sample Running Feedback
Offset Count Average Status Offset ol
= = : Star-Up Mode Limit |5 ucL [0.00500
1- Offset #1 3 0.00348 Within CL 0.00000 —
Run Mode Trigger |2 Setpaint  [0.00100
LeL 000500

Part Lag (Start-Up) |0
Compensation
Part Lag (Run) | 1 Resolution 0.0001

Min Sample Size |4
Max Sample Size 3

~ Feedback Data

‘ Check Result  |0.00518 ‘
‘ ‘ Sample Count |3 Lag Count |2 ‘

‘ Feedback Mode “ Part Status

‘ Transmit Status | ‘ ) P SR
| Running Avg. 5.00348 01 0.00178
Total Parts 7 Consecutive Acce; 6 ; 02 0.00347
tive Accept | Calculated Offset | 0.00000 % oo

Accept Parts  [g Start-Up Caunt |3 Transmitted Ofiset |0 00000

Reject Parts |1 Tool Adj. Total |0.01911

- Transmitted Counts ﬁ
From |6/7/2015 2:01:59 PM To 5/7/2015 2:30:26 PM
LogTr itted Feedback
4 Reset FB Data For Maching | % ResetAl FB Data For Gage | ’7 Machine 1 [ Enable | View ‘

[a] | o1 [ Rccestill Idle | 230PM
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5. Run Mode - Fifth Part (Accept)
The next part is gaged, the part status is Accept, and the Check result is +0.00776. The feedback data is
updated as shown in Figure 10.

The part counters were updated as follows: Total Parts was incremented from 7 to 8 because a part was
gaged, Consecutive Accept was incremented from 6 to 7 because the part status was Accept, and Start-
Up Count was unchanged.

The sample counters were updated as follows: Sample Count was unchanged because it already equals the
max sample size of 3, and Lag Count remained unchanged.

The running average, +0.00547, is the average of the sample data. The calculated offset, +0.00224, is the
running average minus the setpoint value, multiplied by the #SAMPLES = MAX compensation rate of
+0.50000. ( (0.00547 - 0.00100 ) * 0.50000 ) = 0.00223. Feedback is transmitted because the running
average exceeds the upper feedback control limit UCL, +0.00500, and the sample count, 3, is greater than or
equal to the min sample size, 1.

Figure 10

=IOl x|
A File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - T
|. Feedback Monitor |G1 - Gage Name j Units: inch

‘ Offset Data ‘Machine |1 - Machine #1 'l

] Individual Offset Details Offset [1- Offset #1 - |

i Feedback Control Setup

- Sample Running Feedback
Offset Count Average Status Offset o
_ _ _ Start-Up Mode Limit 5 ucL [0 00500
1-Offset #1 3 0.00547 Ower UCL 000224 rR—
Run Mode Trigger |2 Setpoint  [0.00100

LcL 0.00500
Part Lag (StartUp) |0

e Compensation
Part Lag (Run) ‘1 Resolution 0.0001

Min Sample Size 1

Max Sample Size ‘3

 Feedback Data

‘ Check Result | 0.00776 ‘
‘ Feedback Mode || Part Status _ ‘ ‘ Sample Count |3 Lag Count |2 ‘
| Transmit Status | | _ SPPTSTR [l =iie s
Running Avg. 5.0054? 01 0.00347
Total Parts 8 Ci ive Ac 0 - 02 0.00518
onsecutive Accept | Calculated Offset 0;0_0224 03 000776
Accept Pats |6 Start-Up Count |3 Transmitted Offset |0.00224
Reject Pats |2 Tool Adj- Total |0.02134
- Transmitted Counts |22
From [/7/2015 2:01:59 PM To |6/7/2015 2:34:39 PM

- - Log Tr itied F
4 Reset B Data For Machine | 4 eset Al FB Data For Gage | ’7 Machine 1 | Enable | View | ‘
Al G1

Idle | 234PM
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7. SECTION : Feedback Interfaces

7.1. G.E. Fanuc FOCAS2 Interface

7.1.1. Introduction and Interface Protocol:

The Focas2 interface between the EPIC CAG™ and the G.E. Fanuc control will require an Ethernet connection
and the G.E. Fanuc control’s “Custom Macro” option. Either the embedded Ethernet or the Fast Ethernet
option (J909) can be used on the G.E. Fanuc control. The IP address, Port number and Path of the Fanuc
Control are programmable values within the EPIC software running on the CAG. The EPIC CAG can be
programmed to read and write to macro variable addresses located in the G.E. Fanuc control.

Feedback compensation parameters defined on the CAG™ can have an associated macro variable address
assigned as part of the setup.

In practice, the EPIC CAG™ will complete a measurement cycle and use the new data to determine if Tool
Compensation is required.

The EPIC CAG™ will solicit the Fanuc Control macro variable “Data Available” to determine if the previous Tool
Compensation data has been read. A value of 1.0 indicates that the previous data has not been read by the
Machine Tool Macro. The Machine Tool is responsible to reset this variable to 0.0 after reading the Tool
compensation offset macro variables. The EPIC CAG™ will solicit this variable once per measurement cycle.

If the previous data has not been read by the Machine Tool then the EPIC CAG™ will not solicit this variable
again until the completion of the next measurement cycle. The running average will not be reset.

If the “Data Available” variable equals 0.0 then the previous data has been read by the Machine Tool Macro.

The EPIC CAG™ will update the Tool Compensation Offset Macro variables with the new compensation values.
If compensation is not required for any given offset, then a value of 0.0 will be written. The EPIC CAG™ wiill
update the “Data Available” macro variable to a value of 1.0 after the new compensation data has been written.

A “Machine Feedback Reset” macro variable can be assigned in the EPIC CAG™ to indicate a Tool change.
The Machine Tool will set this variable to 1.0 whenever a tool change occurs. The CAG™ will solicit this macro
variable at the beginning of a measurement cycle to determine if the accumulated feedback data for all offsets
should be reset. The CAG™ will set the “Feedback Reset” variable to 0.0 at the completion of the reset.

An “Offset Feedback Reset” macro variable can be assigned in the EPIC CAG™ to indicate an individual Offset
Date reset is required. The Machine Tool will set this variable to 1.0 whenever the Offset data is required to be
reset. The CAG™ will solicit this macro variable at the beginning of a measurement cycle to determine if the
accumulated feedback data should be reset. The CAG™ will set the “Offset Feedback Reset” variable to 0.0 at
the completion of the reset.

This interface can accommodate up to 16 Machine Tool Offsets. A maximum of 34 macro variables will be
required: Data Available, Machine Data Reset, Offset #1 thru Offset #16, Offset Data Reset #1 thru #16.
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7.1.2. Initial Setup and Establishing Communications:

System Requirements:
-Edmunds EPIC CAG™: Optional Focas2 Feedback module installed.

-G.E. Fanuc controller with Fanuc control’s “Custom Macro” option and either the embedded Ethernet or the
Fast Ethernet option (J909).

1. Determine/Report the IP Address, Port and Path of the Fanuc controller.

2. Set the IP Address of the EPIC CAG™ unit. The IP Address of the CAG unit will need to be compatible with
the Fanuc controller (first three sets of numbers in the addresses need to match) Example: Fanuc
controller IP Address: 192.168.100.220, CAG™ unit IP Address: 192.168.100.221. See (APPENDIX B) for
instructions on setting the CAG IP Address.

3. Test the communications using EPIC Feedback Communications Diagnostics screen:

a. Enter menu “Diagnostics” — “Feedback Communications” in the EPIC software.

b. Enter the CNC IP Address (address of the Fanuc Controller) and Port number.

c. Click on the “Connect” button. Status should display “Connected” if communication was established.
If connection fails, verify IP Addresses and Port number of both the Fanuc controller and the EPIC
CAG™ and also verify the Ethernet cable is connected correctly.

d. Test Write/Read of data to the controller macro variables. In the “Write Macro Variable” box, enter

macro number and value to write. Click on “Write” button. Read back that value by entering the
macro number in the “Read Macro Variable” box and click on the “Read” button.

*, Flle Results Setup Calbration Analysis Diagnostics Window Help DEMO MODE |8 =]
&EvE0ala «E SklezklxA 2zgzE OE €}
F ihack Ci ications Diag i
GE Fanuc Focas? Communications Current Setup/Connaction Status
(Diagnostics)
Gage Machine IP Address Port Path Status

~ Communication Setting (Diagnostic Connection) ——

=] 1 1 Machine 1 [1az168100220 [a19z | 1

Dizconnect I
CHC IP Address ’1 92168100220 Z

Fort [a93 e |

— Connection (Diagnostic) /_
kT ‘ \
Lib Handle Mo 1234567 Close ‘
— et Path ’— I

Current Path ] Gt Pt
Mumber of Paths ‘

~Set Path

=l
New Path [1 Set Path \

| ! |
| | |
| | |
| | |
= | | |
| ! |
| | |
| | |
| | |

)F(éd Macro Yariahble
o
| Fead Macro Variable ﬁ_/ Read Machine 1 Read Maching 2 Fead Machine 3 Read Machine 4 Read &l |
Macro Mum. I : R Macto Mum.  Yalue Macro Mum.  Value Macro Mum, Yalue Macro Num.  Yalue
ead | I—— ‘ I | I | I |
value | ; -
/.Il'/ ‘ I | i | I | Pall Start |
[ Write to Macro Yariable -~ i I ‘ I | I | I |
! Timer (msec)
Macto Num Writs | [ ! [ | | [ | [ [2000 g
value | [ ! I | [ ! I |
I — |
“igw Trace Log | [ Enable Trace Log l ‘ I | I | I |
Jl, Exit
[l 1 [ Unknown | [ 1121 A
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7.1.3. Focas2 Feedback Setup In EPIC Software:

:E]Gaging System - [Feedback Setup] _I_I- [ ﬂ
5 . . . a . 5 Demo Mede
# File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - o EC
| Feedback Setup [61-Gage Name =] Units: inch
| Machine Setup | ‘ Offset(s) Setup - Machine 1
.~ Select Machine ~ Select Offset
Machine |1 j {lMachine Name ™ Enabled Offset |1 j |Oﬁ39t ONE ¥ Enabled
—Fi Interface - Sample Size —C ion Rates
ELRR S A l/ / / win [T - macfs #sampies =pae. |1
-
IP Address | 010 . 000 . 000 . 000 Port |s193 Path |T -Comp K i # Samples < Max |1
T — 0.0001 - Start-up Mode |
Status | Disconnected Connect
—Feedback Control Limits: — Tooling Adjust Limits.
—StartupMode ——— —RunMode ——————————— Lc [0.00030 PerCyle  |0.00000
I" Enabled F Include Rejects setpoint  [0.00000 Total [oooo00
Startup Mode Limit |10 Patlag [0 Lo fo.00000
PartLag 0 — Offsat D
Run Mode Trigger 3 Running Avg. of Check Previously Defined Offset HMultiplier
[~ Crank Bore =+ (] =] x[ioao00 [}
—Machine Specific - Macro Variable i P
— Machine Specific - Transmitted Offset Location
Macm Mo / Macro N° / Reset Offset Data
Offset DataAvailable [550 eedbackMode 551 Macro Variable Mo, [570 Macro Variable No. |57'I
Resel Feedback Parl Siatus \ \
‘ Add Machine | & save | | X Delete m_mm‘el ‘ ‘ Add Offset | F sae | X Dems{)ﬁsetl ‘
| Last Changed  5/4/2015 0:56.38 AM BLExit
al |61 [ unknown | | 9:55 AM

7.1.3.1. Machine Specific - Macro Variable Communications

Offset Data Available - Macro variable number on host Fanuc Controller (Machine). A non-zero value will
be written to this macro variable when offset data is available. The host machine will read this variable, if the
value is non-zero, the offset data will be read and applied. The macro variable value will then be set to zero
by the host machine.

Reset Feedback - Macro variable number on host Fanuc Controller (Machine). A non-zero value will be
written to this macro variable when offset data is available. The host machine will read this variable, if the
value is non-zero, the offset data will be read and applied. The macro variable value will then be set to zero
by the host machine.

Feedback Mode - Macro variable number on host Fanuc Controller (Machine). The Feedback Mode (Startup
or Run) will be written to this marco variable when feedback data is available.

Run Mode = 1

Start-up Mode =2

If Macro variable number is zero '0', Mode will not be written (disabled)
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Part Status - Macro variable number on host Fanuc Controller (Machine).The Part Status will be written to
this marco variable when feedback data is available.
Unknown =0

Accept = 1
Reject =2
Flyer =3

If Macro variable number is zero '0', Status will not be written (disabled)

7.1.3.2. Machine Specific - Transmitted Offset Locations

Macro Variable No. - Macro variable number on host Fanuc Controller (Machine). The Feedback Offset
value will be written to this macro variable. The value in the macro variable will be used to adjust the tooling
offset in the machine.

Reset Offset Data Macro Variable No. - Macro variable number on host Fanuc Controller (Machine). The
value of this marco variable will be read, if it is non-zero offset sample data will be reset. If macro variable
number is set to zero, variable will not be read (reset function disabled).

7.1.4. Example Macro Program for Reading Feedback Offsets.
Note: this program should be used for reference only, actual variable number will differ.

Macro Variable numbers used in the following example program:
Data Available: 550

Offset #1: 570

Offset #2: 572

Offset #3: 574

Offset #4: 576

Offset #5: 578

Reset Feedback: 560

Tool Wear Offset Variables:
Tool Offset #1: 2001
Tool Offset #2: 2002
Tool Offset #3: 2003
Tool Offset #4: 2004
Tool Offset #5: 2005

: 9500 (EDMUNDS GAGE - FB MACRO)
(REV.A, 09/29/11)

(TEST FOR FEEDBACK)
(LOOK AT DATA AVAL)
IF[#550EQ1.0]1G0OT0210
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GOT0220

N210

(SET FEEDBACK OFFSET'S)
(ADD NEW OFFSET TO TOOL OFFSET)
(OFFSET #1)
#2001=[#2001+ #570]
(OFFSET #2)
#2002=[#2002+ #572]
(OFFSET #3)
#2003=[#2003+ #574]
(OFFSET #4)
#2004=[#2004+ #576]
(OFFSET #5)
#2005=[#2005+ #578]

(RESET - DATA AVAIL.)
#550=0

(RESET EDMUNDS OFFSET VARIABLE)
#570=0
#572=0
#574=0
#576=0
#578=0
GOTO0999

N220
(TEST FOR TOOL CHANGE)
(CODE HERE TO DETERMINE IF TOOL CHANGE AND RESET FEEDBACK NEEDED)

*
*
*

*

(IF RESET NEEDED - RESET FEEDBACK ALL TOOLS)
#560=1.0

#570=0

#572=0

#574=0

#576=0

#578=0

GOTO 999

N999
M99
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7.2. Edmunds AB EtherNet/IP Feedback Interface

CAG (EPIC) <-- --> Allen Bradley ControlLogix Controller (PLC)

7.2.1. Introduction and Interface Protocol:

The EtherNet/IP interface between the Edmunds CAG and the ControlLogix control will require an Ethernet
connection. The IP address and CPU slot of the ControlLogix control are programmable values within the
EPIC software running on the CAG. The Edmunds CAG can be programmed to read and write to Tag
variables located in the ControlLogix control.

Feedback compensation parameters defined on the CAG can have an associated Tag names assigned as part
of the setup.

In practice, the Edmunds CAG will complete a measurement cycle and use the new data to determine if Tool
Compensation is required.

The Edmunds CAG will solicit the ControlLogix control Tag “Data Available” to determine if the previous Tool
Compensation data has been read. A value of 1.0 indicates that the previous data has not been read by the
Machine Tool Macro. The Machine Tool is responsible to reset this Tag to 0.0 after reading the Tool
compensation offset Tag variables. The Edmunds CAG will solicit this variable once per measurement cycle.
If the previous data has not been read by the Machine Tool then the Edmunds CAG will not solicit this variable
again until the completion of the next measurement cycle. The running average will not be reset.

If the “Data Available” Tag equals 0.0, then the previous data has been read by the Machine Tool.

The Edmunds CAG will update the Tool Compensation Offset Tag variables with the new compensation values.
If compensation is not required for any given offset, then a value of 0.0 will be written. The Edmunds CAG will
update the “Data Available” Tag to a value of 1.0 after the new compensation data has been written.

A “Machine Feedback Reset” Tag can be assigned in the Edmunds CAG to indicate a Tool change. The
Machine Tool will set this Tag to 1.0 whenever a tool change occurs. The CAG will solicit this Tag at the
beginning of a measurement cycle to determine if the accumulated feedback data for all offsets should be reset.
The CAG will set the “Feedback Reset” Tag to 0.0 at the completion of the reset.

An “Offset Feedback Reset” Tag variable can be assigned in the Edmunds CAG to indicate an individual Offset
Date reset is required. The Machine Tool will set this Tag to 1.0 whenever the Offset data is required to be
reset. The CAG will solicit this Tag at the beginning of a measurement cycle to determine if the accumulated
feedback data should be reset. The CAG will set the “Offset Feedback Reset” Tag to 0.0 at the completion of
the reset.

This interface can accommodate up to 16 Machine Tool Offsets. A maximum of 34 Tag variables will be
required: Data Available, Machine Data Reset, Offset #1 thru Offset #16, Offset Data Reset #1 thru #16.

7.2.2. Initial Setup and Establishing Communications:

System Requirements:
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-Edmunds EPIC CAG: Optional AB EtherNet/IP Feedback module installed.
-AB ControlLogix Controller

4. Determine/Report the IP Address and CPU slot of the ControlLogix controller.

5. Set the IP Address of the EPIC CAG unit. The IP Address of the CAG unit will need to be compatible with
the ControlLogix controller (first three sets of numbers in the addresses need to match) Example:
ControlLogix controller IP Address: 192.168.100.220, CAG unit IP Address: 192.168.100.221. See
(APPENDIX B) for instructions on setting the CAG IP Address.

6. Test the communications using EPIC Feedback EtherNet/IP Diagnostics screen:

a. Enter menu “Diagnostics” — “Feedback AB EtherNet/IP Diag” in the EPIC software.

b. Enter the CNC IP Address (address of the AB ControlLogix Controller) and CPU Slot number.
c. Select “Use Temporary Diagnostics Connection”
d

Test Write/Read of data to the controller Tag variables. In the “Diagnostics — General TAG
Read/Write” box, enter Tag name and value to write. The Tag variable must exist on the controller.
Click on “Write” button. Read back that value by entering the “Read” button.

@ File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - -8
Communication Setting (Diagnostic Connection) Vrite
|Gage |51 Ease lame j_|FBMacnme [~ aching Nome = Feedback Operation

e CFU Slot a Controller GPU Siot FB Reset TAG_RESET

3 y Offset Reset TAG_OFFSET_RST
™ Simulate Hardware Device =2 =
imListion modls wihen fof Conne o hardwans device. ) FB Mode TAG_MODE

e ¥ Use Tempory Diagnostics Connection Part Status TAG_PART_STAT
(New Connection, Not Connsction setup in Fesdback Setup)

Read Al

Diagnotics - General TAG Read/Write

TAG Name Data Type

Communication Erro

Trace Log - Feedback Communication Activity

____—————
la| [ 61 [ unknown | | 11.40 Am
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7.2.3. AB EtherNet/IP Feedback Setup In EPIC Software:

TAG Usage:

Offset Data Avail: TAG Name associated with TAG on Machine Control PLC Controller.

A non-zero value will be written to this Tag when offset data is available.

The host machine will read this Tag, if the value is non-zero, the offset data will be read and applied.
The Tag value will then be set to zero by the host machine.

Reset Feedback: TAG Name associated with TAG on Machine Control PLC Controller.

A non-zero value will be written to this Tag when offset data is available.

The host machine will read this Tag, if the value is non-zero, the offset data will be read and applied.
The Tag value will then be set to zero by the host machine.

FB Mode: TAG Name associated with TAG on Machine Control PLC Controller.

The Feedback Mode (Startup or Run) will be written to this Tag when feedback data is available.
Run Mode = 1

Start-up Mode = 2

If the Tag Name is set to "None", the mode will not be written.

Part Status: TAG Name associated with TAG on Machine Control PLC Controller.
The Part Status will be written to this Tag when feedback data is available.
Unknown =0

Accept =1
Reject = 2
Flyer =3

If the Tag Name is set to "None", the Status will not be written.

Offset Tag: TAG Name associated with TAG on Machine Control PLC Controller.
The calculated feedback offset value will be written to this Tag. The value in the Tag will be used to adjust the
tooling offset in the machine.

Reset Offset Data: TAG Name associated with TAG on Machine Control PLC Controller.
The value of this Tag will be read, if it is non-zero offset sample data will be reset.

If the Tag Name is set to "None", the Tag will not be

read (reset function disabled).
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7.3. Edmunds - Okuma Thinc Feedback Interface

7.3.1. Introduction and Interface Protocol:

The Okuma Thinc interface between the Edmunds CAG™ and the Okuma P200/P300 control will require an
Ethernet connection and the Okuma control running the Okuma Thinc API drivers and Edmund-Okuma
Server application. The IP address and Port number of the Okuma control are programmable values within
the EPIC software running on the CAG.™ The Edmunds CAG™ can be programmed to read and write to
common variables located in the Okuma control.

Feedback compensation parameters defined on the CAG can have an associated common variable number
assigned as part of the setup.

In practice, the Edmunds CAG™ will complete a measurement cycle and use the new data to determine if
Tool Compensation is required.

The Edmunds CAG™ will solicit the Okuma control common variable “Data Available” to determine if the
previous Tool Compensation data has been read. A value of “1” indicates that the previous data has not
been read by the Okuma Macro. The Okuma is responsible to reset this variable to “0” after reading the Tool
compensation offset common variables. The Edmunds CAG™ will solicit this variable once per
measurement cycle. If the previous data has not been read by the Okuma then the Edmunds CAG™ will not
solicit this variable again until the completion of the next measurement cycle. The running average will not
be reset.

If the “Data Available” common variable equals “0” then the previous data has been read by the Okuma
Macro.

The Edmunds CAG™ will update the Tool Compensation Offset common variable with the new
compensation values. If compensation is not required for any given offset, then a value of “0” will be written.
The Edmunds CAG will update the “Data Available” common variable to a value of “1” after the new
compensation data has been written.

A “Machine Feedback Reset” common variable can be assigned in the Edmunds CAG™ to indicate a Tool
change. The Machine Tool will set this variable to “1” whenever a tool change occurs. The CAG™ will solicit
this common variable at the beginning of a measurement cycle to determine if the accumulated feedback
data for all offsets should be reset. The CAG™ will set the “Feedback Reset” variable to “0” at the
completion of the reset.

An “Offset Feedback Reset” common variable can be assigned in the Edmunds CAG™ to indicate an
individual Offset Date reset is required. The Machine Tool will set this variable to 1.0 whenever the Offset
data is required to be reset. The CAG™ will solicit this common variable at the beginning of a measurement
cycle to determine if the accumulated feedback data should be reset. The CAG™ will set the “Offset
Feedback Reset” variable to 0.0 at the completion of the reset.

This interface can accommodate up to 16 Machine Tool Offsets. A maximum of 34 common variable will be
required: Data Available, Machine Data Reset, Offset #1 thru Offset #16, Offset Data Reset #1 thru #16.

7.3.2. Initial Setup and Establishing Communications:
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System/Software Requirements:

o Edmunds EPIC CAG™ with Okuma Thinc feedback option.
Okuma P200/P300 control

Okuma Thinc API drivers installed on Okuma controller
Edmunds-Okuma Server application installed on Okuma controller.

1. Install the Edmunds-Okuma Server application on the Okuma controller. See (Section 3.3.4 below) for
the Edmunds-Okuma Server setup instructions.

2. Determine/Report the IP Address, Port of the Okuma controller.

3. Set the IP Address of the EPIC CAG unit. The IP Address of the CAG™ unit will need to be compatible
with the Okuma controller (first three sets of numbers in the addresses need to match) Example: Okuma
controller IP Address: 192.168.100.220, CAG unit IP Address: 192.168.100.221. See (APPENDIX B) for
instructions on setting the CAG IP Address.

4. Test the communications:

a) Enter menu “Setup” — “Feedback Setup” in the EPIC software.

b) Enter the Okuma IP Address and Port number. Select SAVE.

c) Enter menu “Diagnostics” — “Okuma Feedback Diagnostics” in the EPIC Software.

d) Click on the “Get” button in the “Okuma Machine Type” box. Machine Type should display “Lathe” or
“Machine Center”.

—_ ~— ~— ~—

e) Test Set/Get of data to the controller common variables. In the “Common Variables” box, enter common
variable number and value to write. Click on “Set” button. Read back that value by entering the
common variable number and click on the “Get” button.

" Gaging System - [Feedback Setup] _|a x|
. . - . - . De=na Mods|
# File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - R
| Feedback setup [61-GageMame =] Units: inch
Machine Sstup Offset(s| Setup - Machine 1
- Selact Maching Seloct Offsat
Machine (1 =| [Machine Hame ¥ Ensblen Oiffset |1 _I 1"“759{ Name I¥ Enzules
Fesdback Interface Compensation Rates
Okuma Thine Etremet ‘ wn wa i s T
i
& [ #3 ] 1
Cikurma MG 1P Address kgna MO Port amples s Maw
IPAddres {010 - 000 000 - 251 Port [ao00 { |“"E|J.-1 SIS
Feedback Control llmm i~ Tooling Adjust Limis
— Startup Mode ————— -~ Run Motie S [0.00000 Parycle 000000
" Enapled I Indute Rajacls Setpaint (000000 Total [oooooa
Starkup Mode Limd |10 Partlag [0 [ooooo0
il i Offsel Definiticn
RunMode Trigger |3 Running Avg, of Chack Previously Defingd Oflsqi Bulfipliar
[1-Eheckiiame =1 +{] < A
— DWuEma Maching Speciic - Common Variabe Communicatons ——
Vb bR Okuma Machine Specific - Transmified Offset Location
i Reset Offset Data
Drset Data Avallable 1 Feednak Mode [2 Common Varianie Ma, [ Common Varlable Mo, [
Reset Feedback {‘3 Pari Statlus ir_
—Maching Copy
Seurce Machine M Destinstion Machine
|-‘.1.1-r.|.=;-"n= Harn= j ]au Machine Ham= j Copy l
Addactine | [ S | eoEmm| | ‘ addonset | [ e | ¢ Dlete miiss |
| tsstohanges 2015 124548 P
4| &1 | Unknown | 226 P
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Diagnostics

| [ Okema Machine Troe
Gape |EERTEIRNE  <| i 1 - Wachine Narme il e
G | FE Maching - | =l o
i Adorszs & Fart assignsd in Feenbant Satln Screan,
.

Cammer Vanables
Number  Value

| Commontiariable | 1 [0.0000 set
| Gammen Variasie || 1 [0.0000 Get

*Snlp Varfaple No. 0-20 can be used v Simulation Mods I

| Gonnecsion Address
| hitgaf13.0,0. 251,30 D0EJOK S

[ Mescage Baard

View Trace Log

= (&t kol |228pm

7.3.3. Okuma Thinc Feedback Setup In EPIC Software:

Okuma Common Variable Usage:

Offset Data Avail: Common variable number associated with common variable on Okuma controller.

A non-zero value will be written to this common variable when offset data is available.

The Okuma control will read this common variable, if the value is non-zero, the offset data will be read and
applied. The common variable value will then be set to zero by the Okuma control.

Reset Feedback: Common variable number associated with common variable on Okuma controller.
A non-zero value will be written to this common variable when offset data is available.

Okuma control will read this common variable, if the value is non-zero, the offset data will be read and
applied.

The common variable value will then be set to zero by the Okuma control.

FB Mode: Common variable number associated with common variable on Okuma controller.
The Feedback Mode (Startup or Run) will be written to this common variable when feedback data is available.

Run Mode = 1
Start-up Mode =2
If the common variable is set to "0", the mode will not be written.

Part Status: Common variable number associated with common variable on Okuma controller.
The Part Status will be written to this common variable when feedback data is available.
Unknown =0
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Accept = 1

Reject = 2

Flyer=3

If the common variable is set to "0", the Status will not be written.

Offset Tag: Common variable number associated with common variable on Okuma controller.
The calculated feedback offset value will be written to this common variable. The value in the common
variable will be used to adjust the tooling offset in the machine.

Reset Offset Data: Common variable number associated with common variable on Okuma controller.
The value of this common variable will be read, if it is non-zero offset sample data will be reset.

If the common variable number is set to "0", the common variable will not be

read (reset function disabled).

7.3.4. Edmunds-Okuma Server setup Instructions .

1. Installation of the Edmunds-Okuma Server application on the Okuma Controller (P200/P300).
a. Run the Setup.exe

=T
(;ul; % - Setunl = Release = |53 [ searchr... (B2
Oiganize *+  Indudeinlbray v Sharewith *  Bum  Mew falder f= = il
Hame * Date rodified I Type I Size:
L omtun, e 3/18/2015 1:06FM Apploation 41
B st pmsi 1015 136 Windows Irstaler P, 4
& s

b. Follow install prompted instructions

=I5
Select Installation Folder [—"| _

Thie ingtaller will inztall EdmundsOkumaServer to the following folder.

Toinstall in this folder, click "Mest'. To install to-a different folder, enter it below or click "Browse!'.

Folder:

C:\Program Files\E dmundsOkumaServer' Browse,.. |

Install EdmundsOlcumaServer for yourself, or for anyone who uses this computer;

' Everane

= Just me

Cancel < Back Hest >
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{i# EdmundsOkumaServer 1

Installing EdmundsOkumaServer

E dmundsOkumnaServer iz being installed.

Flease wait...

< Back | Tents |

c. After setup is complete an icon will be located on desktop, “Edmund-Okuma Server”. Click on
shortcut to start the application.
15|

Machine Type | Sim

Number  Value
Server Status [ commenariasie [ 1 o.0000 st |

e | Common vanaole | 1 0.0000 st |
hitp:iflocalhost:8000/EAOKSVT

hitp:iocalhost:8000/EJOKSVC/mex | M.essage:ﬂaam Ciear
I =
Start Server I Stop Server |
Version 1.0

d. Insure the “Server Status” is “Running”. The application can be minimized to the status bar.

g
L

\i) The server application will need to remain open and server “Running” to allow feedback
communication from the Edmunds EPIC CAG.
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7.3.5. Example Macro Program for Reading Feedback Offsets.
Note: this program should be used for reference only, actual variable number will differ.

Common Variable numbers used in the following example program:
Data Available: V100

Offset #1: V1

Offset #2: V2

Offset #3: V3

Offset #4: V4

Offset #5: V5

Offset #6: V6

Reset Feedback: V101

OGAGE (OKUMA EDMUNDS GAGE VARIABLE ADJUSTMENT)
*** VARIABLES ***)
V100 = NEW DATA AVALABLE 0/1)

(

(

(V101 = RESET FEEDBACK 0/1)

(VIWOX[**] = TOOL WEAR OFFSET X)

(VIWOZ[**] = TOOL WEAR OFFSET Z)

(V1 = EDMUNDS GAGE FEED BACK X TOOL 1)

(V2 = EDMUNDS GAGE FEED BACK Z TOOL 1)

(V3 = EDMUNDS GAGE FEED BACK X TOOL 2)

(V4 = EDMUNDS GAGE FEED BACK Z TOOL 2)

(V5 = EDMUNDS GAGE FEED BACK X TOOL 3)

(V6 = EDMUNDS GAGE FEED BACK Z TOOL 3)

(*** SYSTEM CHECKS ***)

IF [VMLCK EQ 1] NRTS (CHECK IF MACHINE LOCK IS ACTIVE)
IF [VRSTT EQ 128] NRTS (CHECK IF SEQUENCE RESTART IS ACTIVE)
IF [V100 EQ 0] NCK1 (CHECK FOR NEW DATA)

GOTO NSET

NSET (*** PERFORM ADJUSTMENTS ***)

(*** TOOL OFFSET 1 **¥*)
VIWOX[1]=VIWOX[1]+V1 (X AXIS ADJUSTMENT)
VIWOZ [1]=VIWOZ[1]+V2 (Z AXIS ADJUSTMENT)
0

(*** TOOL OFFSET 2 ***)
VIWOX[2]=VTIWOX[2]+V3 (X AXIS ADJUSTMENT)
VIWOZ [2]=VTWOZ[2]1+V4 (Z AXIS ADJUSTMENT)
)

(*** TOOL OFFSET 3 ***)

VITWOX [3]=VIWOX[3]+V5 (X AXIS ADJUSTMENT)
VIWOZ [3]=VTIWOZ[3]1+V6 (Z AXIS ADJUSTMENT)
()

vV100=0 (RESET DATA FLAG)

(*** RESET GAGE VARIABLES ***)
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V1=0
vV2=0
V3=0
V4=0
V5=0
Ve=0
GOTO NRTS (GOTO END OF ROUTINE)

NCK1 (CHECK FOR NEW TOOL FLAG)
V101=1 (SET RESET DATA FLAG)

CNT=20 (NUMBER OF TOOL GROUPS)
CTR=1 (COUNTER FOR FIRST TOOL GROUP)

NLOOP (PARSE THROUGH TOOL GROUPS)

IF [VTLCN[CTR] EQ O] NRST (CHECK NUMBER OF MACHINED WORK PIECES)
M331 (BUFFER PROHIBIT)

IF [[CTR+1] GT CNT] NRTS (CHECK FOR LOOP OVERSHOOT)

(ELSE)

CTR=CTR+1 (INCREMENT THE COUNTER)

GOTO NLOOP (GOTO LOOP)

NRST (RESET TOOL GAGE DATA)
V101=1 (SET RESET DATA FLAG)
(*** RESET GAGE VARIABLES ***)
V1=0

v2=0

V3=0

V4=0

V5=0

Ve=0

NRTS RTS (END OF SUB ROUTINE)
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7.4. EPIC Feedback - Ethernet File Transfer (EFT)

EPIC Software Feedback Setup Screen:

Feedback offsets are written to a file in a mapped directory on the machine control or network computer. If the
file does not exist, the file will be created and the offset record will be written to the file. If the file exists the
offset record will be appended to the file.

=131

ﬁ’FiIe Results  Setup  Calibration Analysis Diagnostics Window Help DEMS MODE

IM-1 Machine Name

j IM-Q: Maching Mame

=] cony |

B[ Z|m[8s &EEHalA uEHEy BlEwEelss a@ae e €]
| Feedback Setup [61 - R2z5113 = Units: mm
‘ Machine Setup | | Dffset{s) Setup - Machine 1 |
- Select Machine - Select Offset
Machine |1 =| [machine Name I~ Enabled Offget |1 | ofset name " Enabled
~F Interface Batiied et =G Rates
Ethernet, File Transfer Machine Control 1 Mas. |3 #Samples=Max |
= o —c e #Bamples < Max. |1
File Lacation ID WACCUMA ,_.
I Star-up Mode 1
FileName  |FDBCK i) 0.0001 |
= £
File Name - offset values  seupack Control Limits ~Tooling Adjust Limits
written to this text file in
- Start-up Mode Run Mode — comma delimited format ik Sl PerCycle  |0.00000
™ Enafled ™ Include Rejects Setpaint 0.00000 Total 000000
Startup Mode Limit 10 Patlag [0 L G0
Part L 0
i [ —Offset Definition
Run Mode Trigger l3 Eunning Avg. of Chieck Breviously Defined Offset hiultiplier
1- |0 X BOTTOM =+ (] ] fimnmnn )
Copy
Source Machine » Destination Machine

‘ Add Machine | Save | b4 DeleteOﬁaetl ‘

BBt |

[225Pu

| 2 Delete Mat_:ﬁme.l ‘

‘ Add Offset I Bave

| LastChanged  2/23/2010 2:25:14 P

a |

’?[ Unknown j!

File Format

Ethernet File Transfer format

Feedback offset records will be offloaded to a comma delimited text file on a mapped network drive. If the file
does not exist, the file will be created and the offset record will be written to the file. If the file exists the offset

record will be appended to the file.

Record Format:
Offset1,0ffset2,0ffset3,... <CR><LF>

Example:
0.00012,-0.00015,0.00038
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7.5. EPIC Standard Serial Feedback (RS232)

Overview:
The following is a description of the serial data offload protocol between an Edmunds
EPIC CAG system and a Machine Tool.

The data offload will be a solicited serial data transfer from the CAG to the Machine Tool over an RS-232 serial
port. RS-232 control lines are not used in this protocol. The only lines that will be utilized are: TXD, RXD,
Signal Ground and the Shield. Baud, parity, stop bits and bits per character are all programmable values in the
EPIC system in the Serial Port Setup screen.

The calculated compensation data are referred to as part offsets, is sent to the Machine Tool by request. The
Machine Tool will request the data from the CAG by transmitting a DC1 (11H) character to the CAG. The CAG
will respond with the data.

The Machine Tool will respond with a DC3 (13H) character if the data was received successfully. If the data
was not received successfully the cell controller will re-transmit the DC1 (11H) character. If the CAG does not
receive the DC3 (13H) character within 5 seconds of receiving the DC1 (11H) character, a communication error
message will be displayed on the CAG screen.

The CAG will reset the offset data when it receives the DC3 (13H) character.
Data Packet:

The data packet offloaded will contain the packet length, part status, number of offsets, and offset results. A
detailed description of the packet follows:

Field # Description Length
1 STX 1

2 packet length 3

3 part status 1

4 # of offsets 2

5 offset #1 result 10

6 offset #2 result 10

7 ETX 1

8 bcc 1

STX — The start of text character, 02 Hex, or simply 02H, signifies the beginning of the packet.

Packet Length — The length is a three byte ASCII field representing the number of bytes in the packet
from the first byte, the STX, to the last byte, the bcc, inclusive. For example, if there are 50 bytes from
STX to the bcc, then the packet length is 30H, 35H, 30H.

Part status — A single byte representing the status of the part measured. There are three possible values
for the part status:

Hex Value ASCII Status

47H “‘G” Good, Accept
42H “B” Bad, Reject
52H “‘R” Rework

# of offsets — A two byte field representing the number of check results to be offloaded. The valid range
for this field is 1 (30H, 31H) to 16 (31H, 36H)
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Offset #1 data — The actual check result, in ASCII, for Check number 1. The offset result is a ten byte
field containing the sign, Check value with decimal point, and padded with spaces, if necessary, to the right

to fill the tem byte field.

For example, if the offset result is —0.12345, then the ten

byte filed would contain the following bytes:
Byte # Hex Value
2DH
30H
2EH
31H
32H
33H
34H
35H
20H
0 20H

2 OoO~NO D WN-—-

ASCII

“0”
g
oy
s
wg”
g

Offset #n data — Check number n’s result, in the same ten byte field format as described under “offset #1
data” above. Each offset result is sent in this same format.

ETX — End of text character, 03H, signifies the end of the packet, with only the bcc to follow.

bcc — Exclusive OR of all bytes in packet from the packet length to ETX, inclusive.

Example:

The following is an example of a typical automatic measurement cycle and data transmission. Assume the

data transmission is from the CAG with the following data:

Part Status = REJECT
# of Offsets = 2

Offset #1 = +0.011
Offset #2 = -0.005

The offsets are calculated by the CAG with the following conditions:

Offset # Units Comp Resolution
1 mm. 0.001
2 mm. 0.001

The packet length is calculated with the following formula:

Packet length = ( #offsets x 10) + 9
=(2x10)+9
= 29 decimal
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The Machine Tool solicits the measurement data from the CAG by sending the following byte:

Byte # Hex value ACSII Description
1 10H DC1

The response sent by the CAG to the Machine Tool consists of the following packet:

Byte # Hex value ACSII Description

1 02H STX, Start of Text

2 30H “0” Packet length (100)

3 32H “2" Packet length (10)

4 39H “9” Packet length (1)

5 42H ‘B” Bad, Reject part

6 30H “0” Number of offsets (10)

7 32H “2" Number of offsets (1)

8 2BH “+” -+

9 30H “0” [

10 2EH [ Offset Result for
11 30H “0” [ Offset #1, padded
12 31H “1” +- with four spaces at
13 31H “1” [ the end:

14 20H “ [

15 20H “ [

16 20H “ [

17 20H “ -+

18 2DH e -+

19 30H “0” [

20 2EH | Offset result for
21 30H “0” [ Offset #2 padded
22 30H “0” +- with four spaces at
23 35H “5” [ the end:

24 20H “ [

25 20H “ [

26 20H “ [

27 20H o -+

28 03H EXT, End of Text

29 7Eh bcc

Assuming the packet was received successfully by the Machine Tool, the response by the Machine Tool to
the Edmunds CAG consists of the following byte:

Byte # Hex value ACSII Description
1 13H DC3
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EPIC Software Setup for Serial Feedback:

The EPIC CAG serial port needs to be enabled and configured to interface with the Machine Tool. The serial

port baud rate, parity, stop bits and bits per character are all programmable values in the EPIC system in the
Serial Port Setup screen.

=10l
& File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -/ O

Port Configuration Text to send to device: _ Hex: _ Code:
oo e o oconen | T | e TR
Serial Port |[COM1 = i r e -

Transmit Monitor - Active

¥ Enable Pot  Status
BaudRale [9500 x|
Parity None v
DataBils [B =
Stop Bits m
FlowControl [Nene 7]

Transmit Delay |0 ms
 Add | Save | X Delete I
Reset Port

Store and Monitor Port Data

™ Enable Storage

Display Type
|7 HEX % asc

Clear Stored Data |

E‘ ’F' Uﬂknuwv\]‘ ‘T1:2()AM
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The serial port used to communicate with the Machine Tool is selected in the Feedback Setup screen (see
below).

System - [Feedback S
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8. SECTION: Temperature Compensation

8.1. Temperature Compensation Overview

The calibration of a gage and the measurement of parts have many factors that affect system accuracy. One of
the most important factors to be considered is temperature. Under optimum conditions, the Gage would be

calibrated and parts measured at 68° Fahrenheit. Reality dictates that gages operate under “shop floor”

conditions and parts are measured during various stages of the manufacturing cycle.

The EPIC CAG™ has the capability to provide temperature compensation for gage calibration and part measurement.
This permits gage mastering and measurement of parts when they exit a machine tool or other external process,
regardless of the process temperature. An offset is computed by the EPIC CAG™ based upon the part temperature,
master temperature, tooling temperature and predefined coefficients of expansion for each component. This offset is
then added to the parts gaged readings and the corrected part size is displayed.

The amount of offset is dependent upon a range of factors — part material, master material, part thickness etc. In
order to provide the proper coefficient of expansion for each, a temperature compensation study is performed on
each component: part, master and tooling. Once the study is completed, the coefficients of expansion for each
component are stored in the EPIC CAG™ and retrieved as needed.

The actual formula for temperature compensation is:
(Initial gaged readings) + (tooling compensation) + (part compensation) + (master compensation) = Compensated
gaged readings.

The part checks that require compensation are selectable in the EPIC software program. Each part Check that is to
receive temperature compensation is associated with a temperature probe set. A probe set consists of two (2) input
channels. One input channel is utilized to measure the part temperature while the other measures the tooling
temperature.

In operation, the operator would master the gage utilizing the calibrated masters. A correction offset for each
applicable Check is computed by the EPIC to compensate for any variations in the master’s size due to temperature.
The offset is based upon the master temperature, tooling temperature and the predefined coefficients of expansion
for the master and tooling.

Master Offset = [Coeff master X (teMP master — 68°)] + [Coeff tool X (tEMP tool — 68°)]

The temperature compensation master offsets will be applied during normal gaging in the same manner as the Mag
and Zero offsets are applied.

During gage operation, the part would be measured in the normal gage cycle. . A correction offset for each
applicable Check is computed by the EPIC for temperature compensation. The offsets are based upon the part
temperature, tooling temperature and the predefined coefficients of expansion for the part and tooling.

Part Offset = [Coeff pat X (temp part — 68°)] + [Coeff oo X (temp tool — 68°)]

The temperature compensation part offsets will be applied during normal gaging in the same manner as the Mag and
Zero offsets are applied.
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The corrected final gage readings would be displayed and part status would be determined based on the corrected

readings.

8.2. Steps to Setting up the EPIC CAG™ Temperature Compensation .

1.Setup the means of acquiring part and tooling temperatures (Temperature Probe Setup screen)

a.

b.

e.

Select number of probe sets. A typical probe set will be (1) probe for part and (1) probe for tooling.
Name probe sets as desired menu (see Section 1.3.9 Temp. Probe Setup)

The probe sets will have to be assigned input channels. The input channel is the input on the
temperature amplifier card that the temperature probe will be plugged into (see Section 1.3.9 Temp.
Probe Setup).

The probe sensors allow for entering input channel dead band. The dead band allows the CAG™ to
determine if the temperature probe has failed. The dead band is 99.5 — 100.5 degrees Fahrenheit.
If your measuring environment is in this area you will want to set the dead band to 0.0 degrees (see
Section 1.3.9 Temp. Probe Setup).

The probe sensors allow for entering temperature settle time (see Section 1.3.9 Temp. Probe Setup)

2. Enable the type of temperature compensation. The manner in which the gage is to be operated is designated
in this menu. There are (3) types of temperature compensation. Gage mastering automatically selects the
proper compensation type during the master cycle (see Section 1.3.9 Temp. Probe Setup).

a.

C.

Part — This selection should be utilized whenever temperature compensation is desired during gage
operation or when performing an R & R study on parts.

Master As Part - This selection should be utilized whenever an R & R study is performed on masters
only or need to add the correct compensation to the master when measuring it as a part.

Disabled - This selection disables temperature compensation.

3.Assign the probe sets to Checks. For a part Check to receive temperature compensation a probe set has to
be assigned (see Section 1.3.9) .

At this point the system will be setup for temperature compensation given that a temperature compensation
study has been performed and the coefficients of expansion have been determined and entered in the system
(see following for temperature compensation study).

8.3. Manual Temperature Composition Study

Use the following procedure to calculate the values of the master, part, and tooling coefficients that can be entered in
menu “Check Setup -Temperature Compensation”

Begin by determining the coefficient for the Max Master.

EPIC User Guide

144



i\i) NOTE: While performing the temperature study for the master or part the tooling must be maintained at a
constant temperature.

Use the following procedure to determine the coefficient for the Max master and then repeat the procedure for a
sample part.

1) Disable all temperature compensation in menu: Setup - Temp. Probe Setup.

2) Measure the Max master in the gage, with the master and tooling at ambient, and record gaged size readings for all
temperature compensated checks as well as master and tooling temperatures.

3) Heat the Max master to a temperature of approximately 100 — 105 °F.
4) Record the master temperature outside of the gage. Put the master into the gage and run a measurement cycle.
Remove the master from the gage. Select menu: “Results” and record gaged size readings for all temperature

compensated Checks as well as master and tooling temperatures.

5) Perform the procedure a few times as the temperature of the master decreases in approximately 5 degree
increments.

6) Calculate the individual Master coefficient by dividing the change in size by the change in temperature of the master
from the ambient readings to the reading of the heated part. (Ambient Size — Heated Size) / (Ambient Temp -
Heated Temp) for each check.

7) Calculate the Average Master Coefficient for each Check.

8) Enter the Average Master Coefficient for each compensated check in the appropriate location in menu “Check
Setup -Temperature Compensation”.

Use the following procedure to determine the coefficient for the tooling.

@D NOTE: While performing the temperature study for the tooling the master must be maintained at a constant
temperature.

3) Enable all temperature compensation in menu Setup - Temp. Probe Setup. Select “Master As Part”.

2) Measure the Max master in the gage, with the master and tooling at ambient, and record gaged size readings as
well as master and tooling temperatures.

3) Heat the tooling to a temperature of approximately 90 — 95 °F.

4) Record the master temperature outside of the gage. Put the master into the gage and run a measurement cycle.
Remove the master from the gage. Select menu “Results” and record gaged size readings for all temperature
compensated checks as well as master and tooling temperatures.

5) Perform the procedure a few times as the temperature of the tooling decreases in approximately 5 degree
increments.

9) Calculate the Tooling coefficient by dividing the change in size by the change in temperature of the tooling from the
ambient readings to the reading of the heated tooling (Ambient Size — Heated Size) / (Ambient Temp - Heated
Temp) for each check.
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10) Enter the coefficient in the appropriate location in menu “Check Setup -Temperature Compensation”.
11) Master the gage with all components at ambient.

12) Heat the Max Master and do a gage R&R as the master cools down. This will show how the gage repeats with
varying temperatures. If the gage R & R is acceptable then the Master coefficient is good.

13) Repeat the process but heating the tooling and keeping the master the same temperature. Do a Gage R&R and if
the R%R is acceptable then the tooling coefficient is good.

14) Enable the temperature compensation in menu Setup - Temp. Probe Setup and select “Part”.

15) Heat the part up and do a Gage R & R as the part cools down. If the R & R is acceptable than the part coefficient is
good.
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9. SECTION : Backup/Restore EPIC System

9.1. Backup EPIC System to USB Compact Flash Drive

1. Insert USB Memory Stick into USB port on the side of CAG™ unit.
2. Exit EPIC application, menu “File” — “Exit Application”
) :
| Results - Setup - Calibration - Analysis - Diagnostics - Window Help - E
Logon

Backup & Restore
Print Screen

Print Preview
Print Reparts ...
Shutdown
Minimize Appli

|86
1=
=
1S
E
Lo
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stant] EARE s
4. Browse for or enter the drive letter of the USB memory stick in the “Backup To:” location.

5. Enter a name in the “Name” location. The EPIC system files will be copied to a folder with this name on
the USB memory stick.

27 CAL Backuop 8 Restore Uikliky

Gekect Acfion
= Backup System ' Restare System

Backun System

Stafus | Pending i
Backip T |D:\ Brovese |
Piame iEPICBackuH

Backup |

dstart| S| I Boctorn Seston - W[5 CAG Barkup & Reatar.. BAAm 5
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6. Select “Backup” and the EPIC system will be copied to USB memory stick.

27 CAL Backuop 8 Restore Uikliky

Select Action

= Backup System ' Restare System

Bachyg System

wws
Backip T ID:\ Brovese |
Tdame IEPlCBack up

dstart| S| I Boctorn Seston - W[5 CAG Barkup & Reatar.. A s

9.2. Restore EPIC system From USB Compact Flash Drive

1. Exit EPIC application: menu "File" - "Exit Application"
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= Eey
File -| Results - Setup - Calibration - Analysis - Diagnostics - Window Help -
Logon

Backup & Restore
Print Screen

Print Preview
Print Reports ...

T

)
=

Shutdown
Minimize Application

D T |

2. Insert USB flash drive into USB port.
3. Run "BackupRecoverUtility" - click on icon located on desktop.

ﬂh_a}'g s et o | s B sk 2

=] anetal Instrudions. off - .. [ B Goaam
5 z
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4. Select "Restore System" under "Select Action”

i Reskore Ility

S Actian
" Backup System * Restore System

FResfare Sysiem

Siatus

‘Restore Frorm. I Eroives I
Firs To Reslore
i Setup & Dats T systemFiles [ Complste |

Rectara |

| o LSEIDIK (3 B A

| B trotall instuchions f ., |5 CAG Bckup & Restor...

dstart| = castt

5. Enter the "Restore From" path by selecting "Browse" button and locate directory containing the backup on
the USB flash drive. The path should be look something like this, "D:\EPIC-Backup”
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i Reskore Uility

S Achion
" Harkup System * Restore System

FRestore System

Slaius
‘Rostore Frorn. | B
~ Fies To Reslore
i Seup £ Dats 1 Eyeten Fies

Rastora |

start| = casll [ e LsBDISK (D33

| i trstal instmicons 7 1., |5 EAG Baackump & Restor... « B amen

6. Select “Files To Restore”

a) Setup & Data - this will restore the Setup(s) and the measured data.

b) System File - this will restore the system file only that run the applicaton, not the user entered Setup and
measured data.

c) Complete - this will restore the complete EPIC system including System File, Setup(s) and measured data.
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. Backup System 7+ Beclor Sysiem

Pestors Sisfem

Eiatus | Panding
Restara From: ID:\EF'IC-Update Browas l
~ il To Fiestare
O Selup & Dt O SystemFise O Compleie

Reztore |
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7. Select the "Restore" button and select "Yes" to overwrite system files.

» Backup ls Restose Uity

Sekect Acion
' Hackup Systermn % Hastore System

WARNING
S Byskmm Fles wil be Cveerarittend

-“éd:ﬁma‘wﬁ Pastore 7

th Cencel | 55

#ckart]| 3 caan | e B K ) | 5 ko ot |[5 CAB Backup & Restar « B A
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8. After restore "Complete", exit BackupRestoreUtility and start EPIC application.

Select Action

" Backup System ' Hastore Sysizm

Restare Sysiem

Btabic

Azstors From' [DAEFIC- U date Browss I
~Flas To Rastare: -
T Sefwm&Oate SestemFies O Comaide

#ckart]| 3 caan | e B K ) | 5 ko 15  |[ 5 A Backup & Restor « B A
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10. SECTION: Part Graphics

The Part Graphics screen is a results screen that can be customized to display part graphics with live
measurement results. A graphical image of the part and the features (Checks) being measured can be displayed.

:G]Gag‘mg System - [Part Graphics Results] a =0 x|
Diemo Mode
[=J %

I*] File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - =

Part Graphics L G1 - Gage Name

" Result |
|

{07 [Crank Bore T
02 | Pin Bore 000214
03 | Center Distance 000214

04| Thickness (B v _‘-‘": X OM FRONT

N

FIN

P ORE | BORE

£ar [ Display Mode LastParlGaged v;:

a |

= o | oo [EEEY

Setting Up a Graphics Screen

1. Creating Image file.
a) Image Format - JPG image format.
b) Size -
i. 1000 pixels x 620 pixels (if Result panel NOT displayed) .
ii. 900 pixels x 620 (if Results panel displayed)
c) Location on EPIC-CAG - The image file must reside in the following directory on EPIC system:
C:\Edmunds Gages\CAGSU\DataBases\PartGraphics

2. Create a Layout - The Layout contains everything used to display the custom graphics screen including the
part graphics image, Check results Tags, Titles and Results panel options. Multiple layouts can be created for a
give Gage Setup.

a) Select the Layout button in bottom left corner.
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b) A “Screen Layout” edit box will appear. Using the edit box, an existing Layout can be modified or a new
Layout can be added. Select the “Add” button to add a new Layout (see Figure 1). Note that each Layout
is given a number.

Figure 1
S
1= File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - s

Part Graphics Gage Nams - L 1 -

& [61 [ Unknown | HE0AM

c) Select the Image to be displayed by selecting the browse button next to the Image text box.

d) Enter a title for the Layout in the Title text box.

e) Select “Display Check Results Panel”. This will display all the features (Checks) setup in the system
along with part status. The results will be updated at the completion of a measurement cycle.

f)  Select Save and Done.

EPIC User Guide 157



Gaging System - [Part Graphics Results] _-JEL)&]

=] File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -

Part Graphics 0 1 - Gage Name -

Connection Rod

{101 [Crank Bare
02 | Pin Bore
03 | Center Disiq
04 | Thickness

IV Displey Check ResttPane! i | DELTA PIN

I Layout 4 T 1 El’ Exit

| G1 [ Unknown 3| ‘12:44 PM

3. Add Tags - Tags are used to display Check results. Multiple Tag can be created for a Layout. Tag can be
place anywhere on the image.
a) Select the Tag button on the bottom left of the screen. A “Check Tag Parameters” edit box will appear.
Using the edit box, an existing Tag can be modified or a new Tag can be added.

| Check Tag Parameters X
Tag =

Azsign Check

1-Crank Bore -

o Display Check Name

r Display Reading

Sodd | Save || Delete

Re-Draw | Done

b) Add Tag: Select the “Add” button to add a new Tag. When the “Add” button is selected a new Tag is
added and the system is then in draw mode. In draw mode, the first thing that will be draw in a Red line
used to indicate the dimension or location of measurement. To start drawing the Red dimension line,
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position cursor at the start of the desired location and press and hold down the right mouse button. Then
drag the mouse to the end location. When the mouse button is release, a Tag will automatically be
displayed with a leader line to the middle of Red dimension line. Move the Tag by moving the mouse,
click the right mouse button when the Tag is in the desired location.

c) Assign Check: Select the “Assign Check” drop-down box to assign a Check to the added Tag.

d) Display Check Name: To display the Check name as part of the Tag select the “Display Check Name”
check-box.

e) Display Reading: To display the Check result reading as part of the Tag select the “Display Check Name”
check-box.

f)  Select “Save”
g) Select “Done” to finish or “Add” to add another Tag.

= ~=lolx

Demo Mode
- X

:e]Gaging System - [Part Graphics Results]

I File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -

Connection Rod

Hame Result Chietk Tal tocameters X
01 |Crank Bore
o 0.000U0

02 | Pin Bore

03 |Center Distance
04 | Thickness

Assign Check

1-Crank Bore -

¥ Display Check Name

| DELTA PIN CRK

¥ Display Reading

Re-Draw |

Dizplay Mode ast Pau Emp. ﬂ} Exit

08 Layout Tag
G1 |lr Unknown |12:54 PM

s |

EPIC User Guide 159



11. SECTION: Air Check Setup (Mag & Zero)

Use the following procedure to set mag and zero for all air circuits (A/E transducers). This procedure must be followed
before the gage is calibrated. The A/E transducers typically need to be adjusted to the maximum & minimum sizes of
the calibration masters for every input channel being used. The max and min sizes of the masters can be found on the
master certification sheets. In some cases, the air probes may be manufactured close enough that manual adjustment
may not be required.

Air Electronic Transducer Assembly

JIMUNDS GAGES

Adjusting Pneumatic Maqg & Zero

1.0 On the EPIC readout select the “Results” menu and then select “Live Check”. Select the Check associated with
the air circuit from the drop-down menu. Monitoring of the “Uncalibrated Result” should be used in the setup
procedure. Click on the “Uncalibrated Result” reading in the Live Results box. This will display the “Uncalibrated
Result” in the zoomed reading window and on the bar graph (see Figure 1 below).
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Figure 1 - Live Check Setup

=iolx|
# File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help - | TR
Live Check Setup B Units: inch
- Check Formula
¢ T -| & *| “m
- Live Results - Limits
Result [0.00218  Uncalibrated Result [0.00218 UsL [0.00700 L5L |-0.00700
~Live Bar Graph URL ’W LRL |-0.02040
iessmee [N 0.00218 || S
Uncalibrated Result MaxSize (000100 Mo [0
0ot700. Livelnputs

Min Size |-0.00100 No. [0

1A1 |0.00218

. Calibration Results

Mag. |1.00000 Zero |0.00000

~Temp Comp ion
000700, Part Temp. [off  |*F -
Apply To Result
Tool Temp. | off F

Offsets
0.00218 Pat  Tool  Calibration Tatal
[ 0.000000 [0.000000 {0.000000 {0.000000
[a] a1 [ Unknown | [ 9:49 am

1.1 If first time setup, turn both mag (M) & zero (Z) screws carefully clockwise until they stop and unscrew both
counterclockwise 2 ¥ full turns as start point. If not, proceed to step 1.2

1.2 Max size - place the max size master on the air gage covering the nozzles. Turn the (Z) zero screw until digital
reading is close or equal to max master size.

@ @

Zero Zero

1.3 Min size - remove the max size master and place the min size master on the air gage covering the nozzles. If the

digital reading is close or equal to the min master size, proceed to software calibration. Repeat steps 1.1 & 1.2 for
the other inputs. If not, proceed to step 1.4.

1.4 Min size, adj mag (spread too short) - If the digital reading for the min master size is larger than it should be, the

spread is “short”’, mag adjustment is required.

(+) mag

1.5 Turn the (M) mag screw CW 1/4 turn. Then turn the (Z) zero screw in the same direction as the (M) mag screw was
just turned until the digital reading is close to or equal to the min master size.
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)

Zero

1.6 Min size, adj mag (spread too long) - If the digital reading for the min master size is smaller than it should be, the

spread is “long”, mag adjustment is required.
) ma

(-) mag

1.7 Turn the (M) mag screw CCW 1/4 turn . Then turn the (Z) zero screw in the same direction as the (M) mag screw
was just turned until the digital reading is close to or equal to the min master size.

S

Zero

1.8 Max size - remove the min size master and place the max size master on the air gage covering the nozzles. If the
digital reading is close or equal to the max master size, proceed to software calibration. Repeat steps 1.2 thru1.7
for other inputs. If not, proceed to step 1.9.

1.9 Max size, adj mag (spread too short) - If the digital reading for the max master size is smaller than it should be, the
spread is “short”, mag adjustment is required.

S

—_~
+
=

mag

2.0 Turn the (M) mag screw CW 1/4 turn. Then turn the (Z) zero screw in the same direction as the (M) mag screw was
just turned until the digital reading is close to or equal to the max master size.

)

Zero

2.1 Max size, adj mag (spread too long) - If the digital reading for the max master size is larger than it should be, the
spread is “long”, mag adjustment is required.
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(@

(-) mag

2.2 Turn the (M) mag screw CCW 1/4 turn . Then turn the (Z) zero screw in the same direction as the (M) mag screw
was just turned until the digital reading is close to or equal to the max master size.

(@

Zero

2.3 Repeat steps 1.3 thru 1.8 by switching both masters as required until the max and min sizes display correctly. Once
completed proceed to the “software calibration”.

EPIC User Guide 163



FIGURE 1 - Live Check Setup

# File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -
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12. SECTION: Drive Protection

12.1. Drive Protection Overview

The EPIC CAG™ is a specialized computer based product used for the purpose of dimension measurement, and
the association of measurement results and analysis in relation to production processes.

The EPIC CAG™ uses an Edmunds designed, single board computer that operates from an industrial flash card
as its main hard drive, and on board RAM for immediate access of the Windows™ Embedded operating system,
the EPIC software application, and all the data generated from dimensional measurement functions.

The EPIC CAG™ has built in drive and data protection to insure absence of system failures due to operating
system file corruption. EPIC CAG™ incorporates a useful Microsoft Windows™ feature called File Base Write
Filters (FBWF) into the Windows ™ Embedded operating system that allows the ability to protect the drive
(compact flash) from write access. Instead of writing directly to a disk, disk writes are redirected into RAM cache
called an overlay. The data that has been stored in the RAM overlay will not persist if the unit is powered down or
power is lost. Some files such as gaging result data are allowed to be written directly to disk for permanent
storage.

The maijor benefit of FBWF is that changes to the operating system files are written to the RAM overlay and not to
permanently stored to the disk. If the system files become corrupt, they are not written to the disk. Thus, upon
next reboot, the system files will be restored.

FBWF can also help protect against unintended or malicious changes to the system. If a virus or malware is
installed, it will be written to the RAM overlay and not written to the disk. On next reboot, the malicious software
will not persist.

The features of FBWF are also beneficial in preventing accidental tampering of the EPIC CAG™ system. For
instance, if a user alters some of the files or configuration data, the user could simply reboot the unit to return
back to a original state.

The FBWF also extends the life of compact flash media. Flash-based storage media has a finite number of erase
cycles before erase blocks wear out. This means that there is a finite life span for a compact flash drive. Since
FBWEF redirects files writes into RAM this can decrease the amount of data being written to disk; thus, extending
the life span of disk.

12.2. Disable & Enable Drive Protection

If changes to the Windows™ Embedded operating system need to be made the drive protection will need to be
disabled for those changes to be made permanent. There is a utility that can be accesses from the Windows
desktop that allows the uses to Enable/Disable drive protection.

Examples of when Drive Protection needs to be Disabled:
- Changing the system Ethernet IP Address
- Changing system network settings
- Changing system Date/Time
- Calibrating Touch Screen.

12.2.1. Disable Drive Protection (Instructions)
1. Exit EPIC application to get to the Windows desktop.
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File -| Resuilts - Setup - Calibration - Analysis - Diagnostics - Window Help -
& Logon

= Backup System

2 Copy System Backup To ..
B4 Copy System Backup From ..
[ Restore System

& Print Screen

Print Preview

Print Reports

[a] ['&1 IFnknawnil| 0 A

2. Select “Drive Protection” icon to stat the drive protection utility.
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3. Select “Disable” button on the Drive Protection screen.

Broue]) | 5] ® R s m

4. Select “OK”
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5. Select “Shutdown Restart System” button.

Broue]) | 5] ® R s m

6. Select “Yes” and system will automatically restart.
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7. After the system restarts, the EPIC application will attempt to start but will not run because driver protection
is disabled. Select “No” at prompt to not enable drive protection. The EPIC application will then close. Drive
protection is now disabled and changes to the Windows embedded operating system can permanently be
made.

% NOTE: The EPIC application will NOT Run if Drive Protection is Disabled.

g s44 Dinie Pratection Disablad) Fo+

Appbesorivl nok i ot Dites Pratedson,
Enable Drive Prochection sl Rsbact Systen.

O st £ Erebie s Protechion fiow 7

e TS G

12.2.2. Enable Drive Protection (Instructions)
1. Exit EPIC application to get to the Windows desktop.

m Results - Setup - Calibration - Analysis - Diagnostics - Window Help -
& Logon
Backup System
Copy System Backup To ..
I Capy System Backup From ..
el
=

Restore System
Print Screen
Print Preview
Print Reports ...

2. Select “Drive Protection” icon to stat the drive protection utility.
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3. Select “Enable” button on the Drive Protection screen.

Esuel | 5]® R e
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4. Select “OK”

Drsan| | T@7

5. Select “Shutdown Restart System” button.

Bran| | B[S
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6. Select “Yes” and system will automatically restart.

Ersen| | A&7 [F i o

7. After the system restarts, driver protection will be enabled and the EPIC application will start.
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13. SECTION: Troubleshooting

EPIC CAG SYSTEM

Description

Probable Cause

Recommended Action

Display is Blank
after power-up

No Line Power

Check 120 VAC input power
Inspect power cable connection
Check fuse in power entry module

Improper Video Connection or Failed
Video Monitor

Inspect video monitor connection and
power.

Temporarily connect or replace the video
monitor connected to VGA port of the
CAG. If temporary connected monitor
works, contact Edmunds Gages for
monitor replacement.

Hardware Failure

Contact Edmunds Gages for repair

Error Message at
power-up
preventing EPIC
system from
starting.

The following error message at start-up
indicates the CAG drive (C-Fast or
Compact Flash card) can not be read.

EFl Shelol version 2.31 [21216.18]
Current running mocde 1.1.2
map:Cannot find required map name

Press ESC In 5 seconds to skip startup.nsh, any other key to continue
Shell>_

Ensure that the CAG drive (C-Fast or
Compact Flash card) is securely seated in
connector-holder on motherboard. Contact
Edmunds Gages for assistance.

CAG drive (C-Fast or Compact Flash card)
is corrupt. Contact Edmunds Gages for
replacement.

Operating System Corrupt or
Corrupt/Failed CAG drive (C-Fast or
Compact flash card)

Contact Edmunds Gages. New CAG drive
(C-Fast or Compact Flash card) may be
required.

If error generated while loading EPIC
application, the EPIC software application
may be corrupt. The error reported may
give an indication if the programmed
setup, stored results or system files are the
cause.

Restore EPIC System using backup. See
SECTION 7: Backup/Restore EPIC
System. If a current backup is not
available for restore contact Edmunds
Gage.

Error Message
generated in the
EPIC application.

System Error

See Section 13.1 EPIC System Software
Errors
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GAGING CONSIDERATIONS

Description

Probable Cause

Recommended Action

System will not gage
(measurement cycle)

Gage is not enabled

Enable Gage in Gage Setup screen.

Select Gage

W Enablad

Not receiving external
Start Gage signal

Verify the system is receiving the external
Start Gage signal by viewing the “Input Trace”
on the /O Diagnostics screen. If the Start
Gage signal is not coming into the “Input
Trace” verify the external source of the signal
and the communication interface.

Verify the system will gage using the on-
screen Start Gage pushbutton. If the system
does gage using the on-screen Start Gage
pushbutton, this will confirm that the external
Start Gage signal should be focused on as
the problem.

Wrong “Start Gage
Number” assigned to
Gage setup.

Verify the correct “Start Gage Number” is
assigned to the correct Gage setup in the
Gage Setup screen.

I Gaging Cycle Satup

Starl Gage Humber

Gage Results not
being stored in Gage
Data File (GDF)

Gage Data File (GDF)
disabled

Enable Gage Data File in Gage Setup screen.

Gage Data File (GOF)
I Enable Gags Data File

¥ Enable Pad Counters I Enable SPC Data

Reasonable Limits
exceeded.

If any one of the measured Check results
exceeded the Reasonable Limits the results
will not be stored in the Gage Data File for
that measurement cycle.

Verify the Check status in the Results screen.
If the Check status for any one of the Checks
is “Over URL” or “Under LRL” the results will
not be stored in the GDF.
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Gage Data File (GDF)
Full.

If the number of stored records has reached
the “Max GDF Records Allowed” and
Wrapping is not Enabled the results will not
be stored. The “Max GDF Records Allowed”
is set in the Gage Setup screen.

aw GOF Records Allawed W ™ Enable Wrapping
The GDF can be reset in the Gage Data File
screen
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13.1. EPIC System Software Errors

EPIC System Software errors and exceptions messages are displayed when a function in the system can
not be performed. The exception causes the system to abruptly stop processing the function it was performing.
EPIC system software errors are displayed at the bottom of the main screen. Displayed system error
messages must be cleared before the next measurement cycle can be performed.

The displayed system error message contains the following information::
Date and Time the error occurred

Error number

Description of what the system was doing when error occurred
Where the error was generated in the system code.

Description of the system error.

IZI If the entire contents of the error message can not be viewed, the expand button can be selected to
increase the error display box.

@ NOTE: The system will NOT perform a measurement cycle until the System Error is Cleared.

1 - (1]
Eile - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -

Dema hode

ﬂ 0B/04/20 07:23 © Systern Error 17.01: CGage: Write Results : Column ‘Par_Status’ does not belong to table Setup3Gaget ]

Idle | 730.4M

B
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13.1.1. Steps to Recover from System Error:

1.  Document the error message. The system error message can be exported to a text file by selecting the expand
button and selectng “Export”

OBINAI20 (7.2 Gralem Bmor 17 01 Goage, WhlE Resdlls | Coumn Far_gilus gz nol Belong 10 faee Belunacags |
a

2. Clear the system error by selecting the “Clear” button.
3. Perform the function/action that caused error (run system as normal) and if error reoccurs proceed to next step.
4. Restart the EPIC CAG, select menu: File-Shutdown and toggle power button OFF then ON. When system in
restarted, perform the function that caused the error and if error reoccurs proceed to next step.
5. Reset stored results and restart system.
a) Reset the Gage Data File (GDF) for all Gages from the Gage Setup screen, see section “1.5.1 Gage Date
File (GDF)”". Note: all stored results will be lost during a reset. The results can be exported “Export Data”
before the reset is performed if desired.
b) Reset the part counters for all Gages from the Part Counters screen, see section “1.2.5 Part Counters”.
c) Restart the EPIC CAG, select menu: File-Shutdown and toggle power button OFF then ON. When system
in restarted, perform function that caused the error and if error reoccurs proceed to next step.
6. Restore Setup and Data from local backup.
a) Before a restore from backup is performed it is good practice to backup the current system to a separate
location just in case the current setup settings are overwritten or changed inadvertently during the restore.
Insert a USB memory stick in USB port of CAG, this will be used to store the remote backup. Go to menu:
File - Backup & Restore. Select “Backup” under “Remote Backup & Restore” and browse to the USB
memory stick drive and select OK (see Section 1.1.2.3 Backup Remote).

Backup & Restore []

-
e 2 Local Backup & Restore
Backup & Restore Setup & Data to Jocal drive

Last Backup was made: |2/42020 10:20 AM

._ Backup Setup & Data
BEEEER 0 jocal drive

Restore Setup & Data
from iocal backupn

Remote Backup & Restore
Backup & Restore Setup & Data from remate USE Network drive

Backup Setup & Data to
remota LISB or Network
dirive

| Restore Setup & Dats
from Backuy on remote
USH or Nebvork drive

b) Restore Setup and Data from Local Backup. Go to menu: File - Backup & Restore. Verify that the date
and time of the last backup is acceptable. Any setup changes or results stored later than the Last Backup
date and time will be lost. Select “Restore” under “Local Backup & Restore” (see Section 1.1.2.2
Restore Local Backup) .
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Backup & Restore

Local Backup & Restore
Backup & Restore Setup & Data to Jocal drive

Last Backup was made: |2/42020 10:20 AM

Backup Setup & Daty
EE o docal drive

Restore Setup & Data
from iocal backupn

-
® Remote Backup & Restore
Backup & Restore Setup & Data from remate USE Network drive

Backup Setup & Data to
remota LISB or Network
dirive

Restore Setup & Daty
from Backuy on remote
USH or Nebvork drive

c) After the restore is complete, perform function that caused the error and if error reoccurs proceed to next
step.

7. Contact Edmunds Gages technical support.
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APPENDIX A - Performance/Process Capability Calculations

Performance Capability

Performance Capability indices Pp and Ppk are normally used when determining the possibilities of a process
to produce within specified requirements and where the sampling of parts is made in the form of a large sample
taken on one occasion

Pp
Pp is a Performance index. It is the relationship of the process distribution to the established spec limits.
Typically a process is considered capable when the Pp is 1.33 or greater. Pp uses the actual standard
deviation calculation from all samples in the active data set to determine performance

Pp = (USL - LSL)/ (6 * StdDev)

Pr
Pr is the Performance ratio. Pp uses the actual standard deviation calculation from all samples in the active

data set to determine performance.
Pr = (6 * StdDev) / (USL - LSL)

Ppk
Ppk is the Performance index. Itis a measure of how centered the process distribution is. Pp uses the
actual standard deviation calculation from all samples in active data set to determine performance.

Ppk = Min[(USL - Xbarbar),(Xbarbar - LSL)] / (3 * StdDev)
Process Capability

Process Capability indices Cp and Cpk are normally used when determining the capability of a continuous
production process and where the sampling of parts is made continuously during the production

Cp

Cp is Process Capability. Capability is the relationship of the process distribution to the established spec.
limits. Typically a process is considered capable when the Cp is 1.33 or greater.

Cp uses the estimated standard deviation calculation base on subgroup size and samples in the XR chart
subgroups.

Cp =(USL-LSL)/ (6 * StdDeVEst)

Cr
Cr is the Capability ratio.

Cr = (6 * StdDevEst) / (USL - LSL)
Cpk
Cpk is the Process Capability index. Itis a measure of how centered the process distribution is. A process

is considered capable when the Cpk is 1.33 or greater.

Cpk = Min[(USL - Xbarbar),(Xbarbar - LSL)] / (3 * StdDeVEst)
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Machine Capability

Machine Capability indices Cm and Cmk are used when determining the ability of a production machine to
produce, for example as acceptance test of new equipment. The sampling of parts is made in a short period of
time without changes in machine settings. All efforts are make to try to isolate the influence on the machine
from other factors

Cm

Cm is Machine Capability. Machine Capability is the relationship of the process distribution to the established
spec. limits. Typically a process is considered capable when the Cm is 1.33 or greater. Cm uses the
estimated standard deviation calculation base on subgroup size and samples in the XR chart subgroups.

Cm = (USL -LSL)/ (6 * StdDevEst)

Cr
Cr is the Machine Capability ratio.
Cr = (6 * StdDevEst) / (USL - LSL)

Cmk

Cmk is the Machine Capability index. Itis a measure of how centered the process distribution is. A process
is considered capable when the Cmk is 1.33 or greater.

Cmk = Min[(USL - Xbarbar),(Xbarbar - LSL)] / (3 * StdDevEst)

Standard Deviation

Std Dev = Sqrt[(sum(X1-Xbar) / (n-1)]

Standard Deviation Estimate
Estimated Standard Deviation(Std Dev Est). The estimate of the standard deviation of a stable process using
the dispersion statistics associated with the sub-grouped samples taken from the XR Chart Data.

Std Dev Est = Rbar / d2

d2 Constants
Subgroup Size (N)

N

O©COoONOOOTPA,WN =

d2

1.128 (Rbar moving range average)
1.128

1.693

2.059

2.326

2.534

2.704

2.847

2.97

Xbarbar

Xbarbar: Average (Mean) of the average of each subgroup
Xbarbar = (X1 + X2 + X3 + .. Xn)/n

Xbar

X-bar: Average (Mean) of all readings
X-bar = (X1 + X2 + X3 + .. Xn)/n
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RBar
R-bar: Average range of all the range values (Xmax-Xmin) for each subgroup
R-bar = (R1 + R2 + R3 + .. Rn)/n
R = (Xmax - Xmin) from subgroup values
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APPENDIX B - Setting Ethernet IP Address of EPIC CAG unit

1. Exit the EPIC application

o

-| Results - Setup - Calibration - Analysis - Diagnostics - Window Help -
Logon

Backup System

Copy System Backup To ..
Copy System Backup From ..
Restore System

Print Screen
Print Preview
Print Reports ...

G e A B

| B T |

2. Click on “Drive Protection”

sot| 21| BT
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3. Click on “Disable”. Need to reboot system.

ol

|

T N CAG PR

Iy G

4. Shutdown system (reboot)

AlPrograms b

b o o restaring wour conpaier, o for acfivating
e By o Hocrnze modes,

Er : s
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5.  When system powers up the EPIC application will display error message. The EPIC application will not
run if drive protection is disabled. Select “NO” , t he system will then exit to Windows Desktop.

File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -

& #4044 Criys Protection Disabled| ##++

AppCEn HE 0 RERLE Dele Protactin,
Enstie Crive Prockection end Peboo Sysbem,

00w et b Enciok ke Prcita chnn Poes 7

e

& (61 ool o7 A
6. From the Desktop, click on the “Start” button then select “Settings” then “Control Panel”. Once in the
“Control Panel” select “Network and Sharing Center”.

OO. - e eipan - M gometpare e -

= K[ Secech cContral Porel

Relpust your commpubers setbngs hawbys Snalions -

P oo Certer

Bl coke Managamant

| Destoop Gadpees

T Crsplay

L Foris

| [T R
F Mause

& omrsorsian

3 zchon and Lerguaze

B8, Usey Rccounts

Taw] [

e adnrstra v Tocks

4 pata and T

i Manager

8 s oF Aroess Corver

o Honearow

Ernternet Cptias

5 natwcr b and Sharkg Cerber
\EHPrene s Modsm

B oo

[ wirdows Cadspare

[RETLLEY
W Dafauit Frogran s
R Do and Pevass
¥ Fokder Optons
o e Dpkkre
S kegboand
S rofication Area foors
{70 Frograms sl Fastures
Ll Tackbiar snd T Hew

W windows Fremal

2 R 1hasan B
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7. Select “Change adapter settings”.

A coomons st - WisedPad il x|
L
& and [ o=k
Ferte | @R - [ - conmebpend - A1 Contol Pl e = Mt nd Stk Cortie = i3 [earch Corera Parel ggi
L
Corkeod Fansl Hame View your and set un
o Fd
Change adipler cartin * x v e |
Thangs schanced sharing ssttings e S
{This Camg Len)
ey achivs rebrks Correck b
ou ave cumenchy rat cornected ta 2y et
hangs o retsorking st s -
fie Setupanew conneckion o netuark
= Setuna erelase, eoaend, gk, 3 o, o VPR EONECIN O 50T LD FOUTE O AC005 PTE,
g Camekmannh
Comnect or reconnect b winssss, vieed, disbup, or VPN rehsnek cornechion.
'a Chnass hemegroun and shanng cpbans
e e Flers s pri o thervge th
Hemetreup [5] Trobbedreck problems
[reemat Cptons T Canqnnse and repar etk prees, o oet roblesheotng Pfnehon,
irvdons Frenal
Lmal 3F = J
| D=
Lrsart| | |2 & oA

8. Right click mouse button on “Local Area Connection” and select “Properties”.

Mo O Yewr Faomes Toob advanced  Help

O O 3| Pern e [T

| erms B Netiorh Cornection

(5] crosta 2 naw
conrechion

B Setupa hamac snal

" cffcenetwork

B Change lindows
Frewel st

W Osbe the netverk
devce

LN e High-Spose Tnkarmnet

By, Repar s conmetion

] Fenans bhis conecion

WD Wi stahs of this
rreckion

4] <harvge:suttinge of thie:
conrechon

Dther Maces

[3 <ontrol Parel

W Py kv Haces
&) My Documante

iy Compter

Dietails

Laral krea Cannection

bslnll W0 Metwork Connections 5] b Rich Test Pocumest
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9. Select “Internet Protocol (TCP/IP)”.

-4 Local Area Connection Properties ] i

General I.&uthenticatiunl .t’-'«dvancedi

Connect using:

Im Intel(R] 82541E R-Based Gigabit Ethe

Thiz connection uzes the following items:

] %= Mw/Link NetfI0g &
W] 5 MLk IP3ASP54NatBI0S Compatible Transport Prob
[0 nternet Pro )
1] | »
Install... Wrmetall | Properties |
~ Descrption |

Tranzmizgion Control Protocol/ nternet Protocol. The default
wide area network, protocol that provides communication
acrozz diverse interconnected networks.

[ Show icon in notification area when connected
¥ Matify me when this cormection kas limited of i connectivity

QK. | Canhicel |

10. Set the “IP address” and “Subnet mask” as needed. Select OK when done.

Internet Protocol {TCP/IP) Propetties ] 2] =l

General

Yoo can get 1P zettings assigned automatically if your nebwork supports
thiz capability. Othenwize, pou need to ask your network. administrator for
the appropriate IP settings.

™ Obtain an IP address automatically

— Usze the following 1P address:
P address: fgz . 168. 1 . 11

Subnet mazk: I 28R 2EE 255 0
Dietault gateway: I ; 2 .

{7 Obtain ONS server addiess attomatically

—i% Lze the following DMS server addiesses:

Freferred DMS server: ! . . .
Blternate DMS server: I . 5 ’

Advanced.. I
Ok, I Cancel |
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11. Click on “Drive Protection’

FE R ovmm

Click on “Enable. Need to reboot system.

BEITE oo G|
[ R e —
W TG e

| FEWF Enabiad
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13. Shutdown system (reboot). Complete

Administrator

;’Hrm
. vy Network Places.

rﬁ-cmd Paral

A et Connscliors

AlPrograms b

Fro-idk b o o restaring wour conpaier, o for acfivating
5 = Bt By o Hisernate modes.
act |[OOEE
o Stawt: |i!_6m AL
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APPENDIX C - EPIC Software Activation

The EPIC Software requires an Activation Code to prevent a software shutdown from occurring. Each system is
preset with a number of days the system will run until shutdown. The number of days until system shutdown can
be viewed in the “About” screen (see Figure 1). When the system is within seven (7) days of shutdown a red
warning alarm will display every hour stating the system is not activated and will shutdown in a number of hours
(see Figure 2). If the system has is shutdown, the user can still navigate to all the screens but the system will not
perform a measurement cycle or calibration cycle and live input readings will be disabled. When the system is
shutdown, a warning alarm will be displayed every hours stating the system is is not activated (see Figure 3).

Figure 1. Help - About Screen - System Not Activated

- (®FEPIC
L oy e
Edmunds Precision Inspection Control

Software Serial No. STANDARD

Version 3.0.16.FTSVQPAEAR

Release Date 01720415
Configuration Date  10/20/09

Edmunds Gages, Farmingteon CT U 3A 06238
Technical Support: §60.677.2813

System Software Not Activated !

— Enter Activation Code -

Softwaire will be disabled in 27 days !

| Activate ‘
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Figure 2. System Not Activated - Alarm
File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -+ E -

G1 - Gage Hame

Check Hame Naminal
Crank Bare 1.00000
Fin Bore 0.97000
Carar Dislance 1.00000 ] ] | (Gage Cycle Info.
Thicknaes = ) | 000000 | B U — Cycle Stalus IT

Mext Position | Posa | 16l

Num. Readings I Bl
Acguisition Time [ i}

Fart Courts
Accept | IGEEENN
reiect I
Revorc I
Tatal 486
From: m

To: |4 120 5 %4131 4

fa | [ B Unkrawn | [ e am

Figure3.SystemShutdown
File - Results - Setup - Calibration - Analysis - Diagnostics - Window Help -

Gaging Results G1 - Gage Name

Check Name HNominal Deviatinn
Crank Aare [l nooon [ | 0.00000
Fin Hore -0.00251 3 )i 00000
Cenier Distance il 00000 | Gage Cyole nfo.
Thickness -0 000000 Cycle Status ,T

Met Positio | Pasd | 1ot

furr. Resdings a
Acquisition Time il

Fart Counts

Accent | GHEI
Reect
Rework: [

Tota [ d4Ga
From: IW

[51 [ nknaven | A0 AM
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Activating EPIC System:

1. Open the About screen (menu: Help - About)

2. Enter Activation code supplied by Edmunds Gages.

3. Select the “Activation” button (see Figure 4)

4. A message box will be displayed stating Software Activated.

5. When the system is Activated the About screen will no longer display activation box (see Figure 5).

Figure4
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APPENDIX D - Gage R&R Calculations

XBar and R (ARM) Method

ARM methods R&R calculations are in accordance with Automotive Industry Action Group (AAIG) (2010), MSA
(Measurement System Analysis Reference Manual), Fourth Edition, pages 116-123.

The calculations used for the ARM R&R are presented in the following sections.

Range

R.= Avg Range Appraiser A
ﬁb = Avg Range Appraiser B

ﬁc = Avg Range Appraiser C

R - (Ea +Rb + ﬁc)/3 = Average Range of all Appraisors
Average (Readings)

?a = Avg Appraiser A
Yb = Avg Appraiser B

?C = Avg Appraiser C

X = (Ya +Xb+ Xb )/ 3 = Average of all appraisers

SV (Study Variation)

Study variation is a multiplier used in study variation calculations. The default multiplier is 5.15,
which is the number of standard deviations needed to capture 99% of the process measurements.

A 99% spread is on considered to represent the full spread of measurement error. A 99.7% spread is
represented by a multiplier of 6, which is +-30 and represents the full spread of a “normal” curve.
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Repeatability - Equipment Variation (EV)

EV =R*K,*SV

K7 is dependent on the number of trials (r) and the number of parts times the number of operators (g) which is

assumed to be greater than 15.

TRIALS 2 3
Ky 0.8862 0.5908

Equipment Variation as percentage of part tolerance
%EV = (EV/Tolerance)100

Equipment Variation as percentage of total variation (TV)
%EV = (EV/TV)100

Reproducibility - Appraiser Variation (AV)

AV = (Xorr x K, xSV [ —(EV2/nr)

Xoprr = MaxXi - MinX; (X is the average of all readings for a single operator.)

n = number of parts

r = number of trials

K1 is dependent on the number of trials (r)

appraisers 2 3
K, 0.7071 0.5231

If a negative value is calculated under the square root sign, the appraiser variation (AV) defaults to zero

().

Appraiser Variation as percentage of part tolerance
%AV = (AV/Tolerance)100

Appraiser Variation as percentage of total variation (TV)
%AV = (AV/TV)100
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Repeatability and Reproducibility (R&R)

R&R=+EV?+ AV?

Appraiser Variation as percentage of part tolerance
%R&R = (R&R/Tolerance)100

Appraiser Variation as percentage of total variation (TV)
%R&R = (R&R/TV)100

Part Variation (PV)

PV =R, xK; xSV

R, = Maxip - Minip
R is defined as the range of X, values where X, is average across all trials and operators of a

single part tested.

Samples 2 3 4 5 6 7 8 9 10
K3 0.7071 | 0.5231 0.4467 0403 | 03742 | 0.3534 | 03375 | 0.3249 | 03146

Appraiser Variation as percentage of part tolerance
%PV = (PV/Tolerance)100

Appraiser Variation as percentage of total variation (TV)
%PV = (PV/TV)100

Total Variation (TV)

TV = J(R&R? + PV2)
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ANOVA Method

ANOVA methods R&R calculations are in accordance with Automotive Industry Action Group (AAIG) (2010), MSA
(Measurement System Analysis Reference Manual), Fourth Edition, pages 116-123.
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APPENDIX E - 4 Input Channel Add On - Hardware & Software Setup

Adding additional inputs to an EPIC CAG unit requires additional hardware and software setup change.
Input signals are processed thru a PC104 Signal Conditioning Card (S/C Card) mounted on the EPIC CAG

CPU Motherboard. Each S/C Card contains 4 Input Channels and the EPIC CAG can support up to 8 S/C
Cards providing for a total of 32 Inputs.

PC104 BOARD STACK POSITIONS

CPU Mother Board

Signal Conditioning $1 (1A1—1A4), ADDRESS 220H

Signal Conditioning #2 (1B1=1B4), ADDRESS 230H
Sighal Conditioning #3 (1C1=1C4), ADDRESS 240H

Signal Conditioning #4 (1D1—1D4), ADDRESS 250H
[ Sighal Conditioning #5 (2A1—2A4), ADDRESS 260H

[ Signal Conditioning #6 (281—2B4), ADDRESS 270H

Signal Conditioning #7 (2C1—2C4), ADDRESS 280H

Signal Conditioning (2D1-2D4), ADDRESS 290H (7960021)
Signal Conditioning (2D1-2D4), ADDRESS 200H (7961021)

Components Required

Adding additional inputs to EPIC CAG requires the following hardware components:
(@ PC104 Signal Conditioning Card, Board #4110957-BM

(2 Ribbon Cable 24”, #7960615

(3 Connector Panel, #7960710

(4) DIN PCB Assembly, #4110963-BM
Assembly Instructions

1. Verify that the S/C Card is set for the correct address. Each S/C Card requires a unique address

that is set with a series of jumpers located on the board. The jumpers are removed to add up to the
desired address, for example to set board address to 220H (board #1), jumpers 0200 and 0020 are

removed adding up to 220H. To set board address of 250H (board #4), jumpers 0200, 0040 and
0010 are removed adding up to 250H.

aaaaaa

*e
S HETEE 3‘)|
L |||||||H||| 1_T

00Z0
00HT g ]
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arODN

S/C Card #1 : Address 220H
S/C Card #2 : Address 220H
S/C Card #3 : Address 230H
S/C Card #4 : Address 240H
S/C Card #5 : Address 250H
S/C Card #6 : Address 260H
S/C Card #7 : Address 270H
S/C Card #8 : Address 200H

1A1- 1A4)
1B1 - 1B4)
1C1-1C4)
1D1 - 1D4)
2A1 - 2B4)
2B1 - 2B4)
2C1 - 2B4)
2D1 - 2B4)

PRy

Attach Ribbon Cable (2) to Signal Conditioning Card (1) and DIN PCB Assembly (4).

For signal conditioning board 1-4, mount Connector Panel (3) to the left side of the CAG enclosure.
For signal conditioning board 5-8, mount Connector Panel (3) to the right side of the CAG enclosure.
Mount Signal Conditioning Card on the CPU Motherboard PC104 stack.

PC104 SIGNAL CONDITIONING

\

| TP

$/C Connector Panel
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7200030 Signal Conditioning

Software Setup Instructions
Change number of Inputs in EPIC software.
The number of inputs needs to be changed (increased) to equal the total number of inputs including the
new inputs added.

1. Logon as Administrator (menu: File — Logon)

Fir Fesuls Sehuy  Calbitabion  Andvsn  Dagrosiis Window  Heln BEWERGOE

mZlw@l =] &%E/(EalE] oEe] Szl

alzlE oEs [€]

Currem Usaf | O perator

User  [Admmisteator »| | SAZR0102 1143 M

Password | =2 Lt
_f?hﬂm--‘?w.mﬂ‘«??'.'_-Q'-Pmisér.'ﬁ I E il I

[ [ 51 I tnenaen | Q07 AM
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2. Change the number of inputs
a. Go to “Inputs Setup” screen (menu: Setup — Inputs Setup)
b. Click on “Number Inputs” on bottom of screen.
c. Select the desired number of inputs from drop down box.
d. Save and then exit EPIC application and restart.

[l 5 Bouis Sehin Calbvstin | @nslile st Widow Hep DR OO =181l

E!!Ii%|ﬁ@i-‘=:“' -ﬁi!ﬂi&!iﬂ 'U|9'ﬁii! Ei%lﬂlﬂﬁ k’f-I"nI &|§fl$ EI[EI|EI
Inputs Setup Units: inch

Iripuis 1 - 18
_FJT Channal ]_?rpe '__RTa_nge : T:'_ol_amy_IMag_ | E)‘iﬁ;sl 3 l_[+)L|m|' B |_()_L|m|1 1 Balancing .‘;13g I . S1alus i
N ST | e O (T [c-ooamo [rozos fomeoss | fromodo 0 [E
[2 | 122 | - -
j 2 | 1e2 feeor J. |+ 03 < [ ooooo 000000 | IRV poreods [ ocodn.
| e |l [w-020 <] fiooom 000000 j1oz0es [o.onds 10020

L/OT =]l [+~ 020 =] |1.00000 |0.00000 02048 10.02045 [1.00000
|} S S CRGER I O A e of Tnputs Sl fomoas | fiocooo
[[ovor =] e om0 <] i conos [o.0o0s 100000
Huvor 7] '|+;-.c|213 ;] Ji.conoc [0.ron4as i |1.'0|:|:u0'
[ (ST | GRS [ (R fomoss [ ooooo
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B O
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