MATELECT ACPD
CRACK GROWTH MONITOR

Type CGM-5R

INSTRUCTION MANUAL

MACELECT LililiceED

7 Park Place, Newdigate Rd, Harefield, UB9 6EJ, UK

Telephone
Facsimile
Email:
Web:

+44 (0)1895 823 334
+44 (0)1895 824 300
info@matelect.com
www.matelect.com
Copyright 2007 Ver 15



Matelect CGM-5R I nstruction Manual




Matelect CGM-5R I nstruction Manual

MATELECT ACPD CRACK

GROWTH MONITOR
TYPE CGM-5R

Thank you for your interest in our product, we hope that it will serve your needs
and prove a reliable tool.

This product has been designed to the highest atdnoh both electronic and
mechanical design, with careful attention to stghiteliability and electrical safety.

The CGM-5 has established itself as the world'st Isedling laboratory ACPD

equipment by far. The CGM-5R is the latest version this instrument and

incorporates several new features and refinemevitdelect produce a range of
peripherals to support the CGM-5R and have alstt bpimany years of experience
in the ACPD technique. Please contact us shouldeyeu require further information
or assistance.

This manual applies to the CGM-5R. Manuals follieawersions can be obtained
from Matelect at the address given below.

IMPORTANT

Please read these instructions carefully before you use the instrument. Please pay
particular attention to the section that follows on mains operation. For your reference
please also read our terms and conditions of sale printed at the rear of this manual.

Use only a slightly dampened cloth and mild detetge clean the CGM system.
Never use a solvent cleaner or any fluid.

Please note that there are no user serviceable pattiin the CGM-5R. Never
attempt to open the instrument case as this willl \amy warranty. Please contact
Matelect should you ever experience any difficsltie

MAceleCo LililiceD

7 Park Place, Newdigate Rd, Harefield, UB9 6EJ, UK
Telephone +44 (0)1895 823 334

Facsimile +44 (0)1895 824 300

Email: info@matelect.com

Web: www.matelect.com
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2. MAINS OPERATION

This section appliesto all mains operated instruments
PLEASE READ BEFORE OPERATION

Before use, please make sure that the instrumsmpply rating is correct for the

location it will be used in. The CGM-5R can be i@gped on both 110 and 220V

supplies by appropriate selection on the inputag#gtswitch (see page 19). Before
shipment, your instrument will have been set f& ¢bmmonly used voltage in your
locality.

The instrument must be connected to the mains gupgihg an IEC mains lead
terminated with the appropriate local mains plddpe unit is supplied with a suitable
lead for this purpose.

The instrument is housed in a metal case for strength and electromagnetic
screening purposes. Therefore, PLEASE ENSURE that the instrument is earthed
to the mains earth via the | EC connector.

In addition to the fuse that may be present inntfaens plug (e.g. UK versions), the
CGM-5R is fitted with two equipment fuses for prciten. These fuses are located in
the IEC input socket on the rear panel of the CGQR-5Both fuses need to be
functional if the equipment is to be operated.

The instrument fuses are rated at 1 ampere andfate 20mm "anti-surge" type.
Never replace these with fuses of a different tgpeating as the instrument can be
seriously damaged.

Ensure that the CGM-5R does not come into contattt fluids or corrosive gases
and that it is operated within the temperature eawig0-40 Deg C

60 Hz mains supplies
In order to avoid harmonic frequencies affecting tperation of the CGM-5R when

using mains inputs of 60Hz, the 300Hz currentrsgit actually set at 270Hz. This
does not affect the operation of the unit or therpretation of results.



Matelect CGM-5R I nstruction Manual

©WCoNOA~WDNE

3. CONTENTS

WEICOME ..o Page
Mains Operation .........ccceceeeeesensenseesen s Page
CONLENTS.....oiiiiiieceee e Page
OVENVIBW ...ttt s Page
General Description.......cccccveceeieesceesceesanns Page
Front Panel Description .........ccocvveeveeninnne Page
Rear Panel Description .........ccccevvevevvennnnne Page
Connectionsto the specimen..........ccccceeee. Page
Settingup ateSt....ccccveceeveeiece e Page
General usage advicCe........ccceeerieerinrennnnnne Page
SPECITICatiONS......cceeiveeieciecie e Page
Peripheral Equipment........cccccvvvvininnenne Page
Warranty Information ..........ccccceveevvenenen. Page

External Pre-amp Information .................. Page




Matelect CGM-5R I nstruction Manual

4. OVERVIEW

The Matelect CGM-5R has been designed for the ateand sensitive determination
of crack growth in conductive materials using thteraating current potential drop
(ACPD) technique. The instrument is based on tigiral CGM-5 developed and

sold by Matelect but with a number of refinementeluding true resistive

measurement.

The ACPD technique is well established as a metbodrack growth measurement.
Originally a laboratory technique, it is now usadseveral other areas of research and
industry. The technique involves the supply andspge of an alternating current
(AC) through the test specimen and the simultaneneasurement of the resultant
potential drop (PD) across an area of the speciniiethe correct area is chosen, the
voltage drop will be proportional to the defect thepvithin the specimen. As the
defect propagates, the PD measured will increase.

ACPD initially appears to differ little from its iict current equivalent, DCPD. There
are however a number of important phenomena whignifeantly alter the
interpretation of the results and the mode of dgbetechnique. The most important
of these is known as the skin effect.

Skin effect is the term used to describe the affectonfinement of an alternating
current to the surface of a conductor. The skiptlués defined as a depth measured
from the specimen surface within which the majoafythe current supplied actually
flows. The skin effect becomes more pronounceth@agrequency of the AC current
is increased (thus reducing the skin depth). Thength of the skin effect depends
upon the material being tested, being weaker far-magnetic materials such as
titanium and aluminium. The phenomenon is usedréat advantage in the ACPD
technique as it confers linearity to the voltagae&rdepth relationship. Such linearity
minimises the calibration required for accurateckralepth measurement and is
therefore to be welcomed.

The skin effect also ensures that relatively lowcémen currents can be employed to
obtain reasonable signal levels. Currents of apemenor below generate signals
comparable to those obtained in DCPD testing aeatifevels well in excess of 50A.
This high signal to current ratio effectively inases the resolution of the AC
technique. Additionally the use of alternating emts permits electronic lock-in
methods to be employed, which further increase Hdepmtsolution by greatly
minimising signal noise.

ACPD can be used to detect crack initiation in tabary specimens, for example,
during a fatigue test. Once a crack has beemiadiits progress can then be followed
using the same technique. If an appropriate aldom is available, a measure of the
crack depth can also be obtained. In this way ftassible to measure such materials
parameters as fracture toughness and fatigue life.



Matelect CGM-5R I nstruction Manual

ACPD can also be used in the field to monitor thi&ation and growth of cracks in
industrial plant. In such circumstances it is lignause one CGM unit to monitor
several crack sites. Matelect produces a rangggofl and current multiplexers for
this purpose.

It is usual for the current supply and voltage measient contacts to be fixed onto
the specimen (e.g. by spot welding) to ensure al gdectrical contact. However,
ACPD can be used to size cracks in the field byu$e of hand held probes which
incorporate spring loaded contact pins. Mateleahufacture a number of different
probe types and can also undertake the design @miifacture of specific probes
systems for a particular testing need.

One of the traditional difficulties with the ACPBdhnique has been the existence of
inductive pick-up (PU). This is simply an additadrvoltage that is superimposed
upon the ACPD from the defect, due to the inteosctbetween the voltage
measurement leads and the current supply lead$ortunately PU changes with an
alteration of the relative position of the leadsgreby altering the overall measured
potential drop. This limitation is effectively owerme by preventing lead movement
during a test. It is possible, however, to eledtrally reduce the pick up effect.

The CGM-5R can source an infinitely variable alternating current of up to 2 amperes
RMS.  Seven different frequencies are available to maintain effective use with
materials of widely differing magnetic properties. The system incorporates a very
stable current source and a lock-in amplifier/phase sensitive detection system for the
measurement of the resultant ACPD with excellent reection of extraneous noise.

Adjustable signal offsets, analogue and R232 signal outputs, variable amplifier gain
and a 3 position filter are additional features of the system. The unit can beused in a
number of signal lock-in modes, among which the Resistive mode provides effective
immunity to induced pick-up voltages.

This manual applies to the CGM-5R ACPD monitor. etdswho experience any
difficulty in operation of the equipment are addde contact Matelect at the address
given at the beginning of this manual.
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5. GENERAL DESCRIPTION

The CGM-5R comprises a bench mounted constant rdu&k€& power supply in
combination with a sensitive voltage amplifier. eThmplifier incorporates phase
sensitive detection circuitry to remove the norsarf the ACPD signal. The resultant
processed signal is a DC voltage which is displayedhe integral LCD front panel
meter.

The block diagram reproduced below illustratesaperation of the CGM-5R.

4 )

- [ Phase Sensitive
| Adjust l Detector
. Main
Specimen Amplifier

\
Oscillator Feedback| ~1—&
“|Resistor

- \I Tranéformer Filter &
RS232 Pre-amplifier offset
- |l DISPLAY '| -

-
Analog output

-

Fig 1. Block diagram of the CGM-5R crack growth monitor

The following description applies to the block diag.

A low distortion Wien bridge oscillator with six gehable frequency settings (0.3, 1,
3, 10, 30 and 100kHz) supplies a power amplifiengéhcurrent output is adjustable
via a front panel 10 turn potentiometer and man@di at a constant level by a
feedback resistor. The value of the current carebd on the front panel LCD meter.
The current supply develops a potential drop adtesspecimen and leads, sufficient
to sustain the value of the current chosen by #ex.u Part of this potential drop

constitutes the signal across the crack site aisdsthall signal (ca. micro volts) is

carried via separate signal connections to the ifiogtion stages.
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The ACPD signal from the specimen is amplifiedviio tstages, firstly by a low noise
transformer and subsequently by an amplifier withitchable gains. Combined gains
of 316, 1000, 3162, 10000 and 31622 are providElde signal then passes through
the phase sensitive detector which extracts omgjyats of the same frequency as the
current waveform, thus dramatically reducing theiseolevel. Although the
frequencies are the same, there will be a phaderelice between the current
waveform and that of the signal. This is becaus¢aliic specimens are never truly
resistive. Any inductive or in certain cases, cdpae, nature will lead to a phase
difference. Pick-up, by virtue of the fact thats induced, will exhibit a 90 degree
phase shift with respect to the current supply.

When in auto mode, the detector adjusts itselfi® phase difference in order that the
maximum possible signal level is always being messu In the manual mode, the
user can adjust the phase that the detector is s@yitive to, thereby allowing
measurement of the ACPD at that particular phase.the Resistive mode, the
detector is sensitive only to the resistive compdniee. that which is in-phase with
the current supply. Since this is 90 degrees bphase with respect to the induced
PU signal, the latter is theoretically removed fribra amplified signal.

A three position filter is then used to enhance réjection of noise. This is most
useful when performing a long term continuous test. adjustable offset can be used
to zero the resulting ACPD signal before a tesériable a greater resolution to be
achieved. The processed ACPD signal is then disglan the 4Y digit LCD meter
(DVM) and is also available at the rear of the CGRl-as an analogue output and a
serial RS232 digital output.

The cables required to connect the CGM-5R to thecispen and to an external
recording device such as a chart recorder are igapplith the instrument and are
illustrated overleaf in Fig 2.

Further operational advice is given throughout tmignual and detailed topics are
covered in the section entitled General Usage Advic
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B B —————

Analogue Output (CGM-5R) to chart recorder

jﬁ[ﬂl{ﬁﬁ%(

Current output (CGM-5R) to specimen

- b = el

Signal input (CGM-5R) to specimen connection

IEC mains input (CGM-5R) to local mains plug

Fig 2. Cables supplied with the CGM-5R
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6 FRONT PANEL DESCRIPTION

The front panel of the CGM-5R is shown below in.Bigrhe controls are described
fully in this section. For further technical infoation please refer to the sections
entitled General Usage Advice and Specifications.

AC{RtH IONIgOR

M@ @ 6 (6) (7)(8)(9) (10) (11)

Fig 3. The front panel of the CGM-5R

1. Power Indicator
The power switch for the instrument is located loa tear panel. The red front panel
indicator illuminates when power is applied to timt.

2. Panel Meter

The panel meter displays the value of the process&#D and can also display the
specimen current value as set by the user. Therrasés a non-backlit liquid crystal
display of 4% digit resolution. The meter autorange1.9999V and then reverts to 3
decimal place accuracy. Users should always trgtay within the maximum 4
decimal point range in order to attain the maxinpossible measurement resolution.
This can be achieved by reducing the value of gpdied current or signal gain.

The display determines the active operating rarigaeoCGM-5R since too high an
ambient temperature will cause the display to daked too low a temperature will
result in a slow response to changes in the displayharacters. In both cases the
display will return to normal when the ambient tergiure is within an operating
range of 10 to 35 degrees Celsius.

11
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The value displayed on the LCD panel meter is sktied every 660 milliseconds
which corresponds to a refresh rate of 1.5 Hz.ndfACPD signal input lead is
connected to the CGM-5R, the LCD display may indicandom numbers.

3. HOLD Switch

This switch is normally left in the UP position. h&h depressed the value on the
LCD panel meter is stored and retained on the aysplin this mode the reading will
not change and will flash to indicate that the Halcllity has been selected.

4. Signal GAIN
This rotary knob allows the user to select an gmpate gain setting from the
following values;

50dB equivalent to a multiplication factor of 316

60dB ! 1000
70dB ! 3162
80dB ! 10000
90dB ! 31620

It is always advisable to use the minimum gain ds€ommensurate with obtaining

a adequate signal level. Many factors such as rdguéncy and magnitude of the
applied current, together with geometric considenat with respect to the specimen,
can affect the signal level. These factors shixeldtonsidered before increasing the
gain setting.

5. FILTER Switch

Although the signal displayed on the panel metesnly refreshed at 1.5 times per
second, the actual ACPD level is available as alogune signal at the rear of the
CGM-5R. This signal can be filtered to remove sarhigss components by use of the
front panel filter switch. The switch has 3 pasit as follows.

OUT position:  No filtering is applied to the ACPD signal. Thealogue output
will consist of the unsmoothed ACPD value. Detailghe nature and shape of this
waveform are given in the description of RECORDER output in the next section
(Rear Panel Description). The LCD panel meter wdicate changes at its maximum
response. Th®UT position should be selected when user wishesdordeACPD
during dynamic or fast materials testing.

MAX position:  Maximum filtering is applied to the processed lagae output
signal. The filter removes all frequencies abow&/Blz. This effectively smoothes
the RECORDER output and removes all traces of the original A&/eform. It also
acts to remove any medium to high frequency ndie¢ has otherwise not been
removed by the phase sensitive detection circuiffipe response of the LCD panel
meter will be slowed by use of this filter. TMAX position should ideally be used
during slow strain rate experiments or long termticmous testing of specimens and
structures.

12
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MIN position:  In this position a low pass filter with a cut-@f 80Hz is selected.
This acts to remove noise and the AC frequencyswiitill permitting the recording
of lower frequency phenomenon such as the chang&€PD during a fatigue testing
machine cycle.

6. Signal INPUT socket.

This is an 8 way LEMO type socket which acceptsdbeesponding LEMO plug.
This socket differs from the two pin version used on the earlier CGM-5 and CGM-5A
models asit is able to accept an optional signal preamplifier unit. Users of existing 2
pin Matelect products such as the Matprobe hand held probes can obtain an adapter
cable to enable them to use these products with the CGM-5R.

The socket is polarised to prevent incorrect inzerof the signal plug. Insert the

signal plug into this socket only when the red dmtsboth the plug and socket are
aligned. If correct alignment of the plug and sadkas been achieved, the insertion
force is minimal. Usergust not force the plug into the socket, nor rotate thegplu
once inserted. The plug can be removed by grasfieg<nurled outer collar and

squarely pulling the plug from the socket. Mininf@ice is required.

The input signal is transformer decoupled to thennaaplifier within the CGM-5R.
This gives a high common mode rejection ratio adlices signal noise. The input
signal should always be fed via low impedance cahiel contacts.

The input socket is wired as follows:

pin 1. -12 V to optional preamplifier
7 pin 2. Ground to optional preamplifier
pin 3. shorted to pin 4 inside plug when pre-

6 8 amplifier not being used.
5 1 pin 4. Signal high for optional preamplifier
pin 5. Signal ground for optional preamplifier
2 pin 6. +12 V to optional preamplifier
3 pin 7. Standard input high

pin 8. Standard input low

Fig 4. Connections to the CGM-5R signal input socket

Two contacts (pin 7 and 8) serve to carry the irgogrhal whilst the other contacts are
used to power and communicate with the optionalgonelifier unit (available from
Matelect). This unit is only required when longrsl cables lengths are being
employed (e.g. 10 metres or more) or when the kigrta be routed through a noisy
environment such as an industrial plant location.

For the standard case of a CGM-5R without preamplithe input cable must be

wired as shown overleaf in Fig 5. Any deviatioonfr this regime may cause serious
damage to the internal circuitry of the instrumemtlways use the cables supplied
with the CGM-5R to prevent such damage.

13
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Blue to pin 7

Drawing indicates solder bucket view
Connector is LEMO FGG2B308CNAD62Z
Cable is twisted pair and screen (7/0.2mm)

Red to pin 8

PINs 3 and 4 linked

Fig 5. Pin connections on a standard LEMO type input plug

Users should contact Matelect for further information cabling or if longer cable
lengths are required.

7. FREQUENCY Selector.

This rotary switch is used to select the frequenitihe alternating current supplied to
the specimen. It has 6 positions correspondinfgetguencies of 0.3, 1, 3, 10, 30 and
100kHz. The choice of frequency will depend on thaterial under investigation.
The frequency determines the skin depth with higladues corresponding to smaller
skin depths. The smaller the skin depth, the tatige corresponding ACPD (for a
particular value of applied specimen current). Tregnetic properties of the material
will also influence the skin depth and hence theiah of frequency. Ferritic
materials such as the steels exhibit small skitihdegt relatively low frequencies (e.g.
0.3-1kHz) whereas non magnetic materials suchwsialum require 30 or 100kHz
in order to obtain sensible ACPD readings.

Raising the frequency in order to increase the AG®MDot always recommended
since the magnitude of the inductive pick up (PlWpancreases with frequency.
Users should thus consider raising the currenutfindhe specimen and then the gain
as alternatives.

Because of its effect on the skin depth, frequeamne of the fundamental variables
in ACPD work. Careful choice of the frequency éxuired in order to obtain the
optimum results from the technique.

8. FIXED OFFSET toggle switch

This selects the value of a preset and constantofiset applied to the processed
ACPD signal. Three positions are provided: Zeffset (i.e. no offset) is applied

when the toggle switch is set to its centre pasitié Volt is applied in the up position
and 100mV in the lower position.

This switch is normally left in the centre (zerodsgion. The fixed offsets are

normally used in conjunction with the Matprobe egrof hand held probes which are
available from Matelect.

14
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The Matprobe is used as a quick method of sizimgks in components and plants
outside the laboratory. Further details are giuwerthe corresponding Matprobe
manual and in the section on General Usage Advittenthis manual.

Users wishing to offset their ACPD readings durstgndard laboratory testing should
use the variable offset facility on the CGM-5R (&er).

9. Current LED indicator

A summary of the operation of this and the two otteD indicators is given in Table
1. at the end of this chapter. The LED illumina®sD when the LCD panel meter
displays the specimen current. This mode is sadetusing theSET CURRENT
mode switch (10). Additionally if at any time tlearrent supply connections to the
specimen are broken, the LED will flash RED. TheDLwill also flash if the voltage
compliance of the current source has been exceedlbts occurs when the overall
AC resistance (impedance) of the specimen, curoemtacts and current leads
exceeds the maximum load level that can be suppattthe desired current setting.

The most likely cause of exceeding the compliameét lis the use of long current
supply leads, for example during long term monitgrof large structures. In such
cases users should attempt to reduce the load eocuttient source. This is most
readily accomplished by reducing the resistancehef leads by minimising their
length and/or increasing the cross sectional aré@ecconductors. The capacitance of
the cables strongly affects the impedance valupeaslly at the higher AC
frequencies. It is therefore recommended that tapacitance cable types (e.g.
coaxial cables) are employed for long cable runs.

The LED indicator illuminates GREEN when the ametif and processed ACPD
value exceeds the threshold value set usingE¥e RELAY facility (accessed using
switch 10).

The indicator will display combinations of RED/FLABNG RED and GREEN
depending on what function or limit is applicabtetlze time. A combination of red
and green will appear as ORANGE/FLASHING ORANGE.

10. Display mode switch.

This toggle switch has three positions which gowehat quantity is displayed on the
front panel LCD meter. It permits the user to viem RMS specimen supply current,
or the threshold voltage at which the internal ralaelay operates, or the processed
value of the ACPD signal.

In the CENTRE position, the switch selects the pssed ACPD signal. In the UP
position theSET CURRENT (adjustable using control 12) is displayed and the
current LED (9) illuminates. In the DOWN positidhe SET RELAY value
(adjustable using control 11) is displayed.

15
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11. SET RELAY control

This facility consists of an internal relay whosmtacts are accessible from the rear
panel I/O socket (see section entitled Rear Pamsiciiption) and which operates
upon attainment of a threshold ACPD signal voltag&he threshold value is
adjustable using th8ET RELAY control potentiometer. This is positioned behind
the front panel and is accessible through a snwdl. hThe potentiometer should be
adjusted using a suitable slotted blade screwdrivdte potentiometer is of the ten
turn variety and care should be taken not to undotgite it beyond its limits (faint
clicks can be heard at the limits of travel).

Users should simultaneously depress control switt@) whilst adjusting the
potentiometer. This permits them to see the vafuke threshold voltage on the front
panel LCD meter as the adjustment is being made.

12. SET CURRENT adjustment.

This ten turn potentiometer permits the user tecdghe magnitude of the alternating
current supplied to the test specimen. The cuiseobntinuously variable from zero
to 2 Amperes (RMS).

When adjusting this potentiometer, the current figmhrough the specimen should
be monitored on the front panel LCD meter by posifig switch (10) in the up
position. Please note that a specimen must beecteth (or the ends of the current
supply lead shorted) in order for current to flowddhus be displayed and adjusted.

If, whilst adjusting the potentiometer, LED (9)dtees RED, users should check the
integrity of their connections and/or the resistanttheir cables (see section on LED
(9) earlier).

The value of the current determines the result&®B signal and should therefore be
adjusted in combination with thEREQUENCY and GAIN controls in order to
obtain a satisfactory signal level. For most malera level of 0.5 Amperes, at the
frequency appropriate for the material, will praagequate. Currents below 250mA
are not usually employed.

The position of the potentiometer and hence theevalf the current can be locked
using the lever mounted on its underside. Slide dbwn to lock and up to unlock.
Do not apply excessive force to the lever. Thespidmeter is also equipped with a
dial gauge to assist any adjustments althoughreéagemmended that the LCD panel
meter be used to record the actual values.

The LCD meter displays the current set to a reswiudf 1 milliampere. Although the
current source is extremely stable (better thafo.it is important to note that the
potentiometer position will correspond to curretitat will differ slightly between
frequency settings. Thus, if the frequency isratfeusers should readjust the position
of the current potentiometer in order to maintéi@ same current supply conditions.

16
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13. OFFSET LED indicator.

The operation of this indicator is summarised il€al. The indicator illuminates
RED if an offset has been selected. This occursrwgwitch (14) and/or (8) is in the
UP or DOWN position. The indicator should remamituwhen switches (14) and/or
(8) are in the CENTRE position.

If at any time this indicator FLASHES RED, the usemwarned that the processed
ACPD signal is being clipped. Clipping describlee effect of reaching a threshold
signal level beyond which any increase in gainuwraent will have no effect on the
signal level. This limiting condition is due to tleectronic constraints within the
CGM-5R. Users should never operate at or closeh& dipping level (which
corresponds to approximately 3.8 volts as displayethe front panel LCD meter).

If clipping is indicated by the LED, the signal gaand/or current supply should be
reduced. Alternatively a lower frequency can deted if appropriate.

14. Variable OFFSET switch.

This toggle switch has three positions and enahlesiser to offset (using control 15)
the processed ACPD voltage. An offset is normaftyployed to zero (remove) the
initial ACPD present when a specimen is conneabeithé CGM-5R. Any change in
the ACPD will then be easily visualised. This f&giis not of great importance as
most ACPD work relies upon the recording of changehe potential drop readings
rather than the actual magnitude of the readingsfelves.

By using the offset it is possible to ensure tHa ACPD is displayed to the
maximum 4%z digit resolution since voltages oveBADV are displayed to 3 decimal
places. The offset can also be used to reduceinitial signal level, thereby

permitting the user to increase the signal gains Bilows smaller variations in the
ACPD to be detected.

Users should note that the offset is applied to ghecessed ACPD voltage and
therefore it cannot be used to remove signal aligmshould this occur (see above
section orOFFSET LED).

When theOFFSET switch is in the UPKINE) position, the ACPD output can be
offset by a maximum of 110mV using control (15).h& the switch is in the DOWN
(COARSE) position the ACPD can be offset by a maximum @i4using control
(15). In the CENTRE position, no offset is appliedthe ACPD signal and control
(15) does not affect the displayed reading.

15. OFFSET control.

This ten turn potentiometer should be used in agmtjan with control (14) to vary the
offset applied to the processed ACPD signal. Tpelied offset is continuously
variable throughout the range selected by contdal).( The position of the
potentiometer can be locked to prevent accidentalement during a test (see control
(12) for further details. A digital scale withihe potentiometer body can be used as
an aid to accessing the level of offset applied.

17



Matelect CGM-5R I nstruction Manual

16. Mode LED indicator

The operation of this indicator is summarised ibl€al. The indicator is used to
visually determine what mode the CGM-5R is operatin. Three modes are
available and these are selected by use of theceadtjanode switch (17). A
description of the modes available is given in thenual (see Overview, page 4) and
further information on thdResistive mode is given in the section entitled Gane
Usage Advice.

The indicator illuminates GREEN when the instrumienh theResistive mode.

In the AUTO mode, the LED is normally unlit to indicate thhetphase sensitive

detector has locked onto the ACPD signal. Whepegimen is first connected to the
instrument the LED will flash RED whilst lock-in iseing achieved. This process
normally takes several seconds but in certain gistances (e.g. at low signal levels)
up to 10 seconds may be required. Once lock-inbeas achieved, the LED will

extinguish and normally remain so during a test.

If the LED flashes during a test this indicatestthalarge phase change in the
measured ACPD signal has occurred. This couldueeta poor electrical contact to
the specimen or to a rapid alteration in crack tleng

When the CGM-5R is in thel ANual mode, the LED can either indicate a continuous
RED or a FLASHING RED. In this mode, tRelASE potentiometer (control 18) is
used to adjust the phase of the signal to whichitBgument is sensitive. This
facility is sometimes of use to those who are stglythe fundamentals of ACPD
theory. In theM ANual mode the LED will remain continuously lit oniyhen the
selected phase is that which would have been chibgethe instrument IARUTO
mode. At all other positions of thRHASE adjust potentiometer, the LED will flash
red.

17. Mode Selector Switch.

This is a three position toggle switch that allothe user to select the mode of
operation of the CGM-5R. It is used in conjunctieith controls (16) and (18). See
these entries for further information.

In the UP MAN) position the CGM-5R is iMANual mode. In this mode control
(18) is used to adjust the phase of the ACPD sigmalhich the CGM-5R is sensitive
to.

In the CENTRE R) position, the instrument is in thiResistive mode (see Overview
and General Usage Advice) which effectively redutesinfluence of induced pick-

up (PU) on the ACPD measurements. This mode & omeful for spot checking of

crack depths using Matprobe hand-held probes @axperiments where some lead
movement is anticipated.

In the DOWN AUTO) position, the CGM-5R automatically locks into thlease of
the measured ACPD signal without user input. Téignal will consist of the
magnitude of the vectorial summation of both theetACPD, as developed across a
defect, and the pick-up (PU) signal.
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18. PHASE adjustment control
This is a ten turn potentiometer that is used mjwaction with controls (17) and (16)
which enables the user to adjust the phase thaC@kI-5R is sensitive to when
operated ilM ANual mode. The position of the potentiometer ikédde to prevent

accidental movement (see control (12) for furtthegails).

The MANual mode is normally used for certain fundamentatlies of the ACPD

technique. It is not normally employed for routwerk. Please see the section on

General Usage Advice for further details.

Summary of LED indicator functions

The operation of each LED enunciator is describedhe main text, however, a
summary to assist users in interpreting the varammbinations observable, is given

below.
PHASE LED OFFSET LED SET CURRENT LED
LED OFF Phase correctly adjusted il Offset OUT Current switch central,
AUTO mode All systems OK all current leads OK
LED Phase incorrectly adjusteq Signal clipping is [ Compliance limit
FLASHING in both MANual and | occurring reached or poor or
RED AUTO modes broken contacts
LED RED Phase correctly adjusted i Offset IN Current switch held in
MANual mode All systems OK UP (SET CURRENT)
position
LED N/A N/A Current switch in UP
ORANGE position AND relay
activated (as below)
LED N/A N/A Compliance limit
FLASHING reached AND relay
ORANGE activated (as below)
LED CGM-5R in Resistive mode| N/A Contacts/limit OK but
GREEN RELAY limit reached
and relay activated

Table 1. LED functions

Please note that if no ACPD signal lead is conmed® the CGM-5R, the

amplification circuitry may become unstable anduadom flashing of the phase LED

can occur.
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/. REAR PANEL DESCRIPTION

The rear panel of the CGM-5R is shown below in &igThe controls are described
fully in this section. For further technical imfoation please refer to the sections
entitled General Usage Advice and Specificationicated on this panel are the
analogue, RS232 and current outputs, togethertivithmains input socket and a large
heatsink.

1 @@

5 irT1rrrnrnri

O
M E\N HE \TED INGD)
(X)

®) (© (7)(8) 9)

Fig 6. Rear Panel of the CGM-5R

1. Auxiliary output socket.

This socket is used to power peripheral instruntemtahat can be connected to the
CGM-5R, for example, the SM signal multiplexing t&ys. The socket is wired as
follows.

3 1

Pin 1. positive 12 V unregulated 100mA max.
Pin 2. circuit common
Pin 3. negative 12 V unregulated 100mA max.

Fig 7 Auxiliary output socket
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The auxiliary supply is nominally £12.5V DC unregtdd. Under maximum load this
will drop to £10V. The outputs are current limitedprevent damage to the CGM-5R
should a short circuit occur.

2. COMmon terminal.

The circuit common line is available at this teratin Connection to this is made by
depressing the sprung button and inserting a deilabgth of equipment wire, then
releasing the button. The circuit common of theMEER is electrically isolated from
the case Earth. If it is desired to connect comaokarth, a wire link can be used
between th€ OM mon terminal and thEARTH terminal (item (3) below).

Isolation of the common is useful if external paapals such as chart recorders are
connected to the CGM-5R. If their signal commortasnected to Earth, an earth

loop could occur, should the CGM-5R's common alsactnnected to Earth. Such

loops are sources of signal instability and sholatiefore be avoided.

3. EARTH terminal.
Connection to the case (chassis) is availablesatehminal (see item (2) above).

4. Voltage selector switch.
PLEASE READ THE SECTION ON MAINS OPERATION at thedinning of this
manual before attempting to alter the positiorhed switch.

The switch permits the CGM-5R to be used with eith£0-120 or 220-240 mains
supplies. The CGM-5R is factory adjusted to theexti mains input voltage before
shipment but users may wish to alter this dependmthe location of the instrument.
A wide blade screwdriver should be inserted inmglot within the switch and rotated
to the appropriate input voltage (as marked orsthi&ch).

CARE! Disconnect the unit from the mains supply before altering the position of
the switch. Operation of the CGM-5R with this switch incorrectly positioned will
cause serious permanent damage to the unit.

5. CURRENT output socket.

The alternating current delivered to the specinmsesourced from this 3 pin socket.
An appropriate mating lead is supplied with eachME&R. The socket is of the
latching type. The mating plug is inserted bytfalkgning the depression on the plug
with the locking lever, then firmly pushing the gllhome. To remove, depress the
locking lever and pull the plug away from the sdcRde socket is wired as follows:

2 1
“ Pin 1. Current high output
Pin 2. Current low output
Pin 3. Chassis earth)m. on pre '94 units)

Fig 8. The current output socket

21



Matelect CGM-5R I nstruction Manual

6. 1/0 SIGNALS connector

This 15 pin "D" connector supports various inpud autput functions which are not
normally required for operation of the CGM-5R. $besignals are sometimes used in
advanced ACPD studies.

The socket permits access to the internal relajitfac This can be used to sound
external alarms or stop external equipment upoairamtent of a particular ACPD
signal level.

The relay contacts are rated at 250mA, 200V DC,sximum. Users should not
exceed these ratings. If higher powers are tonbelsed then a second relay of the
appropriate rating should be controlled by thermaeCGM-5R relay.

Further details of this facility are given in thecton entitled Front Panel Description
(paragraph 11).

The socket and relay are wired as follows.

i i : oo
\690.0 0.0.0.096 / % e
1|5 sla UNDER LIMIT OVER LIMIT

Contact No. Function
1 -8 V Logic level only, 1ImA max.
2 +8 V Logic level only, 1ImA max.
3 Aux. DVM input
4 Aux DVM Input enable - Active low (0V)
5 External DVM ref. enable - Active low (0V)
6 External DVM ref. input
7 DVM Common (Analog 0V)
8 Q (the in-phase switching signal of CGM-5R)
9 Common (Analog 0V)

10 RELAY CONTACT A

11 RELAY CONTACT B

12 RELAY CONTACT C

13 Relay disable (connect to -5V)

14 -5V (relay disable signal)

15 Q90 (switching signal 90 degrees to Q)

Fig 9. 1/0 socket functions

7. RECORDER output

The is a three pin, latching socket that is usealtput the processed ACPD signal to
a chart recorder or other suitable recording dewsoeh as a computer based
acquisition system. This permits unattended andimoous recording of data from
the CGM-5R.

22



Matelect CGM-5R I nstruction Manual

A suitable cable to mate with this socket is sugaplvith each CGM-5R. The cable is
terminated at the opposite end with two 4mm bartgpe plugs for use with standard
chart recorders. Insertion of the mating cable theRECORDER socket should be

done by first aligning the pins and latch and thmrshing the connector home.
Depress the latch and pull the plug away from tdket in order to remove the cable.

The analogue output from this socket matches thathe LCD front panel meter.
The value on the panel meter is refreshed at armani rate of 1.5 times a second
whereas changes in the analogRECORDER output are dependent only on the
bandwidth of the instrument and the setting offtbat panelFILTER switch.

Although the LCD meter displays a DC voltage, itstnbe remembered that the true
ACPD voltage is alternating in nature. The ciguwithin the CGM-5R has, in
essence, rectified the AC voltage. The filterlfgcthen smoothes the rectified signal
and the slow response of the front panel meter #mesat further (see Front Panel
Description item 5).

It is, however, possible to record the unsmoothiedt (ectified) signal via the
RECORDER analogue output.

In addition to its dependency upon the positiotheffront paneFIL TER switch, the
nature of the analogue output will also depend uperlock-in mode of the CGM-5R
(see also item (17) Front Panel Description) devid.

If a recording device with suitable bandwidth (eg.oscilloscope) is connected to the
analogue output then the unsmoothed signal carbbereed. This will appear as a
full wave rectified sine wave when the CGM-5R igdisn theAUTO mode. In the
MANual mode the output waveform will be modulated delr®y on the setting of
the PHASE potentiometer. In thdResistive mode the output will also appear
modulated but th®eHASE potentiometer will no longer affect the waveform.

If data acquisition is being performed by a chadorder then it is unlikely that the
device will have sufficient bandwidth to observes tharious analogue waveforms,
even at the lower AC frequencies.

Users of wider bandwidth instrumentation shouldwéeer be aware of the

waveforms that can be observed. A selection ofpsamvaveforms is shown overleaf
in Fig. 10.
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D
Waveform A is unfiltered ACPD in AUTO mode

Waveform B is unfiltered ACPD in Resistive mode
Waveform C is filtered ACPD (RMS)

I Vi Vi \ Waveforms D show varying unfiltered and
! ol o ! Corresponding filtered ACPD

Fig 10. Typical waveforms fromthe RECORDER output using an oscilloscope

The recorder socket is wired as follows:

(\J

1 2
Pin 1. Signal high
Pin 2. Signal Common
Pin 3. Not connected
T3
(\

Fig 11. The RECORDER output socket

8. RS232 INTERFACE socket

This is a 25 way D connector with male (pin) cotgac It provides a serial digital

output of the ACPD voltage (as indicated on thatfiganel meter). A serial (RS232)
link is the most common means of interfacing toeaspnal computer (PC) or data
logging system. With a suitably written computeogram, the data format can be
interpreted and then displayed, stored or manipdlay the program as appropriate.

The serial link is uni-directional and data is ¢onbusly output from the CGM-5R.
No control functions are provided. Only three oections are required for serial data
transmission. These are of the standard RS232atorm

Matelect can supply a suitable serial cable, teaaih in either a nine or 25 way

connector (at the PC end). Standard graphicalvaoét is also available for data
logging, display and storage.
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The connector is wired as follows:

12

7

\

[ |
000000000000
00000000000

Pin 2. Transmitted data (Tx)

/ Pin 1. Ground (cable shield)
Pin 7. Signal ground

The serial data is derived from the front panel L@Bter and is therefore subject to
the same refresh rate. The data is transmittethglar 10 millisecond period at the
end of each measurement cycle of the front panéémiee. every 400mSec). The
ACPD signal is represented by five characters eachprising 1 start bit, 8 data bits
It is possible to select one &tibpf required although this is an
The data

and 2 stop bits.

Fig 12. R&232 Serial data interface connector

internal adjustment and as such should only beopedd by Matelect.
format is illustrated below.

1 start bit, followed by 8 data bits as givenahle below, then two stop bits.

Data rate = 9600 Baud:

QUANTITY POSITION CODE
MSB LSB
x Yl z]* 1T ol o] o]l o bigitsmMsD)
* [« 11 *T12]lo0lofo Digit 4
* I« T~ +*Tol1lof]o Digit 3
* [+~ +*Tolol1T]o Digit 2
« [ | » [~ T o] o]l o] 1] pDigit1(sb)

Where * * * * represents binary 8, binary 4, bip& and binary units as
appropriate for the quantity being transmitted.

X = Over range flag X =0 for OK and X= 1 forexwange condition
Y = Dec. point position Y =0 for 1.9999 and Yl#or 2.000 position
Z = Signal polarity Z = 0 for minus value and=X for plus values

NB  MSB = most significant bit (on serial link), BS= least significant bit
MSD = most significant digit (on panel meter), LSDeast significant.

e.g. a front panel meter reading of +1.2345 wettsld be encoded as:

ojfof1]J]1)J0]0O0foOfoO
ojfof1]J]0)J1]o0ofoOofoO
ojfof1]J]1)J0]1fO0f0O
Of1f(0]J]0O0)JO0OjJOf1(f0O
Of1f(0]J1)jJ0JoOofoOof1

Fig 13. Data format for the RS232 serial data link
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9. Mainsinput socket

PLEASE READ THE SECTION ON MAINS OPERATION before attempting
connection to this socket.

The socket is of the standard IEC mains input tyité integral line filter, mains
switch and mains fuse. A suitable lead, terminatgd a local mains plug, will have
been supplied with the CGM-5R. If this is missingly use an approved mains IEC
connector as a replacement.

The instrument is fitted with two 1 Ampere anti-g&r20mm fuses. If any of these
fail, then the equipment should be disconnectenh filse mains supply, and the fuses
replaced with ones of the same rating and type.N®O use a fuse of a higher rating
as permanent damage may result to the CGM-5R. fU$es are accessible via a
sliding carrier tray. This can be levered out gsihe blade of a slotted screwdriver
placed in the recess within the carrier.

If the local mains plug also incorporates a fusg. (€K versions) then this should be
of a similar rating to the fuses within the IEC lseic

Always ensure that the mains input lead has arhEanection and that this is in

good order. This is necessary both for safety mep@nd in order to obtain sensible
results.
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8. CONNECTIONSTO THE SPECIMEN

Specimen connection in ACPD work is not a triviabgect and will therefore only be

dealt with briefly in this operating manual. It &so assumed that the user is
reasonably familiar with the ACPD technique. Rartlier information please contact
Matelect who will be pleased to offer applicatioaslvice and more detailed

assistance.

Four electrical connections are required to be miadbe specimen, two current and
two voltage. As far as is practical, the leadsswsplied with the instrument, should
be employed for connection purposes. It is ingodrto obtain a good electrical
contact between lead and specimen and it is usuaké spot welded, soldered or
screwed connections in this respect.

For a typical compact tension specimen (CT) theneotions should be made as
shown in Fig. 14. below.

CURRENT
* | LEAD
. VOLTAGE
LEAD
LN Current

e |240

Fig 14. General ACPD connection locations

This is a general arrangement that can be adaptetthér configurations such as three
point bend and wide plate specimens. Long termitmang of large components
may involve a more complex arrangement of contagpecially if multiple sensing
points are required and if temperature variatiores lkely to occur during a test.
Further information is available from Matelect.

The current leads should be positioned such tleattirent path encloses the crack.
In this manner, the propagation of a defect willggm a perturbation in the current
flow that will lead to a change in the measured RCP

The voltage sensing leads should be positioned strically about the crack site and

between the current connections. By locating thieage connections as shown in the
above diagram, the average depth across the adgarreick front is registered.
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It is highly advantageous to make the connectianghe specimens as rigid as
possible. This minimises possible lead movemennhdua test and hence reduces any
errors due to changes in the pick-up (PU) signbhis unwanted signal is derived

from the interaction of the voltage leads with thagnetic field generated by the

passage of the alternating current through thelguppds and specimen. (see also
General Usage Advice).

Rigid connections can be made using thick gauggerowires. The relevant cables
can then be attached to these conductors as abosieetspecimen as the testing
configuration allows. Use adhesive tape to setheecables themselves to prevent
any possible lead movement during a test. If tMESR is operated in Resistive

mode some lead movement can be tolerated withasirgg gross errors.

To reduce the actual magnitude of the pick-up getd is important to tightly twist
the leads (as shown in Figure 15). It is importarmote that the magnitude of the PU
can be reduced by minimising the area enclosedtblythe current and voltage leads.
This is illustrated in the following diagram. I#rge loops are unavoidable, it is best
to position them perpendicular to each other.

LI

oo of o

Pick-up loops too large Reduced loop area - better

Fig 15. Loop area considerations

It is not usually necessary to isolate the specifnem the testing machine since the
specimen presents a far lower impedance to the tdéwurrent than does the

alternative path via the grips and body of the nreehCare must be taken, however,
if a clip gauge is used in conjunction with ACPD aserements. The gauge can
easily short out the signal from the speciment $®important to provide some form

of electrical isolation in such cases.

A phenomenon known as current focusing can occ&dRD experimentation. This
effect causes the specimen current to closely viokbopath defined by one of the
current leads. It is especially prevalent whendineent lead is close to the specimen's
surface. Current focusing is used to great effedhtrease ACPD sensitivity but it
can lead to errors in interpretation of resultsurtlker details of this advanced
technique can be obtained from Matelect.
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Excessive cable length can seriously degrade tHierpgence of the ACPD system. If

it is found necessary to extend the factory sugdptbles or substitute different cables
types then users must always try to minimise cabfgedance. If the impedance is
excessive, the voltage compliance limit will beatead and the maximum specimen
current available will drop from its 2 ampere maxim (see Front Panel Description
item (9) for further details).

These considerations are especially important fgh frequency operation (30/100
kHz). The impedance will be a function of resis@ncapacitance and inductance. It
will be necessary to minimise all these variablestiis desired to utilise the
instrument over the full range of current.

Long signal cables can also lead to problems, e&dpewith regard to induced pick-
up and external sources of noise. An optionalaigme-amplifier is available from
Matelect to counter this problem. All signal anower supply lines for the pre-
amplifier are already present in the factory fittexht panel LEMO connector.
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O.SETTING UP A TEST

This section is intended as a brief "getting sthrfgrocedure. No attempt has been
made to cover detailed aspects of ACPD testingidkdr advice is readily available
from Matelect and published literature.

It is assumed that users have first read, and bedamiliar with, the preceding
sections of this manual before commencing a t&&ie settings suggested below are
generalisations. Once experienced in the operafitinie CGM-5R, users will be able
to select and optimise their own settings as ap@tEpto the particular specimen
configuration employed.

1. Connect the specimen using the method mostbdeiita the specimen and testing
regime (see preceding section) and switch on thtMGRK. If possible allow the
instrument to warm up for a least 20 minutes. Thisspecially important if sensitive
work is to be carried out and if the unit has beewved between areas differing in
ambient temperature.

2. If employing a testing machine, it is sometiraggod idea to select the appropriate
current, gain and frequency levels with the spenimeay from the rig. Once this is
done, the specimen can be positioned as appropndt¢he settings reassessed.

3. Select the frequency of the alternating currehiis choice will be influenced by

the type of materials being tested. As an exarmpt®se 300 Hz for a mild steel. In
general the higher frequencies are more suitableoliserving surface phenomena
such as crack initiation. For dynamic testing sashhigh cycle fatigue or impact
testing, higher frequencies can assist in captuhegrack growth.

4. Choose a suitable current value. Begin at ab&uBmperes, and raise if required.

5. Choose the mode of operation - initially it ssbto experiment iAUTO mode.
Resistive mode (see General Usage Advice) is useiuations were lead movement
can be a problem and were substantial amountsdotced pick up are present (e.g.
long leads). MANual mode is not normally employed unless userseagaged in
fundamental ACPD studies.

6. Wait for the CGM-5R to lock-in and note the \alof the amplified ACPD signal
on the front panel meter. Check that all fixed aadable offsets are switched out.
Adjust the gain control until a signal of about @dts is observed. The current can
also be adjusted in order to obtain this approxénsagnal level.
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7. Use the variable offset control to zero the AC&put if desired. This is not

absolutely necessary but can aid the setting upe@drding devices such as chart
recorders. Note that if a scanning system isgeised, the offset should not be
employed as the value that has to be offset wikimably vary between signal

channels.

8. Use the filter facility if engaged in long tetesting or low cycle fatigue work.

9. Connect a suitable recording device (chart aeQPC based acquisition card) to
the RECORDER output, or use thRS232 serial data facility. The choice of device
will depend on the data acquisition rate and tipe tyf signal that is being recorded.
For long term monitoring, the RS232 link is ideahereas for fatigue studies, a chart
recorder would be appropriate. For rapid crackuijnoe.g. during impact studies) a
transient recorder should be employed.

10. Begin the test, but assume that it will be ssagy to modify the settings in light
of your results!
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10. GENERAL USAGE ADVICE

This section covers a number of topics mentionatleean the manual in greater
detail together with other points of relevance. rdsshould note that further
information is available from Matelect and from fhéblished literature. It is assumed
that the user has read and become familiar witlptbeeding chapters.

SIGNAL NOISE, GAIN, DRIFT AND RESOLUTION

In common with all measurement techniques, the misation of noise is important
in ACPD work. The advanced design of the CGM-5R0avs it with excellent noise
immunity, but this can only be appreciated if sblesprecautions have been taken to
complement this feature. In particular, the gaithef amplification circuitry should be
minimised. Always use the lowest gain setting fdssy raising the supply current
in preference to increasing the gain. A signaklesf about 0.5 volts is a good
starting point as it allows for a substantial irse in the ACPD before reaching the 2
volt autoranging point (which would otherwise lowbe resolution by one decimal
point).

Increasing the frequency will also raise the sidaaél, but this option can also lead
to a greater susceptibility to pick-up and heneal lmovement. Indeed it is possible
that much of the increase in signal level that egevith a rise in frequency is due to a
larger induced pick-up component. TResistive mode may then be preferable in
order to remove much of the pick-up (see below).

The use of the filter facility can improve the roiperformance somewhat and it
should always be employed during long term testingpw cycle fatigue work.

In general, the measured noise on the analogueitosigmal with the filter applied is
less than 200V (at 70dB gain). When referred to the input (thee gain is used to
calculate the noise at the specimen), this figumeumnts to less than 100nV. The long
term drift of the CGM-5R has been measured at #is0@ a 1V output, over a period
of 200 hours (or 0.05%).

For a typical mild steel specimen, a change of @aprately 1 volt can be expected
for very 10mm change in crack depth (current = Dpams @ 3kHz, gain = 70dB).
This, when combined with the drift figures, givesrack growth sensitivity of 2E-8
mm/second over the long term. Over a few houosyever, the drift is lower and
even this performance is improved.

THERMAL EFFECTS

The ACPD potential drop technique is sensitive twmperature variations.
Temperature affects both the magnetic permealalig the resistivity of materials.
Since these are factors determining the skin dapthny particular frequency, it is
expected that the measured ACPD will also be atimm®f temperature. In general
ACPD rises with temperature.
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During normal room temperature testing it is urjkinat any errors will occur due to
temperature changes. However if the ACPD is beimgsured during anisothermal
testing (e.g. thermal fatigue studies) a correctiol need to be applied. This is
usually accomplished by using a referencing team@and computing a ratio which is
independent of temperature. Users wishing to perfeuch tests should contact
Matelect for further applications information (s@ptional Equipment Section).

CALIBRATION

It is important to note that the value of the pssmsl ACPD at any one time is of little
use in the determination of crack depth exceptageshn carefully calibrated systems
where the connection configuration is maintainegdty between specimens. It is
the change in the ACPD signal that is significaiit.is therefore usual to perform
calibration before testing commences so that aitegtysto crack depth changes can
be defined.

Calibration can be carried out simply by using #rfieially introduced defect (e.g. a

saw cut) and measuring the resultant changes irA@ieD. The calibration curve

should be linear (unlike DCPD studies) and theeetmly a small number of readings
need be taken. A calibration can also be obtauseag the specimen itself if, (for

example), optical measurements are related to @RAvalues.

INDUCED PICK-UP AND RESISTIVE MODE

ACPD signals are by their very AC nature represkiate vector quantities. Theory
predicts that pure ACPD, as generated by passage 8C current through a metal,
will exhibit a phase difference of 45 degrees widspect to the actual current
delivered to the specimen.

Unfortunately, the true ACPD is masked by the sppsition of a second vector
guantity. This vector represents the potentialiged] in the measurement leads by the
current flowing in the supply leads. Theory pogslithat this "pick up” vector lies at
90 degrees to the specimen current vector.

The resultant of the two vectors, is the actual RC# measured by an automatic
phase lock loop detecting circuit within a stand@feM-5R (inAUTO mode).

The vectors are shown in the diagram overleaf. Tif@rent pick-up vectors are
indicated, for a particular true ACPD vector. dnde seen that these will give widely
different ACPD readings. Since the magnitude o fhick-up vector will vary
depending on the relative position of the supplg areasurement leads, significant
errors can occur in ACPD measurements.
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Vplup

Fig. 15. Therelative vectorial positions of signalsin ACPD studies

The resistive or real portion of the ACPD signaslialong the specimen current
vector, (i.e. they share the same phase). Theninag of theResistive vector does
not change with a change in the magnitude of tok-pp. Monitoring the resistive
ACPD will therefore theoretically confer an immuyntb errors caused by variation in
lead position.

The CGM-5R can be operated Resistive mode, this being a refinement over the
original CGM-5 design. In this mode the display@@PD value is actually that
which is in-phase with the applied current anchexéfore purely resistive.

In Resistive mode the readings are much less susaeptibead movement. This is
most marked at the lower operating frequenciest®30kHz). At 30kHz and above,
the advantage conferred by tResistive mode reduces but it nevertheless remains
worthwhile. This deterioration indicates that gimple theory given above may not
describe the entire situation.

Users should not be surprised if a considerableiatezh in signal amplitude is
noticed betweeAUTO andResistive modes. This indicates that much of tigirzal
processed signal is due to induced pick-up.

It is also possible to adjust a standard CGM-5perate under a resistive mode. This
involves use of an oscilloscope and further adeare be obtained from Matelect.
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CRACK DEPTH MEASUREMENT

The CGM-5R can be used in conjunction with a Matprdvand held crack depth
measuring probe in order to size cracks in thelfieDetailed instructions for the
operation of the Matprobe are given in its accorgpaninstruction manual.

Although it is always recommended to use a calitnaturve in order to obtain
accurate crack depths, users of the Matprobe calogna rapid technique for the
approximate assessment of crack depth. To thisterdCGM-5R is equipped with
fixed offsets which are used in order to obtainraa measure of crack depth on the
front panel display meter.

The depth measurement procedure is reproduced below

BASIC METHOD

1. Power up the CGM-5R and connect the Matprolfbfade and clean specimen
surface

2.  Apply Matprobe to surface and set the currer@.'5oAmps, gain to 70dBs and
frequency to 10kHz for ferritic and 30kHz for naerritic materials. Use AUTO
mode, with no offsets applied and filter in OUT pios

3. Apply Matprobe to surface, near to defect butamwoss it. Press down firmly

until probe is seated flat. Wait for reading talslise and record it designate it

g

4.  Apply Matprobe across crack, record readingadexignate "A"

5 Perform calculation (A-B)/B to give crack defticm.

MODIFIED METHOD

1. Asabove

2. As above except subsequently adjust the custgoply potentiometer until the
measured ACPD value reads 1.0000 volt (to the seatedigits).

3.  Operate the FIXED OFFSET switch and use theéeitiing)

4.  Apply Matprobe across crack and the readinginédawill be the deptin mm
(since calculation is now (A-1)/1 and (A-1) is autatically generated by virtue
of the fixed 1 volt offset that has been applied)
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GENERAL

11. SPECIFICATIONS

The CGM-5R is a multi-frequency single channel rald¢ing current potential drop
system. It is housed in a portable enclosure amul@ys the phase sensitive detection
technique to process potential drop signals geeeraly passage of an internally
sourced, high stability alternating current.

ELECTRICAL SPECIFICATIONS

Current:

Frequency

Amplification

OUTPUTS

36

High stability (better than 0.05%) infelif variable current supply
adjustable between Zero and 2 Amperes RMS maxa\en turn

potentiometer. Load regulation is better than @%05The actual

applied current can be monitored on the front pdisgllay meter.

The frequency of the alternating curcant be selected from one of
6 preset values of 0.3, 1, 3, 10, 30 and 100kHazyrate to +0.1%
The stability of the frequency is better than 0.02%4d the distortion
is less than 0.1%.

The signal gain is adjustable in 10dBeps form 50 to 90dB,
accurate to 0.1dB. The unit can be operated gethrode:

AUTO Automatic lock-in to ACPD signal

MANual Manual adjustment of phase sensitivity

Resistive  Amplifiers sensitive to only resistive fion of signal
Lock-in time inAUTO mode is less than 10 seconds depending on
phase of signal wrt current supply, but typicallgegonds. Warm up
time of amplifier is less than 5 minutes. 20 m@wtrecommended
for gross temperature changes.

1. Processed ACPD and set current displayed ondidit LCD
meter, non backlit, wide viewing angle.

2. Analogue output of displayed voltage (+ 5V) twitacility for
continuous offset adjustment.

3. Serial digital (RS232) output for computeris#ata acquisition.
9600 Baud. Mark (logic 1) -6.8V (through 3kOhm Ipa&pace
(logic 0) +6.8 V (through 3kOhm load). Short cirtcaurrent 21maA,
slew rate 100\{{Sec. Power consumption 95mW (through 3kOhm
load), 77mW no load.

4. Internal switching signals available on reargd&/O connector.
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ADDITIONAL FEATURES

3 position filter control, with 3dB points at 8@ 0.67Hz. Fixed
offsets of 1V and 100mV for use with hand held tgpbbes.
AUXilary power output for peripheral devices (e.g.nsea system)
Display HOL D facility Optional input pre-amplifier for long chb
runs.

Separat€€OMmon ancEARTH terminals.

Internal relay with user adjustable operating lenels.

POWER
220-240 and 110-120 AC mains, 50 or 60 Hz linguency. Input
voltage range must be pre-selected by user. Injpuearthed and
fused IEC connector. Instrument can be specifieth wiptional
factory fitted battery power pack for special cases

LINE FUSES
Two 20mm anti-surge 1 ampere fuses protect both &nd Neutral
lines. Fuses located within IEC connector

DIMENSIONS
Without handle,
360 x 310 x 155 mm (W x D x H)

MECHANICAL

Cast aluminium frame with pressed aluminium ajpayels finished
in standard RAL epoxy powder coat colours.

Adjustable tilt handle (3 positions). Optional dad aluminium
carry case available.

OPERATING TEMPERATURE RANGE

MASS
SEALING
STANDARD

0-40 Degrees Celsius for electronics.
10-35 Degrees Celsius for LCD display.

10kg
To IP20
Constructed in accordance with CEI/IEC 1010-1 1990
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12. PERIPHERAL EQUIPMENT

HARDWARE PERIPHERALS:
The CGM-5R can be expanded into a complete systetrAGPD studies by addition
of a number of hardware based peripherals.

MULTIPLEXING SYSTEMS: When it is desired to detect and record ACPD in
multiple specimens or at multiple sites on a singecimen, it iS necessary to
multiplex (scan) between signal sources. To maingensitivity it may also be
necessary to switch the current supply to the uariocations. Variations in ACPD
with temperature can also be compensated for byiptaeding reference and signal
channels and subsequently performing a divisiah@two quantities to normalise for
temperature fluctuations.

Automatic scanning systems. SM. series (SM1, SM2 and SC1 units)

Standard systems are assembled from combinatioBsaafy signal switching and 8
way current switching modules, together with onerall controller module which
permits control of the scanning parameters eithrefeu manual, internal (auto) or
external (PC) supervision. Most applications reguretween 8 and 16 channel
capability although the SM series of scanners gaegable up to 99 channels. High
quality screened construction and locking LEMO amtars are used for all signal
inputs and outputs.

Users who wish to monitor in excess of 32 chanassadvised to contact Matelect to
discuss the possibility of custom systems.

Automatic scanning systems for temperature compensation only (D2M-1 units)

A simple automatic method employing a two channedngser can be used to
compensate for temperature variations in the ACRdD av division normalisation
technique. This is especially useful for singlesmens undergoing anisothermal
testing (e.g. thermal fatigue tests).

The D2M-1 unit can interface to both a PC (with rayppiate software) and provide an
analogue output of the normalised ACPD signal.

Manual Multiplexing units (M2M-1 and M6M-1)

These provide cost effective signal and currentching via high quality low noise
manual switches mounted in metal enclosures. Teisere provided for connection
of the signal and current cables.

38



Matelect CGM-5R I nstruction Manual

CRACK DEPTH MEASUREMENT PROBES

These optional items are used in conjunction with €CGM-5R to measure crack
depth without the need to make permanent connetti@nspecimen. Spring loaded
probes are used to form the electrical contadhécspecimen. Two types of probe are
available.

Matprobe 1 2 pin traditional ACPD depth probe with separateent lead
complete with magnetic/toothed grip contacts.

Matprobe 2 Advanced 4 pin probe incorporating both currerd aaltage
contacts in one unit. Probe is designed to enhalegeh
resolution and position sensitivity whilst minimmsgi
sensitivity to lead movement and specimen edgetstfe

SOFTWARE OPTIONS:

A number of different software packages can be lseghpby Matelect for data
acquisition from the CGM series monitors. All {heckages utilise the RS232 output
socket located on the rear of the monitors. THeviang programs are available.

CGMlog A simple low cost, text based, single channel &iton program.
CGMpeekl A user friendly real time data acquisition and piviaal display
program with post plot facilities.

Other packages are available for use with our SVl scanner system. These are:

CGMscan A text based acquisition and control program fota 99 channels.

CGMpeekl6 A 16 channel version of CGMpeekl with multiple rela and an
independent random access channel sequencer forviotihge and
current. DOS based with Windows 3.1 shell.

D2M soft A text based program for controlling and reading D2M-1 thermal
compensation unit.

Utilities available to users wishing to perform their own programming include:
CGMSUB  BASIC source code to read the CGM front panel.
CGMgraph A simple QuickBasic graph plotting program.

For end users who require bespoke software, Matelect provide a cost effective custom
software facility. Existing programs can be modified or fresh code written to solve a
particular applications problem.

Please contact Matelect for further details omatdware and software options.
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13. WARRANTY AND SERVICE
INFORMATION

The following text is an extract from our standard conditions of sale. It covers
the terms of warranty and liability only. Please refer to the full text, supplied
upon delivery of the goods or contact Matelect Limited.

Extract 6. WARRANTY
Items sold by the company are warranted only dedstaelow.

Subject to the exceptions and upon the conditigesiied below, the company agrees to correct,

whether by repair or, at it's election, by replaeatnany defect of materials or workmanship which

develops within twelve months after delivery of thetrument to it's original purchaser by the compa

or by any authorised representative provided tmagstigation and factory inspection by the company

discloses that such defect developed under normél proper use (unless covered by a separate
agreement or guarantee written by the company).

The exceptions and conditions mentioned aboveharéotlowing.

a). The company makes no warranty concerning coemerand accessories not manufactured by it.
however, in the event of the failure of such congs or accessory, the company will give reasonable
assistance to the purchaser in obtaining from #spective manufacturer whatever adjustment is
reasonable in the light of the manufacturer's owrranty.

b). The company shall be released from all oblayetiunder it's warranty in the event of repairs or
modifications being made by persons other thamitte or authorised service personnel unless such
repairs by others are made with the written coneéthie company or unless such repairs are minor or
merely the installation of a new Matelect compdnen

¢). The warranty is only valid providing that thegrhs of payment in clause 4 are strictly adhered to

d). No product may be returned except with the camgfs permission in writing. After receiving
factory authorisation, goods requiring repair grlaeement should be sent prepaid to the factotlyen
original container properly packed accompanied Weturn Goods Authorisation, purchase order or
letter stating as completely as possible the defeat the condition under which it occurred.

Extract 8. CONDITIONS PARAMOUNT

The company expressly disclaims any liability of atdoever nature and in any circumstances
whatsoever, to it's customers, dealers or agextepé as stated in the forgoing terms and condition

Extract 9. These terms and conditions of sale neagrbended or altered at any time the companytfeel i
necessary to do so.

REPAIR AND RECALIBRATION: Matelect Limited can repair and/or recalibrate
instruments manufactured by it, after the warrg@ygiod has expired. If this service
is required then please contact Matelect and wiebeipleased to provide a quotation
for the work necessary.
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14. External Pre-amp Information
ACPA-1 (option)

Features

The Matelect ACPA-1, is an external pre-amplifigritufor use with the Matelect
CGM-5R series of crack growth monitors. It offpesrformance enhancements over
the internal pre-amplification circuitry alreadyilbbunto these monitors, but its main
use is as a local pre-amplifier unit to be emplofj@diong signal cable runs and/or
within electrically “noisy” environments. The pdipal features of the ACPA-1 are:

* Wide bandwidth
» High input impedance
» Bypasses internal pre-amplification circuitry

The ACPA-1 does not simply replicate the existinGNT, transformer based, front
end pre-amplification circuitry in a self containediclosure for local use. The
bandwidth performance of the pre-amplifier is abiyudlatter than the pre-
amplification circuitry of the CGM itself (which isypassed automatically as soon as
the ACPA unit is attached), but the chief advantafj¢he unit is its dramatically
enhanced input impedance. This is due to the @issemiconductor rather than
transformer based amplification techniques. A higbut impedance is useful in
ACPD studies especially if surface oxide films gubr contact to the specimen (of
the signal wires) is likely.

System requirements

* The ACPA-1 can only be used with a CGM-5R
certified for use with the ACPA-1

* The test specimen must be earthed through the tsocke
provided on the front of the ACPA-1

* The ACPA-1 may only be used with MATELECT
supplied cables

Front panel description

® 1

1. Input socket of ACPA-1

This is a 2 way LEMO type socket which acceptscbreesponding LEMO plug.

The socket is polarised to prevent incorrect inzerof the signal plug. Insert the
signal plug into this socket only when the red dmtsboth the plug and socket are
aligned. If correct alignment of the plug and ssidkas been achieved, the insertion
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force is minimal. Usergust not force the plug into the socket, nor rotate thegplu
once inserted. The plug can be removed by grasihiadgknurled outer collar and
squarely pulling the plug from the socket. Mininf@ice is required.

Signal low

Signal High
Case (Ground)

Rear panel description

1. Earth terminal

The specimen should be earthed to this terminagusi4mm Banana plug and a short
length of multi-strand wire. This will help to reck electrical noise and prevent
oscillations within the amplification circuitry.

2. Output socket

This is an 8 way LEMO type socket which acceptemesponding LEMO plug, and
Is polarised to prevent incorrect mating. Insk# signal plug into this socket only
when the red dots on both the plug and socketlayeed. If correct alignment of the
plug and socket has been achieved, the insertime fic minimal. Usersnust not
force the plug into the socket, nor rotate the phmge inserted. The plug can be
removed by grasping the knurled outer collar angasgly pulling the plug from the
socket. Minimal force is required.

The output socket is wired as follows (socket view)

7 pinl. -12V
pin 2. Power supply common
6 3 pin3. NC .
pin 4. Signal out
5 1 pin 5. Signal common
pin 6. +12V
pin 7. NC
2 pin 8. NC
3 CASE - Ground
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Wiring instructions
Connect the ACPA-1 to the CGM-5R using the supph&PA-1 to CGM-5R cable
(8 way to 8 way LEMO cable, see below). Next caritiee specimen to the ACPA-1

using the supplied ACPA-1 to specimen cable (2 WBO connector to tinned
copper twin).

Proceed with the set-up instructions as describ&thapters 8 & 9 of this manual.

Pre-amp cables

b B = B ]

ACPA-1 to CGM-5R cable

ACPA-1 to specimen

General Information

Use only a slightly dampened cloth and mild detetde clean the ACPA-1 system.
Never use a solvent cleaner or any fluid.

Please note that there are no user serviceabke\piinin the ACPA-1. Never attempt

to open the instrument case as this will void amyranty. Please contact Matelect
should you ever experience any difficulties with tmit.
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