i\
Established 1981

Advanced Test Equipment Rentals

www.atecorp.com 800-404-ATEC (2832)

USER’S MANUAL

EPOCH 4PLUS

Part No. 910-250C

F=1PANAMETRICS-NDT"

Nondestructive Testing Products



In accordance with European Directive 2002/96/EC on Waste Electrical and Electronic Equipment, this symbol
indicates that the product must not be disposed of as unsorted municipal waste, but should be collected separately.
Refer to your local Olympus distributor for return and/or collection systems available in your country.

e

Copyright © 2005 by Olympus NDT, Inc. All rights reserved.

No part of this manual may be reproduced or transmitted in any form or by any means, electronic
or mechanical, including photocopying, recording, or by any information storage and retrieval
system, without the written permission of Olympus NDT, except where permitted by law. For
information, contact: pana@OlympusNDT.com.

Other product names mentioned in this document may be trademarks of their respective companies, and
are mentioned for identification purposes only.

Printed in the United States of America.




Warranty

Part # 910-250C

Warranty

The EPOCH 4PLUSDigital Ultrasonic Flaw Detector hasbeen designed and
manufactured asahigh quality instrument.

Inspect the unit thoroughly upon receipt for evidence of external or internal damage that
may have occurred during shipment. Notify the carrier making the delivery immediately
of any damage, sincethe carrier isnormally liable for damage in shipment. Preserve
packing materials, waybills, and other shipping documentation in order to establish
damage claims. After notifying the carrier, contact OlympusNDT™ so that we may assist
inthe damage claims, and provide replacement equipment, if necessary.

OlympusNDT guarantees the EPOCH 4PLUSto be free from defectsin materialsand
workmanship for aperiod of one year (twelve months) from date of shipment. This
warranty only coversequipment that hasbeen usedin aproper manner asdescribedinthis
instruction manual and hasnot been subjected to excessive abuse, attempted unauthorized
repair, or modification. DURING THISWARRANTY PERIOD, OlympusNDT
LIABILITY ISSTRICTLY LIMITED TO REPAIR OR REPLACEMENT OF A
DEFECTIVEUNIT AT ITSOPTION. OlympusNDT does not warrant the EPOCH
4PLUSto be suitable of intended use, or fitnessfor any particular application or purpose.
OlympusNDT acceptsno liability for consequential or incidental damagesincluding
damageto property and/or personal injury. In additionto our standard oneyear warranty,
OlympusNDT aso offersan optional two year warranty (call for further details).

Thiswarranty does not include transducers, transducer cables, or battery. The customer
will pay shipping expenseto the OlympusNDT plant for warranty repair; OlympusNDT
will pay for thereturn of the repaired equipment. (For instruments not under warranty, the
customer will pay shipping expenses both ways.)

In this manual, we have attempted to teach the proper operation of the EPOCH 4PLUS
consistent with accepted flaw detection techniques. We believe the procedures and
examplesgiven are accurate. However, the information contained hereinisintended
solely asateaching aid and should not be used in any particular application without
independent testing and/or verification by the operator or the supervisor. Such
independent verification of procedures become more important asthe criticality of the
application increases.

For these reasons, we make no warranty, expressed or implied, that the techniques,
examples, or procedures described herein are consistent with industry standards nor that
they will meet the requirements of any particular application. OlympusNDT expressly
disclaimsall implied warranties of merchantability and of fitnessfor any particular
application.

OlympusNDT reservesthe right to modify all products without incurring the
responsibility for modifying previously manufactured products. Olympus NDT does not
assume any liability for the results of particular installations, asthese circumstances are
not within our control.

THEWARRANTIES SET FORTH HEREIN ARE EXCLUSIVEAND AREIN LIEU
OF ALL OTHER WARRANTIESWHETHER STATUTORY, EXPRESS, OR
IMPLIED (INCLUDING WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE, AND WARRANTIES ARISING FROM COURSE
OF DEALING ORUSAGE OR TRADE).
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Preface

The preface providesthe following introductory topics:

Product Description

About this Document

Audience

Typographic Conventions

Related Documentation

If Y ou have Documentation Comments
Revision History

Technical Help

Product Description

The EPOCH 4PLUSisalightweight, portable flaw detector offering ultrasonic
performance, resolution, and documentation capabilitieswith acolor display that has
special advantagesover basic, traditional displays. Y ou can choose from eight (8) colors
for screen text, A-Scan waveform, gates, Peak Memory, DAC and TV G curve, and more.

Improvements over previous modelsinclude:

Compatiblewith EMAT transducersusing afrequency rangeof 1to5MHz, resolving
echoes from parts asthin as 0.080 inches (2 mm) and asthick as 5 inches (125 mm).

Capable of storing as many as 6,000 A-Scans or 120,000 thickness readings.
Calibration and test data can be labelled with a 16 character alphanumeric file name
with up to 500files. In addition, the editing feature allows | Dsto be deleted or cleared
for future use. A handy memo feature allows unlimited comment and data description
entries. A memory display screen makesit possible to review the contents of any file
by scrolling through the actual data prior to deleting or recalling theinformation. Any
stored data can be sent directly from the EPOCH 4PLUS to the optional EPOCH
4PLUS GageView PRO Interface Program, which makesit easy to save, view, send,
or move datafrom application to application.

Updated benefits of the EPOCH 4PLUSinclude thefollowing:

25 MHz bandwidth, user selectable narrowband filters, optional low and high PRF
rates of 30 Hz and 1,000 Hz, and the option to sel ect a tunabl e square wave pulser or
negative spike pulser. The EPOCH 4PLUS also has an automatic transducer
calibration function to determine material velocity and zero offset.

The light weight of the EPOCH 4PLUS (5.7 Ibs/2.6 Kg.) and the comfortable
ergonomic design makeit ideal for field inspectorswith demanding applications. The
compact Nickel Metal Hydride battery pack providessix (6) hours of operation under
normal operating conditions and requires recharge times of less than three (3) hours.

A large numeric display provides an instantaneous readout of material thickness,
soundpath, amplitude, or time of flight. When using an angle beam transducer, the
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EPOCH 4PLUS provides the soundpath, surface distance, and depth to a flaw, and
displayswhich leg of the soundpath the reflector isin with aleg indicator.

e Spotweld Assistant option to aid in making decisions regarding weld integrity based
upon echo patterns/algorithms (optional software).

»  Dynamic color change of waveforms based upon alarm conditions.

Thismanual iswritten in afunctional format. The information contained within can be
read in modul ar format to answer questions about how to perform specific functions. We
suggest reading through the information compl etely at least once with your EPOCH
4PLUSin hand sothat you can combinereading the descriptionsand exampl eswith actual
use of theinstrument.

About this Document

Thisdocument isthe Instruction Manual for the EPOCH 4PLUS. Thelnstruction Manual
describes routine tasks for operating the EPOCH 4PLUS. These tasksinclude operating
the power supply, managing basic operations, adjusting the pulser receiver, managing
special waveform functions, using the gates, calibrating the EPOCH 4PLUS, managing
the datal ogger and data communi cation features, and using software options.

Audience

Thisdocument isintended for any operator using the EPOCH 4PLUS. OlympusNDT™
recommendsthat all operators have athorough understanding of the principles and
limitations of ultrasonic testing. We assume no responsibility for incorrect operational
procedureor interpretation of test results. Werecommend that any operator seek adequate
training prior to using this equipment. Olympus NDT offersafull range of training
coursesincluding Level | and Level |1 Ultrasonic Testing, Advanced Detection and
Sizing, and Ultrasonic Thickness Gaging. For further information regarding training
courses, contact OlympusNDT.

Whilethe EPOCH 4PLUSisacontinuously self-calibrating instrument, the user must

determineregulatory requirements. OlympusNDT offers calibration and documentation
services. Contact Olympus NDT or your local representative with any special requests.

Typographic Conventions

Thefollowing notes and table describe typographic conventions that appear in this
document.

Warning: This information indicates danger and the possibility of personal
injury.
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Caution: Thisinformation indicatesthat equipment damage can occur.

Note: Thisinformation provides explanatory information.
Tip: Thisinformation provides hel pful guidelinesfor easy operation.
Convention Description
Couri er Font Usedfor filenames, lines of code, names of
processes, and commands.
Heavy couri er Used for command line user input.
Bold Used for textual parts of graphical user

interface, including menu items, buttons,
toolbar names, modes, options, and tabs.

Italics Used for screen/window names, dialog
boxes and document titles.

Bold Italics Used for emphasis.

[Bold] (Square Bracketswith | Used for instrument keys on the keypad.
Bold)

<ltalics> (Angle Brackets) With italicstext, used for variable data.

= Used for showing the next sequential step.

Tablel Typographic Conventions

If You have Documentation Comments

Olympus NDT™ isalwaysinterested in improving its documentation. We value your
comments about thismanual and other OlympusNDT documentation.

Completethesurvey at theback of thismanual and send your documentation commentsto
Olympus NDT by using one of the following methods:

*  Send commentsto Olympus NDT. Attention: Technical Publications
» Contact usat: pana@OlympusNDT.com.

Inall your correspondence, please includethetitle of the document, its part number,
release date, and the specific section upon which you are commenting.
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Revision History

Thisdocument may require updating because of corrections or changesto the product.
Publication dates are updated when a change is made to this document. In addition, the
document number isalso changed to reflect the revision.

Thetable below showsalist of all revisionsfor this document.

Date Issue Releaseversion
September 2003 910-250A First release
July 2005 910-250B Revision
December 2005 910-250C Revision

Table2 Revision History

Technical Help

Call OlympusNDT and ask for a salesengineer to assist you.
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Operating the Power Supply

Thischapter describes how to operate the EPOCH 4PLUSusing different power supply
options.

Topicsareasfollows:

e Using AC LinePower

e Using Battery Power

e Operating Timefor the Battery
* Replacing the Battery

» Charging the Battery

* Usinga“AA” AlkalineBattery

Using AC Line Power

AC line power is supplied viathe Charger/Adapter (part number EP4/MCA). The EP4-
MCA hasauniversal AC POWER input, soit operateswith any linevoltagefrom 100-120
or 200-240 Volts AC, and with 50 to 60 Hz line frequency.

Touse AC line power, follow these steps:

1. Connect the power cord to the Charger/Adapter unit and to an appropriate line power
source.

2. Connect the DC Output power cable from the Charger/Adapter unit to the Charger/
AC Adapter input jack on theright side of the EPOCH 4PLUS,

3. Turnthe EPOCH 4PLUSon viathe front keypad.
Proceed with normal operation.

Using Battery Power

The EPOCH 4PLUSusesa Nickel Metal Hydride (NiMH) battery pack. Anoptional AA
Alkaline battery pack isavailable.

Press[ ON/OFF] to power up the unit after theinitial status screen. The EPOCH 4PLUS
proceedsto the split screen display.

A battery symbol isalways present at the bottom right corner of the display and indicates
theremaining battery charge. A completely filled battery symbol relates directly to the
chargeremaining onthe battery. A symbol that ishalf filled meansthat the battery is50%
charged. All batteries show some rebound effects, so theinitial reading appears higher
than the actual amount. Thisistemporary; astablebattery reading can be obtained after 1-
2 minutes of operation.
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Operating Time for the Battery

The EPOCH 4PLU Soperating timeon battery power variesdepending onthedisplay type
and use conditions. Using a360 Hz measurement rate all ows aminimum of four (4) hours
operation, and ameasurement rate of 30 Hz provides up to six (6) hoursoperation. The
pulser must be set to square wave at 5 MHz, high power settingsto achieve maximum
battery operating time. | nstrument settings can also affect battery life.

Note: It may initially take several cycles of complete charging and discharging of
the battery to bring the battery to full capacity. This conditioning processis
normal for (NiMH) batteries.

Replacing the Battery

Warning: The EPOCH 4PLUS Charger/Adapter is designed to charge EPOCH
4PLUS batteries only. DO NOT ATTEMPT TO CHARGE ANY
OTHERBATTERIES. Doing so may causean explosion and injury! Do
not attempt to charge other electronic equipment. This will cause
permanent damage.

Toreplace the battery, follow these steps:

1. Turntheunit over sothat the display isface down.

L oosenthetwo screwson the back of the unit at the bottom that secure the battery door
cover.

3. Removethe battery door cover exposing the battery.
4. Slide out the battery from the bottom of the unit.
5. Ingtall the replacement battery by reversing these steps.

Tip: Thebattery hasanotch on one end and fitsinto the unit only one way.

Charging the Battery

Note: Charge EPOCH 4PLUSbatterieswiththe EP4/M CA Charger/Adapter only.

Thereisno on/off or line voltage selector switch. The Charger/Adapter automatically
turnson when AC power isapplied. Y ou can charge the EPOCH 4PLUSbattery either
internally inthe unit or externally using astand-alone charging base.

To chargethe battery internaly, follow these steps:
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1. Plugthe EP4-MCA Charger/Adapter intoan AC mainline.

2. Plugtheoutput cable directly into the receptacle on theright side of the EPOCH
4PLUS

To ensure compl ete charging, charge batterieswith the EPOCH 4PLUSturned off. If the
EPOCH 4PLUSisturned onwhileconnectedto an ACline, the battery chargesat aslower
rate.

When the unit is powered on and connected to the charger, the battery symbol will
continuously cyclefrom empty tofull toindicatethe battery ischarging. Oncethe battery
reaches approximately 85% capacity, the symbol will stop cycling and remain full.
Chargethe unit for another hour in order to achieve full capacity.

Y ou can a so charge the EPOCH 4PLUSbattery outside the instrument using an external
stand-alone charger. Thisaccessory isavailable through Olympus NDT™ (part number
EP4/EC) or found locally in electronic and retail stores. Contact OlympusNDT for more
information.

If the battery isused daily (or frequently), connect it to the Charger/Adapter when not in
use. Whenever possible, the battery should remain connected to the EP4-M CA Charger/
Adapter (overnight or over aweekend), so that it achieves 100% of full charge. The
battery must reach full charge on aregular basisfor proper capacity and cyclelife

mai ntenance.

Recharge discharged batteries as soon as possible after use. Give afull recharge, as
described above.

Note: Never place discharged batteriesin storage without afull recharge.

Store batteriesin acool, dry environment. Avoid long-term storage under sunlight or in
other excessively hot places such asan automobiletrunk. Whilein storage, fully recharge
batteries at least once every two (2) months.

Using an “AA” Alkaline Battery

An optional battery configuration for the EPOCH 4PLUSisthe“AA” Alkaline pack
(OlympusNDT part number: EP4/BAT-AA). Thisbattery style usesreadily available
“AA” dkalinecells (10 cellstotal.) The battery pack provides amaximum EPOCH
4PLUSoperating timeof 2.5 hours.

Note: The “AA” Alkaline battery pack cannot be recharged with the EPOCH
4PLUScharger/adapter.

TheAlkalineBattery modeislocated in the Options menu. Thismode allowsthe
EPOCH 4PLUStofully dischargethe AA battery. EPOCH 4PLUSawaysdefaultsto the
AA Battery Off mode.
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Managing Basic Operations

Thischapter describes how to get started with basic EPOCH 4PLUS operations.
Topicsareasfollows:

* Powering-up

e UsingtheKeypad

e Summarizing Keypad Functions

e Managing the Display

»  Setting-up Parameters

* Customizing Colors

Powering-up/LCD Screen Adjustment

Pressing [ON/OFF] causesan initia beep from the unit and then a series of relay clicks.
Thedisplay lights up and the unit goes through a self-test for five (5) seconds.

Note: Y ou can do aMaster Reset on the EPOCH 4PLUS during power-up. Press
and hold [EDI T] and then turn the unit on. Do not release [EDI T] until the
screen lights up with a Powerup Reset prompt box. Press [OPTION] to
cancel master reset, and the unit will proceed to the live screen. Otherwise,
press[ENTER] to continue. Use the dewing keysto move the highlight bar
over the desired selection:

Par ameter s- Resetsthe unit’ s parametersto thefactory settings
Database - Erasesthe EPOCH 4PLUS s memory
Parameter s+ Database - Compl etes both above operations

Usethe dewing keysto highlight your selection and press[ENTER]. An
appears. Press[OPTI ON] tocompletethe MASTER RESET and proceed to
thelive screen.

With LCD screen adjustment, you can adjust the screen for maximum viewing under the
harshest and most extreme lighting conditions.

Note: Brightness settings affect battery life. A minimum brightness setting results
in approximately seven (7) hours running time; a maximum brightness
resultsin approximately four (4) hours.

To adjust the screen, follow these steps:

1. Press[2nd F],[CALIBRATION] (BRIGHTNESS).

2. Usethedewing keysto adjust the setting. BRIGHTNESS: Depending on sunlight
conditions, you may need to adjust the brightness of the L CD to maximizethe screen
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visibility. Y ou can slew through awide range of the adjustment to optimize the
display.

Using the Keypad

The most commonly used keyson the keypad (Gain, Freeze, Save, Enter, and Slewing
Keys) are closeto your |eft thumb.

Thekeypad isgrouped and color-coded according to function. The outlined section of
yellow keys on theleft side of the keypad is used primarily for calibrating. The separate
group of grey keyson top arethe function keys, designed to provide easy accessto preset
parameter values. The EPOCH 4PLUSal so hasextensive datastoragefeatures controlled
by the datalogger keys at theright side of the keypad.

Enter Key

While you can access most functions directly viathe instrument keypad, you can change
all essential ultrasonic controls by using of the[ENTER] key and one of thefour green
dewing keys[4],[v], [« ], and[»]. Thismethod provides control of virtually all
instrument settings with the thumb of the left hand. Multiple presses of [ENTER] will
toggle through each of theinstrument parameters. The parameter highlightswhen
activated. Usethe[4],[y], [ «], or [-»] key to change an activated parameter value.

Pressthe[ ENTER] key multipletimestotogglethroughtheinstrument settings. Tomove
quickly through the sequence, press[ENTER] multipletimesin succession or ssimply
hold down the key to reach the desired function.

Direct Access Operation

Most commonly used parametersalso havetheir ownindividual keysto providedirect
accessto the parameter setting. To use the EPOCH 4PLUSin thismanner, pressthe
appropriate key to change the parameter and then either pressone of the function keys
(F1-F5) to select preset values, or adjust thevalueusingthe[4], [y], [« ], and [ ]
slewing keys. For exampleto changethegain, press[ GAIN]. Press[F1], [F2],[F3], [F4],
or [F5] to select one of the preset dB steps or use the slewing keysfor fine adjustments.

In some cases the parameter appears as a second function above another key. To change
these parameters, press[2nd F] and then the appropriate key to accessthat parameter.

Whenever afunctionisopened inthefull screen display, the EPOCH 4PLUSprovides
promptsin the Abbreviated Status window directly abovethe A-Scan display on the left
side.

Summarizing Keypad Functions

The EPOCH 4PLUShastwo keypads. Thetop keypad, located directly underneath the
display, ismade up of fivefunction keys: [F1], [F2], [F3], [F4], and [F5].
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When an operator accessesaparameter fromthemainkeypad, preset valuesaredisplayed
at the bottom of the screen. Each preset value has a corresponding function key. For
example, press|RANGE] to view variouspreset range val ues at the bottom of thedisplay.
Pressany one of the function keysto set the rangeto that displayed value.

Themain keypad islaid out with functional grouping of keysfor easy identification. The
main keypad isdivided in two sections. Theright side of the keypad, which resemblesa
telephone keypad, is used exclusively for datalogging purposes. Theleft side of the
keypad containsthe primary operating keys of the EPOCH 4PLUS. Most parameterson
the EPOCH 4PLUS can be directly accessed by pressing the appropriately labelled key.
Some parameters are second functions. These can be accessed by first pressing [2nd F]
and then the desired function. The second function iswritten directly above thekey. For
example, to accessZOOM, press[2nd F] and then[RANGE].

Onceyou accessaparameter, changeit through one of two methods. Usethefunctionkeys
to directly access preset values. Alternately, usethe green slewing keys([41, [v], [ +1],
and [ »]) to change the parameter in smaller increments.

3 . === [T | DGEEF

REF . .a.L.ﬂ-r“el LoALARH 2 [ e —
L GaTE || [[GaTE |{| =
GAIM h\\h‘?-ﬂﬂ? | |z | IE'I” | | |_|
P N W, - o ‘|F| ETE ARC  DEF
- AT FILTER FRINT —
7 v N (i |I TI El
| ‘ NTE | FueseR| | joos PLAT .

; rr | JEL M
N ~d S FE 24 =H . |:II_'I LI_II:_I ( (V=
W e T T lj J l_“ |
FREEZE " v WE PE Ak DEPTH - —-
i R _ MEM || || &F ?l-'hu I WY

J A = (=) (T2

“'.'A_IEHP-IJIJH |-§f:ﬁ_§T RANGE VEL oL 6z
1l AR i | [0 ] [[FJ t.r-n |

COLOR o — e
_ THICKIESS || . o
ar I | . i (O ol | ] [P
eor || (oeron| | [ || S22 || (ewl] ()] (feur)
Figurel EnglishKeypad
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International Keypad

Figure2
3.3.1 Main Keypad Functions
English Int’l Color Function
Blue Senditivity: Adjusts system sensitivity.
COLOR COLOR | White Option: Accessestheinstrument’s
setup menu and software options.
OPTION OPTION

Table3 Main Keypad Functions
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English Int’ Color Function
White 2nd Function: Pressthe[2nd F] key
o o wit_h akey j[hat ha_s dua functions (the
main function written onthekey; the
secondary function written abovethe
key), and the secondary function
becomes active.
White Referencel evel: Setsagainreference
level and allows addition of scanning
gainin6dB or 0.1 dB increments.
REF AB XX
GAIN ; o B ; Blue
Blue Screen Freeze: Holdsdisplayed
- waveformuntil [FREEZE] ispresseda
FREEZE B second time.
— Purple Save Thickness Reading: Saves
a displayed thicknessreading in current
file. If the EPOCH 4PLUSIisin Time-
of-Flight mode, thevaluewill bein
microseconds.
Purple Save Waveform: Savesthe current
O waveform and instrument setup
parametersin current file.
Purple Enter: Pressthiskey multipletimesto
ENTER toggle through the setup parameters.
ALARM | -1 Red Gate 1: Controlsthe positioning of
GATE 1 Gate 1 on the display. Pressthiskey
. multipletimes, or usethefunctionkeys,
to access Gate 1 Start, Gate 1 Width,
and Gatel Level.
White GatelAlarm: Activatesthealarm
mode for Gate 1. Usethe function keys
to access the Threshold or Minimum
ALARM 1 =171 Depth Alarm.
e

Table3

Main K eypad Functions (Continued)
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English Int’ Color Function
ALARM 2 12 Red Gate 2: Controlsthe positioning of
GATE P Gate 2 on the display. Pressthiskey
" multipletimes, or usethefunctionkeys,
to access Gate 2 Start, Gate 2 Width,
and Gate2 Level.
White Gate2 Alarm: Activatesthealarm
modefor Gate2. UsethefunctionKeys
to select the Threshold or Minimum
ALARM 2 =2 Depth Alarm .
Red
=
FILTER FILTER Orange Pulser: Pressthiskey multipletimesto
toggle through the pul ser parameters.
PULsER Usethe function keysto select preset
valuesfor each pulser parameter.
White Filter: Movesdirectly tofilter
.
FILTER FILTER
PULSER) Orange
) ) Orange Peak Memory Function: Activates
PEFTE :ELD PEA'f 'jm the Peak Memory function allowing
continuous accumul ation of peak
envel ope datawith thelivewaveform.
Pressthiskey again to deactivate the
function.
White Peak Hold Function: Activatesthe
Peak Hold function, which allowsyou
to capture ascreen while alowing the
PEAK-HOLD PEAK-HOLD view of thelivewaveform. Pressthis
PEAK 7 Orange key sequence asecond timeto
deactivate the function.
) — Orange Depth/% Amplitude: Allows
— L selection and display of peak depth,
TP \l_f- edgedepth, signal amplitude, or time of
flight data.
Table3 Main Keypad Functions (Continued)
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BRIGHTNESS

CALTERATION

BRIGHTNESS

CALTERATION

English Int’l Color Function
White Echo-to-Echo M easurement:
Activatesthe Echo-to-Echo
— M easurement mode. This
ECHO-LCHD Sl automatically opens Gate 2 (if it isnot
DEPTH & Orange aready active) and allowsyou to select
- A edgeto edge or peak to peak
measurement using the function keys.
Yellow Auto Calibration: Initiatesthe
EPOCH 4PLUSAuto Calibration
BRIGHTNESS BRIGHTNESS featurein conjunction withthe[ZERO
OFFSET] and[VELOCITY] keys.
CALIERATION
White BRIGHTNESSAdjustment: Adjusts
the brightness of the Liquid Crystal
Yellow

Table3

Main K eypad Functions (Continued)

Datalogger Keypad Functions

English Int’l Color Function
Blue Open Datalogger : Opensthe EPOCH
4PLUSdatal ogger/memory screen.
Blue Move Cursor L eft: Movesthe cursor
to theleft one space each timethiskey
ispressed when the datalogger is
opened, and you are entering/editing a
directory name, filename, etc.
Table4 Datalogger K eypad Functions
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English

Int’l

Color

Function

Blue

MoveCursor Right: Movesthecursor
totheright one space eachtimethiskey
ispressed when the datalogger is
opened, and you are entering/editing a
directory name, filename, etc.

AL PHA

)

White

AlphaEntry: Allowsentry of the
charactersthat arein beige-col ored text
abovethe numberskeys. Thisincludes
entry of theletters“A” through“Z”, the
entry of symbols (abovethe[l D] key,
and the Delete function above the[1]

key).

]

Yellow

Number Entry: Allowsentry of the
number keys[0] through [9].

A
4

—
=

Blue

ID Entry: Allowsentry of anID
(Identifier) location code. ThisID
could be anew location code or editing
of acurrent one.

[

Blue

Memo Entry: Allowsentry of notes/
comments regarding theinspection
data.

4

Blue

Database Edit: Allowsyouto edit an
existing directory or filenamewhenin
the datal ogger/memory screen.

Table4

Datal ogger K eypad Functions (Continued)
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KEYS COLOR FUNCTION
Yellow Alphanumeric Entry: Entry of
DELETE ABC =~ DEF alphanumeric characters. The
numeric characters are entered after
pressing the[#] key. The apha

GHI JKL - MND charactersare entered after pressing
the[ALPHA] key.

PRS  TUV  WXY The Deletefunctionisused to erase a

Note: Theinternational keypad uses
an X symbol instead of the Delete
label over the[1] key.

Table5 Datal ogger Alphanumeric Keypad Functions

number or character.
Qz

Editable Parameters Software

Using the Editable Par ameter soption, you can customize some of theval uesthat appear
abovethe[F1] to[F5] keys. These are the valuesthat the EPOCH 4PLUSrecalls
automatically when the corresponding [F] key ispressed. Y ou can edit the following
parameters:

* Gan

* ReferenceGain
* Regect

e Zero Offset
 Angle

e Frequency

* Range

* Thickness

*  Velocity

Note: Parametersthat contain text, such as Rectification, cannot be adjusted. Also,
parametersthat are limited by hardware and/or software constraints such as
Damping cannot be adjusted.

To activate the Editable Par ameter s menu, follow these steps:

1. Pressthe[OPTION] key.
2. Usethedewing keysto select the Editable Parameter soption.

17
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Figure3  Selecting the Editable Parameters Option

3. Press[ENTER]. The Editable Parameters screen opens:

EDITHELE FHRAMETERS

F1 FZ F3 F4 FS
CEENET BEEEE 0.0 34.80  4p.@ EA.0
REJECT: & 5} o 18 15 s
IZERD. Us @.@80@ 1.8688 18.88 11.88 14.88

ANGLE - A. 6 3@.a 45.4@ EA. @ 7A.A@
FRER: MHzZ A.58 1.848 Z.37 2.08 18.88
RANGE: in @A.588 1.888 Z.008 5.008 10.0888
RAMNGE : mm 18.80@ 2Z5.880 SA.008 Z58.08 Z5068.0
RANGE: us 18.00@ 70.880 30.008 40.008 S0.A880
THICK: in @.80@ @.188 @.X58 B.588 1.688
THICK: mm Z.45 S.08 1@.8B  F5.88 GA.00
VEL:inSus B.Z37@ A.1780 A.7498 B. 1238 B.685388
YEL: mis 2908 3248 E37@ 3138 1454
REF - db 3.8 E.4@

ENTER
Til =

“HANGE VALUE: F1
I I I I

Figured4  Viewingthe Editable Parameters Screen

4. Pressthe[ENTER] key to move downward to different parameters.

5. Usetheleft and right slewing keysto select which [F1] - [F5] parameter to edit. Edit
each parameter using the up and down slewing keys.
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EDITHELE FPHRHAMETERS

Fi Fz F3 Fd FS
GAIM: dB 15.4 5.8 35.8 45.4
REJECT: & A 5 18 15 @

ZERDI Us HB.HA8  1.888 18.BA  11.88 14.08@
AMGLE: < a.a 3@8.8 45. 08 Ed.H JA.A@
FREG: MHZ A.5H 1-88 2.732 Z-H8  198.88
RAMGE: in B.588 1.0888 Z.088 5.088 18.80Q
RAMGE : mm 18.888 Z%.080 Z8.0088 Z58.808 Z508.Q
RAMGE - Uz 18.888 7PA.080 38.0088 40.088 S8.80Q
THICK: in B.888 @.188 @8.2%8 B.788 1.808
THICK = Z.45 .88 18.88 X5.8@ SA.084
VEL:inSus B.Z3Z8 B.1Z80 B.2498 B.1Z38 B.AS3A
MEL:  mss 25988 3248 E3ZA@ 3138 1438
REF : db 3.4 G.d

EMTER = MERT PHRAMETER: «f+ = CHANGE cCOLLUMM
= I

T/ HAMGE MHLUE. F1 = DOMES FZ2 = DEFHULT

Figure5  Editingthe Gain Parameter

6. Pressthe[F1] key, whenyou havefinished editing the parameters, to savethesettings
and return to the Options menu.

When you select one of the parameters that you edited, the new preset val ues appear
abovethe[F] keys.

1
in
55K : '
aa. : +
i A
l.mi .............................................
EEE\;é'”'th:—i”Z”'f'”':”'f"”:”"f'”:
AL ; ; ; ; ; ; ; ; ; .
[} Z 4 [ g 10
YEL B.2338insus  FULLWAVE BROADBAMD
ZERD B.8BA us ENERGY LW
ANGLE a.@= DAMP S8 @ PULSER SRUARE
THICK @.86@@ in PULSE-ECHO FRED 5.@@MHZ
GATE START WIDTH LEYEL ALARM
1 1. 165 A.587 50 OFF
i 1.747 A.58% OFF QFF
15.8dB] 75.AdE] =5.@dE] 45.BdB] F5.HdE

Figure6  Viewing New Preset Values

3.5 Color Settings

The EPOCH 4PLUSis capable of displaying amaximum of eight (8) colors. Y ou can
customizethe color of any of thefollowing:
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* LiveA-Scan

e Peak Memory/Peak Hold A-Scan

e Gates(all gatesmay bethe same color depending on color availability)
e Text (parameters, popup boxes, and option menu) and Grid

* DAC, TVG, DGS, and other curves

e Background

Y ou havethe option to use adynamic color change of thewaveform, which meansthat the
waveform may beeither red, yellow, or green based on alarm conditions,

To customize colors, follow these steps:

1. Press[2nd F],[CALIBRATION] (Coalor).
The adjustable itemswill appear abovethe F1- F5 keys.
2. Pressthe appropriate key to adjust the color of the display.

Managing the Display

TheEPOCH 4PLUScan present the A-Scan intwo different display formats—split screen
and full screen. A split screen presents simultaneous viewing of the waveform and all
instrument set-up data. Thefull screen presentsalarge, high resol ution waveform and
important basic information.

Note: After the EPOCH 4PLUS is powered up and has completed the self test
routine, the split screen opens.

To set thedisplay parameter, press[DI SPL AY] to switch to full screen or press
[DISPLAY] again to switch back to the split screen.

Full Screen A-Scan Display

Thefull screen A-Scan presentsalarge, high resol ution waveform and some basic datato
aid with interpretation of the display.
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____________ I
GAIN= 37.5dE [HlIci Ryl i) 0 270
MIN DEPTH= @.370 in

Figure7  Full Screen Display

Top of thescreen

TheFilename, Gainlevel, ID Code, Range setting, and currently selected parameters
are constantly displayed.

A numeric display shows thickness, soundpath, amplitude, or Time-of-Flight data
pertaining to agated signal. Use [DEPTH /% AM PL] to select which information to
show.

Middleof thescreen

Displaysthewaveform.

In the background, a numbered graticule shows signal amplitude on the vertical axis
and screen division number or thefunction presets on the horizontal axis. To view the
screen divisions instead of the function presets, press [2nd F], then [ZERO
OFFSET] (#DIV).

Ontheright side of the waveform display, aset of display flags and markers appears
when certain functionsare active.

Bottom of the screen

Displays the preset values for many of the parameters. These are accessed via the
function keys.

The battery level iconisconstantly displayed in the bottom right corner.

Split Screen Display

Thesplit screendisplay presentsacondensed wavef orm and astatusdisplay that showsall
instrument set-up data. This screen isuseful when establishing theinitial instrument
settingsasit enables you to quickly check al set-up information and make adjustments
whileviewing thewaveform display. Even in the split screen mode, the A-Scan still has
enough resol ution to produce accurate waveforms.

Todisplay asplit screen, follow these steps:

21



EPOCH 4PLUS

3.6.3

22

1. Press[DISPLAY] totogglethedisplay tothe split screen.

____________ e
HIN= 37. ...I:iEI RANGE= Z.AEAIN 0 270
MIN DEPTH A. E?E in

7 i 4 £ 5 Ty
VEL 8.23380in/us FULLWAYE .5 - 8.5 HHz
ZERO 7.475 us  ENEREY LOW

ANGLE  @.@° DAME 5@ @ PULSER SEUARE
THICK @.888 in PULSE/ECHO FRER 14.@8@MHz
GATE  START  WIDTH LEYWEL ALARM
1 E 129 @.444 Z3 ¥ OFF
A.587

Z 747 OFF OFF
8.4 dBI 0.8 dB| J9.9 dB[ 4.9 dB] GHA.@ dE

Figure8  Split Screen Display

2. Press|[ENTER] severa timesto togglethrough theinstrument parameters.

3. Usethe[4],[v], [ <], and[ ] keysto change the setting from the current
highlighted function.

Display Flags and Markers

Toindicatewhen particular display functionsare active, aset of flagsand markers appear
ontheright side of thewaveform display.

Indicatesthe[2nd F] key has been pressed. Theunit iswaiting for you
to press one of the second function keys. Press[2nd F] again to cancel.

Indicatesthe EPOCH 4PLUSisinthePeak Depth mode; thicknessand
1 soundpath measurements are made to the peak of the highest amplitude
/\ signal within the flaw gate. This symbol also appearswhenthe
amplitude display isactive as all amplitude measurements are made to
the peak of the signal.

Indicatesthe EPOCH 4PLUSisin the Edge Depth mode and all
— thickness and soundpath measurements are to the leading edge of the
first signa within theflaw gate.

{ Indicatesthe EPOCH 4PLUSisin the Echo-to-Echo measur ement
iR mode and the measurement is being made between the peaks of thetwo
/ \ A selected signals.
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TVG
DAC
CSC

SWA
IF
wv
AWS

BEA
API

PRF
DGS

i

Indicatesthe EPOCH 4PLUSisin the Echo-to-Echo measurement
mode and the measurement isbeing made between the | eading edges of
the two selected signals.

Indicatesthe Peak M emory functionisactive.
Indicatesthe Peak Hold functionisactive.
Indicatesthe display isfrozen because the Freeze functionisactive.

Indicates the Zoom function is active to expand the region within the
flaw gateto full screen width.

Indicatesthe gate dlarm istripped.
Indicates Time Varied Gainisactive.

Indicates Distance Amplitude Correction is active.
Indicates Curved Surface Correction isactive.
Indicates Spotweld Overlay isactive.

Indicates Spotweld Assistant isactive.

Indicates Interface Gate is active.

IndicatesWave Anaysisisactive.

Indicates AWS softwareisactive.

Indicates Auto Freeze option isactive.

Indicates Backwall Echo Attenuationisactive.
Indicates API softwareisactive.

Indicates either L ow PRF or High PRF Optionisactive.
Indicates DGS (Distance Gain Sizing) isactive.

Indicatesthe remaining battery lifein the unit. The battery level is
constantly displayed inthelower right corner of thedisplay.

3.7 Setting-up Parameters

TheEPOCH 4PLUSSetup screenallowsyouto sel ect basic system parameters. To access
the Setup screen, press[OPTION]. Movethe highlight bar over Setup and press
[ENTER]. Thefollowing screen appears:

Part # 910-250C
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SETUP

LANGUAGE [
UMIT [ 2
ANALOG OUT >
CLOCK [ 2
ADVANCED USER W
RS232 SETUP [ 3

VGA ON
BEEF QN
GRID OFF
ALL LOCH
CAL LOCK
LWE FILLED
PEAK FILLED

| ALKALINE BAT

Figure9  MenuOptions

The selectionsin the Setup menu are grouped according to function. Usethe green
sewing keysto movearound thismenu. Press[ENTER] to select/deselect anitem. Press
[OPTION] toreturntothelive screen

Symbol Description

> Another menuisavailable. Highlight theitemusing theslewing
keysand press[ENTER] to view the next menu.

O Thisitemisnot selected.

Theitemisselected.

Table6 Menu Symbol Descriptions

Language Selection
To select or change alanguage to use onthe EPOCH 4PLUS, follow these steps.

1. Movethehighlight bar over the L anguage option and press[ENTER].
2. Movethehighlighted bar over the desired language and press[ENTER].
3. Press[OPTION] to exit.

Units of Measurement

The EPOCH 4PLUSis capable of displaying and cal cul ating distance parameters and
soundpath datain termsof distance (inchesor millimeters) or time (microseconds). When
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displaying in terms of distance, the screen can be set to be viewed either in units per
division (for example 1.000in/div or 25.00mm/div) or unitsfull scale (for example,
10.00" full scale or 250 mm full scale). Unitsfull scal e describesthe distance over the
entire screen range.

When displaying in terms of time, all distance parameters (range, zero offset, gate
position, material thickness, minimum depth, and all soundpath data) aredisplayed using
microseconds (us) instead of inches or millimeters.

To change the units of measure, follow these steps:

1. Movethehighlight bar over Unit and press[ENTER].
2. Usethedewing keysto select the desired unit setting and press[ENTER].
3. Press[OPTION] to exit.

Analog Out

The EPOCH 4PLUSis capable of continuously outputting the depth or amplitude
information to an external device, such asastrip-chart recorder or aPC outfitted with an
anaog/digital converter card. Theinformation isoutputted as avoltage, either ona0-1
volt or 0-10 volt scale.

Select the output scal e and then connect the EPOCH 4PLUSto the external deviceviathe
anal og output L EM O connector on the top of the instrument.

To change the voltage output scale, follow these steps:

1. Movethehighlight bar over Analog Out and press[ENTER].
2. Usethedewing keysto select the desired voltage scale setting and press[ENTER].
3. Press[OPTION] to exit.

Clock

The EPOCH 4PLUShasareal timeinternal clock. The clock can be set once, and the
instrument then stampsindividual filesin the datal ogger with the correct time/date
whenever information is saved to that file. Thetime/dateis al so updated whenever
additional information is saved to thefile. The clock isreset during aninstrument M aster
Reset and when it initially shipsfrom the factory.

To set theclock, follow these steps:

Movethe highlight bar over Clock and press[ENTER].

Usethe dewing keys and the datal ogging keysto enter the correct date mode, date,
andtime.

3. Press[F1] toset or [F2] to cancel the updated settings.
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Advanced User

Several EPOCH 4PLUSfunctions can be customized with either astandard setting or an
advanced setting for users needing additional flexibility and control. All functionsare
reset tothe standard setting with aninstrument Master Reset or whenitinitially shipsfrom
thefactory.

To changeto the advanced user settings, follow these steps:

Movethe highlight bar over Advanced User and press[ENTER].
Usethedewing keysand [ENTER] to select or deselect theindividual setting.
signifiesthe advanced user setting has been selected.

3. Press[OPTION] to exit.

X-Value

The X-Vaue Correction feature is used during angle beam inspectionsto account for the
distance between the front of the wedge and the Beam Index Paint (B.I.P.), whichisthe
location at which focused sound energy |eavesthe wedge and entersthe material. Thisis
useful asit adjusts the surface distance val ue of the soundpath calculator, so that the
adjusted value corresponds to the distance from the front of the wedge to the location at
which theflaw isbeing detected. Thisallowsyou to butt the end of aruler up against the
front of the wedgeto find the surface distance to the detected flaw.

To activate the X-Vauefeature, follow these steps:

Press[OPTION].
Usethe dlewing keysto movethe highlight bar over Setup and press[ENTER].

Usethe slewing keysto movethe highlight bar over Advanced User and press
[ENTER].

Usethe slewing keysto movethe highlight bar over X-VAL UE and press[ENTER].
5. Press[ENTER] totogglethe X-Value Correction On/Off.

Whenturned on, usethe slewing keysto enter the actual X-Value. Thisisthedistance
between the front of the wedge and the Beam Index Point (B.I.P.).

6. Press[OPTION] toreturntothelivescreen.

When the X-Value Correction is activated, the surface distance symbol for the
soundpath cal cul ator appears asahollow arrow .

SavelD

Y ou can choose to save either the Minimum Depth or the Current Depth inthe
datalogger whenyou pressthe[SAVE THICK] key. The default selection isto save the
Current Depth. If the Minimum Depth issaved, the valuein the datalogger will be
tagged witha"M" symbol to signify Minimum Depth.

To select thevalue to be saved, follow these steps:
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Press[OPTION].
Usethe dewing keysto movethe highlight bar over Setup and press[ENTER].

Usethe dlewing keysto movethe highlight bar over Advanced User and press
[ENTER].

Usethe dewing keysto move the highlight bar over Save I D and press[ENTER].

5. Usethedewing keysto select thedesired value, and press[ENT ER] to make the
selection.

6. Press[OPTION] toreturntothelivescreen.

RF Detect

Spotweld allows the user to perform single echo or echo-to-echo measurementsin RF
mode on either the positive or negative lobe of the waveform. This option removesthe
mirrored gates normally present when working in RF mode.

Filter (See Pulser Frequency Selection on page 39)

The EPOCH 4PLUSis equipped with narrowband filters designed to provide a better
signal-to-noise ratio for many applications by filtering out undesired frequencies.

When set to Standar d, you can select factory preset bandpassfilters. When set to
Advanced, you can customize thefiltering by selecting both high and low passfilters
individualy.

Zero Offset

The zero offset parameter compensates for the time offset between electric and acoustic
zero points. Thisoffset isattributed to cable and transducer properties, sound delaysfrom
angle beam wedges and delay linetips, etc.

Itisextremely important that you do not offset the screen so much that incorrect multiple
backwall echoes are used during the calibration procedure. For thisreason, some users
may want to limit the number of preset function key valuesfor the zero offset parameters.

The Standard setting allowsyou to pressonly [F1] to directly set the zero offset valueto
0.000 ps.

The Advanced setting allowsyouto accessthe[F2] through [F5] keysfor additional zero
offset presets. These are designed to closely match calibrated zero offset valuesfor
common straight beam, delay line, and angle beam transducers.

USB Connector

The USB 2.0 port located on the top of theinstrument allows for high speed data
transmission between the EPOCH 4PLUSand aPC. The most common use of thisportis
communication with aPC viathe EPOCH 4PLUS GageView PRO Interface Program
(contact Olympus NDT™ or you local representative for further details).
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Theexternal trigger allowsthe EPOCH 4PLUSto trigger in or trigger out
communicationswith an external deviceviathe parallel port.

VGA Output On/Off

TheV GA output onthe EPOCH 4PLUSIetsyou view thefull color screen display onaPC
monitor, projector, or aheads-up display. Connect the EPOCH 4PLUSto the external
devicewith a cabl e attached to the VGA port on the top of the unit.

The default setting for the V GA output is OFF. The EPOCH 4PLUSconsumesasdlightly
greater amount of power when the VGA circuitry isturned on, which reduces battery
operating time.

ToturnontheVGA output, follow these steps:

1. Movethehighlight bar over VGA On and press[ENTER].
in the corresponding box signifiesthe VGA output ison.
2. Press[ENTER] againtoturnit off.
Press[OPT1ON] again to the return to thelive screen.
Beep On

When Beep On isselected, pressing the keypad resultsin audible beeps.

Grid On/Off

When you select Grid Off, only the border of the graticul e shows behind the waveform
display. Thisisareal-time condition only and is not stored.

Keypad Lock Functions

All Lock: When you select All Lock, all keys except [DISPLAY],
[OPTION], [ENTER], [4], [v], [«],[->], and [ON/OFF]
areinactive.

A full padlock appears above the battery symbol indicator to
show that All Lock is selected.

Cal Lock: When you select Cal Lock, ahalf padlock appears above the
battery indicator and the following keys are inactive:

[GAIN] [VEL/REJECT]
[CALIBRATION]  [ANGLE/THICKNESS]
[ZERO OFFSET]  [PULSER/FILTER]
[RANGE]
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Tounlock either the All L ock or Cal L ock, returnto the Setup screen and desel ect the
item.

Filled Live

Whenyou select Filled Live, thelivewaveform appearsfilled-in, rather than asan outline
trace. Thisisused to make the waveform more visible when viewed in bright sunlight.

Filled Peak

When you select Filled Peak, awaveform or echo envelope that isfrozen on the screen
when using either the Peak M emory or Peak Hold featureappearsfilled-in, rather thanas
anoutlinetrace.

“AA” Alkaline Battery Selection

When using the Alkaline battery pack offered by Olympus NDT™, the Alkaline Bat.
selection in the System Setup menu should be highlighted. This allows for maximum
battery operating time.

Note: This selection defaults to Off (NiMH battery) when the unit is powered off
and back on again.
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Adjusting the Pulser Receiver

4 Adjusting the Pulser Receiver

Thischapter describes how to adjust the pul ser receiver.
Topicsareasfollows:

¢ Adjusting System Sensitivity

* UsingAUTO-80%

»  Setting Gain Reference Level and Adding Scanning Gain
e Usingthe Pulser Key

4.1 Adjusting System Sensitivity

To adjust theinstrument sensitivity, follow these steps:

Press[GAIN].

Usethe function keysto select preset valuesfor course adjustment.

Movethegain upward or downward withthe[4] and [ y] keysfor fine adjustments.

The current system sensitivity isdisplayed and highlighted in the upper left corner.
4. Adjustgainin0.1dB incrementsby pressingthe[4] or [y] key.

5. Holdthe[4]or[y] keytogradually increasetheslewingrate. Total system sensitivity
is110.0dB.

4.2 Using AUTO-80%

AUTO-80% quickly adjuststhe gain (dB) setting, bringing the peak of areferenceechoto
80% full screen height. AUTO-80% is especially useful with general welding
applicationsand codesthat require quick gain adjustmentsto bring an echo to 80% screen
height.

Y ou can use AUTO-80% to bring an echo to 80% full screen height in either Gate 1 or
Gate 2.

To use Auto-80% with Gate 1, follow these steps:

Press[GATE 1].

. Usethegreendewing keysto positionthegateover the desired echo. Be suretheecho
breaksthe gate threshol d.

3. Press[F5]. The peak of the highest amplitude echo breaking the Gate 1 threshold is
brought to 80% screen height.
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Figure1l0 BeforeActivating AUTO-80%

To use Auto-80% with Gate 2, follow these steps:

Press[GATE 2].
Press[F4] toturn onthe gateif necessary.

Usethegreen dewing keysto positionthegate over thedesired echo. Be suretheecho
breaksthe gate threshol d.

4. Press[F5]. The peak of the highest amplitude echo breaking the Gate 1 threshold is
brought to 80% screen height.
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Figurell After Activating AUTO-80%
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Note: Y ou can use AUTO-80% when an echo exceeds the desired amplitude. The
echo can beeither above or below 80% full screenheight. If asignal isabove
80% screen height, the EPOCH 4PLUSreducesgain in aseriesof repetitions
until the signal peaks at 80%. Occasionally, for very high amplitudes (above
500% full screen height), you may need to pressthe [F5] key a second time.

Setting a Gain Reference Level and Adding
Scanning Gain

To establish the current system gain asthereference (base) level, press[2nd F], [GAIN]
(REF). Thisisuseful for inspectionsthat requireyou to establish areference gain level,
then add or subtract additional scanning gain.

After accessing thereference function, the gain display will read: REF XX.X dB + 0.0.
Y ou can now add scanning gain independent of thereferencegain level.

To add scanning gain, follow these steps:

1. Press[F2] tomakeadjustmentsin 6 dB increments. The cursor positionistotheleft of
the decimal point.

2. Usethe[4] and[y] keystoincrement or decrement.

Press[F1] to make adjustmentsin 0.1 dB increments. The cursor positionisto the
right of the decimal point.

Usethe[4] and [ y] keystoincrement or decrement.
5. Usethe[4] and[y] keystoincrement and decrement the scanning gain.

Tip: Pressing [GAIN] multiple timesis another method to toggle back and forth
between the 6 dB and 0.1 dB increments.

Y ou can add the scanning gain to the reference level, toggle between the active scanning
gainand 0 dB (thisisthe scan dB feature), or turn scanning gain off by pressing the
following keys:

[F3]:  Addsthereference gain and scanning gain together, and exitsthe Reference
Level function.

[F4]:  ScandB - Togglesthe scanning gain back and forth from the active scanning
ganand0dB.

[F5]: Exitsthe Reference Level function without adding the entered scanning gain.

Prompts are displayed in the function boxes at the bottom of the screen. If another
parameter isaccessed, these prompts may change, but can be brought up again by pressing
[2nd F], [GAIN] (REF).
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Using the Pulser Key

Thefollowing pulser receiver and filter parameterscan be adjusted onthe EPOCH 4PLUS
keypad:

* Waveform Rectification

e Pulser Energy

e Pulser Damping

* Pulser Test Mode

» Filter Selection

e Pulser Type (square wave or spike excitation)

e Pulser Frequency (tuned for square wave pulser only)
To accessthe available parameters, follow these steps:

Press[PUL SER] multiple timesto toggle through the several features.
Press[2nd F], [PUL SER] (FILTER) to go directly to thefilter parameter.

Each pulser-receiver and filter characteristic adjustments can be donein either full A-
Scan or Split Screen.

« Inthefull A-Scan, the current parameter being adjusted appears at the top | eft of
the screen and directly above the waveform.

« Inthe Split Screen mode, the parameter is highlighted on the lower half of the
EPOCH 4PLUSscreen.

Note: For reviewing the adjustments in this manual, the Split Screen mode was
used.

To view how the selections of the pulser receiver affect awaveform, couple atransducer
toasampleor test block, which produces an echo on the top half of the screen.

Waveform Rectification

The EPOCH 4PLUScan operatein one of four different rectification modes:

e Full Wave

e Haf WavePositive

« Haf Wave Negative

* RF(unrectified)

The RF modeisnot active while operatingin DAC or TV G mode, or Peak Memory.
To select awaveform rectification mode, follow these steps:

1. Press[PUL SER] onceto display the current screen rectification. Thisishighlighted
and displayed at the bottom of the screen.
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2. Usethefunction keysfor direct accessor the[4] and [ y] keysto toggle through the
different waveform rectification modes.

Pulser Energy

The EPOCH 4PLUShasfour (4) pulser energy settings depending upon test conditions:
 Low(100V)

e Medium (200V)

* High(300V)

*  Max (400V)

Tip: Generally, the lower pulser energy settingsis used for thin materials, while
the higher settings are used for thicker materials and/or highly attenuating
materials.

To select apulser setting, follow these steps:

1. Press[PUL SER] to accesstheenergy level settings.

Inthe split screen mode, the pulser energy level ishighlighted onthelower half of the
screen.

2. Usethefunction keysfor direct accessor the[4] and [ y] keysto toggle among the
four selections.

Damping

The damping control lets you optimize the waveform shapefor high resolution
measurementsviaan internal resistive circuit. There are four damping settings:

 500hms

* 630hms
* 150 0hms
* 400 ohms
Tip: Generally, the lowest ohm setting increases the system damping and

improves near surface resolution, while the highest ohm setting decreases
system damping and improvesthe instrument penetration power.

Selecting the correct damping setting fine tunesthe EPOCH 4PLUSto operate with a
particular transducer selection. Depending on the transducer being used, the various
damping settings either improve near surface resolution or improvetheinstrument’s
penetration power.

To select adamping option, follow these steps:

1. Press[PUL SER] to accessthe damping parameter.
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2. Usethefunction keysfor direct accessor the[4] and [ y] keysto toggle through the
four available damping selections.

Test Mode

The EPOCH 4PLUScan operatein threetest modes:

Pulse-Echo M ode: Single element transducers. Use either transducer
connector.
Through Mode: Two separate transducers, typically on opposite sides of

the test specimen. Use the red transducer connector as
the transmitter.

Dual Mode (Pitch and Catch): One connector acts as atransmitter; the other actsasa
receiver. Thered transducer connector isdesignated as
the transmitter.

Toselect aTest mode, follow these steps:

1. Press[PUL SER] to accessthetest mode parameter.

2. Usethefunction keysfor direct accessor the[4] and [ y] keysto toggle through the
three selections.

Note: To compensate for the one-way soundpath in Through mode, the EPOCH
4PLUS does not divide transit time by two when calculating thickness
measurements.

Narrowband Filters

The EPOCH 4PLUShasa25 MHz bandwidth at —3 dB (broadband frequency spectrum).
Theinstrument can operatein either broadband mode or can use one of many narrowband
filters. Filtersimprove signal-to-noiseratio by filtering out unwanted low or high
frequency noise outside the test frequency spectrum.

The EPOCH 4PLUSuser interface for thefilter selection varies depending on whether
you arein Standard User or Advanced User mode (See Advanced User on page 26).

Standard User M ode

Inthe Standar d User mode, you can choose one of nine preset selections. Generally, the
best resultsarefound by filtering out frequencies bel ow and abovethe sel ected transducer
frequency. Thefilter selectionis saved in theinstrument's datal ogger when the entire
waveform/calibration issaved. The appropriatefilter selection isrecalled when the
waveform/calibration isrecalled to the live screen.

For example, if youareusing a10 MHz transducer, select the 8.0-12.0 MHz filter for best
results. Sometimes, the transducer frequency falls between several preset selections. We
recommend that you couple the transducer to aknown standard and then adjust thefilter

selection until the best signal-to-noiseratio for the desired echo is achieved.

The Broadband sel ection meansthat the entire frequency spectrumisanalyzed. This
setting is appropriate when you do not want to adjust thefilters when either changing
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transducers or changing to adifferent application. However, the signal to noiseratio may
not be as great aswhen anarrowband filter is sel ected.

Thefollowing preset filter selectionsare availablein Standard User mode:

e Broadband (0.3 MHz - Bypass)

+ 03-08MHz

* 08-12MHz

+ 08-3.0MHz

e 17-85MHz

+ 30-6.0MHz

* 65-85MHz

+ 80-120MHz

e >8.0MHz (8.0MHz- Bypass)

To select the Filter setting, follow these steps:

1. Press[PUL SER] multipletimesuntil thefilter selectionishighlighted, or press[2ND
F], [PULSER] (FILTER) togodirectly to thefilter selection.

2. Usethefunction keysfor direct accessto the preset selection, or use[4] and [ v ] keys
to changethe selection.

Advanced User M ode

Inthe Advanced User mode, thefiltersonthe EPOCH 4PLUSareNOT fixedtoalimited
number of presets. The EPOCH 4PLU Sl etsyou sel ect bothlow and highfilter frequencies
individually. Y ou can choose eight selections on both low and high frequenciesto
maximize ultrasonic performance.

High Pass Filter Setting (HP >) —allows signals ABOV E the selection to pass through:

» By Pass (Broadband) e 3.0MHz
» 300 KHz * 6.5MHz
* 800 KHz * 8.0MHz
 1.7MHz e Custom

Low Pass Filter Setting (L P <) —allows signalsBEL OW the sel ection to pass through:

» ByPass (Broadband) * 6.0 MHz
¢ 800KHz e 85MHz
e 1.2MHz e 12.0MHz
* 1.7MHz » Custom
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Y our selectionsfor low and high filter frequenciesare generally afunction of the
transducer frequency. Werecommend that you select aHigh PassFilter setting bel ow the
transducer frequency being used and select aL ow Pass Filter setting abovethetransducer
frequency being used. For example, if a10 MHz transducer is being used, aHigh Pass
Filter Setting of 8.0 MHz and aL ow Pass Filter Setting of 12.0 MHz may providethe best
signal to noiseratio. Dueto down shifting of frequency and other material variations, you
may need to adjust thefilter selection when actually testing amaterial in order to
maximize ultrasonic performance.

Note: To select a single filter setting suitable for a wide range of transducer
frequencies, select the ByPass setting for both Low and High Pass Filter
settings. Thisresultsin the EPOCH 4PLUS operating in a broadband mode
with abandwidth of 25 MHz at —3 dB. In thismode, the filter selections do
not have to be adjusted when a different transducer is used. However, the
signal-to-noise performance of the instrument is better if filters are used to
hel p eliminate noise from outside the test frequency spectrum.

To select the Low and High Pass Filter settings, follow these steps:

1. Press[PUL SER] multipletimesuntil the desired filter selectionishighlighted, or
press[2ND F], [PUL SER] (FIL TER) togo directly to thefilter selections.

2. Usethefunction keysfor direct accessto the preset selection, or use[4] and [ y ] keys
to changethe selection.

Pulser Type Selection

The EPOCH 4PLUSisequipped with both anegative spikeexcitation pul ser and atunable
square wave pulser.

To choosethe pul ser type, follow these steps:

Stepl: Press[PUL SER] multipletimesuntil the highlight bar isover the pul ser selection.

Step2: Usethefunctionkeysor usethe[ 4],[ v],[ ] and[ ] keystochangetheselection
to either Spikeor Square.

Step3: Usethe square wave pulser to provide the best ultrasonic performancefor awide
range of applications, becausethe pul ser can betuned to best match thetransducer
being used (See Pulser Frequency Selection on page 35). The square wave pulser
generally performs best when using low frequency transducers (10 MHz and
below).

Step4: Usethe spike pulser to simplify the operation of the EPOCH 4PLUSso that the
pulser frequency does not haveto be adjusted (See Pul ser Frequency Selection on
page 35). Generally, the spike pul ser yields better resultswhen using high
frequency transducers (above 10 MHZz). In practice, try both pul ser settings and
adjust other parameters during calibration to determine the best settingsfor the
application.
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Pulser Frequency Selection

Pulser Frequency Selection is applicable only when the square wave pul ser is selected.
Thefreguency selection is designed to tune the square wave pul ser to obtain the best
performance for the transducer being used.

ThePulser Frequency Selectionisviewable onthedisplay only whenthe EPOCH 4PLUS
isinthe Square Wave Pulser mode. In Spike mode, the selection isdisabled.

To select Pulser Frequency Selection, follow these steps:

Press[PUL SER] multipletimesuntil the FREQ selection ishighlighted.

. Usethefunction keysfor direct accessor the[ 4],[ v],[ +] and [»] keysto select the
desired frequency.

3. Choosethefregquency that is closest to the frequency of the transducer being used.

Note: Actual results may vary. It is recommended that you try various settings
when evaluating atest samplein order to maximize ultrasonic performance.
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Managing Special Waveform Functions

This chapter describes how to manage specia waveform functions.
Topicsareasfollows:

 Rgect
e Peak Memory
e PeakHold

e Screen Freeze

Reject

TheRgject function eliminatesunwanted, low-level signalsfromthedisplay. Becausethe
EPOCH 4PLUSfeaturesadigital waveform display, thergject functionislinear.
Increasingther g ect level doesnot affect theamplitudeof thesignalsabovether g ect
level. Thergject leve iscontinuously adjustable from 0 to 80% of full scale with 1%
resolution and is displayed in the upper left corner of the screen in the split screen view.

Note: Itisnot possibleto add Reject whilein the unrectified, RF display.

To accessthergject function, follow these steps:

Press[2ndF], [VEL] (REJECT).

Usethefunction keysto select preset valuesor usethe[4], [y], [ «],and [ »] keys
to adjust thereject level upward or downward. Any signal whose amplitudeisless
than or equal to the specified reject level iseliminated from the display.

Peak Memory

The Peak M emory function enablesthe display to capture and store on the screen the
amplitude of each display point. Thedisplay updates each pixel if asignal of greater
amplitudeisacquired. When atransducer is scanned over areflector, the signal envelope
(echo dynamic asafunction of transducer position) isheld on the screen. In addition, the
current, livewaveform isdisplayed at the appropriate place within the echo envel ope.

Thisfunctionisuseful when it isnecessary to peak up anindication during an angle beam
calibration.

Note: The Peak Memory function cannot be activated in the unrectified, RF
display mode.

To activate Peak Memory, follow these steps:

1. Press[PEAK MEM].
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A “P" appearsat theright side of thedisplay to indicatethe functionisactive.

2. Scanover thereflector to acquirethe echo envel ope. Continueto scan slowly until the
live waveform peak matchesthe peak amplitude of the echo envelope. When these
two points match, the signal will be peaked up.

3. Press[PEAK MEM] againto shut off Peak Memory.

Note: The EPOCH 4PLUS software allows you to select whether to view thelive
waveform and/or the Peak M emory echo envelop asan outlineor afilled-in
trace.

Peak Hold

ThePeak Hold functionissimilar to Peak M emory asit capturesthe current screen that
isdisplayed on the EPOCH 4PLUSwhen thefunction isaccessed. The differenceisthat
with Peak Hold, the captured waveform isfrozen on the screen and will not update even
if thelive waveform exceedsthe frozen waveform’ samplitude.

Peak Hold isuseful when an operator wantsto obtain awaveform from aknown sample,
and compareit to awaveform from an unknown test piece. Similaritiesand/or differences
inthe waveforms can be noted to hel p determine the unknown material’ s acceptability
status.

Note: ThePeak Hold function cannot be activated in the unrectified, RF display.

To activate Peak Hold, follow these steps:

Obtain an echo on the EPOCH 4PLUSscreen that you want to capture.

Press[2nd F], [PEAK MEM] (PEAK HOL D). This capturesthe screen and still
alowsviewing of thelive waveform.

A “PH" appearson theright side of the A-Scan display indicating thefunctionis
active.

3. Select the captured waveformto view asasingletrace by pressing [F1], or asafilled-
intrace by pressing [F2].

4. Press[2nd F], [PEAK MEM] (PEAK HOL D) again to shut off Peak Hold.

Screen Freeze

The Screen Freezefunction holds or freezestheinformation on the screen at the moment
[FREEZE] is pressed. Oncethe Freeze function is activated, the pul ser/receiver of the
EPOCH 4PLUSbecomesinactive and does not acquire any further data. An“F” appears
totheright of the A-Scan display indicating thefunctionisactive.

TheFreeze function isuseful when storing waveforms asit holdsthe current A-Scan
allowing thetransducer to beuncoupled from thetest material. Oncethedisplay isfrozen,
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you can do avariety of functions such as storage of the waveform or thickness dataand
entry of an a phanumeric location code or memo to describe the data. It ispossibleto
mani pul ate the gates to obtain thickness or soundpath data.

TheFreezefunctiondiffersfrom Peak M emory inthat no new dataisacquired and added
totheinstrument display. The [FREEZE] key isideal for high temperature
measurements.

When Freezeisactive, the following parameters cannot be changed/accessed:

Zero Offset

Range

Zoom

Reject

Gan

Reference Gain

Peak Memory

Peak Hold

Pulser Receiver and Filter Settings

To disable the Freeze function and return to normal operation, press[FREEZE] again.
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Using the Gates

Thischapter describes how to usethe gatesin the EPOCH 4PLUS.
Topicsareasfollows:

e Positioning Gate 1

e Positioning Gate 2

e Taking Thickness Readings

» Taking Echo-to-Echo Thickness Readings

» Locating Flawswith an Angle Beam Transducer
* Measuring Signa Amplitude

*  Operating Time-of-Flight Mode

* Usingthe Zoom Feature

» Activating Gate Alarms

Positioning Gate 1

Gate listhe primary flaw gate. It provides thickness readingsin both the A-Scan and
unrectified RF displays, soundpath data when using an angle beam transducer, signal
amplitude, time of flight data, or atrigger for minimum depth or threshold alarms.

Movement of Gate 1iscontrolled viathered [GATE 1] key.
To accessthe starting position, width, or level of Gate 1, follow these steps:

1. Press[GATE1].
2. Pressthe appropriate function key.

Tip: You can also access the start, width, and level by pressing [GATE 1]
multiple times.

3. Usethe[4],[vy], [ <], and[ ] keysto position the gate.

Positioning Gate 2

Gate 2 isasecondary gate and is used when making Echo-to-Echo thicknessreadings or
when multiple alarm gates are required.

To access Gate 2, follow these steps:

1. Press[GATE 2] toview Gate 2 controls.
2. Press[F4] for ON. The movement of Gate 2 isdonein the same manner as Gate 1.
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3. Press[GATE 1] to switch back to control Gate 1.
4. Toturn Gate2 off, press[GATE 2] followed by [F4].

Taking Thickness Readings

The EPOCH 4PLUSisequi pped with ahigh resol ution distance cal cul ator that providesa
direct readout of thickness, soundpath, or Time-of-Flight data acrossthetop of the A-
Scan. Depth measurements can be madein two different ways. Some applications may
require measuring to theleading edge of the signal, while othersmay requiremeasuring to
the peak of thesignal.

Totake athicknessreading, assuming that the EPOCH 4PLUS:is properly calibrated,
follow these steps:

1. Position Gate 1. Since Gate 1 is used to obtain single echo thicknessreadings, it must
be positioned correctly. To obtain athickness reading, the appropriate echo on the
display must exceed the gate threshold. Make surethe Gate 1 start islessthan the
minimum expected thickness value and that the Gate 1 width exceeds the maximum
expected value.

Note: When used for thickness gaging, Gate 1 level should be set just high enough
to avoid false readings. When used for flaw detection, Gate 1 should be set
according to the appropriate acceptance and rejection criteria.

2. Select the M easur ement mode. The EPOCH 4PLUScan measureto either the
leading edge or the peak of asignal.

3. Press[DEPTH/% AM PL] to select the appropriate mode. The following selections
will appear in the function boxes below the A-Scan display:

F1=EDGE F2=PEAK F3=%AMP F4=TOGGLE

TheF4=TOGGLE selection appearsonly when theunit hasarefracted angle entered
and when either the peak or edge mode is selected.

4. Press[F4] multipletimesto select which of the soundpath readings (depth, surface
distance, or total soundpath) isdisplayedinlarge bold text.

5. Select [F1] or [F2] to put the EPOCH 4PLUSin the corresponding Depth
M easur ement mode.

6. Select [F3] to put the EPOCH 4PLUSin Amplitude M easurement mode.
One of thefollowing icons appears next to the upper right corner of the A-Scan.

$
) Edge Depth = A Peak Depth




6.4

Part # 910-250C

Using the Gates

Whilein Edge Depth mode, thickness readings are made to the leading edge of the
first signal to exceed theflaw gatelevel. In Peak Depth mode, thicknessreadingsare
madeto the peak of the highest amplitude signal that fallswithin the gate.

If no refracted angleis entered, aMinimum Depth value appears above the display.
Thisvaluerefersto the minimum detected thicknessvalue and isonly updated if a
lower valueismeasured. Toreset the minimum depth value, presseither [GATE 1] or
[GATE 2].

Note: To obtain the most accurate and consi stent thickness or soundpath readings,
select thePeak Depth mode. Theapparent arrival timeof theleading edge of
asignal varieswith thesignal’ samplitude. Asaresult, theinstrument gain
setting, coupling conditions, and any other factor affecting signal amplitude,
hasanimpact ontheaccuracy of areading madeinthe edge depth mode. The
effects of these factors are not completely eliminated in the peak depth
mode, but they are greatly reduced. If Peak Depth isselected, perform
calibrations using the peak of the signal. However, when using adual
transducer, due to the jagged peaks, we recommend you use Edge Depth.

Taking Echo-to-Echo Thickness Readings

The EPOCH 4PLUSis al so equipped to make measurements between successive echoes.
M easurements can be made between two consecutive backwall echoes or between an
interface echo and any other selected signal. This providesthe capability to measure
thicknessthrough coatings or to do low speed immersion testing. A second gate (Gate 2)
isused to capture datafrom the second back wall echo. Echo-to-Echo readings are made
by calculating the separation between the detected echoesin Gate 1 and Gate 2.

Echo-to-Echo thickness readings cannot be made in the unrectified RF display mode.

Calibratethe EPOCH 4PLUS(see Section 7—Calibrating the EPOCH 4PLUS) and follow
these steps to make Echo-to-Echo thicknessreadings:

Position Gate 1 over the region wherethefirst back echo is expected to appear.

Press [2nd F], [DEPTH/% AMP] (ECHO-ECHO) to activate the Echo-to-Echo
measurement mode. The following information appearsin the function boxes at the
bottom of the display:

F1=EDGE, F2 = PEAK

It

3. Select either edge-to-edge or peak-to peak. Theicon M appearsfor peak-to-peak
or “AA appearsfor edge-to-edge to theright of the display to indicate Echo-to-
Echo measurements are being used. If Gate 2 is off and the Echo-to-Echomodeis
turned on, then Gate 2 isautomatically turned on.

4. DefinetheBlanking Period to avoid possible fa se readingsthat could occur dueto
transducer ringing or material noise. A dead zoneor blanking periodisnecessary after
the detection of thefirst echo. This period is defined during set-up asthe separation
between the start of Gate 1 and the start of Gate 2. When an echoisdetected in Gate 1,
the Gate 2 start automatically adjuststo trail the detected echo by the blank period.
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For example, if Gate1 Startissett00.25" (6.35mm) and Gate2 Startisset t00.40" (10
mm), then the blank period is0.15" (3.8 mm) of metal path. If thefirst detected echo
breaks Gate 1 at 0.35" (8.9 mm), then Gate 2 Start automatically adjusts by the value
of the blanking period to 0.50" (0.35" + 0.15") or 12.7 mm (8.9 mm + 3.8 mm).

Thereisatrade-off in defining theblanking period. Whilearel atively long period may
prevent fal se readings, the minimum measurable thicknessislimited to avalue
dightly greater than the blanking period.

MIN DEPTH— 1 141

1 142.n

Figurel2 Set-upfor Peak-to-Peak Measurement

Locating Flaws with an Angle Beam Transducer

During an angle beam inspection, you can obtain accurate and reli able soundpath
information using the EPOCH 4PLUS shigh resol ution distance cal culator.

If arefracted angleisentered into the EPOCH 4PLUSand an echo is exceeding the gate
threshold, all angular soundpath components are displayed at the top of the A-Scan

display.

GAIN= 44.6dE RANGE=18.RARAIN

2. 828.n
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18a;

M 4008+ 76878

i o
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e DAMP 5@ @ PULSER SHUARE
THICK @.BA@ in PULSE-ECHO FREM 5.H@AMHz

RN T7
3.0 - 6.8 MHZ

GATE  START  WIDTH LEVEL  ALARM
1 1.770 4.473 2% & OFF
7 1.771  B.228  OFF OFF
T I T

Figure13 AngleBeam Inspection
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These symbols represent the fol lowing distances:

W

= angular (soundpath) distanceto thereflector
= surface distance (proj ection) to thereflector
l = depth to thereflector

NN ANAC\/T = soundpath leg that the particular reflector islocated in—
1st, 2nd, 3rd, 4th, beyond 4th

The selection of the M easur ement modes (Peak Depth or Edge Depth) and the
appropriate soundpath reading type are displayed inlarge text. See Taking Thickness
Readings on page 2.

Any signal breaking the gate threshold generates the display of soundpath data.
To setup informationinthefirst leg of the soundpath, follow these steps:

Enter avalue of 0.00 for material thicknesswhen calibrating.
Press[2nd F], [ANGLE] (THICKNESS).

. Press[F1] or usethe[ y] key until thethicknessvaluereads0.00. With this set-up, all
soundpath dataistreated asif theinformationisinthefirst leg.

When working beyond thefirst signal segment, it isimportant that you enter an exact
thickness of the material into the EPOCH 4PLUSviathethickness setting. Press[2nd F],
[ANGLE] (THICKNESS) andusethe[4], [v], [ «], and [ > ] keysto enter the proper
thickness. Y ou can al so use thefunction keysto quickly select preset values. Thisvalueis
then used to calculate the depth to areflector that lies beyond thefirst leg.

Measuring Signal Amplitude

When estimating discontinuity size, the instrument is adjusted so that aparticular gain
setting and screen height represent the echo amplitude produced by aknown sizereflector
inareferencestandard. Ingeneral, asignal with smaller amplitude may indicateasmaller
reflector and asignal with higher amplitude may indicate alarger reflector than the
reference standard.

Press[DEPTH/% AM PL ] and then [F3] to display adirect on-screen readout of
amplitudeinformation.
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If an echo exceedsthe gate threshold and the EPOCH 4PLUSisinthe Amplitude mode,
theamplitudeinformation for that echoisdisplayed asapercentage of Full Screen Height
asboth Current Amp and Amp Max.

B

B "7 T B 5

Figurel4 Amplitude Mode Displaying Current Amp and Amp Max

Current referstothereal time percentage of screen height of thehighest amplitudesignal
within the gate.

The Amplitude M ax display retainsthe highest amplitude of asignal that hasbroken the
gatethreshold. If ahigher amplitude signal isread, the Amplitude M ax valueisupdated.
Reset the maximum amplitude value by pressing any one of the red gate keys.

If thereisno echowithinthegate, Current will read” %" indicating noreadingwas
taken.

Operating Time-of-Flight (TOF) Mode

TheEPOCH 4PLUSiscapableof displaying Time-of-Flight (TOF) soundpath datafor an
echo that breaks the gate. Time-of-Flight isthe location of the reflector in terms of
microseconds (US).

When the Time-of -Flight modeisturned on, all EPOCH 4PLUSdistance parametersare
displayed using psvauesinstead of inchesor millimeter values.

Note: Unlike other measurement modes, Time-of-Flight mode does NOT divide
the reading by two. The entire Time-of-Flight through the test piecein both
directionsisdisplayed.

As a reminder, when taking thickness measurements, the EPOCH 4PLUS
must divide the product of material velocity and Time-of-Flight by two in
order to calculate the thickness of apart. If thiswere not done, then the unit
would display twice the actual thickness because the sound energy passes
through the part twice.
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Figurel5 Time-of-Flight ModeDisplaying usVaues

To setup the Time-of-Flight mode, follow these steps:
Press[OPTION].

Movethe highlight bar over Setup and press[ENTER].
Movethe highlight bar over Unit and press[ENTER].

Movethe highlight bar over psFull Scaleto view in full scale units, or
us/DIVISION to view in unitsper division. Press[ENTER].

5. Press[OPTION] toreturntothelive screen.

e

Using the Zoom Feature

Tozoominonanindication, position Gate 1 over the areaof interest and press[2nd F],
[RANGE] (ZOOM). Theinstrument automatically uses screen delay to bring the point
that correspondsto the gate start to the screen’ sleft side and al so adjusts the displayed
rangeto match thegate width. The new range equal stheunzoomed gatewidth. Thelowest
achievable value of the expanded range is equivalent to the minimum range of the
instrument at the current material velocity setting.

Zoom isespecidly useful in certain flaw detection applications. For example, when
detecting branches of cracking such asinter-granular stress corrosion cracking (IGSCC),
theinspector’ sjob can be complicated by the geometry of thetest specimen and also by
the specific characteristics of the defect itself. In instances where the pipe counterboreis
closetotheweld root, it ispossibleto havethree signalsthat all appear quite closeto each
other (fromtheweld root, the counterbore, and the crack itself). Usethe Zoom functionto
improvethevisual resolution of the EPOCH 4PLUS sdisplay so that each individual
signal can be more easily identified.

When evaluating acrack signal, theinspector’ sattentionisusually focused on theleading
edge of an indication. By observing the number and |ocation of small peaksalong the

leading edge of thesignal, it ispossibleto make some assumptionsregarding the presence
and location of different branchesof cracking. Usethe Zoom function to get amuch more
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detailed view of anindication and to make better judgementsregarding flaw location and
depth.

Zoom isuseful wheninspecting particularly large or thick componentswhen detail islost
dueto using long screenranges. UsetheZoom functiontolook at small sectionsof thetest
piece without disturbing theinstrument’ soriginal calibration.

Activating Gate Alarms

The EPOCH 4PLUSfeaturesavariety of alarm configurationsthat can be used in either
the Single or Dual Gatemodes. An alarm on Gate 2 can only be set if Gate 2 isturned on
by pressing [GATE 2] and then pressing [F4] for ON.

Threshold Alarms

Threshold alarms can be set on Gate 1 and/or Gate 2.
To set athreshold alarm on Gate 1, follow these steps:

1. Press[GATE 1] andusethestart, width, andlevel parametersto positionthegate over
thedesired area.

2. Press[2nd F],[GATE 1] (ALARM 1). Theaarmsare displayed inthefunction
boxes at the bottom of the screen.

3. Press[F1] for positivelogic or [F2] for negativelogic. A negativelogic alarm
indicatesasignal isabsent fromthe gate. A positivelogic alarmindicatesasignal is
present within the gate. Either Gate 1 or Gate 2 can be set positive or negative.

Once athreshold alarm is activated, markers at the starting and ending points of the
gatewill point upwards or downwards to indicate which type of alarm has been set.

____________ [
EHIN 37.08dB RANGE= Z.AEAIN 0 697
HTEI GG el MIN DEPTH= 8.5595 in

N | U A Ly
1-P05 |  1-MEG [1-MIWDEF[ OFF ]

Figure1l6 NegativeLogic Alarm
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Figurel7 PositivelLogic Alarm

Press[2nd F], [GATE 1] (ALARM 1) and then press[F4] for OFF to shut off the
Gate 1 alarm.

Press[2nd F], [GATE 2] (ALARM 2) and then press[F4] for OFF to shut off the
Gate 2 alarm.

Minimum Depth Alarm

The EPOCH 4PLUSis equipped with aminimum depth alarm, which istriggered
whenever the current thickness reading falls below an operator defined level. Usethe
minimum depth alarm with asingle gate or in the Echo-to-Echo M easur ement mode. In
Echo-to-Echo, the cursor appears on the second gate. A cursor appears at the bottom of
Gate 2 toindicatethislevel.

Minimum Depth Alarm with a Single Gate

Minimum depth alarms can be set on Gate 1 and/or Gate 2.

To set aminimum depth alarm on Gate 1, follow these steps:

1

Press| GATE 1] and usethestart, width, and level parametersto positionthegateover
the desired area. Be surethe gate start position is set to cover arange below the
minimum depth alarm value.

Press[2nd F], [GATE 1] (ALARM 1) to display the alarmsin the function boxes at
the bottom of the screen. Press[F3] to activate the minimum depth alarm.

Usethe[4],[v], [ ], and[ ] keysto set the desired minimum value. Therange of
minimum depth valuesislimited by the gate start and width settings. The minimum
depth alarm value must be greater than the gate start value and lessthan the gate width
value. Onceactivated, amarker appearson thegatetoindicatethe current setting. Any
indication that exceedsthe gate threshold to the left of the marker will activate the
alarm.

Press[2nd F], [GATE 1] (ALARM 1) and then press[F4] to shut off the alarm.
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Minimum Depth Alarm in the Echo-to-Echo Measurement Mode

Use the minimum depth alarm when making Echo-to-Echo thickness readings. In Echo-
to-Echo mode, the minimum depth marker appears on Gate 2.

To set the minimum depth alarm when in Echo-to-Echo mode, follow these steps:

1

Position Gate 1 and Gate 2 over the desired areas. See Taking Echo-to-Echo
Thickness Readings on page 3. Be surethe start position of Gate 2 is set to cover a
range bel ow the minimum depth value that will be used for the alarm.

Press[2nd F], [DEPTH/% AM P] (ECHO-ECHO) to activate the Echo-to-Echo
M easur ement mode.

Press[2nd F], [GATE 2] (ALARM 2) to activatethealarm.
Press[F3] to select the minimum depth alarm.

Usethe[4],[v], [ ], and[ ] keysto set the desired minimum value. Therange of
minimum depth valuesislimited by the start and width settings of both gates. Gate 1
must be positioned to detect thefirst back echo. Also, theminimum depth alarm value
must be greater than the blank period between Gate 1 and Gate 2 and lessthanthe Gate
2 width value.

Alarm Condition Storage

When an alarmisactive, acapital letter A flashesto theright of the A-Scan. Alarm
conditions can be saved inthe EPOCH 4PLUSdatalogger. All datawithan aarmis
flagged inthe memory by the character “ @” prior totheID.
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Calibrating the EPOCH 4PLUS

This chapter describes how to calibratethe EPOCH 4PLUS. Calibration isthe process of
adjusting the unit so that it measures accurately on aparticular material, using aparticular
transducer at a particular temperature. Y ou must adjust the Zer o Offset and Vel ocity
parametersof the EPOCH 4PLUSduring calibration. Zer o Offset (sometimesreferredto
asprobedelay) compensatesfor the dead timebetween thefiring of theMain Bangand the
entry of the sound into thetest piece. The unit must be programmed with the correct
Velocity setting so that it matches the material velocity of thetest piece.

The EPOCH 4PLUShas an advanced Auto-Calibration feature, which providesfor afast
and easy calibration process. The following section detail sthe procedureto calibrate the
EPOCH 4PLUSwhen using the four basi ¢ transducers configurations: straight beam,
delay line, dual element, and angle beam.

Note: DoNOT usethe Auto-Calibration feature when the EPOCH 4PLUSisinthe
following modes:
- Microsecond Time-Of-Flight Mode
-DAC
-TVG

Topicsareasfollows:

e Getting Started

e Cadlibrating with a Straight Beam Transducer
e Cadlibratingwith aDelay Line Transducer

e Cadlibrating with aDual Element Transducer
e Cadlibrating with an Angle Beam Transducer

Getting Started

Until you are compl etely comfortable operating the EPOCH 4PLUS we recommend that
abasic review and set-up procedure be used prior to starting the actual calibration. The
split-screen feature of the EPOCH 4PLUSi s useful for thisasit letsyou simultaneously
view the waveform display and all instrument calibration data.

To setup the EPOCH 4PLUSbefore caibrating, follow these steps:

1. Press[DISPLAY] tosdlect the split screendisplay.

2. Press[2nd F],[VEL] (REJECT) to set thereject level to 0%. Press[F1] or usethe
[v] dewing key to adjust the value to zero.

3. Press[GAIN] toselect aninitial gain valuethat is appropriate for the calibration and
adjust thevalueby using thedirect accessfunction keysor the[ 4] and[ y ] keys. If the
appropriate gain level isunknown, set theinitial gain at 30 dB and adjust it as
necessary during calibration.
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Press[VEL ] to enter an approximatevel ocity for thetest material and adjust thevalue
with thefunction keysor the[4] and[ y] keys. If thevelocity valueisunknown, find
avauefor thematerial being tested in Appendix B - Sound V el ocities of thismanual .

5. Press|[RANGE] to set the range and then adjust the value using the function keysor
the[4],[v].[«] or [->] keys.

6. Press[2nd F],[ANGLE] (THICKNESS) to set the material thicknessto 0.00" or
0.00 mm. Press[F1] or usethe[ y] key to adjust the value to zero.

7. Press[ZERO OFFSET] to set the zero offset valueto 0.00 psec. Press[F1] or usethe
[v] or[»] keysto bring theinitial pulsetotheleft side of theinstrument screen.

8. Press|ANGLE] toenter thecorrect refracted anglefor theprobe (Ofor astraight beam
or 90° probe, 45 for a45°, etc.) Usethe function keysto access preset values or adjust
in0.1° adjustmentsusing the[4] and [ y] keys.

9. Oncethetransducer iscoupled to the block, adjust the pul ser and filter settingsto
createaclean A-Scan. Press[PUL SER] multipletimesto alow accessto thevarious
pulser and filter functions. Alternately, press[2nd], [PULSER] (FILTER) togo
directly to thefilter settings. Adjust each function with the function keysor the[ 4],
[v],[«] and[>]keys.

Note: Refer to Chapter 4, Adjusting the Pul ser Receiver, for information on how to
set the pul ser and filter parameters.

Calibrating with a Straight Beam Transducer

Use Olympus NDT™ transducer part number A109S-RM, with afrequency of 5.0 MHz
and an element diameter of 0.50" (13 mm) to perform the sample Straight Beam
calibration. The calibration requires atest block with two known thicknesses, made from
thematerial to be measured. Ideally the two thicknesses shoul d represent thicknessesthat
are both below and above the expected thickness of the material being inspected.

For thisexample, weare using OlympusNDT standard 5-step steel test block part number
2214E. The steps measure 0.100", 0.200", 0.300", 0.400", and 0.500".

Note: If the EPOCH 4PLUSis set to metric units, the calibration processis exactly
the same, except that the entries below will be in millimeters rather than
inches.

To calibrate using a Straight Beam transducer, follow these steps:

1. Follow theinitial set-up procedure outlined above. Connect the transducer to an
appropriate cable and then connect the cable to either of the transducer posts on the
EPOCH 4PLUS

2. Press|[CALIBRATION]. A Cal symbol appearsto theright of the A-Scan, signifying
the EPOCH 4PLUSisinthe Auto-Calibration mode. To exit the Auto-Calibration
mode at any point, press[ENTER].
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3. Couplethetransducer tothe THIN calibration block step. For thisexample, the

transducer is coupled to the 0.200" step (depending on the frequency of the contact
transducer being used, it may beimpossibleto obtain aproper reading on avery thin
material).

Position Gate 1 so that thefirst backwall echo from the known thicknessstepis
exceeding the gate threshold. Adjust the gain setting so that the echo amplitudeis
approximately 80%.

MIN DEPTH- H. 292 0 293m

YEL B.23Z8infus  FULLWAYE 3.8 - E.@ MHz
ZER( B.PEA us ENERGY LOW

AMGLE  @&.8° DAMP 58 @ FPULSER S@URRE
THICK B.888 in PULSE-ECHD FREQ 5.@@MHZ
GATE  START  WIDTH LEVEL ALARM

1 A.143 A.ges 37 X OFF

Z 4.185  A.588 OFF OFF

8.0 dB[] 0.8 dB[ 8.8 dB] 40.8 JB] E@.@ dB

Figure18 Calibratingfor aThin Block Using a Straight Beam Transducer

5. A thicknessreading appearsin large text above the A-Scan. Once asteady readingis

achieved, press[ZERO OFFSET]. The screen freezes and a pop-up box appearson
the screen.

Use the alphanumeric keypad to enter the exact known thickness of the test sample.
For thisexample, press[2], [0], [0]. The entry appearsin the pop-up box.

If you enter an incorrect number, press[0] multipletimesto clear the entry and then
typethe correct thickness.

ENTER VYALUE FOR THIN STANDARD

000.200]

Figure19 EnteringaThin Standard Value

6. Press[CALIBRATION]. Thedisplay returnsto thelive A-Scan. Couplethe

transducer to the THICK calibration block step. For thisexample, thetransducer is
coupled to the 0.500" step.

Position Gate 1 so that thefirst backwall echo from the known thicknessstepis
exceeding the gate threshold. Adjust the gain setting so that the echo amplitudeis
approximately 80%.
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Figure20 Calibratingfor aThick Block Using a Straight Beam Transducer

8. A thicknessreading appearsin largetext above the A-Scan. Once asteady readingis
achieved, press[VEL]. The screen freezes and apop-up box appearsagain on the

screen.

Use the a phanumeric keypad to enter the exact known thickness of the test sample.
For thisexample, press[5], [0], [0]. The entry appearsin the pop-up box.

If you enter an incorrect number, press [0] multipletimesto clear the entry and then

typethe correct thickness.

ENTER WALUE FOR THICK STANDARD

000.500]

Figure2l EnteringaThick Standard Value

9. Press[ENTER] to complete the Auto-Calibration. The Zer o Offset and Velocity
parameters adjust automatically, and the correct thickness reading of any gated echo

displays on the screen.

Note:

It is possible to use the Auto-Calibration feature on a single test block of
known thickness. Y ou can use multiple backwall echoesinstead of coupling
on both athin step and athick step. Y ou can leave the transducer coupled on
the thin step, move the gate over to one of the multiple backwall echoesand
enter the correct soundpath thickness (2, 3, 4, etc. multiple of the first
backwall echo) during the velocity portion of the calibration.
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Calibrating with a Delay Line Transducer

The sampledéay line calibration described below is performed using OlympusNDT
transducer part number V202-RM, with afrequency of 10.0 MHz and an element
diameter of 0.25" (6 mm). The calibration requires atest block with two known
thicknesses, made from the material to be measured. Ideally, the two thicknesses
measurements are both below and above the expected thickness of the material to be
inspected.

For thisexample, weare using OlympusNDT standard 5-step steel test block part number
2214E. The steps measure 0.100", 0.200", 0.300", 0.400", and 0.500".

Note: If the EPOCH 4PLUSis set to work in metric units, the calibration processis
exactly the same, except that the entries below will bein millimeters, rather
than inches.

To cdibrate using aDelay Linetransducer, follow these steps:

1. Follow theinitial set-up procedure outlined in Section 7.2.

Connect thetransducer to an appropriate cable and then connect the cable to either of
thetransducer postson the EPOCH 4PLUS. With aZero Offset of 0.000 us, theMain
Bang (or excitation pulse) should appear on theleft side of the screen.

Increasethe Zero Offset until the Main Bang moves off theleft side of the screen and
theinterface echo from the end of the delay linetip appears on the screen.

Verify that the echo represents the end of the delay by tapping your finger onthe end
of the couplant-coated delay line. This dampensthe signal and the echo should jump
up and down on the screen. Usethe Zero Offset to movethisecho totheleft sideof the
screen sothatitisbarely visible.

2. Press[CALIBRATION]. A Cal symbol will appear to theright of the A-Scan,
signifying the EPOCH 4PLUSisinthe Auto-Calibration mode. To exit the Auto-
Calibration modeat any point, press[ENTER].

3. Couplethetransducer tothe THIN calibration block step. For thisexample, the
transducer will be coupled to the 0.100" step.

4. Position Gate 1 so that thefirst backwall echo from the known thicknessstepis
exceeding the gate threshold. Adjust the gain setting so that the echo amplitudeis
approximately 80%. A thickness reading appearsin large text above the A-Scan.

Note: Makesureit isthefirst backwall echo being gated, not amultiple echo from
the end of thedelay linetip.
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Figure22 Calibratingfor aThinBlock Using aDelay Line Transducer

5. Press[ZERO OFFSET] oncethereading issteady. The screen freezes and a pop-up
box appears on the screen.

Usethe a phanumeric keypad to enter the exact known thickness of thetest sample.
For thisexample, press[1], [Q], [0]. The entry appearsin the pop-up box.

If you enter an incorrect number, press [0] multipletimesto clear the entry and then
type the correct thickness.

ENTER YALUE FOR THIN STANDARD

000.100]

Figure23 EnteringaThin Standard Value

6. Press[CALIBRATION]. Thedisplay returnsto thelive A-Scan. Couplethe

transducer to the THICK calibration block step. For thisexample, thetransducer is
coupled to the 0.500" step.

Position Gate 1 so that the first backwall echo from the known thickness step is
exceeding the gate threshold. Adjust the gain setting so that the echo amplitudeis
approximately 80%. A thickness reading appearsin large text above the A-Scan.

60



Calibrating the EPOCH 4PLUS

____________ e~
FRIEETAEERRANGE= 1.888i0n 0 487
REJECT # ?‘ MIN DEPTH— . EB? in

L FRRNR UL TRUNE FOUE U WOV A O

EBE ................... |‘ .................... It
48} » T

ESL ................. ’Irl .................. fi\._.

i
YEL B.23280insus  FULLWAYE 8.8 -12.8 MHz
ZERG 18.41 us EMERGY LOW
ANGLE  @#.8° DAMP S8 @ FULSER SEUARE
THICK @.8@88 in PULSE-ECHD FREQ 18.8@8MHz
BATE  START  WIDTH LEYEL ALARM
1 g.843  @.983 37 ¥ 0FF
2 4.185 B.588 OFF DFF
8.8 dB] Z@.8 B[] 36.@ JBE[ 48.4 JB[ E6.@ dE

Figure24 Calibratingfor aThick Block Using aDelay Line Transducer

8. Press[VEL] oncethereading issteady. The screen freezesand apop-up box appears
again on the screen.

Usethe a phanumeric keypad to enter the exact known thickness of the test sample.
For thisexample, press[5], [Q], [0]. The entry appearsin the pop-up box.

If you enter an incorrect number, press [0] multipletimesto clear the entry and then
typethe correct thickness.

ENTER VALUE FOR THICK STANDARD

000.50(]

Figure25 EnteringaThick Standard Value

9. Press|[ENTER] to complete the Auto-Calibration. The Zer o Offset and Velocity
parametersadjust automatically, and thecorrect thicknessreading of any gated echois
displayed onthe screen.

Note: It is possible to use Auto-Calibration on a single test block of known
thickness. Y ou can use multiple backwall echoesinstead of coupling on both
athin step and athick step. Y ou can leave the transducer coupled on thethin
step, and instead move the gate over to one of the multiple backwall echoes
and enter the correct soundpath thickness (2, 3, 4, etc. multiple of the first
backwall echo) during the vel ocity portion of the calibration.

7.4 Calibrating with a Dual Element Transducer

The sampledelay line calibration described below is performed using Olympus NDT™
transducer part number DHC711-RM, with afrequency of 5.0 MHz and an element
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diameter of 0.25" (6 mm). The calibration requires atest block with two known
thicknesses, made from the material to be measured. Ideally, the two thicknesses should
represent thicknessesthat areboth bel ow and above the expected thickness of the material
to beinspected.

For thisexample, weare using OlympusNDT standard 5-step steel test block part number
2214E. It has steps measuring 0.100", 0.200", 0.300", 0.400", and 0.500".

Note: If the EPOCH 4PLUSis set towork in metric units, the calibration processis
exactly the same, except that the entries below will bein millimeters, rather
than inches.

Note: Dueto the acoustic characteristics of dual transducers, anon-linearity inthe

distance calibration occurs as the thickness of the material decreases. The
point of maximum sensitivity is determined by the “roof angle” of the
particular dual transducer.We recommend that the distance calibration is
carried out using a step block that covers the range of interest. Be careful
when interpreting thicknessreadings made outside the calibrated range. The
EPOCH 4PLUS does not have V-Path Correction; therefore, there may be
some non linearity within the calibrated range depending on the minimum
thickness used in the calibration process.

The zero offset value of dual element transducers can vary significantly at
extreme temperatures. |f the temperature changes more than afew degrees
from the temperature at which the zero offset value was established, re-
check its value. If thickness measurements are to be made over a wide
temperature range, we strongly recommend the use of Olympus NDT dual
transducersthat are designed for high temperature applicationsand that have
built-in delay lines with a stable sound velocity that does not change
significantly with temperature. Specific recommendations are Olympus
NDT D790-SM and D791 dual element transducers.

To caibrate using aDual Element transducer, follow these steps:

1. Follow theinitial set-up procedure outlined in Section 7.2.

Connect the transducer to an appropriate cabl e and then connect the cableto the
transducer posts on the EPOCH 4PLUS. Changethe Test modeto Dual. Also, when
using adual element transducer, the Gain setting isgenerally set very high so that the
leading edge of the backwall echoes appear asnearly vertical linesonthe screen. The
leading edge isthen used when making thickness measurements. For thisreason, the
EPOCH 4PLUSshould be set to EDGE Detection mode.

2. Press|[CALIBRATION]. A Cal symbol appearstotheright of the A-Scan, signifying
the EPOCH 4PLUSisinthe Auto-Calibration mode. To exit the Auto-Calibration
mode at any point, press[ENTER].

3. Couplethetransducer tothe THIN calibration block step. For thisexample, the
transducer will be coupled tothe 0.100" step. Asnoted above, ahigher Gain settingis
required to produce a clean leading edge of the signal. Do not be concerned with the
jagged peaks of the echo. Concentrate on the leading edge only.
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4. Position Gate 1 so that theleading edge of the backwall echo from the known

thickness step is exceeding the gate threshold. A thicknessreading appearsin large
text abovethe A-Scan.
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Figure26 Calibratingfor aThin Block Using aDual Element Transducer

Press[ZERO OFFSET] oncethereading is steady. The screen freezes and a pop-up
box appears on the screen.

Usethe al phanumeric keypad to enter the exact known thickness of thetest sample.
For thisexample, press[1], [Q], [0]. The entry appearsin the pop-up box.

If you enter an incorrect number, press [0] multipletimesto clear the entry and then
type the correct thickness.

ENTER WYALUE FOR THIN STANDARD

000.100]

Figure27 EnteringaThin Standard Value

Press[CALIBRATION]. Thedisplay returnsto thelive A-Scan. Couplethe

transducer to the THICK calibration block step. For thisexample, the transducer is

coupled to the 0.500" step.

Position Gate 1 so that the leading edge of the backwall echo from the known
thickness step is exceeding the gate threshold. A thicknessreading appearsin large
text above the A-Scan.
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Figure28 Calibratingfor aThick Block Using aDual Element Transducer

8. Press[VEL] oncethereading issteady. The screen freezesand apop-up box appears
again on the screen.

Usethe a phanumeric keypad to enter the exact known thickness of the test sample.
For thisexample, press[5], [0], [0]. The entry appearsin the pop-up box.

If you enter an incorrect number, press[0] key multipletimesto clear the entry and
then type the correct thickness.

ENTER WALUE FOR THICK STANDARD

000.500]

Figure29 EnteringaThick Standard Value

9. Press|[ENTER] to complete the Auto-Calibration. The Zer o Offset and Velocity
parametersadjust automatically, and thecorrect thicknessreading of any gated echois
displayed onthe screen.

Calibrating with an Angle Beam Transducer

The sample angle beam calibration described below is performed using Olympus NDT
transducer part number A430S-SB, with afrequency of 2.25 MHz and an element
diameter of 0.625" x 0.625". Thetransducer is mounted on a45° wedge, part number
ABWS-6-45. Werecommend using either an ASTM E-16411W Typel oraU.S. Air Force
ITW Typell Calibration Block for this calibration procedure. The steps below use
OlympusNDT IIW Typel carbon stedl calibration block, part number TB7541-1.

To calibrate using an Angle Beam transducer, follow these steps:

1. Follow theinitial set-up procedure outlined in Section 7.2.
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Connect thetransducer to an appropriate cable and then connect the cableto either of
the transducer posts on the EPOCH 4PLUS.

2. Enter the correct refracted angle for the transducer/wedge combination. For this
example, enter 45°,

3. Enter the approximate shear wave velocity of the material being inspected. For this
example using carbon stedl, enter avelocity of 0.1280 in/us (3251 mm/usif working
in metric units).

4. Enter an appropriate range for the test block being used. For thisexample, enter a
range of 10.000 in (250.00 mm if working in metric units).

Review sections 7.5.1 - 7.5.4 for the following procedures:
» Locating the Beam Index Point (B.l.P.) of the probe

» Verifying the Refracted Angle (Beta)

e Cdlibrating for Distance

e Cadlibrating for Sensitivity

Note: If the EPOCH 4PLUSis set to work in metric unitsin each procedure listed
above, the calibration process is exactly the same, except that the entries
below will bein millimeters, rather than inches.

Locating the Beam Index Point (B.I.P.)
Tolocatethe BIP, follow these steps:

1. Couplethe probetothetest block at the“0” mark.

I TYPE 1
REFERENCE BLOCK

Figure30 ReferenceBlock Displayingthe“0” Mark

2. Manipulate the probe until ahigh amplitude signal appears on the screen after the
Main Bang. Thisisthereflection from thelarge arc of the block that islocated on the
Typel block at 4" (100 mm).

3. Movethe probe forward and backward to bring the echo to its maximum amplitude
(peak it up). Make sure the echoes do not exceed 100%. Reduce the Gain setting if
necessary.

Note: ThePeak Memory feature on the EPOCH 4PLUSisan excellent tool to aid
infinding the BIP. Press[PEAK M EM] to turn on the feature. Thisfeature
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draws and collects the echo envelope of the signal while also drawing the
live waveform. Match the live waveform with the maximum point
corresponding to the previously accumulated echo dynamic curve. Refer to
thefigure abovefor adetailed schematic of using the Peak M emory feature
tofindthe BIP. Press|[PEAK MEM] again to turn off the feature.
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Figure3l Locating the Beam Index Point

4. Holdthe probe stationary once you have peaked up the signal and mark the side of the
transducer wedge directly over the“ 0" mark on the block. Thisisthe BIP—the point
a which the sound leaves the wedge and entersthe material with maximum energy.

Verifying the Refracted Angle (Beta)

Therefracted angle of the probe should already have been entered inthe EPOCH 4PLUS
intheinitial stepsof the calibration procedure. Although the wedge may be marked 45°,
for example, theactual refracted angle may bedightly different dueto the propertiesof the
test material or theamount of wear onthewedge. It isnecessary to verify theactual angle.
Thisensuresthe EPOCH 4PLUS s soundpath cal cul ations are accurate.

Toverify therefracted angle, follow these steps:

1. Position the probe over the appropriate angle mark on the block, whichis45°in this
example.
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Figure32 Verifyingthe Refracted Angle

2. Movethe probe backward and forward to “ peak up” the echo coming fromthelarge
circular holeinthesideof theblock. Thecircular holemay befilled with Plexiglas, but
the procedure isthe same.

Tip: ThePeak Memory feature on the EPOCH 4PLUSisan excellent tool to aid
infinding the peak of the signal.

3. Holdthe probe stationary once you have peaked up the signal. Note the degree mark
on theblock that lines up with the BIP, which you marked on the side of thewedgein
thepreviousstep. Thisistheactual refracted angle (Beta) for thisparticular transducer
andwedgein stedl.

If thisvalue for Betadiffersfrom the value entered previously, enter the corrected
anglenow viathe[ANGLE] key andthe[4],[v]. [ «], and [ ] keys.

7.5.3 Calibrating for Distance

Note: This step differs depending on which type of 11W calibration block is used.
The ASTM E-164 1IW Type | Block, which has a crescent cut in the side,
producesechoesat 4" (100 mm) and 9" (225 mm) onthescreen. TheU.S. Air
Force IIW Type Il Block, which has a large cutout in the side, produces
echoes a 2" and 4" on the screen. The procedure below uses the Olympus
NDT IIW Type| carbon steel calibration block, part number TB7541-1.

We recommend that the EPOCH 4PLUS s Range parameter be set to 10"
(250 mm) for thisstep. Regardlessof whether aTypel or Typell Calibration
block isused, thisshould ensurethat the echoesfrom the block arevisibleon
screen.

To cdibratefor distance, follow these steps:

1. Couplethe probetotheblock so that the BIPisdirectly over the* 0" mark onthe
ASTM test block (or the Air Force block). Do not movethetransducer fromthis
point duringthisstep.
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2. Press[CALIBRATION]. A Cal symbol appearstotheright of the A-Scan, signifying

the EPOCH 4PLUSisin Auto-Calibration mode. To exit the Auto-Calibration
mode at any point, press[ENTER].

Position Gate 1 so that the echo reflection fromthe 4" arc (thisshould bethefirstlarge
echo after the Main Bang) is exceeding the gate threshol d.

. Adjust the gain setting so that the echo amplitude is approximately 80%. A thickness

reading appearsin large text above the A-Scan.

li 4. 845-& 3. 425 3 426|n

7 3 %
VEL B.128@infus FULLWAYE 8.8 - 3.8 MHz
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THICK @.888 in PULSEFECHO FRER Z.27MHZ
GATE  START  WIDTH LEWEL ALARM
1 4 3@ 1113 Z8 OFF
H.543

z 4.582 OFF OFF
0.8 dB] 7A.A dB] 3A.A dB] 48.@ dB] EA.A dE

Figure33 Calibrating for Distance

5. Press[ZERO OFFSET] oncethereading issteady. The screen freezes and a pop-up

box appears on the screen.

Usetheal phanumeric keypad to enter the exact known soundpath distancefor thisarc.
For thisexample, press[4], [0], [0], [0]. The entry appearsin the pop-up box.

If you enter an incorrect number, press[0] multipletimesto clear the entry and then
typethe correct thickness.

ENTER VYALUE FOR THIN STANDARD

004.000]

Figure34 EnteringaThin Standard Value

6. Press[CALIBRATION]. Thedisplay returnsto thelive A-Scan. Position Gate 1 so

that the echo from the 1" crescent is exceeding the gate threshold. Thisechois
generally located at approxi mately the ninth or tenth screendivision, andisusually the
3rd echo after the Main Bang.

. Adjust the Gain setting so that thisecho amplitudeis approximately 40%. A thickness

reading appearsin large text above the A-Scan.

Note: Another echo may be present on the screen at approximately the eighth or

ninth screen division. Disregard this echo asit is usually the result of beam
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spreading and sound bouncing off the side of the block. Make sure Gate 1is
not over this echo.
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Figure35 AdjustingtheGain

8. Press[VEL] oncethereading issteady. The screen freezesand apop-up box appears
again on the screen.

Use the a phanumeric keypad to enter the exact known soundpath distancefor this
crescent. For thisexample, press[9], [0], [0], [O].

The entry appearsin the pop-up box. If you enter an incorrect number, press[0]
multipletimesto clear the entry and then typethe correct thickness.

ENTER VALUE FOR THICK STANDARD

009.00(1]

Figure36 EnteringaThick Standard Value

9. Press|[ENTER] to complete the Auto-Calibration. The Zer o Offset and Velocity
parameters adjust automatically, and the correct soundpath readings of any gated
echoes are displayed on the screen.

Calibrating for Sensitivity

Thefinal step intheangle beam calibration isto calibratefor sensitivity. Thisletsyou set
up areferencegain level.

1. Couplethe probetothe W calibration block so that the transducer isaimed at the
0.060" diameter side drilled hole, which is used as areference reflector.
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Figure37 [IW Calibration Block with 0.060" Diameter Drilled Hole

2. Movethe probe forward and backward until you have* peaked up” thereturn signal
from the hole (that is, found the maximum amplitude). Do not confuse the reference
reflector echo from the side of the block.

Tip: ThePeak Memory feature on the EPOCH 4PLUSisan excellent tool to aid
infinding the peak of the signal.

3. Adjust the system sensitivity (Gain) up or down oncethe echo is peaked up to bring
thereferencereflector signal to apredetermined reference line on the screen. Inthis
example, the echo is brought to 80% of full screen height.

4. Press[2nd F],[GAIN] (REF) tolock inthereference gain level and add/subtract
scanning gain separately.

5. Pressthefunction keys once the reference gain functions are activated to select
between adding or subtracting in 0.1dB or 6.0 dB increments.

REF 19,74 B ERANGESTa-ER T 1 144
\u 1 819-0— 1. 144 in
1Ea, . . .

A h : L L L L
T7i-A.1dB [+/-E-BdB]  ADD | RESET | OFF

Figure38 Locking the Reference Gainto Add/Subtract Scanning Gain




8.1

Part # 910-250C

Managing the Datalogger and Data Communication Features

Managing the Datalogger and Data
Communication Features

This chapter describes how to manage the EPOCH 4PLUSdatal ogger. OlympusNDT™
has designed the datal ogger for ease of use while providing awide range of featuresfor
virtually all flaw detection and thickness gaging requirements. It includesthefollowing
capabilities:

Data organized by fileand identifier (ID) code

Alphanumeric file names and identifier codes

Memo modeto allow entry of detailed comments

Edit feature for adding, deleting, and clearing of individual file namesand IDs
On-screen scroll/review of all file contents

Quick recall of stored setups

Ability to transfer data between the unit and aPC or printer

Topicsareasfollows:

Defining the Datal ogger Storage Capacity
Using the Memory Screen

Using the Alphanumeric Keypad

Creating New Filesand Identifier (ID) Codes
Saving Waveforms and Thickness Readings
Incrementing ID Codes

Recalling Transducer Calibrations and Waveforms
Saving and Recalling Quick Recall Calibrations
Creating Memos

EditingaFile

Printing

Defining the Datalogger Storage Capacity

The EPOCH 4PLUSdatal ogger is designed to store the following data:

ThicknessReading

- ldentifier (ID) code

- Alarm conditions

- Peak/Edge Depth Mode Indicator
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- Soundpath leg of measurement

- Thickness/Soundpath values (Edge or Peak Depth mode), Current and
Maximum Amplitude data (Amplitude mode), or Time-of-Flight data
(Microsecond mode).

e Complete Waveform/Parameter Setup
- All datalisted in the Thickness Reading section
- Waveform screen
- Peak Memory echo envelope or Peak Hold frozen waveform (if sel ected)
- Complete setup parameters
- Hag status (Freeze, Zoom, Peak Memory, €tc.)
* Memo
- User defined memo typed viaal phanumeric keypad

The EPOCH 4PLUSdatal ogger can store amaximum combination of 120,000 thickness
readings or 6,000 waveforms.

The EPOCH 4PLUScan save information in 500 separate files. Thefirst ninefilesare
fixed filesmeaning that each file can only store one compl ete waveform/parameter setup
with an associated identifier (D) code. Thisstructure allowsaquick recall for up to nine
calibration setups. Thisisuseful when an operator changes transducers during an
inspection and needsto recall the associated stored calibration.

Files 10-500 areflexiblefiles, which can store numerous thickness readings, waveforms,
and memos. Thickness, waveform data, and memos can all coexist in the samefile.
Calibrationwaveform/parameter setupscan also bestored inthesefilesand recalledtothe
live screen, although it requires an extrakey pressto do this (See Saving Waveforms and
Thickness Readings on page5).

All thekeyson the EPOCH 4PLUSa phanumeric keypad arein acommon section onthe
right side of themain keypad. Press[#] to alow accesstothefirst function key presses (0,
1,2,3,4,5,6,7,8,9,1D.) Press|ALPHA] to allow accessto the second function key
presses (Delete, the 26 | etters of the Roman alphabet, and a variety of mathematical
symboals.)

Using the Memory Screen

Toenter theMemory screen, press . TheMemory screenissplitinto twowindows.
» Lower window: displaysadirectory of files

e Upper window: displaysthefile contents

Totogglebetweenthetwowindows, press[F1]. Other function key promptsappear when
applicable.

Press[F5] to exit and return to the live screen.
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Figure39 Memory Screen (no stored files)

Using the Alphanumeric Keypad

The EPOCH 4PLUSdatal ogger can be used for thorough documentation of inspection
data by entering a phanumeric stringsin the following ways:

» Toenter file names, extensions, dates, times, and notes

e Toenteridentifier (ID) location codes for thicknessor A-Scan data
* Toenter memos

Toenter numbers, follow these steps:

1. Press[#] to putthe EPOCH 4PLUSin Numeric Entry mode. A flashing “ " appears.

2. Pressany numeric key to enter the sel ected digit. The cursor automatically advances
one position totheright.

3. Usethe[<] or [>] keysto skip spaces or movethe cursor back to re-enter over an
existing character.

Toenter letters, follow these steps:

1. Press[ALPHA] tobegin entry of aphacharacters. A flashing“ " appears.

2. Pressthe corresponding number wheretheletter exists. There aretwo or threeletters
per key. Choosethe correct letter by pressing the key multipletimes. For example, to
enter theletter A, pressthe[2] key once. To enter theletter C, pressthe[2] key three
times.

3. Usethe[<] or [>] keysto skip spaces or movethe cursor back to re-enter over an
existing character.
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a. Toavoid having to continuously use the[>] key when entering letters, an
automatic advanceis built into the Alpha mode. This sequence does not apply
when editing data. Any |ettersthat are not over the same key can be entered
directly and the cursor will automatically advance.

b. If two |ettersare over the same key, use the [>] key to advancethecursor. To
enter theword WEL D, use the following sequence:

w |E L D
[Alpha]  [9] | [38] [8 [[81 [8] [8] |[3]

Toenter delimiters(symbols), follow these steps:

Note: Delimiters or Symbols are treated as letters and are accessed in the Alpha
mode. Symbolsare only valid when entering ID codesfrom the live screen.

1. Press[ALPHA] to enter symbols. The entry cursor flashes*

2. Press[I1D] (SYMBOL) multipletimesto movethrough thefollowing list:
[SPACE] [.] [/1 [-1 [*] [ [#.

Creating Files and Identifier (ID) Codes

Thickness readings and waveforms are stored in the EPOCH 4PLUSdatalogger in afile
withanassociated ID. Y ou can either manually enter filenamesand | Dsusing the EPOCH
4PLUSkeypad, or you can create them in the GageView PRO Interface Program and
download themto theinstrument. Contact OlympusNDT or your local representativefor
moreinformation onthe GageView PRO Interface Program.

Y ou can createfile namesin the EPOCH 4PLUSMemory screenin preparation for saving
thicknessreadingsand waveforms. On entering thememory screen, acursor appearsat the
first available empty filelocation. If the cursor isflashing over an existing file, usethe
downarrow key to moveto the next avail able empty filelocation. Enter thefilenamewith
extension, date, time, and a short descriptive note using the al phanumeric keypad.

N

File Humber File Hame Date Time Hote

Figure40 Entering File Information

Thefollowing rules and conditions apply:
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e Thefile nameislimited to eight alphanumeric characters with an extension of three
characters. If no file nameisassigned, theinstrument automatically assignsageneric
name UNTITLED.001, UNTITLED.002, and so forth.

e Thenoteislimited to 10 alphanumeric characters.

* Youcanmanually enter thedate and time. Alternately, the EPOCH 4PLUShasan on-
board real time clock that automatically stampsthe file with the current date and time
when saving data to that file. If subsequent information is saved to that file, the
EPOCH 4PLUSautomatically updates the ssamp with the current date and time.

Oncethefilenameiscreated, press[F5] toreturntothelive screen. Whatever fileisopen
(designated by the flashing cursor) isthefile that beginsto have data saved to it when
returning to the live A-Scan. Thefile name displays continually at thetop left side of the
screen.

Beforeany dataisstored inthefile, press[1 D] to enter thefirst Identification (1D) code. A
cursor appearsat the ID entry line at thetop right side of the screen. Usethe alphanumeric
keypadtotypeinthe|D. Toredo an entry, use the blue arrow keysto backspace or press
[ID] asecondtime. A blank line appears. To toggle back tothe original 1D, press[1 D]

again.

Saving Waveforms and Thickness Readings

Follow the stepsoutlined in Section 8.4 to setup afile namein the Memory screen and an
Identifier (ID) fileinthelive screen.

The EPOCH 4PLUScan save two typesof data:

e Thickness Readings. Press [SAVE THICK] to save the ID code along with the
displayed depth, amplitude, or TOF value. The waveform and the setup parameters
will NOT be saved during this process, and these IDs cannot be recalled to the live
screen. Saving thislimited dataallowsthe EPOCH 4PLUSto storealarger number of
individual IDsand corresponding measurement values aswell as thicknessreadings.

»  Waveforms: Press[ SAVE WAVE] to saveall waveform dataand setup parametersin
the datalogger. These|Ds can berecalled to thelive screen to restore theinstrument’s
settingsto what they were when the calibration/waveform wasinitially saved.

Dataissaved inthe EPOCH 4PLUSdatal ogger in the currently displayed file and tagged
with the ID code displayed on the screen. The ID code automatically incrementsto the
next |D in preparation for saving additional data. See Incrementing |D Codes on page 6.

To save thickness readings and waveformsto adifferent file already created in the
EPOCH 4PLUSor acompletely new file, return to the Memory screen and position the
highlight bar over thedesired filename (or on anewly created filename.) Whenyou return
tothelive screen, the EPOCH 4PLUSsaves datato whichever file was highlighted when
theMemory screenwasexited. Thefilenameisal so displayed onthetop | ft portion of the
live screen.
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Note: Every timethe EPOCH 4PLUSisinitially turned on, the next available blank
file is displayed. The top left portion of the screen displays a blank line
indicating that no file has been selected. If you enter an ID and then attempt
to start saving data, the EPOCH 4PLUS automatically creates a new file
name where the datais stored. Thefileisnamed UNTITLED.XXX, where
the extension incrementally increases depending on the number of untitled
filescreated.

Incrementing ID Codes

Thisfeatureautomatically incrementsthe EPOCH 4PLUS s D codeevery timeyou press
the[SAVE THICK] or [SAVE WAVE] key. Youdo not haveto enter anew ID every
timeareading is saved.

For example, if auser wantsto save several readings when inspecting an aircraft wing:
Begin by enteringaninitial ID of “Wing-01.” Press[SAVE THICK] or [SAVE WAVE]
to savedesired thicknessreadingsand waveforms. Every timeyou pressone of thesekeys,
the ID codelisted at the top of the screen increments by one character value. Inthis
example, thefirst thicknessreading/waveformissaved withan I D code of “Wing-01,” the
second onewith an ID code of “Wing-02,” and so on.

Some guidelinesfor the auto-1D incrementing features are:

e Only the portion of the ID consisting of digits and letters (no punctuation marks)
beginning with the rightmost letter and extending leftward to the first punctuation
mark or leftmost character (whichever comesfirst) isincremented.

* For the EPOCH 4PLUSto properly increment, first create and hold (using zeros) the
maximum number of needed digit positions. To save 999 readings, enter “001” asthe
first ID code. If an initial ID code of “1” is entered, the EPOCH 4PLUS only
incrementsup to“9” and beeps. The message—*1d Cannot Increment” appears. Press
[F1] to exit and enter anew | D code to continue saving readings.

« After saving several readingsto afile, you may want to save datato adifferent file. If
you return to afile where data has already been saved, the ID code displays the next
available ID (incremented after thelast save).

e Tointerrupt the auto-1D sequencing, pressthe[l D] key and enter anew ID code. The
new |D codethen incrementsin the samefashion.

Note: Itispossibleto createalist of ID’sinthe GageView PRO Interface Program
and then transmit thislist to the instrument. When you select thisfileto save
information, the unit automatically begins to incrementally fill the ID
database created in the PC. Contact Olympus NDT or your local
representative for details regarding ordering the GageView PRO Interface
Program.
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Recalling Transducer Calibrations and Waveforms

TheEPOCH 4PLUSdatal ogger isdesignedtol et you quickly review the contentsof saved
filesand then recall saved transducer calibrationsto thelive screen.

Note: The EPOCH 4PLUS has a total of nine dedicated transducer calibration
dlots. Thesearelocated in files 1-9 of the datal ogger and areindicated by an
asterisk (*) next to the file number. These can only store one calibration
(with complete setup parameters and waveform) in each file. They are
designed to store the most frequently used calibration setups and can be
recalled using only two key presses. See Saving and Recalling Quick Recall
Calibrationson page 8.

Torecall asaved calibration (in Files 10 and greater), follow these steps:

Press to enter the Memory screen.

Usethe slewing keysto select thefile where the desired calibration islocated.
When thefileishighlighted, press[F1] to enter the Contents screen.

N

Usethe slewing keysto scroll through the selected file. Only IDswith saved
waveform/parameter setups can be recalled to the live screen. The ID name being
viewed displays at the top of the screen. Asyou scroll through thefile, this1D will
continually change.

a.Whenan|D islisted that hasacorresponding waveform and setup parameters saved
withit, aRecall selectionisavailable by pressing [F2].

b. The Recall selection disappearswhen an ID islisted that contains ameasurement
value only (depth, amplitude, or TOF).
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Figure4l RecallingaSelection
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5. Press[F2] for Recall whentheappropriatel D islisted at thetop of the screen (see Step
4 abovefor details). The calibrationisrecalled, and the EPOCH 4PLUSisinthe
Freeze mode. Y ou cannot change any parameterswhilein Freeze mode.

6. Press[FREEZE]togotothelivescreen. TheEPOCH 4PLUSisready for usewiththe
same parameter settings used when this calibration wasinitially saved.

Saving and Recalling Quick Recall Calibrations

The EPOCH 4PLUShasatotal of ninededicated “quick recall” transducer calibration
dots. These arelocated infiles 1-9 of the datal ogger and are denoted by an asterisk (*)
next to the file number. Thesefiles can only store one calibration (with complete setup
parameters and waveform) in each file. They are designed to store the most frequently
used calibration setups and can be recalled using two key presses.

To save Quick Recall Calibrations, follow these steps:
1. Enter the Memory screen and create afile namefor the desired quick recall file (file

locations 1-9). See Creating Filesand Identifier (ID) Codes on page 4. After entry of
thefile name, exit the Memory screen with the cursor over the desired file.

2. Enteran|D code. See Creating Filesand Identifier (ID) Codes on page 4.
Press[SAVE WAVE].

Note: A memo can be entered before or after the calibration is actually saved in

order to provide more detail about the type of calibration.

Thicknessreadings cannot be saved in Calibration Files 1-9. “ERROR” will
appear if [SAVE THICK] is pressed when attempting to do so.

Only one waveform/calibration setup can be saved in Calibration Files 1-9.

“ERROR” appearsif [SAVE WAVE] ispressed asecond timewhen saving

toafile1-9.

To perform aQuick Recall Calibration, follow these steps:

Press[CALIBRATION] fromthelivescreen. The Cal symbol appearson thescreen.

Pressthedesired key [1], [2], ...[9] associated with the desired calibration torecall. A
pop-up box appears on the screen to confirm.

3. Press[F1] torecall thecdlibration or [F2] to abort.

Creating Memos

Usethe MEM O feature to enter descriptive commentsto include with stored data. Thisis
used to supplement the single note (10 character maximum) that can beadded to eachfile.
Memos are usually used to provide further details about ameasurement condition or
calibration. Memos can only be entered from the live screen.
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To placeamemo in the database prior to a particul ar thickness reading, enter the memo
prior to saving the reading. To place amemo in the database after saving athickness
reading and/or waveform, enter it afterwards.

To enter amemo, follow these steps:

1. Press[MEMOQ]. A pop-up box appearswith three lines of available entry space.
2. Usetheaphanumeric keypad to enter amemo.
3. Press[F1] to savethe memointhe datalogger or [F2] to abort.

Editing a File

EditingtheFileDirectory Portion of the Memory Screen:

Y ou can create multiplefilesin the EPOCH 4PLUSand then store avariety of datainthe
files. Thesefilesaredisplayed inthe File Directory, which islocated in the lower portion
of the Memory screen. To edit one of these files, movethe highlight bar over the desired
file by using the up and down arrow keys. Oncethefileis highlighted, press[EDIT].

Al
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Figure42 EditingtheFile Directory

Toclear thefile’'scontents, follow these steps:

1. Pressing [F1] promptsyou to enter one of thefollowing:

a. Press[F1] toclear thedata(thicknessreadings, waveforms, memos, etc.) from
thefile. Thisaction leavesthe | D codesof the datain place.Y ou can then opt to
begin saving new datato these same 1D codes.

b. Press[F2] to clear thedataplusthe ID codes. Thisleavesthefile completely
blank, but leavesthefile name and location in place. Y ou can then opt to save
new datato thisfile after entering anew initial ID code.

. Press[F3] toclear theentirefile. Thisaction removesall dateand 1D
information and deletesthe file name.
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2. Press[F4] to abort.

Toinsert anew file, follow these steps:

1. Pressing [F2] promptsyou to enter one of thefollowing:

a. Press[F1] toinsert anew file. A blank fileisthen beinserted before the
highlighted selected file.

b. Press[F2] to abort.

Todeletethefile, follow these steps:

1. Pressing [F3] promptsyou to enter one of the following:

a. Press[F1] to deletethefile. Thefileisdeleted and the remaining filesmove up
onelocation.

b. Press[F2] to abort.

Toswap thefilelocation, follow these steps:

Press[F4] and use the up and down arrow keysto select the new location for thefile.

. Press[F1] to swap desired files. The two files sel ected exchange placesin thefile
directory.

3. Press[F2] to abort.

Toexit theedit function, follow these steps:

1. Press[F5] toexittheedit function. You will still beinthe Memory screen.
2. Press[F5] againto returnto thelive screen.

EditingtheFile Contents Portion of the M emory Screen

When thicknessreadings and waveformsare saved in the datal ogger, they are saved to an
individual file. The contents of thesefilesis displayed inthe File Contents portion of the
Memory Screen.

Toedit individual 1D codesin thesefiles, follow these steps:

1. Usethesdewing keysto movethehighlight bar over the desired fileintheFile
Directory (lower portion of the Memory screen).

2. Press[F1] to enter the File Contents screen (upper portion of the Memory screen).

. Usethe slewing keysto review thefile contents. The current ID code (either a
waveform or athicknessreading) iscontinuoudly displayed and updated at the top of
the screen asyou scroll through thefile.
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4. Press[EDIT] whenthedesired ID codeisdisplayed.
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Figure43 Editing theFile Contents

Toclear thelD, follow these steps:

1. Pressing [F1] promptsyou to enter one of thefollowing:

a. Press[F1] toclear thedatafromthel D code (thicknessreadingsor waveforms).
Thisactionleavesthel D namein placeand letsyou save other datatothesamelD.
Y ou can then opt to begin saving new datato these same ID codes.

b. Press[F2] to abort.

Todeletethel D, follow these steps:

1. Press[F3].
2. Thegage promptsyou to enter one of thefollowing:

a. Press[F1] todeletethel D nameand datasavedinthat I D location. Thefilewill
be deleted and the remaining fileswill move up onelocation.

b. Press[F2] to abort.
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Using Software Options

This chapter describes the different software options that are available for the EPOCH
4PLUS. The EPOCH 4PLUS s intended to be a highly versatile instrument. It is
capabl e of being configured to perform specialized functions related to certain
applications or code requirements. Since some inspectors may not make use of these
functions, they have been offered as software options. Contact Olympus NDT™ or your

local representative for information on ordering these options.

Topicsinclude:

9.1 Defining Active/lnactive Options

9.2 Distance Amplitude Correction (DAC)
9.3 TimeVariedGan(TVG)

9.4 Advanced DAC/TVG

9.5 Low Pulse Repetition Frequency (L PRF)
9.6 High Pulse Repetition Frequency (HPRF)
9.7 Spotweld Overlay

9.8 Spotweld Assistant (SWA)

9.9 Interface Gate

9.10 Floating Gate

9.11 Curved Surface Correction (CSC)

9.12 Wave Analysis

9.13 Onboard DGS/AVG

9.14 Backwall Echo Attenuator (BEA)

9.15 Auto-Freeze

9.16 AWS

9.17 APl SUE

Defining Active/lnactive Options

Access software options using the[OPTI1ON] key. Themenu displaysalist of available
options, each with atriangle or box preceding it. Thefollowing table describes each

symbol:
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Symbol Description

[> or O (unfilledtriangle | Theoptionisnot activated.

or box)

P (filled triangle) Theoptionisactive.
To activate an option, movethe highlight bar over a
desired selection using the slewing keys and press
[ENTER].

M (filled box) The option isactive; no further adjustmentis
necessary.

Table7 Active/lnactive Software Options

Distance Amplitude Correction (DAC)

A Distance Amplitude Correction (DAC) curveisused to plot amplitude variations of
signalsfrom reflectors of the same size, but at different distances from the transducer.
Normally, these reflectors produce echoes of varying amplitude due to material
attenuation and spreading of the sound beam. The purpose of aDAC curveisto
graphically compensate for materia attenuation, nearfield effects, beam spread, and
surface roughness.

After plotting aDAC curve, reflectorsthat are the same size asthose used for creation of
the curve produce echoes that peak a ong the curve despite different locationsin the test
piece. Similarly, reflectorsthat are smaller than those used to create the curvefall below
thelevel, whilelarger reflectors exceed the curvelevel.

With the use of the DAC curve option, the EPOCH 4PLUSis capable of drawing user-
defined DAC curves. It is possibleto select formatsthat are consistent with either
American Society of Mechanical Engineers (ASME), ASME-3, or Japanese Industrial
Standard (JIS) Z3060 code requirements.

Whenthe ASM E format isselected, asinglecurveisdrawn. The ASME-3format letsyou
draw three curves simultaneously at 0 dB, —6 dB, and —14 dB. When the JISformat is
selected, up to eight segmented curves are drawn.

Inall formats, thesignal amplitude asapercentage of the primary curvelevel isdisplayed
on the screen. Users can select to view thisvalueintermsof a“%” or “dB.” In addition,
DAC aarms can be set to activate whenever an echo exceedsthe primary curvelevel.
DAC curves can be saved in the EPOCH 4PLUS s datal ogger and recalled when needed.

Drawing DAC Curves
Todraw aDAC curve, follow these steps:

1. Cdibratethe EPOCH 4PLUSfor the appropriate transducer. Adjust the Gain so the
peak of the highest amplitudeechothatistobeusedinthe DA C curveisvisibleonthe
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screen. An echo cannot be used in the curveif itsamplitudeis greater than 100%
screen height.

2. Press[OPTION].

Usethe dewing keysto position the highlight bar over the DA C selection and press
[ENTER] to display the DA C setup choices.

4. Usethedewing and [ENTER] key to select the DAC standard (ASME, ASME-3, or
JIS) and also the signal amplitude units (% DAC or dB DAC).

Press[OPTION] to return to the A-Scan display.

Position Gate 1 over thedesired echoto begin drawingthe DA C curve. Adjust thegate
level if necessary to make sure the echo breaksthe gate. Press[F1].

7. Move Gate 1to the appropriate position to capture the next point for the curve.
Press[F1]. Repeat this step until all pointsfor the curve are captured.
Press[F2] to complete the curve oncethelast point are captured.

Tip: To correct a mistake made while drawing the curve, press [F3] to clear the
curve and start again.

FLAWCHES. BA5 »LOC16
EHIH 37.8dB RANGE= @.5@Hin 0 200
SELECTED MIN DEPTH a. 19? in

Figure44 CreatingaDAC Curve

When the DAC modeisactive, any parameter that would affect instrument calibrationis
automatically locked. Theseinclude: [GAIN], [RANGE], [ZERO OFFSET],
[VELOCITY], [ANGLE], [REJECT], and all pulser and filter parameters.

Toobtainamplitudeinformationinthe DAC mode, press| DEPTH /% AMP] and [F3]. If
you highlight the% DAC selectioninthe DA C setup screen, the EPOCH 4PLUSdisplays
the current echo height percentage (in terms of full screen height) and the percentage of
theechorelatedto the primary DAC curvelevel. If DB DAC issdlected, the current echo
height percentage (intermsof full screen height) andthedB value of theechorelated tothe
primary DAC curvelevel aredisplayed.
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Oncethe curveiscomplete, the Reference Gain function can be activated by pressing
[2” F] [GAI N] (REF DB). Thiskey sequencelocksinareferencegain level and allows
scanning gain to be added or subtracted to accommodate specific applications. For
example, if itisrequiredto evaluate any reflector that exceeds50% of theDAClevel, 6 dB
of scanning gain can be added. In thismanner, the DA C curve when used in conjunction
withthe Amplitude DA C display and DA C alarm becomes an easy referenceto determine
if anindication exceedstheevaluationlevel. Notethat theadditional scanning gain cannot
be added to the original reference gain level asthiswould change the calibration and
invalidatethe DAC curve.

Special Considerations for JIS Z3060 DAC Curves

In general, theinstructionsin Section 9.2.1 apply to the construction of all DAC curves.
However, there are some specia provisionsthat address the requirements of JIS Z3060.
These considerations are listed below.

» Because of thelarge number of curves drawn for the JISDAC mode, it ispossibleto
temporarily addin 6, 12, 18, or 24 dB of additional gain while constructing the DAC
curve set. The purpose of thisfeatureisto facilitate construction of additional curves
when testing at longer ranges. Once construction of the curve set hasbegun, add up to
24 dB of additional gainthrough repeated pressesof the[GAIN] key. Inorder to make
clear that gain has been added while constructing the curve, the gain appears as
follows: “GAIN 46.2dB +6,” “GAIN 46.2dB + 12,” and so on. Oncethecurvesetis
completed, thegainisreset toitsoriginal level (46.2 dB inthisexample).

» Itisalso possibleto change Angle, Material Thickness, Zero Offset, and Gain in the
normal manner when in the JIS DAC mode. Be careful when adjusting these
parameters to ensure that the relationship of DAC curves to materia thickness or
distanceisnot unintentionally altered.

e Any of the six curves can be used to trip the alarm when in the JIS DAC mode.
Additionally, you can set the alarm to positive or negative. To select which curvewill
be used asthe dlarm referenceleve, first activate IS DAC and then use the [F4] and
[F5] function keysto select which curveto use for the alarm threshold. The selected
curveappearsasadoublethicknessline. Onceacurve hasbeen selected, analarm can
be actlvated and set to be either positive or negative threshold detection by pressing
[2” FI,[GATE 1] (ALARM 1) and following the prompts.

*  Whenthe JISDAC modeis active, the amplitude (level) of agated signal isaways
displayed as a percentage (% DAC or dB DAC) with respect to the selected curve. If
adifferent curveisselected, the displayed amplitude changes accordingly.

Saving and Recalling DAC Curves

DAC curves are saved and recalled in the same manner as any general waveform/
calibration. With DAC mode active, usethe[SAVE WAVE] key to savethe entire setup
inthe datalogger. When a setup that was stored with aDAC curveisrecalled, the
instrument automatically comesup inthe DAC mode.
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Setting Alarms in DAC Mode

Y ou canusethegatesto set dlarmswhile DACisactive. When usingthe ASME or ASME-
3 DAC modes, all darmsarereferenced to the primary curve. When using the JISDAC
mode, alarms arereferenced to the highlighted alarm curve. For example, any DAC alarm
can be set by using the positive threshold alarm on either Gate 1 or Gate 2. Any echo that
fallswithin the gate and exceedsthe DAC level triggerstheaarm. Thealarmistriggered
only if an echo exceedsthe portion of the DAC curveimmediately abovethe gate. This
same rul e appliesto the use of the minimum depth and negative threshold alarmswhilein
DAC.

Note: Alarmsdo not function in the areaoutside of the DAC curve.

Exiting DAC Mode
To clear the DAC curve and return to the normal operation, follow these steps:

Press[OPTION].

. Usethe slewing keysto highlight the DAC selection and press[ENTER] to gointo
the DAC setup.

3. Usetheslewing keysto highlight Off and press[ENTER].
4. Press[OPTION] toreturntothe A-Scan display.

Time Varied Gain (TVG)

TheTimeVaried Gain (TV G) option compensates or correctsfor the changesin echo
amplitudefrom equal sized reflectorsat different distancesdueto material attenuation and
beam spreading. When TV Gisproperly set up, equa sized reflectorsproduceindications
of equal screen height regardlessof their distance. TV G hasadynamicrangeof 40 dB with
aminimum echo height of approximately 5%.

Note the following items when using the TV G option:

e Inversion 1.04 and higher of the operating software, TVG is active in all display
modes (RF, Full Wave, Half Wave +, and Half Wave-).

¢ Inversion 1.04 and higher, the zoom functionisactivewith TVG.
e TVGand DAC may not be activated simultaneously.

* Upto 20 TVG calibration points may be programmed, separated by a minimum of
0.52 microseconds (approximately 0.06" or 1.5 mm at longitudinal velocity in steel).

e Theminimum full screen range must be set greater than approximately 1" (25 mm) at
longitudinal velocity of steel to activate TVG. After a TVG curve is set up, it is
possibleto zoom in to smaller range rangesthan 1.000 inches.

*  Themaximum full screen range must be set | ess than approximately 120" (3050 mm)
at longitudinal velocity of steel to activate TVG.
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e TVG must be set up with the aid of reference standards that generate representative
echoes at the points of interest.

9.31 Activating and Calibrating TVG
Toactivate and calibrate TV G, follow these steps:

1. Cdibratethe EPOCH 4PLUSfor the appropriate transducer.

2. Adjust the Gain so that the peak of the highest amplitude echoto beusedinthe TVG
setup isvisible on the screen. An echo cannot be used at aTV G point if itsamplitude
isgreater than 100% screen height.

3. Press[OPTION] to display the Options M enu.

Usethe dewing keysto paosition the highlight bar over the TV G selection and press
[ENTER] to display the TV G setup choices.

Usethedewing and [ENTER] key to select On.
Press[OPTION] to return to the A-Scan display.

7. TosetaTVG point, position Gate 1 over the desired echo. Adjust the gate level if
necessary to make surethe echo breaksthe gate. Press[F1]. Generally, you should
start with the highest amplitude calibration echo and work down to the smallest one.

Y ou can go back to fine-tunethe gain level at any selected point by repositioning the
gateontheappropriateecho and pressing [F1] again. If apointisoutsidetheallowable
time limits, the unit beepsto indicate an error.

8. Move Gate 1 to the appropriate position to capture the next point for the curve and
press[F1] again. Repeat thisstep until all pointsfor the curve are captured.

9. Press[F2] when all echoes have been settolock the TV G setup. Theletters“TVG”
will appear to theright of thescreentoindicatethat TV Gisactive. A doublethickness
line appears at thetop of the display to mark the area over which TV G has been
programmed.

CONTACT-. 4DE »8871_
EFIIN 33.2dB RANBE= 1.@08in 0 891
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Figure45 TVGExample
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When TV G modeisactive, any parameter that would affect instrument calibrationis
automatically locked. Thisincludes: [GAIN], [ZERO OFFSET], [VELOCITY],
[ANGLE], [REJECT], and all pulser and filter parameters.

Oncethe TV G setup iscomplete, you can activate the Reference Gain function by
pressing [2”dF], [GAIN] (REF DB). Thislocksin areferencegainlevel and allows
scanning gain to be added or subtracted to accommodate specific applications. Note that
the additional scanning gain cannot be added to the original reference gain level asthis
would changethe calibration and invaidate the TV G setup.

Saving and Recalling TVG Setups

TVG setups are saved and recalled in the same manner as any general waveform/
calibration. With TV G mode active, the[SAVE WAVE] key isused to savethe entire
setup in the datal ogger. When a setup that was stored witha TV G setupisrecalled, the
instrument automatically comesup in TVG mode.

Exiting TVG Mode
To clear the TV G setup and return to the normal operation, follow these steps:

Press[OPTION].

. Usethe slewing keysto highlight the TV G selection and press[ENTER] to gointo
the TV G setup.

3. Usetheslewing keysto highlight Off and press[ENTER].
4. Press[OPTION] toreturntothe A-Scan display.

Advanced DAC/TVG

Description

The Advanced DAC/TVG (ADT) software option for the EPOCH 4PLUSsignificantly
increasesthefunctionality of the standard DAC/TV G software, allowing usersto
customize DAC/TV G setupsto their unique application requirements. The ADT feature
incorporates capabilitiesthat adhereto ASME, ASM E-3 and JI Ssi zing codes of Olympus
NDT™ standard DAC/TV G softwarewith direct control of gain, range, and zero of fset, as
well asreference and transfer correction. In addition, the ADT option provides new
features such as 20%-80% DA C curves, customizable DA C curves, and auser-defined
TV G table to meet advanced and unique inspection needs. ADT also allowsthe user to
togglebetween DAC and TV G viewsin many of itsfunctions, allowing theoperator touse
both techniques during asingle inspection.

Note: For a definition and detailed description of a general Distance Amplitude
Correction (DAC) curveand Time Varied Gain (TVG), see manual sections
9.2and9.3.
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Option Activation and Reference Correct

Prior to the activation of options associated with Advanced DAC/TVG, theinstrument
must be properly calibrated to the material being inspected. The ADT optionislocated
under the Options Menu. To begin the activation process, highlight ADV. DAC/ITVG
from the Options Menu and press[ENTER]. Usethe UP and DOWN arrow keysto
highlight the desired DAC/TV G option and press[ENTER] to select the option from the
list.
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Figure46 Option Activation

Inall modes, thelivesignal amplitudeascomparedtothelevel of theactivated DAC curve
isdisplayed at the top right of the screen. The operator may chooseto display this
comparison intermsof either a percentage or decibel measurement. After selecting a
DAC/TVG option from the Options Menu, the user must select either % AMP or DB by
highlighting the desired choice and pressing [ENTER].

The user may also chooseto apply afeature known asreference correction to the
amplitude analysisof thelive A-Scan and DAC/TV G option. Thereference correction
feature, when activated, allowsfull gain manipulation of either the live echo peaks or the
DAC curvewhile providing the % amplitude or dB comparison of the actual peak-to-
curveratio. Thisallowsthe operator to use scanning gain, while maintaining an accurate
digital measurement of theratio of the gated peak to the DAC curvefor sizing purposes.
The gated echo amplitudeis corrected back to the Reference Gain level for amplitude
eva uation compared to the DAC curve.

Thereference correction featureisactivated by highlighting REF CORRECT inthe ADT
Options Menu and pressing [ENTER] to check the REF CORRECT box.

Onceall desired settingsare activated in the OptionsMenu, pressthe OPTION key again
to exit the menu and begin using the sel ected software option.
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Gain Adjustment Options

The ADT software features three separate types of gain adjustment for each DAC/TVG
set up. Thesegain adjustmentsallow for better inspection precision, easy manipulation of
curves and live peak information, and transfer correction.

Scanning Gain

Inorder to quickly find and identify potential defects, itiscommonto increasethegain on
the EPOCH 4PLUSfrom the Reference (calibration) Gain for scanning purposes.
However, onceapotential defect isidentified, thisgain may be removed to view the
reflector at REF Gain level, set at calibration. The ADT softwarefor the EPOCH 4PLUS
can add temporary scanning gain for inspection purposes. Thisscanning gain affectsonly
thelive A-Scan and does NOT adjust the level of the DAC curve(s) set up on screen.

To add temporary scanning gain, follow the steps below:
1. Pressthe GAIN key.

2. Select either a0.1 dB or 6 dB adjustment increment using the [F1] or [F2] keys,
respectively.

3. Usetheup and down SLEWING keysto adjust the scanning gain by the desired
increment. The scanning gain isdisplayed at the upper left of the screen, next to the
calibrated Reference Gain level.

4. Oncethedesired scanning gain level isset, usethe SCAN DB Key [F4] totoggle
between the base (reference) gain and the adjusted scanning gain.

5. Scanning gain isdisabled using the OFF key [F5].

Note: When reference correction is active, the digital comparison between a
captured reflector and the DAC curve will be accurate even with scanning
gain applied to theinspection, provided that the gated echo is not saturated.

Curve Adjustment Gain (DAC Gainor TVG Gain)

Theoverall gainlevel of theentire DAC curveand TV G line setup can be adjusted higher
or lower from the Reference Gain. Most inspection codes do not allow reflectorsto be
sized bel ow 20% of FSH. Therefore, to inspect beyond a certain depth/sound path time
withinapart, itisnecessary toraisethegain of both thelive A-Scan andthe DAC curveto
continue inspection. Thisisaccomplished on the EPOCH 4PLUSusing the DAC Curve
Adjustment Gain. Thisgain adjustment is displayed at the top right corner of thelive A-
Scan at all timesand is adjusted using the following steps:

1. Pressthe STEP=X.X key [F5] to choosetheincrement of the gain adjustment
desired.

2. UsetheUPand DOWN arrow keysto adjust the Curve Adjustment Gain by the
selected increment either positive or negative.
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Transfer Correction

Transfer Correction isan adjustment in the Reference Gain setting during calibration of
theinstrument and istypically added when the surface conditions between a calibration
block and test piece are different. The coupling conditions on the test surface can often
cause signal loss after calibrating aDAC curve, which resultsin inaccurate comparisons
of thetest reflectorswith the calibrated DAC curve. The EPOCH 4PLUScan easily adjust
for thispotential differenceby addingtransfer correctionintothecalibrated basegain after
completing the DAC curve setup.

To add transfer correction to acompleted DAC curve, follow the steps below:

Pressthe GAIN key.
2. Select either a0.1 dB or 6 dB adjustment increment using the [F1] or [F2] keys,
respectively.

3. Usethe UPand DOWN slewing keysto adjust the scanning gain by the desired
increment. The scanning gain isdisplayed at the upper left of the screen, next to the
calibrated base gain level.

4. Oncethedesired scanning gainisdisplayed, pressthe ADD Function Key [F3] to add
the scanning gain to the base gain and apply the transfer correction.

Note: The gain increment values assigned to the [F1] and [F2] keys can be
customized using the Editable Parametersfeature. Seesection 3.4 for details.

ASME, ASME-3 and JIS Options

ASME and ASME-3

The activation, use, and features of the standard ASME and ASME-3 DAC software are
describedinsection 9.2 of thismanual. They areidentical intheir basicfunctionality tothe
ADT software option.

Advanced DAC/TV G provides moreflexibility even with these standard functions. With
each option, ADT offersthe ability to toggle between aDAC view and aTV G view after
setting up theinitial DAC curve. Thistoggle function isaccomplished after completing

the DAC curveby using the[F1] key, which allowsthe user to select either DACor TVG.
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All curvesdisplayedin DAC view are carried over to straight linesin TV G view to show

themain curve and any corresponding reference curvesseenin DAC.
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Figure47 DAC Curves

All gain functions described in the previous section are functional with ASME and
ASME-3curves. Thisincludestransfer correction, scanning gain manipulation and curve
gain adjustment. Unlike the standard DAC/TV G options, the EPOCH 4PLUSand ADT
now allow the operator to adjust the RANGE, ZERO OFFSET, and ANGL E settingsafter
completing the DAC curve. Thisallowsfor greater flexibility whileinspecting partsafter

cdlibration.

Additionally, anew feature of the DAC setup alowsthe operator to manually bring each
echoto 80% of FSH prior totakingaDAC point. Thisisaccomplished using the[F5] key,
AUTO-80, during DAC setup. Oncethe DA C curveiscompl eted and the operator presses
the DONE key [F2], thegain level returnsto the baselevel.

Note: Theinstrument automatically takes each DAC point from 80% FSH, even if
the operator does not use the AUTO-80 function manually. When the
instrument does this automatically, the gain level returns to the base gain
after each point istaken.
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JIS

The Japanese Industrial Standard DA C curve setup and functionality isidentical to the
standard DAC/TV G functionality described in Section 9.2. The only modificationin
Advanced DAC/TV G tothe J Sfunctionisthe capability of toggling betweenaDAC and
TVG view. However, only themain DAC curveisviewablein TV G mode.

20%-80% DAC Option

The Advanced DAC/TV G software incorporates acombination of the DAC curve and
TV G techniques using the 20%-80% DA C option. For most sizing and i nspection codes
that useaDAC curve, theinspector cannot interrogate a potential defect that doesnot rise
above 20% of FSH. Inthe past, scanning gain isadded to inspect these defectsthat appear
further into apart and only reflect below 20%. Necessary gain adjustment isthen noted to
caculatetheflaw size.

The20%-80% DA C featuretakes advantage of the TV G functionality of Advanced DAC/
TVGtocreateaDAC curvethat only fallsbetween 20% and 80% screen height. Any echo
that falls below 20% FSH during setup has 12 dB added to it automatically. A new DAC
curve section starting at 80% FSH is created. This setup dividesthe screeninto 12 dB
DAC Gainregions. The DAC Gainisdisplayed based on thelocation of the gated echoin
time.
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Figure48 DACGain

To activate the 20%-80% DAC option, follow the steps bel ow:

1. Select20-80%fromthe ADV.DAC/TVG optionintheOptionsMenu by highlighting
thefunction and pressing [ENTER].

2. UsetheRIGHT and LEFT dewing keysto capture thefirst echo of thedesired DAC
curveand pressthe DRAW DAC key [F1].

3. Continueusing the RIGHT dewing key to capture the next desired DA C curve echo,
and pressthe DRAW DAC key [F1] to capture successive points. Any point that is
captured below 20% of screen height will automatically beraised by 12 dB and the
DAC curvewill continue to draw from 80% FSH downward. A dashed vertical line
indicates the point where gain adjustment begins within a particul ar screen range.
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4. Onceadll desired DAC curvepointsaredrawn, pressDONE [F2] to completethe DAC
curve and begin inspection.

Note: If at any time, the operator needs to delete a point during DAC setup, the
DEL PT key [F4] deletes the last point taken for the DAC curve. If the
operator needs to delete ALL points taken for a particular DAC setup, the
DEL ALL key[F3] deletesall pointstaken during setup. Thesefunctionsare
accessible only during DAC curve setup.

Once the 20%-80% DAC curveis completed, the operator can toggle between DAC and
TVG views, manipulate RANGE, ZERO OFFSET and ANGLE, and add necessary
scanning gain or transfer correction. 20%-80% DAC also incorporatesreference
correction functionality, if desired.

Custom DAC Curves Option

The Advanced DAC/TV G software option features acustomizable DA C curve setup that
allows operatorsto define up to three additional reference curvesfrom the primary curve
a varying levelsfrom-24 dB to +6 dB. The Custom DA C Curvesoptionisideal for
uniquesizing inspectionsand proceduredevel opment. The Custom DA C Curvesfunction
also alowsthe option of either a straight-line connection or a curved, polynomial
connection of each point of the DA C curve to meet variousinternational or customer
requirements.

To activate and set up the customized curves, follow the steps bel ow:

1. Selectthe CUSTOM featurefromthe ADV. DAC/TV G option inthe OptionsMenu
by highlighting the function and pressing [ENTER]. PressOPTION to display the
CUSTOM DAC CURVE menu.

2. Inthe CUSTOM DAC CURVE menu, usethe UP and DOWN slewing keysto
highlight CURVE 1, CURVE 2, and/or CURVE 3.

3. Activate any combination of the three custom curves by highlighting that curve and
pressing[ENTER]. A “x” will appear in the box next to the curve name.

4. After selecting acustom curve, usethe RIGHT and LEFT slewing keysto adjust the
curveleve (from-24 dB to +6 dB). Repeat thisfor each selected curve.
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Figure49 Activate and Set Up Customized Curves

5. Select either the STRAIGHT or POLY NOMIAL point connection by using the UP

and DOWN dewing keysto highlight the desired selection and press[ENTER].

6. PressOPTION oncethesetupiscompleteto exit the CUSTOM DAC CURVE menu

and begin capturing curve points.

7. UsetheRIGHT and LEFT dewing keysto capture thefirst echo of thedesired DAC

curveand pressthe DRAW DAC key [F1].

8. Continueusing the RIGHT slewing key to capturethe next desired DAC curve echo

and pressthe DRAW DAC key [F1] to capture successive points. The primary DAC
curvewill draw between each echo, and each Custom DAC Curvewill appear at the
predefined |evel saboveand/or below the primary curve. If desired, usethe AUTO-80
key [F5] to bring any echo to 80% of FSH prior to capturing the echo for the DAC
curve.

9. Onceall desired DAC curve points have been drawn, pressthe DONE key [F2] to

complete the DA C curve and begin inspection. The primary curve appears thicker
than the customized reference curves.
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Note:

If at any timethe operator needsto deleteapoint during DAC setup, the DEL

PT key [F4] deletes the last point taken for the DAC curve. If the operator
needsto delete ALL pointstaken for aparticular DAC setup, the DEL ALL

key [F3] deletesall pointstaken during setup. Thesefunctionsareaccessible
only during DAC curve setup.

Oncethe Custom DA C Curvesettingsare defined and the DA C points have been captured
and compl eted, the operator can toggle between DAC and TV G views, manipulate
RANGE, ZERO OFFSET and ANGLE, and add necessary scanning gain, curve gain
adjustment, or transfer correction. The TV G view of any Custom DAC Curveincludesthe

user-definedreferencecurvesaswell astheprimary DAC curve. Custom DAC Curvealso
incorporatesthe reference correction functionality, if desired.
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Figure51 Custom DAC Curve
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TVG Table Option

Advanced DAC/TVG'sTVG Table option facilitates manual definition of TV G setups,
including gain manipulation, fine gain adjustment, and TV G point addition or deletion.
TheTVG Tableoptionistheonly featurein Advanced DAC/TV G that isexclusively
TV G and does not toggle betweenaDAC and TV G view. The TV G Tablefunction
visually displaysthe slope of the changein gain acrossthe defined screen range using a
line, allowing the operator to easily visualizetherel ationship between theindicationsand
any custom gain modifications made during the TV G Table setup. The EPOCH 4PLUS
TVG Tablefunction hasanumber of primary uses.

Immersion Inspection

Oneof themain usesfor the TV G Tablefunctionisinimmersion setups. A standard TVG
curve can be created using areference block to aid in flaw sizing prior toimmersion
inspection. However, theinterface echo during animmersion inspection can bevery high
in amplitude, which can severely decrease the near-surface inspection capabilities of the
instrument. Using aTV G Table, the operator can manually adjust the gain in the screen
range around theinterface echo to suppressthe effects of theinterface echo. Other echoes
near the surface arethen easier to seeand size.
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For immersioninspections, EPOCH 4PLUSinstrumentswith thelatest hardwarerevision
alow the TV G Tablefunction to work in conjunction with the High Pulse Repetition
Frequency (HPRF) option and the Interface Gate (1G) option. Thiscompatibility allows
the TV G Tableto be used in fast scanning applications where HPRF is required.

Manual TVG Setup

Inmany circumstances, apart must beinspected for flawsusingaTV G curveto determine
thergectability of any flawsfound within the part, but the part istoo large or expensiveto
have areference block of equal size and composition. The TV G Tablefeature allowsthe
operator to manually add pointsalong the TV G curveand manipul atethe gain slope across
thescreenrangeto createan accurate TV G curve without areferenceblock (typically, this
isaccomplished using the DGS diagram that correspondsto the particular material and
transducer being used).

Highly Attenuating Material

In many highly attenuating material's, such asmany composites, it takesalargeamount of
gainto successfully penetrate to the backwall of apart. Thishigh level of gain can cause
significant noisein nearer areasof the part and compl etely obscureany potentia defectsin
the beginning half of theinspected material. A TV G Tablecan beused to modify thegain
throughout the part to allow for clear visibility of the backwall for thickness measurement
and clearer inspection of near surface reflectors. Aninitial gain can be established and a
slope defined to ramp the gain up from the interface of the part to the backwall.
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Figure54 Attenuating Material
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TVG Table Setup

The TV G Tableoption can beused to defineaTV G curve using atest block and size
reflectorswithout entering and/or editing specific TV G points. Thisoperationissimilar to
the operation described in section 9.3.

TheTVG Tablefeatureof Advanced DAC/TV G, including customized TV G point setup,
isactivated and defined using thefollowing steps:

1. SelecttheTVG TABLE featurefromthe ADV. DAC/TV G optioninthe Options
Menu by highlighting thefeature and pressing [ENTER].

2. PressOPTIONtoexittheADV.DAC/TVG menu.

3. Atleast onereflector MUST be captured using GATE 1. Position GATE 1 using the
dewing keys and capture thereflector usingthe TV G key [F1]. If settingupaTVG
Tablewithout capturing reference points, proceed directly to Step 5.

4. Usetheslewing keysto position GATE 1 around each additional reflector and press
the TV G key [F1] to capturereflectors and bring each to 80% of FSH. A linewill
appear to visually indicate the rate of change of the gain acrossthe defined screen
range.

5. Onceeach pointiscaptured, the operator can usethe EDIT PTSkey [F5] to enter the
TV G Table mode and edit or del ete existing points or add new points. The operator
can also usethe DONE key [F2] to completethe TV G setup process and begin
inspection. Notethat once the DONE key [F2] has been pressed, the operator cannot
enter the TV G Table mode and edit points. Thisfunction must be performed during
theinitial TV G setup. The TV G table displays each point (from left to right on the
screen) in sequential order from top to bottom in the table. The point’ s corresponding
soundpath time (in psec), distance measurement (in inches or millimeters, if
applicable), and gain level are displayed acrossthe screen.

6. Toscroll through TV G Table points, press[ENTERY]. If there are more pointsthan
canfitinthetableon screen, pressthe PAGE key [F4] to see subsequent point ranges.
Uptofifty TV G points may be storedin a setup.

7. Toadjust thereference point location of aparticular TV G point, usethe RIGHT and
LEFT dewing keysto highlight the measurement indication, and use the UP and
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DOWN slewing keysto adjust the measurement. A small pointer appearsat thetop of
thelive A-Scan, indicating where on the screen the gain adjustment is being applied.
Thisindicator scrollsleft or right asthe measurement indication is adjusted.

8. Toadjustthegainleve of aTVG point, usethe RIGHT and LEFT dewing keysto
highlight the gain indication and use the UP and DOWN slewing keysto adjust the
gainlevel. The TV G slopelinewill adjust onthelive A-Scantoindicatethegain level
change.

9. Toaddan additional pointtothe TV G Table, usethe ADD PT key [F1]. A new point
will be added to the end of thetable, starting just after the time/distance index of the
previous point (adjustabl e using the same steps aslisted above).
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Figure56 Additional Points

10. Toinsert apoint into the TV G Table, usethe INSPT key [F2]. A new point will be
inserted before whatever point is currently highlighted in time/distance. This point
will be adjustablein the time/distance range between its surrounding points, and is
adjustable using the same steps aslisted above.

11. Oncethe TV G Tableiscomplete, usethe DONE key [F5] toreturnto the TV G setup
screen. If necessary, theoperator canreturntothe TV G Tabl e setup beforecompleting
the entire curve setup process.

12. When TV G setup is compl eted, pressthe DONE key [F2] to begin inspection. All
TV G setup parameters are now locked and cannot be adjusted.

Note: If at any time, the operator needs to delete a point during TV G curve setup,
the DEL PT key [F4] deletes the last point taken for the TV G curve. If the
operator needsto delete AL L pointstaken for aparticular TV G curve setup,
the DEL ALL key [F3] deletesall pointstaken during setup. Thesefunctions
are only accessible during TVG curve setup. If at any time, the operator
needsto deleteapoint during TV G Tablesetup, the DEL PT key [F3] deletes
the highlighted point from the TV G Table. This function is only available
during TV G Table setup.

Oncethe TV G Table settings are defined and the TV G points have been captured, edited,
and compl eted, the operator can manipulate RANGE, ZERO OFFSET, and ANGLE, and
aso can add necessary scanning gain or transfer correction. Thelive A-Scan view
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includesthe TV G gain adjustment slopelinetovisually definethe gain changesacrossthe
visible screen range as defined by the TV G setup and/or TV G Table setup.

Advanced DAC/TVG and the EPOCH 4PLUS Datalogger

Advanced DAC/TVG setups, curves, and inspection datacan be easily stored inthe
EPOCH 4PLUSdatal ogger. If dataisstored usingthe[ SAVE THICK] key, theinstrument
will store only thefile name, ID, and measurement val ue (soundpath distance/time, NOT
the DAC or TV G amplitude/dB comparison value). If dataisstored using the[SAVE
WAVE] key, theinstrument will storethe file name, D, measurement val ue (soundpath
distance/time), DAC/TV G eva uation (% amplitude or dB), Curve Adjustment Gain
level, active function name (ASME, ASME-3, Custom), all instrument setup parameters
(including scanning gain and/or reference correction settings), and thelive A-Scan with
theDAC or TVG curveoverlaid. Inthe case of aTV G Table setup, pressing [SAVE
WAVE] will also savethefull TVG Tablefor reference.

When asaved setup isrecalled from the datalogger, the instrument will display the
recalled setup in FREEZE Mode on the screen. All parameters, including DAC/TVG
setupsand the TV G Table, are applied to the instrument. However, the operator
CANNOT edit DAC/TVG pointsor customizethe TVG Table.

Low Pulse Repetition Frequency (LPRF)

Pulse Repetition Frequency (PRF) isameasure of how often thetransducer isbeing
pulsed by the electronic circuitry in the EPOCH 4PLUS. The standard PRF setting of the
EPOCH 4PLUSis"Auto,” where the PRF changes automatically from 60 Hz to 360 Hz
depending on the range setting.

For some applications, it may be necessary to lower the PRF rate below 60 Hz to avoid a
phenomenon known as “wrap-around noise.” This can sometimes occur when testing
long soundpaths and can result in random noise and echoes on the A-Scan display. The
L ow PRF option locksthe PRF on the EPOCH 4PLUSat 30 Hz.

Activating Low PRF Mode
To activate the L ow PRF mode, follow these steps:

Press[OPTION].
Usethe dewing keysto highlight the PRF selection and press[ENTER].
Usethe dewing keysto highlight LOW and press[ENTER].

Press[OPTION] to returnto the A-Scan display. A “LPRF’ symbol displaysonthe
right side of the screen to inform you that the L ow PRF modeis enabled.

A w b

Exiting Low PRF Mode
To exit the Low PRF mode, follow these steps:

1. Press[OPTION].
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2. Usethedewing keysto highlight the L PRF selection and press[ENTER].
3. Usetheslewing keysto highlight Auto and press[ENTER].
4. Press[OPTION] toreturntothe A-Scan display.

High Pulse Repetition Frequency (HPRF)

Pulse Repetition Frequency (PRF) isameasure of how often thetransducer isbeing
pulsed by the electronic circuitry in the EPOCH 4PLUS. The standard PRF setting of the
EPOCH 4PLUSis" Auto,” where the PRF changes automatically from 60 Hz to 360 Hz
depending on the range setting.

For some applications, it may be necessary to increase the PRF rate.

Activating High PRF Mode
To activate the High PRF mode, follow these steps:

Press[OPTION].
Usethe dewing keysto highlight the PRF selection and press[ENTER].
Usethe dlewing keysto highlight HIGH and press[ENTER].

Press[OPTION] toreturnto the A-Scan display. A “HPRF" symbol displaysonthe
right side of the screen to inform you that the High PRF modeis enabled.

A w b

Exiting High PRF Mode
To exit the High PRF mode, follow these steps:

Press[OPTION].

Usethe dewing keysto highlight the HPRF selection and press[ENTER].
Usethe dewing keysto highlight Auto and press[ENTER].
Press[OPTION] to return to the A-Scan display.

A w b

Spotweld Overlay

Theinspection of Spotwel dsusi ng ultrasoni c equi pment hasbecomeincreasingly popular
duetothe cost effectiveness, safety, and reliability of thetechnique. The EPOCH 4PLUS
Spotweld Overlay software option makesthis application easy and quick.

When the Spotwel d optionisactivated, you can save A-Scan waveform templateoverlays
intheinstrument’s memory. An overlay can represent awaveform from acertain type of
Spotweld (Good, Undersized, Stick, and so on). Y ou can customize and save up to five
distinct overlaysfor each setup. A setup may consist of atransducer and material
combination.
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During theactual inspection of the Spotwel d, you can quickly recall thesefrozen overlays
tothelivescreen. Thelivewaveformisstill displayed, allowing an easy comparison
between the unknown sampl e and the overlay from the known standard. By matching the
live waveform to aparticular overlay, you can evaluate the acceptability of a Spotweld.

Note: The Spotweld option goes beyond the Spotweld application alone. Almost
al flaw detection applications involve some sort of visual comparison
between aknown standard and an unknown test sample. With the Spotweld
option, you can save waveform patterns from known samples and then use
them for comparison during the actual inspection. This makes the feature
useful for all types of waveform comparison flaw detection applications.

Activating Spotweld Overlay Mode
To activate Spotweld Overlay mode, follow these steps:

Press[OPTION].

Usethe dlewing keysto select Spotweld and press[ENTER].

Select Spotweld Overlay and press[ENTER].

Select On and press[OPTION] to exit the menu and return to the live screen.

A wDd PR

Defining Switchable Overlays

The Spotweld overlays are stored under keys[F1] —[F5] asfollows:

Function Key Description

[F1]: Good Weld Thereference echo from agood weld.

[F2]: U/S(Undersized) Weld | Thereference echo from an undersized weld.

[F3]: Stick Weld A dtick weld condition.

[F4]: Weld A A storagelocation for other user-defined welds that
may need to be used for testing.

[F5]: WeldB A storagelocation for other user-defined welds that
may need to be used for testing.

Table8 Spotweld Overlays

When the overlay prompt appears below the display, pressing the [F1] key displaysthe
frozen waveform overlay of agood weld shown. The overlay waveformis*“filled-in”,
similar to the Peak Hold function. Pressing [F1] asecond timetogglesthe overlay off.
Pressing [F2], [F3], [F4], or [F5] resultsin asimilar operation with their respective
reference waveform overlays.

To storeareference waveform overlay, first obtain the desired waveform on the EPOCH
4PLUSscreen by coupling thetransducer to theknown standard. Usethe[FREEZE] key
to hold the waveform on the screen. If thewaveform representsa“ good” weld, press

[2"9F] then [F1] to store the waveform in the Good location. Likewise, [2"9F], [F2] can
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be used to store areference waveform for an Undersized Weld and [Z”dF] ,[F3] canbe
usedto storeareferencewaveformfor aStick Weld, and so on. A referencewaveform can
be updated by simply saving over the current saved reference waveform by pressing [2”0I
F], [F1] again.

Thereferencewaveformsarestoredinthebattery-backed memory of the EPOCH 4PLUS.
Thismeansthey are saved even when the unit is powered off. Thesereference waveforms
arekeptinthese memory locationsuntil new waveformsare saved inthe[F1] —[F5] keys
or until you recall afilewith adifferent set of saved overlays.

Accessing Datalogger Storage

Datalogger FileL ocations 1-9 (Storage of Waveform Overlays)

Datalogger filelocations 1-9 areal so known as* Quick Recall Calibration Files.” Y ou can
save ALL dataassociated with a Spotweld Inspection Setup in thesefiles. Pressing the
[SAVE WAVE] key when the Spotweld Overlay option isactive storesthe following
itemsin filelocations 1-9:

e Livewaveform (or frozen waveformif the[FREEZE] key is used)
e Setup parameters
» All reference waveform overlays assigned to the [F1] —[F5] keys

Note: The overlays stored with the setup are NOT visible in the datalogger screen
or from the Interface Program. However, the overlays are stored with the
setup and will be recalled to their respective [F1] —[F5] key locationswhen
recalled tothelive screen. Pressthe[CAL IBRATION] key followed by the
number of the desired filein the datalogger [1] —[9] to complete thisrecall
procedure.

Datalogger FileL ocations10 and higher (Storage of Weld Rating Stamping)

Datalogger filelocations 10 and higher aregenerally used to save dataacquired duringthe
actual inspection of Spotweld parts. When saving datato files 10+, you can stamp the
individual Identifier (ID) with atwo-letter code representing the quality of theweld by
pressing the[SAVE THICK] or [SAVE WAVE] key.

e [SAVE THICK] savesthelD with only the thicknessreading.

« [SAVE WAVE] saves the ID with the thickness reading, waveform, and setup
parameters.

After oneof thesekeysis pressed, the following prompt appears:
SELECT STAMPTYPETO SAVE
F1=GOOD
F2=UNDERSIZED
F3=STICK
F4=WELDA
F5=WELDB
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ENTER =SAVE WITHOUT Spotweld STAMP

Theinformationisonly saved onceyou choosethe stamp. Each | D that you save hasatwo
letter code attached corresponding to the desired stamp. Examples of thicknessreadings
saved with the various stamps are shown below:

ID>0123456789012345 GD 1.00in (STICK)
ID>0123456789012345 US 1.00in (UNDERSIZED)
I D>0123456789012345 ST 1.00in (STICK)
ID>0123456789012345 WA 1.00in (WELDA)
ID>0123456789012345WB 1.00in (WELD B)

9.8 Spotweld Assistant (SWA)

9.8.1 Description

The Spotweld Assistant (SWA) softwarefor the EPOCH 4PLUSaidsin the
characterization of weld nugget quality in Spotweld inspectionsto help build on the
template-comparison functionality of the EPOCH 4PLUS Spotweld Overlay feature,
adding the increased capability of an onboard Spotweld characterization algorithm with
adjustablecriteria, allowing the user to customizethewel d interrogati on processto unique
user conditions. The Spotweld Assistant option isnot intended to remove the necessity of
ahighly trained operator, but rather isintended to aid such atrained professional inthe
inspection process.

Theultrasonicinterrogation and characterizati on of weld quality in Spotwel d applications
isanincreasingly popular technique. Asopposed to many flaw detection applicationsthat
monitor for errant reflectionswithin apart and/or backwall dropout from apart, Spotweld
ingpectioninvolvesanalyzing the pattern of multipleechoesreflecting from asingleweld
“nugget.” By comparing aseries of multiple echoesfrom each nugget to known good and
bad weldsof similar specifications, thequality, integrity, relative size, and composition of
unknown welds can be characterized. This pattern of multiple backwall echoesfrom the
weld nugget iscommonly referred to asa” ring-down” pattern.

9.8.2 Basic Spotweld Characteristics

Spotweld ring-down patterns are analyzed according to three main criteria
e Echo attenuation
e Echo spacing
* Presence and strength of intermediate echoes

Using thesecriteriaascompared toaknown*“ GOOD” weld condition and aknown bad (or
“UNWELD”) condition, aninspector can characterizethe quality of theweld and canrate
theweld according to multipleforms of defects. Some of these defectsinclude:

e Undersized welds (critically small nugget size)
»  Stick welds (no weld nugget formed)
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» Thinwelds (excessiveindentation sometimes resulting in poor weld quality)

» Burnt welds (overheated weldsresulting in brittle crystalline structure)

e Undersized welds (weld nugget issmaller in diameter than specifications allow)
» Porosity (gas bubbles present in nugget)(less common)

98.2.1 Echo Attenuation

As sound reflectswithin apotential weld nugget, its energy isabsorbed into the material,
aprocess known as attenuation. Theway sound is attenuated in aweld nugget indicates
some characteristics about that nugget. In aquality weld nugget, the metallic structure of
themetal is changed during the weld process, causing higher attenuation thanin aclean,
single sheet. |deally, the sound a so travel stwice the distance of asingle sheet of materia
(or more, depending on the number of sheetswelded). This causes ahigher rate of
attenuation than in asingle sheet, UNWELD condition. Thering-down patternfor a
GOOD weldtypically showsconsistent attenuation on each successivereflection, and full
attenuation occursfaster thanin the UNWELD condition. However, inconsistent or
extremely rapid attenuation canindicateaBURNT weld, or may indicate porosity within
theweld.

9.8.2.2 Echo Spacing

The spacing of multiple backwall echoeswithin amaterial indicatesthe thickness of the
material. The quality of aweld nugget can aso be characterized by comparing the echo
spacingto aknown UNWEL D condition. Inthe case of two welded sheets, the spacing of
thering-down echoesin aGOOD weld condition should be greater than the spacing of a
single sheet of the same material, because the sound must travel further (through both
sheets) to return an echo. When the spacing of echoesistoo closetogether, an UNWELD
or THIN weld condition may beindicated.

98.2.3 Intermediate Echoes

Intermediate echoes are usually low amplitude echoesthat occur between the expected,
high amplitude ring-down echoes from aweld nugget. When sound travel sthrough a
clean and well-sized nugget, virtually all of the sonic energy passesthrough theweld
nugget and isreturned to the transducer, creating aring-down pattern. However, if the
nugget size issmaller than expected, some sound energy will not transmit into theweld
nugget and will instead reflect from the backwall of the first sheet and return to the
transducer. Thiseffect isrelated to echo spacing, in that this partially reflected sound
creates echoesthat are more frequent than the ring-down pattern of a GOOD weld
condition. However, sincethisisusually only asmall amount of sound reflected fromthe
first metal sheet, these echoesarelower inamplitudethan the expected ring-down echoes.
Thesesmaller “peaks’ between larger “ peaks’ indicate an UNDERSIZED weld nugget.
This characterization technique isthe reason Spotwel d transducer diameter must be
matched to nugget size for comprehensiveinspections.
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Spotweld Assistant

The EPOCH 4PLUS Spotweld Assistant software addresses the three main evaluation
criteriausing an automated, customizable algorithm to provide on-screen weld
characterizations. On activation, the Spotweld Assi stant software requiresthe operator to
store aknown UNWELD condition and aknown GOOD weld condition for reference.
The operator isthen ableto go directly to an inspection using the Spotweld Assistant
default criteriasetups, or proceed to the advanced user setup. | n advanced user setups, the
operator can customize the rejectable criteriafor echo attenuation levels, echo spacing
specifications, and intermediate echo levels.
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Figure58 Echo Spacing Setup
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Figure59 Intermediate Echo Setup

Once setup iscompl ete, the operator inspects unknown welds. When aring-down pattern
appearsfrom aweld, the Spotweld Assistant displaysaweld rating in the upper right
corner of thelive A-Scan that is continuously updated with the readings on the screen.
When weld inspections are stored to the datal ogger, thisrating isalso saved asafiletag,
and can be either accepted or rejected by thetrained operator asacorrect weld rating. This
dynamic rating is arecommendation only and should not substitute for the judgment of a
trained professional inspector.

Option Activation

Prior to activating the EPOCH 4PLUS Spotweld Assistant option, the operator should
properly calibrate the instrument for the transducer and material being inspected. The
Spotweld Assistant optionislocated inthe OPTION Menu, under Spotweld. To activate
the Spotweld Assistant, follow the steps bel ow:

1. Highlight Spotweld from the OPTION Menu and press[ENTER].
2. Select ASSISTANT from the Spotweld Menu and press[ENTER].

3. Usetheslewing keysto select ON fromthelist and press[ENTER] toturnthe
function on.

4. Tocompleteactivation, press[OPTION] to exit the menu and begin using the
Spotweld Assistant.
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Figure60 Completed Activation

9.84 Reference Weld Setup

After activating the EPOCH 4PLUS Spotwel d A ssi stant software option, the operator sets
up the reference conditions for aknown GOOD and UNWELD pattern. The storage of
thesetwo referencewaveformsprovidesthe basi c parametersfor thedynamicweld rating
agorithm.

Before storing these reference waveforms, it is necessary to adjust the screen range and
gain so that aclear and compl ete inspection of the ring-down pattern can occur. Usually,
thegainisadjusted so that thefirst echo from theweld nugget reaches approximately 80%
of full screen height. Therangeis set so that the ring-down pattern can be observed
through multiple reflections. The screen range for aGOOD weld should show thefull
attenuation of the multiple echoes and usually include range beyond the last noticeable
echo.

To—— =1
HdB RANGE= A.B161n
MIN DEPTH= @.84Z
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Figure6l Range
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AUTOFREEZE

Spotweld reflections can be difficult to capture and maintain, especially when using a
captivewater column transducer. The EPOCH 4PLUSAUTOFREEZE software option
providesan aid to the process of capturing weldsfor reference. This option automatically
freezesthelive A-Scan display when an echo triggersan alarm condition in GATE 1 and/
or GATE 2. See Section 9.15for detailsregarding the AUTOFREEZE option.

Note: There are dangers to using AUTOFREEZE improperly that must be
understood to assure good results. The gate alarm that isto betriggered must
be set near to the maximum amplitude achievable from an echo (within 2%-
3%). If the gate leve is set too low or the instrument gain too high, the
instrument will freeze echoes on the screen that are not representative of the
echoesthat would appear without AUTOFREEZE. This canlead to operator
confusion and incorrect weld ratings by SWA.

To storethereference pattern for the UNWELD condition, follow the steps bel ow:

1. Before storing the UNWEL D condition, the instrument gain should be set so that the
first echo from the known GOOD weld condition is maximized at 80% FSH.

Coupleto aknown UNWEL D condition.

Usethe [FREEZE] key to freeze the live A-Scan after abtaining the best possible
reflection from the UNWELD nugget. If using the AUTOFREEZE software option,
thiswill happen automatically.

4. Onceasatisfactory UNWELD ring-down pattern is established and frozen, pressthe
[2nd F] key followed by the [F1] function key to storethe UNWELD reference.

5. A screen confirmsthereferenceindication. Pressthe [F1] function key to accept and
storetheweld reference or pressthe [F2] key to abort and begin again.

To storethereference patterns for the GOOD condition, follow the steps below:
1. Coupletoaknown GOOD weld condition.
2. Verify that the gain setting bringsthe first multipleto about 80% FSH.

3. Usethe[FREEZE] key to freeze the live A-Scan after obtaining the best possible
reflect from the GOOD weld nugget. If using the AUTOFREEZE software option,
thiswill happen automatically.

4. Onceasatisfactory GOOD weldring-down patternisestablished and frozen, pressthe
[2nd F] key followed by the [F2] function key to store the GOOD weld reference.

5. A screen confirmsthereferenceindication. Pressthe [F1] function key to accept and
storetheweld reference or pressthe [F2] to abort and begin again.

Note: If the EPOCH 4PLUS emits an audible tone after confirming either the
GOOD or UNWELD condition, this indicates the weld pattern is invalid,
and no reference template has been saved. Check the live parameters and
settings of theinstrument and try to store the weld again.

111



EPOCH 4PLUS

9.8.4.2

9.8.5

112

HELP Key

The EPOCH 4PLUS Spotweld Assistant option has an onboard quick reference guideto
aidintheinitial reference setup described above. ThisHEL P screenisaccessible at any
timeduring setup by pressingthe[F3] function key. Pressthe[F1] functionkey toexitthis
HEL P screen and return the setup process.

SPOTWELD ASSISTAMT SETUP HELFP

OUPLE TO R
TION.

4 To ENTER THE ADVAMCED

SETUFhFEﬂE OR CONTIMUE To STEP 4.

STEF 4 - P S T0 EXIT SETUP MODE AMD
BEGIM INSEPECTIMG THELDS-

Figure62 Help

Inspection Mode (Basic)

Once both GOOD and UNWELD reference conditions are stored during setup of the
Spotweld Assistant software, the operator can proceed directly to the inspection of
unknown weld conditions. In the inspection mode, the operator smply interrogatesthe
unknownweld nuggetsand aweld rating isdisplayed at thetop right corner of the screen.
Thisrating isbased on default echo attenuation, echo spacing, and i ntermediate echo
tolerances, aswell asthe GOOD and UNWEL D reference conditions stored during setup.

To enter theinspection mode from the setup screen, pressthe[F5] function key (labelled
INSPECT).

In addition to the dynamic weld rating automatically displayed on screen, the EPOCH
4PLUSSpotweld Assistant softwareall owsthe operator to storewel d condition templates
and overlay these templateswith alive signal for comparative purposes. Thisisthe same
functionality asthe EPOCH 4PLUS Spotweld Overlay software option, described in
Section 9.7. Theoperator can recall the GOOD and UNWEL D reference conditionsfrom
the setup mode and can also store weld templatesfor four additional labelled weld
conditions, including U/S (undersized), STICK, THIN and BURNT.

Storing other weld templates is accomplished using the same process as storing the
reference weld conditions:

1. Onceaweld conditioniscaptured and characterized, usethe FREEZE key to freeze
the A-Scan display. If using the AUTOFREEZE option, thisisdone automatically.
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2. Makesurethe desired template nameisvisible over the function keys on the screen.
To see additional template names, usethe[F5] key, MORE, to toggle between
template options.

3. Pressthe[2nd F] key, followed by thefunction key bel ow the desired template name.
For example, to save aBURNT weld templ ate, pressthe [F5] key to toggleto other
template name options, then pressthe[2nd F] key followed by the[F2] key to store
the A-Scan asthe BURNT weld template.

4. A screen confirmsthe reference indication. Pressthe[F1] key to accept and store the
weld reference, or press[F2] to abort and begin again.

Aswiththe Spotweld OVERLAY software option, to view these stored templ ates during
aliveinspection, pressthe named template' s corresponding function key to turn the
template ON or OFF. Thetemplatewill beoverlaid onthelivedisplay in adifferent color
for comparison.
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Figure64 BURNT Weld Compared to GOOD Overlay
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Inspection Mode (Advanced)

In some applications, the default parametersinvolved inweld quality ratings are not
sufficient to accurately characterize aparticular weld nugget. For these applications, the
EPOCH 4PLUS Spotweld Assistant software allows for operator-customized rating
parametersto correctly eval uate welds according to the acceptance specificationsfor the
inspection in question.

Advanced User Activation

Toenter thisadvanced algorithm setup, pressthe[F4] functionkey, TRAINING, toreturn
to the setup screen from the live, basic inspection screen. From the Spotweld Assistant
setup screen, pressthe[F4] key, ADVANCED.

If theword ADVANCED does not appear above the [F4] key inthe Spotweld Assistant
setup screen, the advanced option is not activated. To activate the advanced training
function, follow the steps below:

1. Pressthe OPTION key to enter the Options Menu.

2. Usethedewing keysto highlight the SETUP option and then press[ENTER].
3. Highlight ADVANCED USER and press[ENTER].
4

Highlight Spotweld from the ADV. USER list and press[ENTER] to activatethis
box. An‘X’ appearsin the Spotweld box to show that the option is activated.

5. Press[OPTION] to exit the Setup Menu and return to the advanced Spotweld
Assistant setup.
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Figure65 Setup

Note: The advanced Spotweld Assistant option can be activated prior to using the
Spotweld Assistant software or during the setup of Spotweld Assistant.
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Advanced Algorithm Training

There are three stepsin the EPOCH 4PLUS Spotweld Assistant Advanced Algorithm
Training process. Each step allows the user to customi ze the acceptabl e parameters
regarding the three main weld characterization criteria: Echo Attenuation, Intermediate
Echoes, and Echo Spacing.

STEP 1: ECHO ATTENUATION

Thefirst advanced algorithm training step allowsthe user to customizethe criteriafor
echo attenuation. Four curves appear on the screen during this step:

* Red Line: Representsthe attenuation curve of stored UNWELD condition
» Green Line: Representsthe attenuation curve of stored GOOD weld condition

e Top Purple Line: Represents maximum attenuation tolerance for acceptable
weld

« Bottom PurpleLine: Represents minimum attenuation tolerance for acceptable
weld condition

ATTENURTION LEYEL
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Figure66 Attenuation Level

The attenuation curve linesfor the stored GOOD and UNWELD conditionsare only
adjustable by storing new reference patterns at the beginning of the Spotweld Assistant
setup. The maximum and minimum attenuation tolerances are adjustable in thisSTEP 1
screen of the Advanced Algorithm Training process. Theselevel scan beadjusted toal low
some variation in the rate of attenuation in anugget when the trained operator observes
potentially incorrect weld ratings being applied by the Spotweld Assistant weld rating
algorithm during liveinspection.

To adjust the maximum attenuation tolerance curve, use the UP and DOWN slewing/
arrow keysto increase or decreasethelevel of the curveto the desired specification.

To adjust the minimum attenuation tol erance curve, usethe LEFT and RIGHT slewing/
arrow keysto increase or decreasethelevel of the curveto the desired specifications.

Oncethe desired adjustments are made (if any), press[ENT ER] to continue.
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STEP2: INTERMEDIATE ECHOES

The second advanced algorithm training step allowsthe user to customize the acceptable
height of potential intermediate echoes. In this step, two horizontal lines appear on the
screen, both beginning around 6%-7% FSH.

IMTERMEDIATE DETECTION LEWEL
=DEFAULT | THELE | EMTER=NEXT
TrL

Figure67 Intermediate Echo Detection Level

* Red Line: Default acceptance height of intermediate echoes
* PurpleLine: Customizable acceptance height of intermediate echoes

Note: When first activated, both linesbegin at the samelevel, and thered line may
not be visible. Adjust the height of the customizable purple line to reveal
both lines.

To adjust the height of the customizable, purpleline, usethe UP and DOWN slewing/
arrow keysto movethelineto the desired screen height. The default, red line of
acceptance height ispredefinedinthe Spotwel d A ssistant algorithm and isnot adjustabl e.
Adjusting the height of acceptance for intermediate echoesisespecially helpful inthe
situation wherethetransducer diameter isslightly larger thantheweld nugget size. Inthis
case, someintermediate echoeswill be present but are aresult of mismatched transducer
diametersand not an undersized weld condition.

Oncethedesired adjustment ismade (if any), press[ENTER] to continue.
STEP 3: ECHO SPACING

Thethird advanced algorithm training step allows the user to define the minimum
acceptable echo spacing for potentially thin nuggets. In this step, two horizontal lines
appear under the A-Scan display, each with vertical lineindications representing echo
placement.

* Green Line: Represents echo spacing of stored GOOD weld condition
* PurpleLine: Represents minimum acceptable echo spacing
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Figure68 ThinWeld Tolerance Level

To adjust the minimum acceptable echo spacing, usethe LEFT and RIGHT slewing/
arrow keysto compress or expand the vertical echo placement marks on the purple
tolerance level line. The default minimum acceptable echo spacing isset to alow for
nuggetsthat are between 85% and 100% as thick asthe GOOD weld condition.
Compressing the echo spacing tol erance allowsfor greater acceptable nugget indentation,
while expanding the echo spacing requiresindentation to adhere morestrictly to the
reference GOOD condition.

Oncethedesired adjustment ismade (if any), press[ENT ER] to complete the Advanced
Algorithm Training process. To enter inspection mode, pressthe [F5] key, INSPECT.
The Spotwel d Assistant software dynamically rates unknown weld conditions using the
parameters adjusted during the advanced al gorithm training process. Weld templates can
besaved usingtheWeld Overlay featuredescribedintheINSPECTION MODE (BASIC)
section.

Spotweld Assistant and the EPOCH 4PLUS Datalogger

The EPOCH 4PLUS Spotweld Assistant software option makes powerful use of the
onboard al phanumeric datalogger to easily store, recall, and save Spotweld transducer
setups, customized al gorithm adjustments, and entire inspection plans. The onboard
datalogger functionality isfurther enhanced by advanced featuresinthe EPOCH 4PLUS
interface program, GageView Pro.

Calibration Files

Oncethe GOOD and UNWELD referenceshave been stored and any advanced al gorithm
trainingiscompleted, the EPOCH 4PLUS Spotwel d Assistant allowsthe operator to store
the entire calibration setting for quick recall of all parametersat alater time. Thisis
especially helpful for inspectionsthat require the interrogation of multiple nugget sizes,
and therefore the use of multiple transducers.
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Spotweld Assistant calibration filesM UST be stored in memory locations 1-9 of the
EPOCH 4PLUSdatalogger. Although waveformsand liveinstrument settingswill be
stored in other memory locations, locations 1-9 are the only memory slotsthat will store
weld templates and Advanced Algorithm Training settings. Additionally, like other
calibrationfilesstoredinmemory locations 1-9, the EPOCH 4PLUSall owsquick recall of
any Spotweld Assistant calibrationsfrom theselocationsby pressing the[2nd F] key and
the corresponding memory location number on the EPOCH 4PLUSal phanumeric

keypad.

Note: The EPOCH 4PLUS alows only ONE calibration file to be stored per
memory location for locations 1-9. Each calibration file must be stored in a
separate memory location.

For step-by-step instructions on saving and recalling calibration files, see Chapter 8:
Managing the Datal ogger and Communications Settings.

Inspection Data Storage

During Spotweld inspections, it may be necessary to store datafor individual weld
nuggetsfor analysisand reporting purposes. Thisdatacan bestoredinthe EPOCH 4PLUS
datalogger in singleor multiplefileslocations. Thisdatashould be storedin filelocations
10o0r higher, which allow for multiple dataacquisitionsinasinglefile. For instructionson
saving inspection datafiles, see Chapter 8: Managing the Datalogger and
Communications Settings.

Once anugget isinspected and characterized using the Spotweld Assistant and adatafile
has been properly setup, pressthe [SAVE WAVE] key to savethisweld nugget data. A
menu appears asking the operator to characterizethe quality of theweld nugget. Based on
the sel ection from this screen, the inspection datawill be stored in the datalogger with a
weld characteristic stamp (either NO STAMP, GOOD, UNDERSIZED, STICK,
UNWELD, THIN, BURNT, or NO RATING).
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Figure69 Weld Nugget Quality
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Based on the reference nugget setup and any adjustmentsto the advanced algorithm
parameters, the Spotweld Assi stant software automatically recommendsaweld
characterization for an inspected weld nugget. The operator, based on training and
experience, can choose to accept or reject that automated characterization.

To accept the Spotwel d Assistant’ sweld classification, pressthe[ENTER] key to
complete the storage process and continue the inspection. To reject the Spotweld
Assistant weld classification, use the UP and DOWN slewing/arrow keysto highlight the
appropriate weld condition, and pressthe[ENT ER] key to compl ete the storage process
with this alternative weld stamp. When an operator rejectsthe Spotweld Assistant’s
recommendation, the instrument stores the inspection datawith BOTH the Spotweld
Assistant’ srecommended characterization stamp AND the operator’ saternativeweld
characterization stamp.

Thisfunction allowsthetraining of an operator to supersede the Spotweld Assistant’s
dynamic rating algorithm, and also allowsfor review of the quality of the advanced
algorithm setup and of operator precision after theinspection iscompleted.

Spotweld Assistant and GageView PRO

The EPOCH 4PLUSinterface program, GageView Pro, has powerful advanced
functionality to compliment the Spotweld Assistant software option. In additionto the
standard functionality of downloading dataand calibration filesfromthe EPOCH 4PLUS
and/or uploading filesto the EPOCH 4PLUS, GageView Pro a so features the capability
to design full Spotweld inspection plan templates on aPC prior to inspection, aswell as
enhanced data export features for inspection reporting using Excel. These features save
time during inspection and aid the reporting process after inspections are completed.

Inspection Plans:

Among the most powerful features of GageView Pro relating to the EPOCH 4PLUS
Spotweld Assistant software option isthe GageView Pro capacity to create Spotweld
inspection plan templates.Using GageView Pro, an operator can map out an entire
Spotwel dinspection using multi pletransducersand all ow for storage of inspection datain
ablank, template format. Oncethisfileisuploaded to the EPOCH 4PLUS, the operator
simply recallsthe file and beginsinspection. Theinspection plan containsall required
calibration filesfor varioustransducers, IDsfor all weldsto beinspected in the part, and
memos that appear on screen to remind the operator to switch transducers when the
calibrationis changed.

All calibration filesmust be previously setup inthe EPOCH 4PLUS to begin the
inspection plan design. These calibration files are downloaded to GageView Pro and
stored on the PC. The operator then usestheinspection plan window in GageView Proto
logically map out aninitia calibrationto recall, amemo describing the transducer to be
used with thiscalibration, and ID valuesfor every nugget inspected using thistransducer.
When atransducer switch isrequired, the operator can have the EPOCH 4PLUS
automatically recall the new calibration, display amemo reminding the inspector to
switch transducers, and continue with ID valuesfor the successive weld data.
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After aninspection planiscreated in GageView Pro, thefilewill appear like any other
EPOCH 4PLUSfileand can be uploaded to the instrument. The operator simply recalls
thisfilefrom the datalogger, and the instrument recallsthefirst calibration to begin the
inspection. Thisfeature has multiple benefits:

» Theoperator isguided through the inspection process.

* Theoperator ismorelikely to use proper instrument setups and transducers.

*  Inspection dataisuniform from inspection to inspection and operator to operator.
» Theoperator cannot easily adjust pre-loaded calibrations.

* Thedataiseasily exported from multiple inspections aligned by Weld Number.
Thismakesit easy to monitor each individual weld for quality shifts over time.

Along with the ability to upload the saved inspection plan multiple timesto any EPOCH
4PLUS an operator can al so duplicatean inspection plan onboard theinstrument. Oncean
inspection has been completed, the operator can open the datal ogger, highlight the
inspection plan, and create anew, blank template plan by pressing the [F2] key, labelled
NEW PLAN.

Inspection Data Export:

On completion of an inspection, GageView Pro allowsthe operator to download the
completed inspection plan fileto aPC. Oncethefileisstored onthe PC, the operator can
chooseto export datato an Excel spreadsheet for reporting purposes. When Spotweld
inspection datais exported, dataincluding calibration settings, |Ds, and waveform data
are exported as usual. GageView Pro a so exportsthe Spotweld Assistant weld
characteristic stamp and the operator selected weld stamp described previously in
Inspection Data Storage. These stamps appear for each weld 1D and allow the operator to
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track potential changesthat need to be made to the weld rating algorithm. In caseswhere
the operator rejects the Spotweld Assistant recommended stamp, or in caseswherethe
weld nugget has been rated anything other than GOOD, theweld dataishighlighted in
RED to alert the operator.

A E | C | D | E

1 File Name:C:\F Date: 1,/21/2005 2:56:22 Ph
2
3 S, Sya, USER THICK,
4
5 D =\WELDD1 |GOOD GO 0.074din
5] 0 =WELDO2 0.075in
7 1D =4WWELDOS 0.075in
g 1D =4WELDO4 0.056in
5 ID =WWELDDS — UNWYELD UM in
10 ID =WELDOE  UMWWELD LM 0.07 1in
11 D =\WELDO? |GOOD GO in
12 D >wELDDS  [NEEEE i
13 D =>\WELDD2 |GOOD GD in
14 D =\WELD10 |GOOD GO 0.05%in
15

Figure7l WeldData

Note: For step-by-step instructions on the operation of GageView Pro, including

setting up a Spotweld inspection plan, exporting data to Exce, and
transferring data from the EPOCH 4PLUSto a PC, see the GageView Pro
manual.

Interface Gate

The EPOCH 4PLUSemploysthe Interface Gate principally inimmersion applications
where the water path distance between the front surface of thetest material and the
transducer faceis continuously changing. The application may involvean “on-line” type
approach with the test material moving steadily past a stationary transducer (or vice
versa). If thefront surface of the test material isnot uniform, adight differencein the
water path distance may result.

TheInterface Gate option graphically compensatesfor the changein water path distance
between thetest material and transducer. When the option isactivated, athird gate
(Interface Gate) isvisible on the EPOCH 4PLUSdisplay. Y ou can position this Interface
Gateintheareawhereyou expect to detect theinterfaceecho. Theinterfaceechoisaresult
of the sound energy reflection at theinterface between thewater path and thefront surface
of thetest material.

Theadvantage of using the Interface Gateisthat it maintainstheinterface echo on theleft
sideof the EPOCH 4PLUSscreen, regardless of thewater path distance. Theinstrument’s
flaw gates (Gates 1 and 2) automatically track the location of the I nterface Gate.
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Activating the Interface Gate
To activate the I nterface Gate, follow these steps:

Press[OPTION].

Usethe dewing keysto select the | F GATE sub-menu and press[ENTER].
Select On.

Select either Standard or Echo-Echo mode.

a c . DpE

Press[OPT 1 ON] to exit the menu and return to thelive screen.

ON ®
OFF O
STANDARD @
ECHO-ECHO &

Figure72 Selecting Parametersfrom the Interface Gate Menu

Operating in Standard Mode

Standard Modeis used when flaw detection isthe main purpose of the application. The
EPOCH 4PLUSprovidesadigital thickness readout corresponding to the distance
between the echo detected in the Interface Gate and the echo detected in Gate 1.

Gate 1 and Gate 2 automatical ly track the I nterface Gate based on thelocation of the echo
inthe Interface Gate. Thetracking distanceisaresult of the“ Interface Gate blanking
period,” whichisthedistance betweentheInterface Gate start position and the Gate 1 start
position. Set this blanking period to optimize the inspection by ensuring that the proper
echoes are captured in the gates.

Operating in Echo-to-Echo Mode

Use the Echo-Echo Mode when thickness gaging isthe main purpose of the application.
The EPOCH 4PLUS provides athickness readout corresponding to the distance between
theecho detected in Gate 1 and the echo detected in Gate 2. The Echo-Echoisalso capable
of ignoring the thickness associated with a painted or coated surface on the material.

Gate 1 automatically tracksthe Interface Gate based on the location of theecho inthe
Interface Gate. The tracking distanceisaresult of the “Interface Gate blanking period,”
which isthe distance between the Interface Gate start position and Gate 1 start position.

Gate 2 automatically tracks Gate 1 based on the location of the echo in Gate 1. The
tracking distanceisaresult of the Gate 1 “ blanking period,” whichisthedistance between
the Gate 1 start position and Gate 2 start position.
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Note: Thelnterface Gate optionisnot valid if the EPOCH 4PLUSstandard Echo-
Echo mode is activated. Also, Interface Gate cannot be turned on or off
whilethe screenisfrozen.

Managing Gate Positioning and Alarms

When the Interface Gate option is activated, the Interface Gate is visible on the screen.
Thisgateisin addition to Gate 1 (alwaysdisplayed) and Gate 2 (can be turned on or off).
Thethree gates differ in appearance asillustrated below:

Interface Gate: ||

Gate 1:
Gate 2: f=——=]

Figure73 Gate Appearances

TheInterface Gate should be positioned in the region where you expect to detect the
interface echo (generated from the reflection at the boundary of the water path and the
front surface of thetest material). Set aproper gate width and level to ensurethisecho
continuesto break the gate threshold. It iscommon to set anegativelogic threshold alarm
onthelnterface Gate. Thisposition resultsin analarm beingtriggeredif theinterfaceecho
fallsout of the Interface Gate.

Gatelisgeneraly used asaninternal flaw gate. Gate 1 iscommonly positioned to cover
the areawhere you expect to detect echoesfrom internal flawsin thetest material. Pay
attention to the start, width, and level of the gate asthe echo height and location
correspondsto flaw size. Y ou can chooseto set apositivelogic threshold alarm on Gate 1.
Thisresultsin an alarm being triggered if an echo breaksthe Gate 1 threshold, indicating
apossiblecritical flaw.

Gate 2 isgenerally used to monitor the backwall echo of thetest material. Gate 2is
commonly positioned to cover the areawhere you expect to detect the echo from the
material backwall. Pay attention to the start, width, and level of the gateto ensure the
backwall echo is captured. Y ou can set anegative logic threshold alarm on Gate 2. This
position resultsin an alarm being triggered if the backwall echo fallsout of the gate. This
could indicate an obstruction (flaw) in the sound wave propagation that may prevent a
backwall echo from being received by theinstrument.

Defining Gate Commands

When theInterface Gateisactive, press[GATE 1] to view the Interface Gate controlson
thefunction bar menu of the EPOCH 4PLUS

Note: Press[GATE 1] at any timeto bring these controls back to the function bar.
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| 1-STHRT]| 1-WIDTH| 1-LEVEL [GATE1SIF [SETUPSIF |

[F1] Selects Gatel or Interface Gate Start (use slewing keysto adjust position)
[F2] Selects Gatel or I nterface Gate Width (use slewing keysto adjust position)
[F3] Selects Gatel or Interface Gate L evel (use slewing keysto adjust position)
[F4] Toggles between controlling the Interface Gate or Gate 1

[F5] Toggles between Setup mode and Run mode

The Setup mode sets up theinstrument’ s parameters and gate positions. The Interface
echoisNOT automatically moved to the left side of the screenin thismode.

INTERFAC-GRT »PROCESS @8@2
GAIN= 3@.8dE RANGE= S.HABRIN 1 030
MIN DEF'TH— 1. EIEE in

1E‘IE15
4@;

78

e Bl I W T O
1-5TART [ 1= T LEVECTRATE N/ TF TSETOP/IF

Figure74 Setup Mode

Select the Run mode after you set the gate positions. The Interface echo (the echo
breaking the Interface Gate) remains on the | eft side of the screen (at the zero point) at all
times. ThisresultsintheZero Offset (or delay) of theinstrument changing dynamically. If
Peak detection modeisactive, the peak of thesignal isat the“0” point. If Edgeisactive,
the edge of the signal (whereit breaksthe gate) isat the“0” point.
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Figure75 RunMode

9.10 Floating Gate

The Floating Gate software option is used to track the peak echo amplitude at either the
- 6dB or -12 dB point of the echo. Using the Floating Gate option providesamore
consistent and accurate thickness reading particularly when using the Edge Depth mode.

Usethe Floating Gate optionin either peak depth or Edge Depth modes. In Edge Depth
mode, the Floating Gatetracksthe highest amplitude echo breaking the gate, but takesthe
measurement from the left most echoes breaking the gate.

9.10.1 Activating Floating Gate
To activate the Floating Gate, follow these steps:

1. Press[OPTION].
2. Usethedewing keysto select the Floating Gate menu and press[ENTER].

3. Selectthedesired gate(s) and choosethe—6 dB or —12 dB position. The default setting
is Off, which meansthat the particular gate will not float and instead can be adjusted
a thelive screen through the gate level parameter.
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FLOATING GATE

BATET
-EdE
-12dB
OFF

GATEZ
-EdE
-12dB
OFF

IF GATE
-EdEB
—-12dB

w0 DO

L

Figure76 Selecting -6 dB from the Floating Gate Menu

4. Press[OPTION] to exit themenu and return to the live screen after the selections are
made.

Note: Thel F GATE selectioninthe Floating Gatemenu can only be adjustedif the
Interface Gate option is enabled and previoudly turned on in the Option
menu.

When Floating Gateis active, the gatelevel display in the parameter section of the
EPOCH 4PLUSscreen showsthe setting for that particular gate. Thefigure below details
an exampleinwhich Gate 1isfloating at the—6 dB point and Gate 2 at the—12 dB point.

GATE  START  WIDTH LEYEL ALARM
1 #.960 @.612  -EdB OFF i]
Z 2.93%  B.588 -13dE GFF

Figure77 GatelFloating at—6 dB/Gate 2 Floating at —12 dB

Operating in -6 dB Mode

In—6 dB mode, the desired gate floatsat 6 dB below the peak echo amplitudein the gate.
Thiscorrespondsto 50% of the echo’ smaximum height. The screen bel ow depicts Gate 1

with Floating Gate active in the—6 dB mode. Note that the gateis exactly at 50% of the
echo’ s peak amplitude.
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CONTACTZ.@BZ »B2Z !

GAIN= 3@.@dE RANGE= 5.149in 1 000

BATE MIN DEPTH= 1.857 . in
- It

aa:

Ea!

AUTO-2@

Figure78 Exampleof -6 dB Mode

Operating in -12 db Mode

In—12 dB mode, thedesired gatefloatsat 12 dB bel ow the peak echo amplitudeinthegate.
Thiscorrespondsto 25% of the echo’ smaximum height. The screen bel ow depicts Gate 1
with Floating Gate activein the—12 dB mode. Notethat the gateis exactly at 25% of the
echo’ s peak amplitude.

Note: The Floating Gate option is not valid in RF mode. Also, Floating Gate
cannot be turned on or off whilethe screenisfrozen.

CONTACTZ.B8Z »B2 [
GAIN= 3@.AdBE RANGE= 5.37@in 1 000
ISR 1IN DEPTH= 8.971 . in
W '
’ It
aa:
5a:
48,
701
oL Ll 1
1-WIDTH | IR AUTO-BA

Figure79 Exampleof-12dB Mode
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Using Gate Alarms

Individual gate alarms can be set while Floating Gateis active. In general practice, select
the minimum depth alarmsto monitor for thinning areasin the material.

Curved Surface Correction (CSC)

The Curved Surface Correction (CSC) option for the EPOCH 4PLUS provides accurate
sound path valueswhen inspecting curved surfacessuch aspi pes. When you enter the pipe
diameter and thickness, soundpath information is adjusted accordingly when using an
angle beam prabe to inspect the circumference of the curved surface.

Press[OPTION].
Usethe dewing keysto highlight CSC from the menu and press[ENTER].

A [XI appears, indicating that the CSC optionisactive. A cursor appearsover the outer
diameter value.

Usethe dlewing keysto enter the desired diameter.
Press[F1] andthen[OPT I ON] toreturntothelivescreen. A CSC promptisdisplayed

' to theright of the A-Scan whenever the EPOCH 4PLUSisin CSC mode.

Calibratethe EPOCH 4PLUSand be sureto enter the appropriate shear wave angle.
Correct soundpath information is displayed when an echo breaks agate.

Note: The CSC optionislinked to the EPOCH 4PLUSmemory. If acalibration or

waveformissaved in CSC mode, theinstrument will bein CSC mode when
that datasetisrecalled. A “c” isdisplayed on the Memory screen after the ID
to signify the calibration or waveform was saved in CSC mode.

To exit the CSC Mode, follow these steps:

A WD

Press[OPTION] and highlight CSC.

Press[ENTER] to display the CSC setup menu.

Press[ENTER] to disable the option and desel ect the check box.
Press[F1] to return to the Option menu.

Wave Analysis

TheWave Analysis software option is useful in many specialized applicationswhere
operators need to select particular points along an A-Scan waveform and then obtain a
timing (thi ckness) measurement between these two points. In addition, the software
displaysthe dB difference between the two points (for example, measuring the scale/
oxidelayer buildup on theinner diameter of metal pipes). For thisapplication, itis
generally recommended to use OlympusNDT™ M 116 or V 116 transducers.
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Note: Surface preparation isamost alwaysrequired for proper coupling.

The measurement is accomplished when you move two cursorsindividually along the
waveform. The software then cal cul ates the time (di stance/thickness) between these two
measurement points, along with the dB difference between them. Thewaveform can
either befrozen or live during the measurement. In addition, the softwareisvalid in any
rectified modeincluding RF mode.

Activating the Wave Analysis Software

TheWave Analysis softwareis enabled in the EPOCH 4PLUSthrough the Option
Security key, similar to the other software options.

To activate the Wave Analysis software, follow these steps:

1. Press[OPTION].
2. Press[4]or[y], and [ENTER] to select the Wave Analysisoption.

SETUP
DAC

TWh

FRF

Cse
SPOTHELD
IF GATE
B-SCAN

0G5

FLOATING GARTE
EDIT PRRAMETR
WAYE AMALYSTS
ExPANDED MEM.
AUTO-56

OPTION = ERIT

-
b
>
[
>
-
b
>
-
b
>
[,
|
|

Figure80 Selecting Wave Analysisfrom the OptionsMenu

3. SelectOn.
4. Press[OPTION] to exit the menu and return to the live screen.

Note: Wave Analysis is not valid with other software options in the EPOCH
4PLUSsuchasDAC, TVG, and Interface Gate.

When Wave Analysisisactive, the gates on the display disappear and are replaced with
Cursor A and Cursor B asshown in thefigure below.

129



EPOCH 4PLUS

9.12.2

130

SCALE-——. ——— »BOTLER TUBE
GAIN= 4G6.1dE RRMGE= B.B1BIin/Div 0 013
DB '-.-'FILUE— 1%. EchB in

Cursor A

-1 : : : : < . : : :
CURSOR AJCORSOR B] [ |

Figure81 Viewing Changeson Display when Wave AnalysisisActive

WhenWave Analysisisactive, notice DB VALUE replacesMIN DEPTH at thetop of the
screen. DB VALUE showsthe differencein dB between thetwo cursors, whilethe
thicknessvalueinthe Top Right corner showsthedifferencein thicknessbetween thetwo
Ccursors.

Moving the Cursors
Tomove Cursor A and Cursor B, follow these steps:

Select [F1] to access Cursor A.
Select [F2] to access Cursor B.

Press[4],[v], [ «] and [ ] to move the cursors along the waveform. The distance
and dB difference between the two cursorsis continually displayed at the top of the
screen.

Note: Cursor A alwaysresidesin front of Cursor B.

M easurements and Cursor Position in RF mode:

e If Cursor A and Cursor B are both in the positive lobe of the RF waveform, the dB
difference and Thicknessvalueswill be displayed.

e If Cursor A and Cursor B are both in the negative lobe of the RF waveform, the dB
difference and Thickness valueswill be displayed.

e If Cursor A and Cursor B arein oppositelobes of the RF waveform, the dB difference
valuewill be blank.
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Onboard DGS/AVG

Description

The Onboard DGS/AV G option isareplacement for the old DGS/AV G option that has
been availablein the EPOCH 4 and 4PLUSand that required a PC Interface Program for
DGS/AV G setups. Thisoption alowscomplete DGS/AV G setupsto be performed on the
instrument.

The DGSAV G method allowsthe operator to size defects based on acalculated DGS/
AVG curvefor agiventransducer, material, and reflector size. Thismethod requiresthat
theoperator only hasonereferencereflector in order to createaDGScurvefor flaw sizing.
Thisismuch different than the DAC or TV G method, which requiresthat the operator
have representative defects at various depthswithin apart in order to create acurvefor
flaw sizing.

To allow the operator to setup DGS/AV G curves on the instrument quickly, Olympus
NDT™ hasdevel oped atransducer library that isstored intheinstrument’ smemory. This
library containsthe entire Atlas Series European specification transducersaswell as
several other transducersthat are commonly used by inspectors. Thelibrary includesfour
categories:

1. Contact Transducers (including protected face)
2. Angle Beam Transducers

3. Dual Transducers

4. Custom Transducers

Dataneeded for building DGS/AV G curvesisstoredin theinstrument’ smemory for each
transducer inthelibrary. If an operator would like to use aprobethat isnot in the default
library, the operator can enter therequired transducer characteristicsin the GageView Pro
Interface Program and downl oad them to the EPOCH 4PLUS. Probesthat aredownl oaded
to theinstrument appear in the Custom Transducers section of the Transducer library.

TheOnboard DGS/AV G option providesthe operator with rapid setup timeand easy flaw
Size evaluation. This software option has been designed to meet the requirements of EN
583-2:2001.

Note: Itisextremely important that theoperator isfamiliar with the EN 583-2:2001
specification and others, and is qualified according to local standards to
properly usethisinstrument function. Sincethe curvesused for defect sizing
arecalculated based on many variables, aproper instrument setup isrequired
for accurateresults.

Option Activation

Before activating the DGS/AV G option, the operator must properly setup the EPOCH
4PLUS Pulser/Receiver settingsfor the transducer to be used. The operator should also
perform an instrument calibration.

After theinstrument is properly setup and calibrated, the operator should takethe
following stepsto activate the DGS/AV G option:
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STEP 1
The DGS/AVG optionisactivated in the EPOCH 4PLUSOption Menu as shown below:

TWh

PRF

C5C

SPOTWELD

IF GATE

ADY. DACSTVE

SETUP FEETEEM'" CURRENT AMP= 812
DAC IN TEFTH= 15.58 4 15.55mm

DRS00 W [R5 TR
FLOATING GARTE
EDIT PARAMETR
WAYE ANALYSIS
AWS D1.1
AUTO-FREEZE
DYHARMIC COLOR
MORE OPTIONS

QPTION = ERIT 3 Li : : : : EI
5k :lL|; .'_JLwl i ; |: N : .

FYYTYYYYTYTYTYTYTYYYY

Figure82 EPOCH 4PLUSOption Menu

Toturnthe DGS/AV G option on, highlight ON and press[ENTER]. The operator also
hasthe choice of “dB” or “FBH” (Flat Bottom Hole) for the method of echo height
evauation compared to the DGSAV G curve. If “dB” ischosen, the EPOCH 4PLUSwiill
compare agated echo’ sheight to the DGS/AV G curveintermsof +/- dB. If “FBH” is
chosen, the EPOCH 4PLUSwill display the equivaent flat bottom holesizefor agated
echo. Thisselection can be changed after the DGS/AV G setup is compl ete. Press
[OPTION] to continue.

STEP2:

The operator must now choose the transducer that will be used for defect sizing. The
operator can navigate through the transducer library:

» The[F1] through [F4] function keys select the transducer type.

» Thearrow keysare used to highlight individual transducers and to scroll thelist.
* [ENTER] isused to select atransducer.

* [OPTION] continuesto the next step.

* [F5] abortsthe setup process.
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Thetransducer library isshown below:

PF1R-24
PFZR-24

THICK | CUSTOM

OPTION = Ok, F5 =

EWMTER = SELECT TRAMSDUCER

ERIT

O DO D @ D

Figure83 Transducer Library

STEP3:

The operator must now select the reference reflector to be used to draw the DGS/AV G

curves. Thechoicesare:

» Backwall — This can be the backwall from a calibration block or from the sample to
be tested. If the backwall echo from acalibration block is used, then it isimportant
that the block is made of the same material as the test piece and the soundpath
distanceissimilar to the expected soundpath distancesin thetest piece. Thisreflector
can only be used with normal incidence transducers.

* Side Drilled Hole—Thisisacommon reference defect. A sidedrilled holeisused for
the sensitivity calibration of an angle beam transducer during a standard shear wave

cdibration.

* K1-1IW Block Arc—Thisisthe4” (100 mm) arconan [ IW block. Thisreflector can

be used only with angle beam transducers.

* K2—-DSCBlock Arc—Thisisthe2” (50 mm) arc on aDSC block. Thisreflector can

be used only with angle beam transducers.

* Flat Bottom Hole — Specialized blocks with flat bottom holes are made for both

normal incidence and angle beam transducers.
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The Reference Reflector Menu is shown below:

GAIN= Z4.1dE RAMGE=188.H8Amm0

REJECT @ 2
T
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REFLECTOR

BACKWALL i
SIDE DRILLED HOLE
E1-1IW BLOCKE ARC 5
KZ-D5C BLOCK ARC

i 7

38.06.
MIN DEFTH= 37.97 W& « Wy
: +

FLAT BOTTOM HOLE

YEL K378 EAND
FERO 1.745 - ks F2 R
AMGLE  @.87  CAMF %@ & POLSER SEUARE
THICK  @.88 mm  FPULSE-ECHO FREQ Z.@@MHz
BATE  START  WIDTH LEYEL ALARM
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Figure84 Reference Reflector Menu

Theoperator navigatesthismenu using thearrow keysto highlight aselection, [ENTER]
to chooseaselection, and the[F1] key to moveontothe next step. The[F2] key abortsthe

Setup process.
STEP4:

Theoperator must now adjust several DGS/AV G setup parameters so that theinstrument
can draw the curves accurately. This menu is shown below:

REJECT @ &
e o

GAIM= Z4.1dE [lcTaeuls] el

REFLECTOR DIA

MIN DEFTH= 37.97
DG5S PHRAMETER SETUF

Z.54

BB qeiee DELTA_VE @.8 dB |
T RS DELTA_YT .8 dBf..
: REGISTRATION  Z.88 mm
28] | WARMIMGLEVEL -G.@ dB f---
A ;| ACYSPEC B.080 dBim :

f] A ACYCALELE @.8@@  dEsm I
YEL 328 DEAND
FERD 1.745 Fl = EX
ANGLE  ®.B= DHAMF o9 = FULSER SEUARE
THICK  B.88 mm PULSE-ECHO FREG Z.B8MHz

GATE  START  WIDTH LEYEL ALARM

1 37.986 14.958 14 2 OFF

i OFF

214.54 15u814

OFﬂ

Figure85 DGS/AVG Setup Parameters
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Setup parametersinclude:
* REFLECTOR —Thissetting must be adjusted when the chosen referencereflector is

either aSideDrilled Hole or aFlat Bottom Hole. The adjustment will belocked out if
other reference reflectors are chosen in the previous menu.

* DELTA-VK —Correction valuefor angle beam transducers. Thisvalueislocated on
the DGS/AV G diagram for the sel ected transducer.

* DELTA VT —Transfer Correction. Thisvalueisused to compensatein amplitude
differences asaresult of coupling variation (surface condition) from the calibration
block to the test piece. EN 583-2:2001 provides methodsfor calculating transfer

correction.

* REGISTRATION —Thisisthe height of themain DGS/AV G curve. Thecurve
represents the amplitude from aflat bottom hole with adiameter of the Registration
Level at different depths. Thisisusually equal to thecritical flaw sizefor the
application.

* WARNING LEVEL —Thisisthe position of the secondary DGS/AV G “warning”
curve compared to the position of the main DGS/AVG curve. If thisvalueisset to
zero, the“warning” curvewill beturned off.

» ACVSPEC - Thisisthe attenuation valuein dB/m for the test piece (specimen). In
some cases, it isnecessary to calculate the relative attenuation within the test piece
and enter thevalue here.

* ACVCALBLK - Thisisthe attenuation valuein dB/m for the calibration block. In
some cases, it isnecessary to calculate therelative attenuation within the calibration
block and enter the value here.

Note: Trained operators must be aware of when it is necessary to apply valuesto
ACVSPEC and ACVCALBLK. These values affect the shape of the DGS/
AVG curve and will therefore affect the accuracy of defect sizing. A
suggested method for the measurement of relative attenuation can be found

|ater inthismanual.

The operator must use[ENTER] to move from one parameter to the next. The up and
down arrow keys are used for adjusting the individual settings. When settingsare
complete, the operator must pressthe [F1] key to continue.
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STEPS5:
Thefinal stepinthe DGS/AV G setup procedureisto capturethe reference reflector.

REF Z24.1- 2. SRFINEE 168. BB mm 37 41
REJECT ] / MIN DEFTH 3? 32 Hifn
1EB : :
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A : i i i e i frl]“u i i )
B 7 1 B 3 18
VEL 6328 mfs  FULLWAVE BROADEAND

ZERD 1.745 us ENERGY LOW
AMGLE  @.@% DAMP S8 @ PULSER SQUARE
THICKE  @.80 mm PULSE-ECHO FRER Z.08MHz

GATE  START  WIDTH LEYEL  ALARM
1 38.365 14.950 14 2 OFF
P 214.64 15.814  OFF OFF
REF | [ [ [ AOTo-548

Figure86 Reference Reflector

After pressing [F1] at the DGS/AV G Parameter Setup menu, thelive A-Scan screen
appearsas shown above. The operator must bring the echo from the reference reflector to
80% Full Screen Height and press[F1] “REF” to capture the echo. Once the reference
echo has been captured, the instrument adjuststhe gain as needed and drawsthe DGS/
AV G curveson the screen. Thisisshown below:

Figure87 DGSAVG Curves
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Inthe view above, theinstrument range has been adjusted to properly position the DGS/
AV G curveson the screen. This screen depictsthemain DGS/AV G curve and awarning
curveat -6 dB.

Operation

The screens below show the DGS/AV G software operating and sizing defectsthat the
operator has gated. The defect size evaluation isshown in the upper right corner of the A-
Scan window. Inthe cases below, the defect is sized as an equivalent Flat Bottom Hole
(FBH) sizein mm. The Registration Level for thissetup is 2.0 mm.

Figure89 Sizing Defects
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Figure90 Sizing Defects

When DGS/AV Gisactivated, the operator can adjust the scanning gainin theinstrument.
Thismovesthe DGS/AV G curves aswell asthe on-screen echoes up and down. DGS
curves are also dynamically adjustable with the RANGE function if necessary.

When using the DGS/AV G function, it is possible to eval uate defect echoes that do not
break the instrument’ s gate. I n the screen above (right), an echo isbeing evaluated and
rated asFBH 1.21 mm even though it is not breaking the gate. Soundpath measurements
arenot displayed unlessthe echo is breaking the gate.

DGS/AVG and the EPOCH 4PLUS Datalogger

DGSAVG setups and inspection results can be stored in the EPOCH 4PLUSdatal ogger.
If dataissaved using the[SAVE THICK] key, theinstrument will only storethefile
name, 1D, and measurement value (soundpath, not DGS/AV G evaluation). If datais
stored using the [SAVE WAVE] key, theinstrument will storethefile name, ID,
measurement(s), DGS/AV G evaluation (dB or FBH), Registration Level, all instrument
setup parameters, and the A-Scan.

When aDGS/AVG calibration isrecalled from the datal ogger, the instrument displaysa
screen similar to the screen below:
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Figure9l Adjusting DGS/AVG Calculations

Thisscreen allowsthe operator to adjust portions of the DGS/AV G cal culations used to
draw the curves. Thismakes DGS/AV G setupsfor atransducer useful for multiple test
pieces.

Relative Attenuation Measurement

Several methods for measuring the ultrasonic attenuation within amaterial are available.
Often, the procedureis designed to measure absol ute attenuation in amaterial. This
usually requires animmersion test setup and atime-consuming set of measurements. For
the purpose of flaw sizing with the DGS/AV G method, it may be suitable under many
conditionsto measure rel ative attenuation in your test piece or calibration block as
needed. This section describes one method of relative attenuation measurement that is
simpleand hasbeen found to be generally effective. There may be more suitable methods
available, and the operator must decidethe most appropriate methodto arrive at thevalues
for ACVSPEC and ACVCALBLK based on the application and local requirements.

Measurements

AV g = Gain difference between two successive backwall echoes (d and 2d)

AVe= From DGS/AVG diagram. Gain difference on backwall curve fromd to 2d

Calculations

AVg= AVg- AV,

Sound Attenuation Coefficient: a = A VJ2d* 1000 [dB/m]
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Backwall Echo Attenuator (BEA)

Description

The Backwall Echo Attenuator option for the EPOCH 4PLUSindependently adjuststhe
gaininascreenrangeregion defined by GATE 2 start and beyond. Thisoptionistypically
used to monitor changesin thebackwall signal whileinspecting for small defectswithina
part.

The EPOCH 4PLUSBackwall Echo Attenuator iscommonly used with two specific
forms of inspections, both dealing with very small defects:

Thefirstisan inspection where potential defects may not be oriented paralldl to the
direction of sound from thetransducer. Sound will still reflect from these defects, but the
reflection may bedirected away fromthetransducer. Inthissituation, littleor nosignal is
returned to theinstrument for direct measurement. Generally, these defects areinstead
detected by monitoring for backwall signal loss or attenuation. Thisbackwall amplitude
change may be missed entirely if the backwall signal is saturated. The Backwall Echo
Attenuator option allowsthe operator to monitor the backwall at alower gain setting for
any signal loss, while still scanning the remainder of thetest piece at ahigh gain level for
small defects.

Inasimilar situation, the Backwall Attenuator isvery commonly used in porosity
inspections. Because porosity tends to scatter sound instead of returning aclear echo,
backwall amplitude is sometimesthe only way to positively differentiate porosity from
material grain structure. The Backwall Echo Attenuator isused to bring the entire
backwall signal on screen to be closely monitored by the operator.

Activating the Backwall Echo Attenuator

The Backwall Echo Attenuator ison OPTION Menu, under MORE OPTIONS. To
activate the option, follow the steps below:

Press[OPTION].

Select MORE OPTIONS from the OPTION menu and press[ENTER].
Highlight BEA and press[ENTER].

Usethe dlewing keysto highlight ON and press[ENTER].

Ea A
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5. Press[OPTION] to exit the OPTION menu.
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Figure92 Options

When the Backwall Echo Attenuator isactivated, the letters“BEA” appear at theright
sideof thedisplay. GATE 2 isautomatically activated and cannot be turned off unless
BEA isturned off first.

Operating Backwall Echo Attenuator

Once activated, the Backwall Echo Attenuator option displaysabasegain level at the
upper right corner of thelive A-Scan. Thisbase gain level displaystheindependent gain
withinthe screenrangeafter GATE 2 START. Initially, thisbasegainlevel isactivatedto
show the same gain level asthe primary gain control. If the primary gain control consists
of areference gain setting and scanning dB, the base gain level of the Backwall Echo
Attenuator will be the sum of thereference and scanning gain levels.
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Figure93 GainlLevels
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The position of GATE 2iscontrolled using the [GATE 2] key. When using the Backwal
Echo Attenuator option, the starting index for GATE 2 cannot precede theending index of
GATE 1. When thewidth or position of GATE 1ischanged, GATE 2 will be
automatically adjusted so that thetwo gatescannot cover the samescreenregion. Also, the
EPOCH 4PLUSwill not allow the user to scroll GATE 2 to theleft so that the two gates
overlap. The processto adjust the starting point, width, and height of GATE 2isthesame
asdetailed in section 6.2, Positioning Gate 2.

To adjust the gain within GATE 2, follow these steps:
1. Pressthe[GATE 2] key to select GATE 2.

2. Pressthe BEA GAIN key [F4]. Pressing thiskey highlightsthe Backwall Echo
Attenuator gain indicator at the top right corner of thelive A-Scan display.

3. Usetheup and downdewingkeysto adjust the Backwall Echo Attenuator gainup and
down. Thiswill adjust only the gain within the region covered by GATE 2.

a

[ATT0-am

Figure94 Adjusting Backwall Echo Attenuator Gain

Note: The AUTO80% key [F5] is available with Backwall Echo Attenuator as
well. Pressing [F5] will adjust the gain within GATE 2 to bring the captured
echo to 80% of full screen height when possible.

BEA and the EPOCH 4PLUS Datalogger

Backwall Echo Attenuator setup parameters and live inspection data can be saved and
stored easily using the EPOCH 4PLUSdatal ogger. If datais saved using the [SAVE
THICK] key, theinstrument will save only thefile name, ID, and measurement value
fromGATE 1. If dataissaved usingthe[ SAVE WAVE] key, theinstrument will savethe
filename, 1D, measurement valuefrom GATE 1, theBEA Gain Level indication, all other
instrument setup parameters, and the A-Scan. This data can be transferred to aPC for
storage and reporting viathe EPOCH 4PLUS GageView Pro interface program.
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9.15 AUTO-FREEZE

This software option allows you to make the instrument freeze for aspecified period of
timewhen asignal breaksagate on the EPOCH 4PLUSdisplay.

Thisoptionislisted in the Options Menu as shown below.

=)
=)
e

TYYYY

SPOTHWELD
IF GATE
B-SCAM

LGS

FLOATING GATE
EDIT PARAMETE
WRYE HAMALYSIS
AWS 01.1

FYYTYYTYYYY

AUTO-FREEFE

ExPANDED MEM.
AUTO-528

OPTION = EWIT
[

] E ] 1@

F ULLWAYE BROADEBAND
ENERGY LOW

AMP 58 o PULSER SRUARE
PULSE-ECHD  FRER 5.AEMHz
[DTH LEYEL ALARM

082 2% OFF

|

.FBZ 12 2 OFF

Figure95 OptionsMenu

Thisoption functionswith thefollowing options:

Advanced DAC/TVG

Spotweld OVERLAY
Spotweld ASSISTANT
INTERFACE GATE

The Auto-Freeze optionis activated in the Options Menu using an activation box. Press
[ENTER] on AUTO-FREEZE as shown below:
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Figure96 Auto-Freeze

Option 1-HOLD MODE

When this mode is sel ected, when the EPOCH 4PLUS A uto-Freezes, the display stays
frozen until the user pressesthe FREEZE key.

Option 2—-TIMEMODE

When this mode is sel ected, when the EPOCH 4PLUS A uto-Freezes, the display stays
frozen for a user-defined period of time. When TIME MODE is activated, the user must
set theamount of timefor the EPOCH 4PLUSto freezeusing the up and down arrow keys.
Y ou may set the EPOCH 4PLUSto freeze for durations between 1 and 30 secondsin one
second intervals.

Before the option becomes active, the user must press[2"9 F], [FREEZE]. Itis
recommended that you adjust the instrument parameters such as Gain and Pul ser Settings
before activating the Auto-Freeze option. The Auto Freeze option can be deactivated at
any time by pressing [2"9 F], [FREEZE] again.

In order to make the EPOCH 4PLUSautomatically freeze, the user must setup the proper
gatealarm(s). The EPOCH 4PLUSwill Auto-Freeze when agate alarmistriggered. For
example, if the user positions Gate 1 above thefirst echo location for a Spotweld
inspection and places apositive logic alarm on Gate 1, when the echo breaks Gate 1 the
EPOCH 4PLUSwill Auto-Freeze. Thisfunctionwill work for al alarm types on both
Gate 1 and Gate 2. Auto-Freezeisnot activefor Interface Gate alarms.

When the Auto-Freeze option has been setup and activated, a snowflake shaped icon
appearson theright side of the display where the standard FREEZE “F” icon would
appear, as shown below:
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Figure98 Standard FREEZE“F’ Icon

This screen showsthat Auto-Freeze has
been activated but that it has not been
triggered. The Snowflakeloon has
appeared after pressing 2"4 F FREEZE.
In order to trigger Auto-Freeze, aGate
Alarm must betriggered.

Thisscreen showsthe EPOCH 4PLUS
when Auto-Freeze has been triggered.
Noticethat thestandard FREEZE “F” icon
has replaced the Snowflake Icon. The
Auto-Freezewastriggered dueto the
active positivelogic alarm on Gate 1.

When the EPOCH 4PLUSAuto-Freezeistriggered in HOLD MODE, the standard
FREEZE “F icon appears. If the EPOCH 4PLUSA uto-Freezeistriggeredin TIME
MODE, the“F” iconwill flash for the duration of thefreeze.

Note:

This option does not affect the EPOCH 4PLUS's datalogger or the

GageView PRO Interface Program. The Auto-Freeze option is not saved
with aninstrument calibration file. When acalibration isrecalled, the Auto-
Freeze option must be activated separately.

When a gate alarm is triggered in Auto-Freeze mode, the EPOCH 4PLUS

will beep for one second.

The FREEZE key isactivein Auto-Freeze TIME MODE. If the user presses
the FREEZE key during atimed freeze, the gageimmediately unfreezes.
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AWS

The AWS software option for the EPOCH 4PLUS assi sts with performing inspections
covered under the American Welding Society Structural Welding Codefor steel. This
code providesinspectors with amethod to classify discontinuitiesfound in weldsusing
ultrasoni cinspection. Thiscode usesthefollowing formulatodevelopanindicationrating
for areflector found during an inspection:

A —-B-C=D, where:

A =Discontinuity Indication Level (dB)

B = Reference Indication Level (dB)

C = Attenuation Factor: 2* (soundpath ininches— 1 inch) (dB)
D =Indication Rating (dB)

Asan AWSinspector, you must take the Indication Rating (D) that is cal cul ated based on
A, B, and Cto an Ultrasonic Acceptance— Regj ection Criteriatable produced by the AWS
inorder to classify the severity of the discontinuity. When performing an inspection, you
arerequired to develop an AWS report that liststhe valuesfor all variables above aswell
astransducer information, discontinuity length and location, and your overall evaluation
of the discontinuity.

For further details regarding the test equi pment, methods, interpretation, and
classification requirementsfor these inspections, refer to the AWS Code Book.

AWS and the EPOCH 4PLUS

Olympus NDT™ developed the AWS D1.1 software option for the EPOCH 4PLUSto
simplify your tasksand lower the overall inspectiontime. Thisisaccomplished by having
the EPOCH 4PLUS perform some required cal cul ations automatically and also by
alowing you to document discontinuitiesin the EPOCH 4PLUS s datal ogger for
reporting purposes.

The EPOCH 4PLUScan al so transfer inspection datato the GageView PRO Interface
Programtoaidinreport generation. Thisprogram allowsyouto view theinstrument setup
parameters, thewaveform generated by adiscontinuity, thediscontinuity’ ssoundpath and
location information, and al valuesfor the AWS D1.1 formulavariables.

Operating the AWS D1.1 Software

Thefirst stepinoperatingthe EPOCH 4PLUSfor AWSD1.1inspectionsisto calibratethe
instrument for the transducer and test conditions.
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Figure99 AWSDL1.1 Software Option Activated in the OptionsMenu

When AWSD1.1isactivated, the function keys on the EPOCH 4PLUSprovide the
following options:

[F1]: REF B —Store the dB value from areference reflector.

[F2]: Nofunction.

[F3]: Nofunction.

[F4]: SCAN DB — Toggle the scanning gain between a selected value and zero dB.
[F5]: AUTO-80—Adjust agated signal to 80% FSH.

After the AWS option isactivated from the Options Menu, you must set aREF B valuein
order to begin an inspection. Thisnumber representsthe gain level necessary to bring the
echo from areference reflector to 80% Full Screen Height (FSH). Thereferencereflector
isoften aSide Drilled Holein the calibration block used for the angle beam calibration.
Other reference reflectors may be used provided that they meet AWS requirementsfor
theseinspections.

In order to store aREF B value, you must gate the echo from the reference reflector and
bring the echo to 80% FSH. Y ou can achieve thisby pressing the [GAIN] key and
adjusting thegainwiththe Up and Down Arrow keys, or by pressing[F5] to automatically
adjust the gain to bring the echo to 80% FSH. Once the echo has the appropriate
amplitude, press[F1]. Thefollowing screen appears:

Part # 910-250C 147



EPOCH 4PLUS

9.16.3

9.16.4

148

____________ o _______ 1
BAIN= 43.7dE RAWGE= Z.@8@in 0 601
REJECT 8 ¥ W B.851= @.601 . in
- T 1 o [T
. : : : : : +*
o b
E#mhﬁ,zﬁ REF B = 43.7 dB
A 1@ AWS
WEL @.1289 A MHz
7ERD 9.335le= S—
ANGLE 45.8° DAMP S8 @ PULSER SEUARE
THICK 1.888 in PULSE-ECHO FRER Z.27MHz
GATE  START  MWIDTH LEYEL ALARM
1 A.575 @.558 29 ¥ OFF
i 3.399 B.327 orrl oFF

Figure100 Pressing[F1] to Storethe REF B Value

Adding Scanning Gain

AWS codesrequirethat an operator enter acertain amount of scanning gain to the REF B
dB value allowing the operator to locate flaws that may be smaller or deeper into the test
piecethanthereferenceflaw. By pressing [F4], you can enter theamount of scanninggain
necessary to perform the inspection as outlined by AWS Code.

TheEPOCH 4PLUSallowsscanning gainto beenteredinincrementsof 0.1 dB and 6.0dB
by default. However, you can customize these settings by using the Editable Parameters

featurethat isincluded with all EPOCH 4PLUSinstruments. Thisfeatureislocated inthe
Options Menu. On-screen prompts explain how to adjust the F-K ey presetsvalues. Once
the scanning gainis setup, press|[F4] to toggl e the scanning gain on and off as necessary.

When adiscontinuity islocated within the test piece, the EPOCH 4PLUSprovidesaD
value corresponding to thediscontinuity. However, inorder todisplay aD value, thegated
echo must peak at an amplitudelessthan 100% FSH. Often, you will haveto press[F4] to
turn of f scanning gain and bring the echo peak on the screen. In some cases, further gain
adjustments are necessary.

Calculating A and C Values

When agated echo has a peak below 100% FSH, the EPOCH 4PLUSautomatically
calculatesthe A and C values necessary to provideaD value. In order to calculate the A
value, the EPOCH 4PLUSautomatically calculatesthe required dB valueto bring the
gated echoto 80% FSH. Inorder to calculatethe C value, the EPOCH 4PLUSusesthedata
in the soundpath cal culator to generate an attenuation factor.

Note: In order for this calculation to be accurate, you must enter the correct
thicknessfor the test piece. The EPOCH 4PLUSdisplaysthevaluefor D in

the upper right portion of the A-Scan waveform display.
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Figure101 DisplayingtheD Value

Pressing the[SAVE WAV E] key savesthe datafor this discontinuity in the EPOCH
4PLUSdatal ogger. Ininstruments with operating software versions 1.09 and higher, this
informationisavailablefor review intheinstrument datalogger. For instrumentswith
operating software version 1.08, the AWS datamust be reviewed in the GageView PRO
Interface Program version 3.0 or higher.

Note: While using the EPOCH 4PLUS and the AWS D1.1 software option, you
must be aware of any inspection conditions that may cause variationsin the
displayed Indication Rating (D) value. Y ou must also be abletointerpret the
meaning of echo indications and reported D values corresponding to these
indications.

API5UE

Description

The API 5UE software option for the EPOCH 4PLU Sassistswith performing inspections
inaccordancewiththe American Petroleum | nstitute' sRecommended Practice SUE. This
practice was devel oped specifically for Oil Country Tubular Goods (OCTG)
manufacturersto inspect and characterize inner-diameter (1D) cracking in newly
fabricated pipe. The APl 5UE code uses two crack sizing methodsto characterize ID
cracking: the Amplitude Comparison Technique (ACT) and the Amplitude-Distance
Differential Technique (ADDT). The software devel oped for the EPOCH 4PLUSaidsin
performing the ADDT method, which usesthe following formulato determine 1D crack
size:

di = Amax(TZ'Tl)K where:

d, = Imperfection size
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Amax = Maximum amplitude returned from defect area (usually 80%)
T, =6dB drop point from leading peak of A 5 (distance or time)

T, =6dB drop point from trailing peak of A5 (distance or time)

k = Constant calculated from calibration to areference notch

During aninspection using the ADDT method from the API SUE practice, apotentially
rejectable crack isfound and inspected to find its peak amplitude. Thisamplitudeisthen
set to 80% of full screen height (FSH) and designated as A 4. Thetransducer isthen
moved towardsthe crack until the signal hasdropped 6 dB, or to one half (1) the screen
height of A.ax- Thispositionisnoted as T. Thetransducer isthen moved away from the
crack until the signal hasdropped 6 dB on the other side of A 5. Thispositionisnoted as
T,. Using these measurements, along with ak factor constant cal culated during
calibration, the crack size (d;) is calculated and recorded.
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Figure102 Inspection

For further details regarding this cal culation, along with the cal culation of the“k factor”
constant, pleaserefer to API’ s Recommended Practice SUE specification.

API 5UE and the EPOCH 4PLUS

The API 5UE software option for the EPOCH 4PLUSgreatly reduces the number of
operations needed to perform the ADDT test and reducesoverall inspectiontime. Thisis
accomplished using the Peak Memory function on the EPOCH 4PLUSto draw a peak
envelopeof thecrack signal and quickly capturethe A 5, T1 and T, pointsusing asingle
key press. Using thiscollected datafrom the peak envelope, the EPOCH 4PLUSperforms
the necessary cal culation using the formulaabove and displaysthe crack height in the
upper right corner of the screen. The EPOCH 4PLUSsavesrelevant values of the
inspected crack inits datal ogger for reporting purposes and/or transfer to a PC using the
GageView Prointerface program.
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Figure103 ADDT Test

Activating the API 5UE Software

The API 5UE software option islocated in the Options Menu, under MORE OPTIONS.
Toactivatetheoption, enter the APl 5SUE menu and press[ENTER]. A “X” appearsinthe
menu box, indicating that the featureisactive. Y ou must now enter the height of your
reference notch for calibration purposes. Usethe up and down slewing keystoincrease or
decrease the highlight reference depth value until the correct value isdisplayed. Press

OPTION to exit.
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Figure104 API 5UE Software Option
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Figure105 API 5UE Software Option (cont.)

When API SUE isactivated, the function keys on the EPOCH 4PLUSaid theinspector in
collecting datafor calibration and in collecting inspection data. The [F5] key allowsthe
operator to automatically bring any captured echo to 80% of FSH, whichishelpful in
obtaining aprecise Ao reading from areference notch.

Calibrating to a Reference Standard

The API 5UE code specifiesthat prior to inspection theinstrument must be calibrated
using areferencenotch of known depth (in certain circumstances, athrough-drilled holeis
desirablefor calibration — see API’ sRecommended Practice SUE for details concerning
reference standard selection). The depth of thisreference notch must be entered correctly
in the activation menu for the API SUE software option.

Prior to calibration with areference notch, theinstrument should be calibrated to verify
beam index point, refracted angle, and distancein theinspection material. See section 7.5
for detailsregarding angle beam calibration.

Envelope Mode

Calibrating the EPOCH 4PLUSto areferencenotchismost easily accomplished using the
Envel ope method of inspection. This mode requiresthe activation of the PEAK
MEMORY function. To activatethe PEAK MEMORY function, pressthe orange PEAK
MEM key onthe EPOCH 4PLUSkeypad. Theletter “ P’ appearsto theright of thelive A-
Scan display. Oncethe PEAK MEMORY function isactivated, calibrate theinstrument
using the following steps:

1. Findthesignal from thereference notch and move the transducer back and forth
around the reference notch to create a peak envelope.

2. Adjust your screen range to adequately encompass the entire peak envel ope.
Capture the width of the envelopewith GATE 1, setting the gate level to under 40%.

Usethe AUTO80% key [F5] to bring the maximum height of the peak envelopeto
80% of FSH.
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5. Usethe COLLECT key [F1] to calibrate theinstrument
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Figure106 EnvelopeMode
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Figure107 EnvelopeMode (cont.)

The EPOCH 4PLUSautomatically collects A, T1 and T, and calculatesa“k factor”
from the known reference height. These three collected values (A o, T1, and Tp) are
displayed on the screen in their respective positionsusing “x” marks. The operator now
has the option of manually entering any of those data points that does not ook accurate
([F1],[F2], or [F3]), accepting the calibration ([F4]), or clearing the entire calibration and
starting again ([F5]).

Once you are satisfied with the collected data, press[F4] to accept the calibration and to
begin inspecting.

Manual Mode

When the PEAK MEMORY functionisnot in useonthe EPOCH 4PLUS, itispossibleto
manually collect each calibration data point to calibrate the instrument for inspection.
Thismanual collection worksonly when the PEAK MEMORY function is OFF or after
data has been collected using the Envel ope M ode (see above).
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Note:
in Depth-%Amplitude mode.

Manual Mode cdibration isfacilitated by viewing the digital measurement

After activating the APl BUE software and inputting areference notch depth, usethe
following stepsto calibrate the EPOCH 4PLUSin Manua Mode:

1. Findthesignal from thereference notch.

2. Adjust your screen range to adequately display thefull range of motion of the

reference notch signal.

3. Adjust GATE 1to encompassthe full range of motion of thereference notch signal

and bring the gate to below 40% FSH.

4. Usethe AUTOB80% key [F5] to bring the peak amplitude of the reference notch signal

to 80% of FSH.
5. Pressthe REF AMAX key [F1] to collect the peak amplitude signal and assign this
valueasA -
____________ o
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Figure108 Collecting Peak Amplitude Signal

6. Movethetransducer towardsthe reference notch until the peak has dropped to 40%
FSH on the leading edge of the signal. Pressthe REFT 1 key [F2] to collect the 6 dB
drop position of theleading peak and assign thisvalueas T ;.
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Figure109 Collecting Peak Amplitude Signal (cont.)

7. Movethetransducer away fromthereferencenotch until the peak hasdropped to 40%
FSH onthetrailing edge of the signal. Pressthe REFT2 key [F3] to collect the 6 dB
drop position of thetrailing peak and assign thisvalueas T».
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Figure110 Collecting Peak Amplitude Signal (cont.)

8. Pressthe INSPECT key [F4] to accept the calibration points and enter inspection
mode. If you are not satisfied with the coll ected points, you can overwrite aparticul ar
point using the previousfunctionkeys([F1], [F2], or [F3]), or pressCLEAR ([F5]) to
clear the entire calibration and begin again.
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Crack Sizing with API 5UE

Once the EPOCH 4PLUShas been calibrated to areference notch using one of the
processes described above, you can begin sizing potential defectsusing the API SUE
software. Crack sizesappear inthe upper right corner of thelive A-Scan display after each
sizing process. Related data can be saved for each inspection using the EPOCH 4PLUS
datalogger. Two methods of crack sizing are available with the APl SUE software:
Envelope Mode and Manual Mode.

Envelope Mode

A simple method of inspection of crack depth with the EPOCH 4PLUSisusing APl SUE
in EnvelopeMode. Thismethod allowstheoperator to coll ect pertinent datawiththe press
of asingle key and size potential defectsin the most efficient manner. The datacollection
processin Envelope Modeis similar to the process described above for Envel ope Mode
calibration.

Oncethe API SUE software has been properly calibrated to areference notch, usethe
following stepsto size acrack using Envelope Mode:

1. Findthesignal from the potential defect and bring it to maximum amplitude (see
API’sRecommended Practice SUE for crack scanning and inspection requirements).

2. If necessary, usethe AUTOB80% feature to bring the peak amplitude to 80% of FSH.
To usethisfeature, pressthe[GATE 1] key and pressthe AUTO80% key [F5].

3. Press[PEAK MEM] to activatethe PEAK MEMORY function.

. Scan forward and backward from the peak amplitude of the crack to draw a peak
envelopefor the crack signal.

5. Adjust your screen range to adequately encompass the entire peak envel ope and set
GATE LEVEL tolessthan half the peak amplitude height (in % FSH).

6. PresstheCOLLECT key [F2] tocollect A5, T1 and Tofromthe peak envelope. The
crack sizeindication (d;) appears at the top right corner of thelive A-Scan display.

188,

Figure1ll Collection
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Toinspect aseparate crack or to collect new datafor the samecrack, pressthe CLEAR key
[F5] and follow the steps above to inspect again.

Manual Mode

Manua Mode may also be used in crack sizing. Thismode allowsthe operator to
manually select the A5, T1, and T, pointsfrom alive A-Scan to obtain acrack depth
indication. Thedatacollection processin Manual Modeissimilar tothe processdescribed
abovefor Manual Mode calibration.

Oncethe API SUE software has been properly calibrated to areference notch, usethe
following stepsto size acrack using Envelope Mode:

1. Findthesignal from the potential defect and bring it to maximum amplitude (see
API’s Recommended Practice SUE for crack scanning and inspection requirements).

2. If necessary, usethe AUTO80% feature ([F5]) to bring the peak amplitude to 80% of
FSH.

Note: The gain can be manually adjusted using the SCAN DB key [F4]. This
function adds or subtracts gain from a Reference Gain level. See section 4.3
for details on adjusting Reference Gain.

3. Oncethe peak amplitudeisdisplayed on the screen, usethe A5 key [F2] to assign
this peak amplitude value as A 5. Note the value of the peak amplitude in %FSH.

4. Movethetransducer towardsthe potential defect until the peak has dropped to ¥2the
valueof A5 (in% FSH) ontheleading edge of thesignal. Press T, [F2] to collect the
6 dB drop position of the leading peak and assign thisvalueasT;.

5. Movethetransducer away from the potential defect until the peak has dropped to %2
thevalueof A5 (in% FSH) onthetrailing edge of thesignal. Press T, [F2] tocollect
the 6 dB drop position of thetrailing peak and assign thisvalueas T,. The crack size
indication appears at thetop right corner of thelive A-Scan display.
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Figure112 Crack Sizelndication
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Figure 113 Crack SizeIndication (cont.)
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Figure114 Crack Sizelndication (cont.)

Toinspect aseparate crack or to collect new datafor the same crack, pressCLEAR [F5]
and follow the steps aboveto inspect again.

Note: At any timeduring an inspection in either Envelope M ode or Manual Mode,
it is possible to re-calibrate the instrument. Press the RE-CAL key [F1] to
enter calibration mode and follow the steps in Calibrating to a Reference
Standard to re-calibrate the EPOCH 4PLUS.

9.17.6 API 5UE and the EPOCH 4PLUS Datalogger

API 5UE calibrations and i nspection data can be stored easily using the EPOCH 4PLUS
datalogger. If datais saved usingthe[SAVE THICK] key, theinstrument savesonly the
filename, 1D, and captured indication depth (from standard thickness measurement). If
datais saved using the [SAVE WAVE] key, theinstrument savesthefile name, ID,
referencevaluesfor Ao T1, T, and reference notch height, indication valuesfor A 4,
T4, Toand indication crack height, all instrument setup parameters, and the A-Scan.

Datamay betransferred to aPC for storage and reporting viathe EPOCH 4PLUS
GageView Prointerface program.
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DISPLAY

GRATICULE

DISPLAY UPDATERATE

SENSITIVITY

SELF CALIBRATION

AUTO CALIBRATION

REJECT

UNITS
MATERIAL VELOCITY

ZERO OFFSET
RANGE

DISTANCE READOUT

REFRACTED ANGLE

GATE START
GATEWIDTH

GATELEVEL

ZOOM

320 pixels (W) x 240 pixels (H) color Liquid
Crystal Display (LCD). Split-screen allows
simultaneous viewing of waveform and setup
data. Selectablefilled or outline waveform trace.

Electronically generated 2.625" x 2.375"
(67 x 60 mm). No parallax error. No changesin
brightness due to repetition rate changes.

Minimum 60 Hz under all test conditions.

110.0 dB max. and reference level sensitivity
featurewith 6 dB or 0.1 dB selectable resolution.

Continuous, automatic self-calibration
compensates pulse amplitude and receiver
sensitivity for temperature and aging effects.

Automatic calibration of Zero Offset and/or
Velocity.

Absolutely linear from 0%to 80%full scalein 1%
increments.

English, metric, or microseconds.

0.025t0 0.6000in/pSec (635 to 15240 m/S).
Switchable between two stored vel ocity settings.

0to 750 pSec.

0.038"—400" (1- 10,000 mm) standard range at
the velocity of longitudinal wavesin steel.

Provides single echo or Echo-to-Echo thickness
readings (in large numerals) or soundpath,
surface and depth display for angle beam testing.
Measuresto either peak or leading edge of gated
signal. In addition, sel ectable microsecond
readout for time of flight measurements.

Fixed settingsof 0°, 30°, 45°, 60°, 70°, or variable
from 10° to 85°in. 0.1° resol ution.

Variable over entire displayed range.

Variablefrom Gate Start position to the
maximum displayed range.

Off or Onwithlevel adjustablefrom 2% to 95% of
full screen in both rectified and RF display
modes.

Expands gated portion of display to full graticule
width.
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PEAK MEMORY

PEAK HOLD

SCREEN FREEZE

PULSERTYPE

PULSE ENERGY
DAMPING
RECTIFICATION

ANALOG BANDWIDTH
FILTER

TEST MODES
ALARMS

MEMORY

IDENTIFIERS

OPERATING TEMPERATURE
STORAGE TEMPERATURE
POWER REQUIREMENTS

BATTERY

BATTERY OPERATINGTIME
BATTERY RECHARGE TIME

BATTERY STATUS

TRANSDUCER CABLE
CONNECTORS

KEYPAD

Simultaneous display of live A-Scan at 60 Hz
update rate and peak envelope of A-Scan.

Freezes Peak Memory echo envelope for
waveform comparison with live A-Scan.

Freezes and holdswaveform and soundpath
display. Gatesand thickness can be adjusted after
the display isfrozen.

Negative spike excitation on atunable square
wave.

Selectable: Low, Medium, High, or Max.
Sel ectabl e settings of 50, 63, 150, or 400 ohms.

Full wave, half wave positive or negative, and
unrectified RF settings.

Broadband, 25 MHz at -3 dB.

Broadband, Narrowband, or Custom Selectable
Low and High Passfilters.

Pulse Echo, Dual, or Through-Transmission.

Selectable threshold positive/negative or
Minimum Depth modes.

Storage of up to 6,000 waveforms or 120,000
thicknessreadings.

8 character alphanumeric file nameswith 3 digit
file extension and 16 character alphanumeric
location codes. Memo mode allows entry of
comments. Edit feature allows del ete, insert, and
clear capabilities.

0°C to 50°C (0°F to 122°F).
0°C to 50°C (0°F to 122°F) with battery .

AC Mains; 100-120 VAC, 200-240 VAC, 50-60
Hz.

Internal rechargeable NiMH battery pack rated at
12V at 4000 mAH or optional disposable
Alkaline“AA” (10) cells.

6 hours nominal.
3 hourstypical.

Continuously displayed, low battery warning
display when battery life fallsbelow ahalf hour.

BNC or Number 1 Lemo.
English or international symbols.
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LANGUAGES

USB COMMUNICATIONS PORT
HIGH SPEED DATA PORT
VGA OUTPUT PORT

DIMENSIONS
WEIGHT
WARRANTY

K eypad selectable English, French, German,
Japanese, Spanish, Italian, Russian, and user
customizable languages available.

High speed port for interfacing with PC.
Allows alarm outputs and trigger in/out control.

Video output port to connect to standard VGA
monitor.

ColorLCD 11.15"Hx 6.55" W x 24" T
5.71bs (2.6 Kg)

Oneyear warranty, battery not included.
Optional second year warranty available.

161



EPOCH 4PLUS

162




Appendix B — Sound Velocities

Appendix B —Sound Velocities

Part # 910-250C

Thefollowing tableliststhe ultrasonic velocity in avariety of common materials. Thisis
only aguide. Theactua velocity inthese materialsmay vary significantly dueto avariety
of causes, such as, composition, preferred crystallographic orientation, porosity, and
temperature. For maximum accuracy, establish the sound velocity in agiven material by
first testing a sample of the material.

Material V(in./usec) V(m/sec)
Acrylic resin (Perspex) 0.107 2730
Aluminum 0.249 6320
Beryllium 0.508 12900
Brass, naval 0.174 4430
Copper 0.183 4660
Diamond 0.709 18000
Glycerin 0.076 1920
Inconel® 0.229 5820
Iron, Cast (slow) 0.138 3500
Iron, Cast (fast) 0.220 5600
Iron oxide (magnetite) 0.232 5890
Lead 0.085 2160
Lucite® 0.106 2680
Molybdenum 0.246 6250
Motor oil (SAE 20/30) 0.069 1740
Nickel, pure 0.222 5630
Polyamide (slow) 0.087 2200
Nylon, fast 0.102 2600
Polyethylene, high density (HDPE) 0.097 2460
Polyethylene, low density (LDPE) 0.082 2080
Polystyrene 0.092 2340
Polyvinylchloride, (PVC, hard) 0.094 2395
Rubber (polybutadiene) 0.063 1610
Silicon 0.379 9620
Silicone 0.058 1485
Steel, 1020 0.232 5890
Steel, 4340 0.230 5850
Steel, 302 austenitic stainless 0.223 5660
Steel, 347 austenitic stainless 0.226 5740
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Materia V(in./usec) V (m/sec)
Tin 0.131 3320
Titanium, Ti 150A 0.240 6100
Tungsten 0.204 5180
Water (20°C) 0.0580 1480
Zinc 0.164 4170
Zirconium 0.183 4650
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Term

Definition

Acoustic Impedance

A material property defined asthe product of sound
velocity (C) and the material’s density (d).

Acoustic Interface

Theboundary between two mediaof different acoustic
impedance.

Acoustic Zero The point onthe CRT display that representsthe entry
surface of the specimen.

Amplifier An electronic device that increasesthe strength of a
signal fed into it by obtaining power from a source
other than theinput signal.

Amplitude Referring to an indication on the CRT screen, the

vertical height of anindication measured fromthe
lowest to the highest point on theindication. In wave
motion, the maximum displacement of the particles of
the material.

Angle Beam Transducer

A transducer that transmits or receives the acoustic
energy at an angleto the surface to set up shear waves
or surface wavesin the part being inspected.

A-Scan

Pulse-echo format whereinthe CRT display showsthe
pulsetravel timeinthe horizontal direction (leftto
right) representing the corresponding sound paths. The
vertical direction (bottom to top) displaysthe
maximum value of the acoustic pressure echo
amplitude received by the probe.

Attenuation

Thelossin acoustic energy that occurs between any
two pointsof travel. Thisloss may be dueto
absorption, reflection, and other phenomena.

Attenuation (M.L.A.)

Thelossof sound pressurein atravelling wavefront
caused by the scattering of some of thewave's sound
pressure by the grain structure and/or porosity of the
medium, and by absorption, aconversion of sound
energy into heat.

Back or Backwall Echo

The echo received from the side of the specimen
opposite the side to which the transducer is coupl ed.
This echo represents the thickness of the specimen at
that point.

Background Noise

Extraneous signal s caused by sourceswithin the
ultrasonic testing system and the material being tested.
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Beam Index Point

The point on the base of an angle beam probe’ swedge
from which the sound leaves the wedge and entersthe
specimen.

Cal Block Vel ocity

Material sound velocity for the calibration block.

Couplant

A material (usually aliquid or gel) used between the
transducer and the test specimen to eliminate air from
this space and thus facilitate the passage of sound
wavesinto and out of the specimen.

Critical Defect

Either thelargest tolerable defect or the smallest
intolerable defect. Thecritical defect sizeisusually
given by aspecification or code.

Cross Tak

An unwanted condition affecting dual el ement
transducersin which acoustic energy travelsfrom the
transmitting crystal to the receiving crystal by routes
other than theintended path through the material.

Damping (Control)

A variableresistance across the pulser circuit output
which shapesthe excitation pulse. Typicaly it isused
to change pul se characteristics to optimize either
penetration (low damping) or near surface resolution
(high damping).

Note: High damping = L ow damping ohms (50 Q)
L ow damping = High damping ohms (400 Q)

Damping Material

Any gel, rubber-like substance, or other material
which, when used in thetransducer, resultsin ashorter
ringing time of the piezoelectric crystal.

Decibel (dB)

A unit which compares|evels of power. Two power
levelsP1 and P2, are said to differ by n decibelswhen:

n=10log;q (;—i)

Thisunit isoften used to express sound intensities. In
thiscase, P2 istheintensity of the sound under
consideration and P1istheintensity of somereference
level.

In the case of the displayed voltages on acathode ray
tube screen, the rel ationship becomes:

n=201l0og;q G_i)

Delay Control

Subcircuit of the sweep generator that allows a
variably adjustabletime period from the sending of the
trigger pulseto the start of the sweep acrossthe CRT.
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Term

Definition

Detectability

Theability of atest system (instrument and transducer)
to detect or “see” agiven sizereflector. Thisisalso
known as* sensitivity.”

Distance Amplitude
Correction (DAC)

A method of flaw eval uation that usesatest block with
aknown sizereflector at varying known distancesfrom
the transducer. Thisallowsyouto plot acurveonthe
CRT screen that representsthe amplitude of that size
reflector throughout agiven distancerange. Thiscurve
compensatesfor the loss of energy dueto beam
spreading and attenuation.

Dual-Element Probe

A probe containing two piezoel ectric elements, one
which transmits and onewhich receives.

Dynamic Range

Theratio of maximum to minimum reflective areas
that can be distinguished on the cathode ray tube
(usually based on decibel ratios).

Electronic Zero

Thepoaintintimewhen the pulser firestheinitial pulse
to the transducer and the point on the cathode ray tube
screen wherethee ectron beam | eavesthe baselinedue
totheinitial pulsesignal coming from the transmitter.

First Critical Angle

Theminimum incident anglein thefirst medium at
which therefracted longitudinal waveiseliminated
from the test specimen.

Flaw

A discontinuity that may be undesirable but does not
necessarily cal for rejection.

Frequency

Thenumber of compl etecyclesundergoneor produced
by an oscillating body in one second.

Gan

Used in electronicswith referenceto anincreasein
signal power; usually expressed astheratio of the
output power (for example, of anamplifier) totheinput
power in decibels.

Gain (Control)

Selectsthe amount of calibrated gain (dB) available
withintheinstrument. Usually consistsof acoarsegain
control (additionsat 20dB increments), and afinegain
(additionsat 1 or 2 dB increments).

Gate

An electronic baseline display used to electronically
monitor portionsof the displayed rangewith reference
to distance or amplitude.

Part # 910-250C
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Term

Definition

Hertz (Hz)

Thederived unit of frequency defined asthe frequency
of aperiodic phenomenon of which the periodisone
second; equal to one cycle per second.

Symbol Hz. 1 Kilohertz (K Hz) = 108 cycles per second
1 Megahertz (Mhz) = 10 cycles per second.

Horizontal A

Thesmaller length (if rectangul ar) of theactual crystal.
The softwarewill compute the affective length
automatically.

Immersion Testing

A test method, useful for testing irregularly shaped
parts, in which the part to be tested isimmersed in
water (or other liquid) so that theliquid actsasa
couplant. The search unitisalsoimmersed inthe
liquid, but not in contact with the part being tested.

Incidence, Angle of

The angle between asound beam striking an acoustic

interface and the normal (that is, perpendicular) to the
surface at that point. Usually designated by the Greek
symbol a (alpha).

Indication

The signal displayed on the screen signifying the
presence of asound wave reflector in the part being
tested.

Indication (Defect) Level

The number of decibelsof calibrated gain which must
be set on theinstrument to bring theindi cation (defect)
echo signal to peak at the reference line on the screen.

Initial Pulse (1P)

The pulse of electrical energy sent by the pulser to the
transducer.

Leg

Inanglebeamtesting, the path the shear wavetravelsin
astraight line before being reflected by the opposite
surface of the material being tested.

Linearity, Vertical or
Amplitude

The characteristics of an ultrasonic test system
indicating its ability to respond in aproportional
manner to arange of echo amplitudes produced by
specified reflectors.

Linearity, Horizontal or
Distance

The characteristics of an ultrasonic test system
indicating its ability to respond in aproportional
manner to arange of echo signals, produced by
specifiedreflectors, variableintime, usually aseriesof
multiple back reflections.

Longitudinal Wave

Mode of wave propagation characterized by particle
movement parallel to the direction of wavetravel.

Main Bang

Term used to describe the Initial Pulse Voltage.
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Definition

Mode Conversion

Changing aportion of asound beam’senergy into a
wave of adifferent mode dueto refraction at incident
angles other than zero degrees. In NDT, thisusually
involves conversion of longitudinal wavesinto shear
waves or surface waves.

Peaking Up

Maximizing the height of any indication displayed on
the CRT screen by positioning the main axis of the
sound beam directly over thereflector.

Penetration

Theahility of thetest systemto overcomemateria loss
attenuation, that is, the ability of the sound beam to by-
pass small reflectors such asgrain boundaries and
porosity in the specimen.

Piezoel ectric Elements

A family of materials (such aslead metaniobate,
quartz, lithium sulfate) that possessthe characteristic
ability to produce: @) A voltagedifferential acrosstheir
faceswhen deformed by an externally applied
mechanical force, and b) A changeintheir own
physical configuration (dimensions) when an external
voltageisapplied to them.

Probe

Another namefor transducer or search unit

Pulse Repetition Rate or
Pulse Repetition Frequency

Thefreguency with which the clock circuit sendsits
trigger pulsesto the sweep generator and the
transmitter, usually quoted in terms of pulses per
second (pps).

Range

Thedistance represented by the entire horizontal CRT
screen display.

Receiver

That circuit of aflaw detector that receives both the
initial pulse voltage from the transmitter and the
returning echoes (asvoltages) from the transducer. By
passing theseincoming signalsthrough certain
subcircuits, the signasarerectified, filtered and
amplified withtheresultssendto the screenfor display.

Reference Echo

The echo from areference reflector.

Reference Level

The number of decibelsof calibrated gain which must
be set on theinstrument to bring thereferencereflector
signal to peak at thereference line on the screen.

ReferencelLine

A predetermined horizontal line (usually dictated by
specifications) on the screen representing some
percentage of total screen height, at which reference
echoes and indication echoes are compared.
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Term

Definition

Reference Reflector

A reflector of known size (geometry) at aknown
distance, such asaflat-bottom hole.

Refraction, Angle of

Theangle of sound reflection inthewedge whichis
equal totheangleof incidence (alsointhewedge.) The
angleof reflectanceismeasured fromthenormal tothe
reflected sound beam.

Registration

The minimum detectable flaw size.

Reject (Contral)

Also known as suppression, it limitstheinput
sensitivity of theamplifier inthereceiver. “ Grass’ or
scattering noise can bereduced or eliminated from the
screen by itsuse. On most analog instrumentsit also
destroysthe vertical linearity relationship between
echo heights.

Resolution

Theability of thetest system (instrument and
transducer) to distinguish reflectorsat slightly
different depths.

Scanning Level

The number of dB’sof calibrated gain abovethe
referencelevel added to insure seeing potentially
significant reflectors at the end of the V-pathinaweld
inspection.

Second Critical Angle

The minimum incident anglein thefirst medium at
which the refracted shear wave leaves the body of the
test specimen.

Sensitivity

Theability of thetest system (instrument and
transducer) to detect agiven sizereflector at agiven
distance.

Signal-to-Noise Ratio

Theratio of amplitudes and indications from the
smallest defect considered significant and those
caused by random factors, such asgrain scattering or
instrument noise.

Single Element Probe

A probe containing only one piezoel ectric element,
whichisused to both transmit and receive sound.

Skip-Distance In angle beam testing, the surface distance which
represents one V-path of sound inthe material.
Sound Beam The characteristic shape of the ultrasonic wave sent

into the material.
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Term

Definition

Sound Path Distance

Thedistance from the transducer beam index point to
thereflector located in the specimen, measured along
the actual path that the sound travels. Sometimes
referred to as angular distancein angle beam testing.

Straight Beam Probe
(Normal Beam Probe)

A probe which transmitsthe sound into the material
perpendicular to the entry surface.

Surface Wave

M ode of wave propagation characterized by an
elliptical movement of the particles(molecul es) onthe
surface of the specimen asthe wavefront moves
forward, this movement penetrating the specimento a
depth of one wavelength.

Through Transmission

A test method in which the vibrations emitted by one
search unit are directed toward, and received by,
another search unit. Theratio between quantity of
vibration sent and received isameasure of the
integrity, or quality of the material being tested.

TimeVaried Gain (TVG)

Circuit that automatically adjustsgain so that the echo
amplitude of agiven sizereflector isdisplayed at a
constant screen height regardlessof thedistanceto that
given sizereflector.

Part # 910-250C

Transducer A devicethat transforms one form of energy into
another.

Transmitter Circuit of the flaw detector that sendstheinitial pulse
voltageto both the transducer and receiver.

Ultrasonic Of or relating to frequencies above the human audible
range; e.g., above 20,000 cycles/sec. (Hertz).

Ultrasonics Study of pressure waveswhich are of the same nature

as sound waves, but which have frequencies abovethe
human audiblelimit, i.e., above 20,000 cycles/sec.
(Hertz).
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Term Definition

V-Path Theangular distance sound travels, measured from the
top surface of thematerial to the bottom, and reflecting
back up to the top surface.

Vertical B Thelarger length (if rectangular) of the actual crystal.
The softwarewill compute the “ affective length”
automatically.

Wavelength The distance between like points on successive

wavefronts; i.e., the distance between any two
successive particles of the oscillating medium that are
inthe same phase. It isdenoted by the Greek letter A
(lambda).
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Part

Description

EPAP-BUE

EPOCH 4PLUSFlaw Detector with color LCD

TableE-1 EPOCH 4PLUSUItrasonic Flaw Detector

Part Description
EP4/BAT NiMH Battery
EP4/MCA-X Mini Charger Adapter (“X” = Power Cord Configuration)
EP4/CAL-NIST NIST Calibration Certificate
EP4/MAN Instruction Manual
EP4/TC Plastic Transport Case
EP4/PS Stainless Steel Pipe Stand
EP4/HS Hand Strap

TableE-2 ItemsIncluded with the EPOCH 4PLUS (Spares can be purchased)
Part Description
EPAP/ADT Advanced DAC/TV G software
EPAP/AWS AWS Weld classification software
EPAP/APISUE API BUE sizing software
EP4P/CSC Curved Surface Correction software
EP4P/HPRF High PRF (1 KHz)
EPAP/LPRF Low PRF (30H2)
EP4P/I1G Interface Gate software
EPAP/IFG Floating Gate software
EP4AP/BEA Backwall Attenuator software
EPAP/WAV E Wave Analysis software
EPAP/AUTOFREEZE AUTOFREEZE software

TableE-3 Instrument Software Options
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Part Description

EPAP/SWA Spotweld Assistant software
EPAP/SPOTWELD Spotweld Overlay software
EPAP/DGS/AVG Onboard DGS/AV G software

TableE-3 Instrument Software Options (Continued)

Part Description

GAGEVIEW- GageView PRO Interface Program
PRO-KIT-USB

GAGEVIEW- GageView PRO Interface Program (software only)
PRO

TableE-4 GageView PRO Interface Program and Accessories

Part Description

EP4/SC Shipping Case

EP4/BAT-AA Alkaline Battery Pack (includes 10 AA cells)

EP4/EC External Stand-Alone Charger (base only-requires EPOCH
4PLUScharger)

EP4/RPC Rubber Protective Carrying Case (includes EP4/SS and EP4/
CH)

EP4/SS Sunshade for Rubber Protective Case

EP4/CH Chest Harnessfor Rubber Protective Case

EP4/PR Printer: 110-120 V, Seiko DPU-414 (Includes EP4/PR-
CABLE)

EP4/PRE Printer: 230-240V, Seiko DPU-414 (includes EP4/PR-
CABLE)

EP4/PR-CABLE Printer Cablefor EP4/PR and EP4/PRE

EP4/PP Printer Paper (5 Rolls)

EP4/DP-E Screen Protective Cover (Qty. 10)

EP4/C-15VGA-6 VGA Cable(6.0ft.)

EP4/C-25PRL-6 Parallel Port Cable (25 pinto 25 pin)

TableE-5 Optional Hardware A ccessories
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Documentation Comments

Olympus NDT™ isalwaysinterested inimproving its documentation. Please complete
this questionnaire and return your responsesto:

OlympusNDT
pana@OlympusNDT.com
Attention: NDT Marketing Dept., Technical Publications

Y ou can a so fax your commentsto Marketing Dept., Technical Publications.

Note: Thefollowing questionnaireisfrom the Society for Technical
Communicationand*“Revision Checklist” from Technical Writing, Seventh
Edition.

Document Title:

Document Number:

Documentation Usability Ratings

In the sectionsthat follow, please rate the usability of the document according to the
following rating system:

1-Poor 2-BelowAverage 3-Average 4-AboveAverage 5-Excdlent

Audienceand purpose

Isthe purpose of thismanual clearly stated? 1 2 3 4 5
Doesthe document fulfill the purpose? 1 2 3 4 5
Isthe audience clearly defined? 1 2 3 4 5
Doesthe document meet audience needs? 1 2 3 4 5
Organization

Do theinstructionsfollow the exact sequence of steps? 1 2 3 4 5
I sthe organization appropriate and logical ? 1 2 3 4 5
Arethe headings specific and helpful ? 1 2 3 4 5
Isthe Table of Contents complete and useful ? 1 2 3 4 5
Content

Do explanations enabl e readers to understand what to do? 1 2 3 4 5
Do notes, cautions, or warnings appear whenever needed,

in the appropriate place? 1 2 3 4 5
Iseverything accurate? 1 2 3 4 5
Arethemain points properly stressed? 1 2 3 4 5
Arethere sufficient helpful examples? 1 2 3 4 5




Writing and Editing

Isthereading level appropriate to the audience? 1 2 3 4
Arethetone and style appropriatefor thepurposeand audience? 1 2 3 4
Isterminology consistent? 1 2 3 4
Aregrammar, syntax, spelling, and punctuation correct? 1 2 3 4
[llustrations

Do theillustrations contribute to the usefulness of thedocument?1 2 3 4
Aretheillustrations effectively integrated into the text? 1 2 3 4
Aretheillustrations clearly labelled? 1 2 3 4
L ayout and Design

Isthelayout effective for the audience and purpose? 1 2 3 4
Isthe overall design consistent and coherent? 1 2 3 4
Overall Document 1 2 3 4

Additional Comments

Which topicsare not covered that you would like to see covered in the next revision?

o o1 o1 01

a1

Errorsfound in thismanual:

Page Description of Error

Name Company
Mailing Address

Phone E-Mail Address

Fax No.
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	Step4: Use the spike pulser to simplify the operation of the EPOCH 4PLUS so that the pulser frequ...

	4.4.7 Pulser Frequency Selection
	1. Press [PULSER] multiple times until the FREQ selection is highlighted.
	2. Use the function keys for direct access or the [],[],[] and [] keys to select the desired freq...
	3. Choose the frequency that is closest to the frequency of the transducer being used.



	5 Managing Special Waveform Functions
	5.1 Reject
	1. Press [2ndF], [VEL] (REJECT).
	2. Use the function keys to select preset values or use the [], [], [], and [] keys to adjust the...

	5.2 Peak Memory
	1. Press [PEAK MEM].
	2. Scan over the reflector to acquire the echo envelope. Continue to scan slowly until the live w...
	3. Press [PEAK MEM] again to shut off Peak Memory.

	5.3 Peak Hold
	1. Obtain an echo on the EPOCH 4PLUS screen that you want to capture.
	2. Press [2nd F], [PEAK MEM] (PEAK HOLD). This captures the screen and still allows viewing of th...
	3. Select the captured waveform to view as a single trace by pressing [F1], or as a filled- in tr...
	4. Press [2nd F], [PEAK MEM] (PEAK HOLD) again to shut off Peak Hold.

	5.4 Screen Freeze

	6 Using the Gates
	6.1 Positioning Gate 1
	1. Press [GATE 1].
	2. Press the appropriate function key.
	3. Use the [], [], [], and [] keys to position the gate.

	6.2 Positioning Gate 2
	1. Press [GATE 2] to view Gate 2 controls.
	2. Press [F4] for ON. The movement of Gate 2 is done in the same manner as Gate 1.
	3. Press [GATE 1] to switch back to control Gate 1.
	4. To turn Gate 2 off, press [GATE 2] followed by [F4].

	6.3 Taking Thickness Readings
	1. Position Gate 1. Since Gate 1 is used to obtain single echo thickness readings, it must be pos...
	2. Select the Measurement mode. The EPOCH 4PLUS can measure to either the leading edge or the pea...
	3. Press [DEPTH/%AMPL] to select the appropriate mode. The following selections will appear in th...
	4. Press [F4] multiple times to select which of the soundpath readings (depth, surface distance, ...
	5. Select [F1] or [F2] to put the EPOCH 4PLUS in the corresponding Depth Measurement mode.
	6. Select [F3] to put the EPOCH 4PLUS in Amplitude Measurement mode.

	6.4 Taking Echo-to-Echo Thickness Readings
	1. Position Gate 1 over the region where the first back echo is expected to appear.
	2. Press [2nd F], [DEPTH/%AMP] (ECHO-ECHO) to activate the Echo-to-Echo measurement mode. The fol...
	3. Select either edge-to-edge or peak-to peak. The icon appears for peak-to-peak or appears for e...
	4. Define the Blanking Period to avoid possible false readings that could occur due to transducer...
	Figure 12 Set-up for Peak-to-Peak Measurement


	6.5 Locating Flaws with an Angle Beam Transducer
	Figure 13 Angle Beam Inspection
	1. Enter a value of 0.00 for material thickness when calibrating.
	2. Press [2nd F], [ANGLE] (THICKNESS).
	3. Press [F1] or use the [] key until the thickness value reads 0.00. With this set-up, all sound...

	6.6 Measuring Signal Amplitude
	Figure 14 Amplitude Mode Displaying Current Amp and Amp Max

	6.7 Operating Time-of-Flight (TOF) Mode
	Figure 15 Time-of-Flight Mode Displaying µs Values
	1. Press [OPTION].
	2. Move the highlight bar over Setup and press [ENTER].
	3. Move the highlight bar over Unit and press [ENTER].
	4. Move the highlight bar over µs Full Scale to view in full scale units, or µs /DIVISION to view...
	5. Press [OPTION] to return to the live screen.

	6.8 Using the Zoom Feature
	6.9 Activating Gate Alarms
	6.9.1 Threshold Alarms
	1. Press [GATE 1] and use the start, width, and level parameters to position the gate over the de...
	2. Press [2nd F], [GATE 1] (ALARM 1). The alarms are displayed in the function boxes at the botto...
	3. Press [F1] for positive logic or [F2] for negative logic. A negative logic alarm indicates a s...
	Figure 16 Negative Logic Alarm
	Figure 17 Positive Logic Alarm

	4. Press [2nd F], [GATE 1] (ALARM 1) and then press [F4] for OFF to shut off the Gate 1 alarm.
	5. Press [2nd F], [GATE 2] (ALARM 2) and then press [F4] for OFF to shut off the Gate 2 alarm.

	6.9.2 Minimum Depth Alarm
	6.9.3 Minimum Depth Alarm with a Single Gate
	1. Press [GATE 1] and use the start, width, and level parameters to position the gate over the de...
	2. Press [2nd F], [GATE 1] (ALARM 1) to display the alarms in the function boxes at the bottom of...
	3. Use the [], [], [], and [] keys to set the desired minimum value. The range of minimum depth v...
	4. Press [2nd F], [GATE 1] (ALARM 1) and then press [F4] to shut off the alarm.

	6.9.4 Minimum Depth Alarm in the Echo-to-Echo Measurement Mode
	1. Position Gate 1 and Gate 2 over the desired areas. See Taking Echo-to-Echo Thickness Readings ...
	2. Press [2nd F], [DEPTH/%AMP] (ECHO-ECHO) to activate the Echo-to-Echo Measurement mode.
	3. Press [2nd F], [GATE 2] (ALARM 2) to activate the alarm.
	4. Press [F3] to select the minimum depth alarm.
	5. Use the [], [], [], and [] keys to set the desired minimum value. The range of minimum depth v...

	6.9.5 Alarm Condition Storage


	7 Calibrating the EPOCH 4PLUS
	7.1 Getting Started
	1. Press [DISPLAY] to select the split screen display.
	2. Press [2nd F], [VEL] (REJECT) to set the reject level to 0%. Press [F1] or use the [] slewing ...
	3. Press [GAIN] to select an initial gain value that is appropriate for the calibration and adjus...
	4. Press [VEL] to enter an approximate velocity for the test material and adjust the value with t...
	5. Press [RANGE] to set the range and then adjust the value using the function keys or the [], []...
	6. Press [2nd F], [ANGLE] (THICKNESS) to set the material thickness to 0.00" or 0.00 mm. Press [F...
	7. Press [ZERO OFFSET] to set the zero offset value to 0.00 msec. Press [F1] or use the [] or [] ...
	8. Press [ANGLE] to enter the correct refracted angle for the probe (0 for a straight beam or 90o...
	9. Once the transducer is coupled to the block, adjust the pulser and filter settings to create a...

	7.2 Calibrating with a Straight Beam Transducer
	1. Follow the initial set-up procedure outlined above. Connect the transducer to an appropriate c...
	2. Press [CALIBRATION]. A Cal symbol appears to the right of the A-Scan, signifying the EPOCH 4PL...
	3. Couple the transducer to the THIN calibration block step. For this example, the transducer is ...
	4. Position Gate 1 so that the first backwall echo from the known thickness step is exceeding the...
	Figure 18 Calibrating for a Thin Block Using a Straight Beam Transducer

	5. A thickness reading appears in large text above the A-Scan. Once a steady reading is achieved,...
	Figure 19 Entering a Thin Standard Value

	6. Press [CALIBRATION]. The display returns to the live A-Scan. Couple the transducer to the THIC...
	7. Position Gate 1 so that the first backwall echo from the known thickness step is exceeding the...
	Figure 20 Calibrating for a Thick Block Using a Straight Beam Transducer

	8. A thickness reading appears in large text above the A-Scan. Once a steady reading is achieved,...
	Figure 21 Entering a Thick Standard Value

	9. Press [ENTER] to complete the Auto-Calibration. The Zero Offset and Velocity parameters adjust...

	7.3 Calibrating with a Delay Line Transducer
	1. Follow the initial set-up procedure outlined in Section 7.2.
	2. Press [CALIBRATION]. A Cal symbol will appear to the right of the A-Scan, signifying the EPOCH...
	3. Couple the transducer to the THIN calibration block step. For this example, the transducer wil...
	4. Position Gate 1 so that the first backwall echo from the known thickness step is exceeding the...
	Figure 22 Calibrating for a Thin Block Using a Delay Line Transducer

	5. Press [ZERO OFFSET] once the reading is steady. The screen freezes and a pop-up box appears on...
	Figure 23 Entering a Thin Standard Value

	6. Press [CALIBRATION]. The display returns to the live A-Scan. Couple the transducer to the THIC...
	7. Position Gate 1 so that the first backwall echo from the known thickness step is exceeding the...
	Figure 24 Calibrating for a Thick Block Using a Delay Line Transducer

	8. Press [VEL] once the reading is steady. The screen freezes and a pop-up box appears again on t...
	Figure 25 Entering a Thick Standard Value

	9. Press [ENTER] to complete the Auto-Calibration. The Zero Offset and Velocity parameters adjust...

	7.4 Calibrating with a Dual Element Transducer
	1. Follow the initial set-up procedure outlined in Section 7.2.
	2. Press [CALIBRATION]. A Cal symbol appears to the right of the A-Scan, signifying the EPOCH 4PL...
	3. Couple the transducer to the THIN calibration block step. For this example, the transducer wil...
	4. Position Gate 1 so that the leading edge of the backwall echo from the known thickness step is...
	Figure 26 Calibrating for a Thin Block Using a Dual Element Transducer

	5. Press [ZERO OFFSET] once the reading is steady. The screen freezes and a pop-up box appears on...
	Figure 27 Entering a Thin Standard Value

	6. Press [CALIBRATION]. The display returns to the live A-Scan. Couple the transducer to the THIC...
	7. Position Gate 1 so that the leading edge of the backwall echo from the known thickness step is...
	Figure 28 Calibrating for a Thick Block Using a Dual Element Transducer

	8. Press [VEL] once the reading is steady. The screen freezes and a pop-up box appears again on t...
	Figure 29 Entering a Thick Standard Value

	9. Press [ENTER] to complete the Auto-Calibration. The Zero Offset and Velocity parameters adjust...

	7.5 Calibrating with an Angle Beam Transducer
	1. Follow the initial set-up procedure outlined in Section 7.2.
	2. Enter the correct refracted angle for the transducer/wedge combination. For this example, ente...
	3. Enter the approximate shear wave velocity of the material being inspected. For this example us...
	4. Enter an appropriate range for the test block being used. For this example, enter a range of 1...
	7.5.1 Locating the Beam Index Point (B.I.P.)
	1. Couple the probe to the test block at the “0” mark.
	Figure 30 Reference Block Displaying the “0” Mark

	2. Manipulate the probe until a high amplitude signal appears on the screen after the Main Bang. ...
	3. Move the probe forward and backward to bring the echo to its maximum amplitude (peak it up). M...
	Figure 31 Locating the Beam Index Point

	4. Hold the probe stationary once you have peaked up the signal and mark the side of the transduc...

	7.5.2 Verifying the Refracted Angle (Beta)
	1. Position the probe over the appropriate angle mark on the block, which is 45o in this example.
	Figure 32 Verifying the Refracted Angle

	2. Move the probe backward and forward to “peak up” the echo coming from the large circular hole ...
	3. Hold the probe stationary once you have peaked up the signal. Note the degree mark on the bloc...

	7.5.3 Calibrating for Distance
	1. Couple the probe to the block so that the BIP is directly over the “0” mark on the ASTM test b...
	2. Press [CALIBRATION]. A Cal symbol appears to the right of the A-Scan, signifying the EPOCH 4PL...
	3. Position Gate 1 so that the echo reflection from the 4" arc (this should be the first large ec...
	4. Adjust the gain setting so that the echo amplitude is approximately 80%. A thickness reading a...
	Figure 33 Calibrating for Distance

	5. Press [ZERO OFFSET] once the reading is steady. The screen freezes and a pop-up box appears on...
	Figure 34 Entering a Thin Standard Value

	6. Press [CALIBRATION]. The display returns to the live A-Scan. Position Gate 1 so that the echo ...
	7. Adjust the Gain setting so that this echo amplitude is approximately 40%. A thickness reading ...
	Figure 35 Adjusting the Gain

	8. Press [VEL] once the reading is steady. The screen freezes and a pop-up box appears again on t...
	Figure 36 Entering a Thick Standard Value

	9. Press [ENTER] to complete the Auto-Calibration. The Zero Offset and Velocity parameters adjust...

	7.5.4 Calibrating for Sensitivity
	1. Couple the probe to the IIW calibration block so that the transducer is aimed at the 0.060" di...
	Figure 37 IIW Calibration Block with 0.060" Diameter Drilled Hole

	2. Move the probe forward and backward until you have “peaked up” the return signal from the hole...
	3. Adjust the system sensitivity (Gain) up or down once the echo is peaked up to bring the refere...
	4. Press [2nd�F], [GAIN] (REF) to lock in the reference gain level and add/subtract scanning gain...
	5. Press the function keys once the reference gain functions are activated to select between addi...
	Figure 38 Locking the Reference Gain to Add/Subtract Scanning Gain




	8 Managing the Datalogger and Data Communication Features
	8.1 Defining the Datalogger Storage Capacity
	8.2 Using the Memory Screen
	Figure 39 Memory Screen (no stored files)

	8.3 Using the Alphanumeric Keypad
	1. Press [#] to put the EPOCH 4PLUS in Numeric Entry mode. A flashing “n” appears.
	2. Press any numeric key to enter the selected digit. The cursor automatically advances one posit...
	3. Use the [<] or [>] keys to skip spaces or move the cursor back to re-enter over an existing ch...
	1. Press [ALPHA] to begin entry of alpha characters. A flashing “ __” appears.
	2. Press the corresponding number where the letter exists. There are two or three letters per key...
	3. Use the [<] or [>] keys to skip spaces or move the cursor back to re-enter over an existing ch...
	1. Press [ALPHA] to enter symbols. The entry cursor flashes “__”.
	2. Press [ID] (SYMBOL) multiple times to move through the following list: [SPACE] [ . ] [ / ] [- ...

	8.4 Creating Files and Identifier (ID) Codes
	Figure 40 Entering File Information

	8.5 Saving Waveforms and Thickness Readings
	8.6 Incrementing ID Codes
	8.7 Recalling Transducer Calibrations and Waveforms
	1. Press to enter the Memory screen.
	2. Use the slewing keys to select the file where the desired calibration is located.
	3. When the file is highlighted, press [F1] to enter the Contents screen.
	4. Use the slewing keys to scroll through the selected file. Only IDs with saved waveform/paramet...
	Figure 41 Recalling a Selection

	5. Press [F2] for Recall when the appropriate ID is listed at the top of the screen (see Step 4 a...
	6. Press [FREEZE] to go to the live screen. The EPOCH 4PLUS is ready for use with the same parame...

	8.8 Saving and Recalling Quick Recall Calibrations
	1. Enter the Memory screen and create a file name for the desired quick recall file (file locatio...
	2. Enter an ID code. See Creating Files and Identifier (ID) Codes on page 4.
	3. Press [SAVE WAVE].
	1. Press [CALIBRATION] from the live screen. The Cal symbol appears on the screen.
	2. Press the desired key [1], [2], ...[9] associated with the desired calibration to recall. A po...
	3. Press [F1] to recall the calibration or [F2] to abort.

	8.9 Creating Memos
	1. Press [MEMO]. A pop-up box appears with three lines of available entry space.
	2. Use the alphanumeric keypad to enter a memo.
	3. Press [F1] to save the memo in the datalogger or [F2] to abort.

	8.10 Editing a File
	Figure 42 Editing the File Directory
	1. Pressing [F1] prompts you to enter one of the following:
	2. Press [F4] to abort.
	1. Pressing [F2] prompts you to enter one of the following:
	1. Pressing [F3] prompts you to enter one of the following:
	1. Press [F4] and use the up and down arrow keys to select the new location for the file.
	2. Press [F1] to swap desired files. The two files selected exchange places in the file directory.
	3. Press [F2] to abort.
	1. Press [F5] to exit the edit function. You will still be in the Memory screen.
	2. Press [F5] again to return to the live screen.
	1. Use the slewing keys to move the highlight bar over the desired file in the File Directory (lo...
	2. Press [F1] to enter the File Contents screen (upper portion of the Memory screen).
	3. Use the slewing keys to review the file contents. The current ID code (either a waveform or a ...
	4. Press [EDIT] when the desired ID code is displayed.
	Figure 43 Editing the File Contents

	1. Pressing [F1] prompts you to enter one of the following:
	1. Press [F3].
	2. The gage prompts you to enter one of the following:


	9 Using Software Options
	9.1 Defining Active/Inactive Options
	Table 7 Active/Inactive Software Options

	9.2 Distance Amplitude Correction (DAC)
	9.2.1 Drawing DAC Curves
	1. Calibrate the EPOCH 4PLUS for the appropriate transducer. Adjust the Gain so the peak of the h...
	2. Press [OPTION].
	3. Use the slewing keys to position the highlight bar over the DAC selection and press [ENTER] to...
	4. Use the slewing and [ENTER] key to select the DAC standard (ASME, ASME-3, or JIS) and also the...
	5. Press [OPTION] to return to the A-Scan display.
	6. Position Gate 1 over the desired echo to begin drawing the DAC curve. Adjust the gate level if...
	7. Move Gate 1 to the appropriate position to capture the next point for the curve.
	8. Press [F1]. Repeat this step until all points for the curve are captured.
	9. Press [F2] to complete the curve once the last point are captured.
	Figure 44 Creating a DAC Curve


	9.2.2 Special Considerations for JIS Z3060 DAC Curves
	9.2.3 Saving and Recalling DAC Curves
	9.2.4 Setting Alarms in DAC Mode
	9.2.5 Exiting DAC Mode
	1. Press [OPTION].
	2. Use the slewing keys to highlight the DAC selection and press [ENTER] to go into the DAC setup.
	3. Use the slewing keys to highlight Off and press [ENTER].
	4. Press [OPTION] to return to the A-Scan display.


	9.3 Time Varied Gain (TVG)
	9.3.1 Activating and Calibrating TVG
	1. Calibrate the EPOCH 4PLUS for the appropriate transducer.
	2. Adjust the Gain so that the peak of the highest amplitude echo to be used in the TVG setup is ...
	3. Press [OPTION] to display the Options Menu.
	4. Use the slewing keys to position the highlight bar over the TVG selection and press [ENTER] to...
	5. Use the slewing and [ENTER] key to select On.
	6. Press [OPTION] to return to the A-Scan display.
	7. To set a TVG point, position Gate 1 over the desired echo. Adjust the gate level if necessary ...
	8. Move Gate 1 to the appropriate position to capture the next point for the curve and press [F1]...
	9. Press [F2] when all echoes have been set to lock the TVG setup. The letters “TVG” will appear ...
	Figure 45 TVG Example


	9.3.2 Saving and Recalling TVG Setups
	9.3.3 Exiting TVG Mode
	1. Press [OPTION].
	2. Use the slewing keys to highlight the TVG selection and press [ENTER] to go into the TVG setup.
	3. Use the slewing keys to highlight Off and press [ENTER].
	4. Press [OPTION] to return to the A-Scan display.


	9.4 Advanced DAC/TVG
	9.4.1 Description
	9.4.2 Option Activation and Reference Correct
	Figure 46 Option Activation

	9.4.3 Gain Adjustment Options
	9.4.3.1 Scanning Gain
	1. Press the GAIN key.
	2. Select either a 0.1 dB or 6 dB adjustment increment using the [F1] or [F2] keys, respectively.
	3. Use the up and down SLEWING keys to adjust the scanning gain by the desired increment. The sca...
	4. Once the desired scanning gain level is set, use the SCAN DB Key [F4] to toggle between the ba...
	5. Scanning gain is disabled using the OFF key [F5].

	9.4.3.2 Curve Adjustment Gain (DAC Gain or TVG Gain)
	1. Press the STEP = X.X key [F5] to choose the increment of the gain adjustment desired.
	2. Use the UP and DOWN arrow keys to adjust the Curve Adjustment Gain by the selected increment e...

	9.4.3.3 Transfer Correction
	1. Press the GAIN key.
	2. Select either a 0.1 dB or 6 dB adjustment increment using the [F1] or [F2] keys, respectively.
	3. Use the UP and DOWN slewing keys to adjust the scanning gain by the desired increment. The sca...
	4. Once the desired scanning gain is displayed, press the ADD Function Key [F3] to add the scanni...


	9.4.4 ASME, ASME-3 and JIS Options
	9.4.4.1 ASME and ASME-3
	Figure 47 DAC Curves

	9.4.4.2 JIS

	9.4.5 20%-80% DAC Option
	Figure 48 DAC Gain
	1. Select 20-80% from the ADV. DAC/TVG option in the Options Menu by highlighting the function an...
	2. Use the RIGHT and LEFT slewing keys to capture the first echo of the desired DAC curve and pre...
	3. Continue using the RIGHT slewing key to capture the next desired DAC curve echo, and press the...
	4. Once all desired DAC curve points are drawn, press DONE [F2] to complete the DAC curve and beg...

	9.4.6 Custom DAC Curves Option
	1. Select the CUSTOM feature from the ADV. DAC/TVG option in the Options Menu by highlighting the...
	2. In the CUSTOM DAC CURVE menu, use the UP and DOWN slewing keys to highlight CURVE 1, CURVE 2, ...
	3. Activate any combination of the three custom curves by highlighting that curve and pressing [E...
	4. After selecting a custom curve, use the RIGHT and LEFT slewing keys to adjust the curve level ...
	Figure 49 Activate and Set Up Customized Curves

	5. Select either the STRAIGHT or POLYNOMIAL point connection by using the UP and DOWN slewing key...
	6. Press OPTION once the setup is complete to exit the CUSTOM DAC CURVE menu and begin capturing ...
	7. Use the RIGHT and LEFT slewing keys to capture the first echo of the desired DAC curve and pre...
	8. Continue using the RIGHT slewing key to capture the next desired DAC curve echo and press the ...
	9. Once all desired DAC curve points have been drawn, press the DONE key [F2] to complete the DAC...
	Figure 50 DAC Curve
	Figure 51 Custom DAC Curve
	Figure 52 Custom DAC Curve


	9.4.7 TVG Table Option
	9.4.7.1 Immersion Inspection
	Figure 53 Immersion Setup

	9.4.7.2 Manual TVG Setup
	9.4.7.3 Highly Attenuating Material
	Figure 54 Attenuating Material
	Figure 55 Attenuating Material


	9.4.8 TVG Table Setup
	1. Select the TVG TABLE feature from the ADV. DAC/TVG option in the Options Menu by highlighting ...
	2. Press OPTION to exit the ADV. DAC/TVG menu.
	3. At least one reflector MUST be captured using GATE 1. Position GATE 1 using the slewing keys a...
	4. Use the slewing keys to position GATE 1 around each additional reflector and press the TVG key...
	5. Once each point is captured, the operator can use the EDIT PTS key [F5] to enter the TVG Table...
	6. To scroll through TVG Table points, press [ENTER]. If there are more points than can fit in th...
	7. To adjust the reference point location of a particular TVG point, use the RIGHT and LEFT slewi...
	8. To adjust the gain level of a TVG point, use the RIGHT and LEFT slewing keys to highlight the ...
	9. To add an additional point to the TVG Table, use the ADD PT key [F1]. A new point will be adde...
	Figure 56 Additional Points

	10. To insert a point into the TVG Table, use the INS PT key [F2]. A new point will be inserted b...
	11. Once the TVG Table is complete, use the DONE key [F5] to return to the TVG setup screen. If n...
	12. When TVG setup is completed, press the DONE key [F2] to begin inspection. All TVG setup param...

	9.4.9 Advanced DAC/TVG and the EPOCH 4PLUS Datalogger

	9.5 Low Pulse Repetition Frequency (LPRF)
	9.5.1 Activating Low PRF Mode
	1. Press [OPTION].
	2. Use the slewing keys to highlight the PRF selection and press [ENTER].
	3. Use the slewing keys to highlight LOW and press [ENTER].
	4. Press [OPTION] to return to the A-Scan display. A “LPRF” symbol displays on the right side of ...

	9.5.2 Exiting Low PRF Mode
	1. Press [OPTION].
	2. Use the slewing keys to highlight the LPRF selection and press [ENTER].
	3. Use the slewing keys to highlight Auto and press [ENTER].
	4. Press [OPTION] to return to the A-Scan display.


	9.6 High Pulse Repetition Frequency (HPRF)
	9.6.1 Activating High PRF Mode
	1. Press [OPTION].
	2. Use the slewing keys to highlight the PRF selection and press [ENTER].
	3. Use the slewing keys to highlight HIGH and press [ENTER].
	4. Press [OPTION] to return to the A-Scan display. A “HPRF” symbol displays on the right side of ...

	9.6.2 Exiting High PRF Mode
	1. Press [OPTION].
	2. Use the slewing keys to highlight the HPRF selection and press [ENTER].
	3. Use the slewing keys to highlight Auto and press [ENTER].
	4. Press [OPTION] to return to the A-Scan display.


	9.7 Spotweld Overlay
	9.7.1 Activating Spotweld Overlay Mode
	1. Press [OPTION].
	2. Use the slewing keys to select Spotweld and press [ENTER].
	3. Select Spotweld Overlay and press [ENTER].
	4. Select On and press [OPTION] to exit the menu and return to the live screen.

	9.7.2 Defining Switchable Overlays
	Table 8 Spotweld Overlays

	9.7.3 Accessing Datalogger Storage

	9.8 Spotweld Assistant (SWA)
	9.8.1 Description
	9.8.2 Basic Spotweld Characteristics
	9.8.2.1 Echo Attenuation
	9.8.2.2 Echo Spacing
	9.8.2.3 Intermediate Echoes
	9.8.2.4 Spotweld Assistant
	Figure 57 Echo Attenuation Setup
	Figure 58 Echo Spacing Setup
	Figure 59 Intermediate Echo Setup


	9.8.3 Option Activation
	1. Highlight Spotweld from the OPTION Menu and press [ENTER].
	2. Select ASSISTANT from the Spotweld Menu and press [ENTER].
	3. Use the slewing keys to select ON from the list and press [ENTER] to turn the function on.
	4. To complete activation, press [OPTION] to exit the menu and begin using the Spotweld Assistant.
	Figure 60 Completed Activation


	9.8.4 Reference Weld Setup
	Figure 61 Range
	9.8.4.1 AUTOFREEZE
	1. Before storing the UNWELD condition, the instrument gain should be set so that the first echo ...
	2. Couple to a known UNWELD condition.
	3. Use the [FREEZE] key to freeze the live A-Scan after obtaining the best possible reflection fr...
	4. Once a satisfactory UNWELD ring-down pattern is established and frozen, press the [2nd F] key ...
	5. A screen confirms the reference indication. Press the [F1] function key to accept and store th...
	1. Couple to a known GOOD weld condition.
	2. Verify that the gain setting brings the first multiple to about 80% FSH.
	3. Use the [FREEZE] key to freeze the live A-Scan after obtaining the best possible reflect from ...
	4. Once a satisfactory GOOD weld ring-down pattern is established and frozen, press the [2nd F] k...
	5. A screen confirms the reference indication. Press the [F1] function key to accept and store th...

	9.8.4.2 HELP Key
	Figure 62 Help


	9.8.5 Inspection Mode (Basic)
	1. Once a weld condition is captured and characterized, use the FREEZE key to freeze the A-Scan d...
	2. Make sure the desired template name is visible over the function keys on the screen. To see ad...
	3. Press the [2nd F] key, followed by the function key below the desired template name. For examp...
	4. A screen confirms the reference indication. Press the [F1] key to accept and store the weld re...
	Figure 63 BURNT Weld A-Scan Display
	Figure 64 BURNT Weld Compared to GOOD Overlay


	9.8.6 Inspection Mode (Advanced)
	9.8.6.1 Advanced User Activation
	1. Press the OPTION key to enter the Options Menu.
	2. Use the slewing keys to highlight the SETUP option and then press [ENTER].
	3. Highlight ADVANCED USER and press [ENTER].
	4. Highlight Spotweld from the ADV. USER list and press [ENTER] to activate this box. An ‘X’ appe...
	5. Press [OPTION] to exit the Setup Menu and return to the advanced Spotweld Assistant setup.
	Figure 65 Setup


	9.8.6.2 Advanced Algorithm Training
	Figure 66 Attenuation Level
	Figure 67 Intermediate Echo Detection Level
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