FEMCO, A MARK IV INDUSTRIES COMPANY
MAINTENANCE MANUAL
GROUND CHECK MONITORS GM8900/4000, /3125, AND /2250
FILTERS FI2559, FI256% AND FIZ2567

This manual is an extension of the Reference manual and is
intended for use by technicians and maintenance personnel who
maintain and repair the Ground Monitor.

Areas to be covered are:

Description °
This section completely describes the Ground Monitor's

operation through use of a Schematic diagram and circuit
analysis.

Field and Bench Testing

This section provides information for use in troubleshooting
the Ground Monitor when a failure occurs. This consists of
instructions for performing tests to determine proper
operation and a voltage chart for the unit.

Parts Identification
Necessary assemblies, along with parts lists, are provided
to support the maintenance of the Ground Monitor.

For more information on the Ground Monitor ordering repair parts
or requesting field service contact your local representative or
customer service at Femco, P.0O. Box 33, High Point, N.C.
27261—-0033, Telephone (919)887-2611 or Fax 1-919-841-7267.

Femco Ground Monitor should be returned to the manufacturer or
authorized representative for service. Substitution of
components not approved by MSHA will void MSHA Acceptance number.

Circuitry described in this manual is covered by Femco Patent
Nos. 3,728,582 and 3,855.501.

ARC TRAP - Femco registered Trademark
GROUND SENTINEL - Femco registered Trademark

Copyright Femco, a MARK IV Industries Company, 1989

MSHA B.T.S. Acceptance No. 042390FE
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SECTION 1 DESCRIPTION

Circuit Description (Refer to Schematic)

Thig unit can be divided into three sections! the power supply,
the transmitter and the receiver sections.

The power supply provides 20 volts unregulated DC to the relay
driver and 12 volts regulated DC to all other circuits. HOV1

protects the monitor from power line surges while Rl prevents

nuisance blowing of FUl.

The transmitter contains a 4000, 3125 or 2250 HZ oacillator and
push-pull line driver. R4 adjusts the frequency for optimum
operation. MOV2 protects the monitor from voltage surges on the
ground or signal wires. R12 limits the current output of the
monitor and provides a signal voltage to the receiver circuit
that is proportional to the quality of the ground circuit. The
test switch provides a convenient way of testing the monitor
operation. In the TEST position, a 75 ohm resistor is connected
in series with the ground circuit. The monitor will indicate an
open circuit trip by lighting both red LED’s; the yellow LED will
not be 1it. In the UNIT CHECK position the .47 ohm resistor,
R11, will simulate a shorted ground monitor input. The monitor
will indicate a short circuit trip by lighting both red LED’s;
the yellow LED will not be lit.

The signal developed across R12 is coupled to the receiver
circuit by T3. The atrength of this signal, directly
proportional to the quality of the ground circuit, ia compared to
a fixed reference voltage by IC3. If the ground circuit has
fifteen ohms or less loop resiatance, a good ground, 4000, 3125
or 2250 HZ pulses will be present at Pin 6 of IC3. These pulses
are amplified by Q4 and fed to T4. The output of T4 is rectified
and fed to the relay. C7 filters the relay voltage and provides
a time delay to prevent falese tripa. The yellow LED3 indicates
the presence of relay voltage and can be used as a rough tuning
indicator. The absence of relay voltage, because of a bad ground
or because the test switch is in test position is indicated by
the two red LED’s. LED3 is a latched trip indicator that
continues to show that a trip occurred even when the relay is
energized. Pressing the reset switch turns off this indicator.

Part of the signal at the secondary of T3 is rectified, filtered
and compared with a fixed reference voltage by IC4. If this
signal voltage is large enough, indicating a short circuit on
the output of the ground monitor, the output of IC4 turns on Q7
and blocks the signal that would normally drive Q4. This causes
a "short circuit"” trip out.
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SECTION 2 FIELD .AND BENCH TESTING

Preventive Maintenance. The latest version of the periodic
checks required by Mine Safety and Health Administration should
be followed. Semiannual tuning of the GM8900 per Step 5 below is
recommended.

Troubleshooting
A. In the field - GM8900 is tripped, both red LED’s 1lit
and yellow LED out.

Equipment Needed
VOM or digital voltmeter
Spare Board

Procedure
1. Place the TEST awitch in its center or TEST position.
2. Both red LED’s should be lit and the yellow LED should
be out. '
3. Observe all three LED’s and move the TEST switch to the

UNIT CHECK position. Hold the switch in this position.
The yellow TUNE LED will light briefly and then go out;
the red TRIP LED will go out briefly and then come back
on. The red LATCH TRIP LED will stay lit.

4. Return the TEST switch to the NORM position. If the
unit passes steps 2 and 3 continue to Step 5; if the
unit fails, replace the PC board module and repeat
test.

S. Tune the GM&3900 by adjusting the frequency of the
transmitter oascillator to the resonant frequency of the
fitlera and atray cable impedance. The reactive
components of the circuit impedance are tuned out and
the GM8300 monitors circuit resistance.

Thia ia accomplished by placing an AC voltmeter in TP1
and TP2 and adjusting R4 for a peak on the meter. This
should occur at about 1.2V RMS with a short cable an
decrease as the length of the cable monitored
increases. (Also decreases with frequency.)

The trip may be checked by adding resistance intoc the
circuit. With no cable (just two filters) the trip
resistance should be between 13 and 17 ohnms.

s. If the GM8300 does not tune, the problem is in the
external circuit.
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B. . Bench Troublegshooting

Equipment Needed
Simpson or digital voltmeter
Oscilloscope
Frequency counter
Ground Monitor Test Set-up

Parta Needed for the Test Set-up

1-Power Cord 1-1K 1/2 watt resistor 2-.33 ohm resistors

1-3 Volt Battery 1-Red LED 2-Spdt Switches

1-Battery Clip ° 1- Yellow LED 1-CN3840 Connector
1-75 ohm 1/2W Resistor 1-GM1004

2-FI2559 or 2-FI2567 or 2-FI2569

Teating the GM8900

1. To test the GM8900 follow the field troubleshooting
procedure given above, with the unit connected per Page
5.

2. Refer to the following voltage chart (Page 6) and

drawinga for troubleshooting.
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EQUIPMENT SET-UP
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VOLTAGE CHART

TEST POINT NORMAL OC SWITCH SC SWITCH
QPEN CLOSED
Tl Secondary 16.3VAC 18.8VAC 13.6VAC
120V Unreg 18.2v 22.3v 16.6V
+12Vv 11.9v 11.9Vv 11.9v
Ralay Volts 24.2V ov oV
IC2 Pin 1 ov L} L
2 4Vpp Sawtooth
3 12Vpp Square Wave
4 i2v bC
- 7.9V bC
6 4Vp-p Sawtooth
7 12V PP Square VWave
8 12V bC
IC3 Pin 1 NG NC NC
2 6 VDC 3.7V eV
3 4Vpp Sine Wave 1Vpp Semi Sq.Wave S.3Vpp
S5.48VDC 4.9 Sq.Wave
4 o] 0 [o]
b NC NC NC
6 12Vp-p Seai 3q.Wv OV 11.3Vpp
Semi Sq wave
7 11.9v 11.9v 11.9v
-] 10,1V 11.9v 8.7v
IC4 Pin 1 NC NC NC
2 3.6V 3.6V 3.6V
3 2.5V -4V 5.1V
4 ov ov ov
S NC NC NC
6 1.3v 1.3v 11.1V
7 11.9v 11.9v 11,9v
8 NC NC NC
o1 ] ov - "
G 12V pp Sq. Wave :
D 12V pp 8q. Wave
Qz S ov - .
G 12V pp 3q. Wave
D 24V pp Sq. Wave
Q3 8 oV L] »
G 12V pp Sq. Vave
D 24V pp 3q. Wave
Q4 s ov ov .
G 5.5 pp Seni ov
3q. Wave
D 24V pp Sq. Wave 22.3V
With Spike
as E 11.9v T 1t.ev 11.9V
B 23,3V 11.1v 11.2v
[+] ov 1.7 11.8v
Qé c ov ov ov
G ov .8V .8V
A 10.3V -8V -av
Q7 E ov ov ov
B 3V 3V BV
[+ 3v, 5.3V, Yeni ov ov
3q. Wave
NC - NOT CONNECTED
» = VOLTAGES AND WAVEFORMS DO NOT CHANGE
PAGE & 882901-~02
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TESTING

THE FILTERS

Preliminary Set-Up

1.

Testing

Connect a DVM or VOM set to the 2.0 or 2.5V AC range
the loop current test jacks TPl and TP2.

Connect a frequency counter to the same test jacks.

the 3-Phase Filters

1.

Testing

Replace one of the known good filters in the test
set~up by the filter in question.

Set the switches for NORMAL operation.

Adjust R4 (TUNE) for maximum indication on the DVM or

to

VOM. The indication should be approximately 1.3 volts

and in no case less than 1 volt. The frequency, as
indicated on the counter, should be as marked +10%.

If the frequency is outside this range or you cannot
tune for a maximum indication on the DVM or VOM, the
filter is bad and should be thrown away.

If the voltage indication is less than 1 volt, the
filter is bad and should be thrown away.

the ARC TRAP

1.

2.

Jumper out the filters in the test set-up.

Set the 0OC and SC switches to the OPEN position. The

GM8900 should be tripped out.

Replace the known good ARC TRAP with the ARC TRAP in

question. The GM8S00 should be tripped cut. If it is

not, the ARC TRAP is bad and should be thrown away.

Check the ARC TRAP for continuity with an ohmmeter.
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SECTION 3 PARTS IDENTIFICATION

Femco GROUND MONITORS should be returned to the manufacturer or
authorized representative for service. Substitution of
components not approved by MSHA will void MSHA Acceptance.

GRI — GMBE200 /++++ — GROUND MON]ITOR

GRE — GMEIE0/ ++++ = GROUND MONITOR WITH GROUND FAULT

. DE SCRIPTION PART NO. | Owe.NO. [ e'“;’
! |HOUSING ASSEMBLY BO48eS 882501501684 |
S \GND. CHI: MONITOR BD. ASSY W/ EACERLATE \CESIOI++++BE2901-8026R2 |
3
H\wrsHAa LABEL NPIOI7 |882901-604] 1
5
G
7 .
8| 6GROUND FAULT - /
GRI_ BO4LBES ~— MOUSING ASSY FOR GROUND MON/TOR
il DESCRIPTION . . PART NO. | DWG.NO. |&
/ |\HOoUsSING ‘ BoO4k746 |832901-602}/
2 |COMNECTOR . o CN3820 /
3caro GUoE MO2177 2
4 \NAMEPLATE ) : NPEOC4 \83290/1-605 |1
5 .
P
7\|ScREW Fo-32 X 3/8 SSTL sc3078 3
8lscrew #o-32 x 5/8 SSTL SC3/00 /
alwuT HFe-32 HEX SSTL NUEEST 4
I0\SPACER, HEX #G-32 TAP THRY, I/4°LG Mo4546 /
I \WASHER #& EXT SHAKE . SSTL iW42867 5
PAGE 8 882901-02
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GRI _ WBAGISI 444+ — GROUND CHECK /MONITOR BOARD

GRE —. CEF/IO! ) +1++ — WBALIE! GCROUND CHECK MONITOR BOARD WITH FA¢
++ o+ FREQUENCY SPEC/IFIED PER ORDER :
50 Hz
3125 Hz
4000 Hz
¥ RI7 SELECTED DURING TEST
I DESCRIPTION PART NO. | DWG.NO, 8 %‘
I VPRINTED CIRCUIT BOARD wB435) |88290/-601|/
> .
3\resisTOR, FC, 33, IW, 5% RI\REIZ035 /
4 |ReSISTOR, FC, 1K, I1/9W, 5% "erz 2:%% |rEI0275 8
5|ReSsisTOR, MF, SELECT/FREQ. R3| ++++ /
e4.3K, I/BW, /% \REFOGT7 |(4000 H=)
F2d4K I/8W, I % RE3074 |(3/25 Hz)
: 453K, I/BW, 1% RE309F (250 Hz)
|74, BLUE B /" oF |mcao00 |(2250 Hz)
| 74,6, ORANGE 17 oF \mcaoor |(3/125 Ha)
G |RESISTOR, POT, 5K, l/2W, 107, RANRE3G8I /
7\RESISTOR, FC, I, IW, 10F RI|REIOAZ/ /
8IRESISTOR, FC, 75, I/2W, 5% RIO\RE75025 /
QIRESISTOR, FCy 47, I/2W, 107 R \RE47B2! /
/O\RES/STOR, wW, <4, 5W, 5% RIE|RE3682 /
l/\RESISTOR, FC, 5.1K, I/4W, 5% RI/3, 14 |RESIE75 =4
IS\RESISTOR, FC, /5K, I/2W, 5% RI5 |RE3Z385 /
IB|RESISTOR, FC, 8K, [/dW, 5% RI6 |REROE75 /
14| RESISTOR, FC, ¥, L4 W, 5% RI7 ¥* /
IB|\RESISTOR, FC, 27K, /4, 5% R/, /9 \RES7375 =4
1G|RESISTOR, FC, S20 K, l/4W,5% RO |\RES2475 /
I7Z\RESISTOR, FC, 1.2K, l/aW, 5% Rrel \rRez570 /
/B\RESISTOR, FC, 8.7, 1/2W,5% R23 |\RE27225 /
I19|RESISTOR, FC, GBO, EW, 5% R24 |REGEIASE /
\PO|RESISTOR, FC, SUK, I/4W, 5% RES|\REZZ 88 /
2N VRESISTOR, FC, 220, I/4W, 5% RE7|RE3493 /
PN\RESISTOR, FC;, 3-9K, I/4W, 5%  R29, 33 |RETSE75 I=4
EIRESISTOR, FC, SOOK, I/4W, 5% RIO\RE2O475 /
2 RESISTOR, MF, 30K, l/4H), E% R3l|RE3616 /
S| RESISTOR, MF, 13K, I/AW, 2% R3I2 |\RE3659 /
PG\ RESISTOR, FC) 470, I/4M, 5% REBIRER7175 !
> ,
ZBI\CAPACITOR, ELEC, 470 MFD, 35V  C1,2|COS04/! =4
PACAPACITOR, ELEC, 47 MFD, 35V Cc3lcosoca /
BACAPACITOR, FILM, .0068 MFD, PoOV C4|cD3877 /
3/ |CARPACITOR, CER, Ol MFD, 100V c5(co5018 / .
321 CALACI TOR, CER, .1 MFD, 50V &,/ I13|cD5022 3
33|lcaracrTOR, ELEC, 100 MFD, 35V c7lcpsoes / -
zdcaraciror, £cEC, 1mFD, 50V €8, 9 |co9030 2 -
DO NOT CHANGE WITHOUT
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OF M.S.H.A.

T DESCRIPTION PART NO. | OWG.NO. [ %

3slcapaciror, ELEC, 22 MFD, I6V crolco3sce |3-7953 |1

IBCICAPACITOR, MICA, 15p2F, 500V crelec3d8r | 3-7879 |y

37

36

39|propE (IN4005) CR/,8,34,5,¢,7,9 [TU2500 8

2dorope (1N 344) CRr8 |TU25/10 /

ilprooe, ZENER (IN757A) vRI |\7vezes |~ /

welorooe, ZENER (IN7464) vrRE, 3\TU27/7 | 2

23| D/IODE, LIGHT EMITTING, YEL  LED! [LA2738 | /

LeAlo/oDE, LIGHT EMITTING, RED LEDE 3B |L42737 | |2

4slorope, ZENER (IN53G7A) VR4, 5 |TU4064 2

4 7RANSISTOR (VNOIOGN3) Q/, 4 |rucosi e

4ATRANSISTOR (YWO220N3) Q2,3 \Tueo52 =4

18| TRAN SISTOR (2N3906) QRS |Tve769 /

9| TRANSISTOR (2N3904) Q7 |Tve7e7 /

SO|THYRISTOR (EN5060) QRé |TYe804 /

5/\varisTOR mov! |pszzo9 /

sV ARISTOR move |\Pse785 /

53 - ) - e - - - - -

s/ NTEGRATED CIRCUIT (7812) ICI|TUZ586 /

ssl/ivTEGRATED CIRCUIT (555) Ic2|TUE579 /

56| INTEGRATED CIRCUIT (ICL76I4DCAY)ICHTUSISS 7

SANTEGRATED CIRCUIT (AM74ICN) ICI|TU8ISS /

58

59| TRANSFORMER, POWER 71 \7R3143 |2¥%TR3I23 [/

60| TRANSFORMER, LINE DRIVER 72|7R3144 ek TRII442 |/

6/ | TRANSFORMER, INPUT 73|7R3112 /

GZ|TRANSFORMER, RELAY DRIVER T4 |TR3I45 2K TRII4S5 |1

63 ~

co|lrecay, 24V Ki|RL2975 7]

GS|RELAY COVER RLZ98] Y

56| SWITCH, DA 3 POS. TOGGLE S/ lsw3zos 1/

7 SWITCH, DPDT MOM. PUSHBUTTON S2|SW3293 7

eslsTuo, ovaL HeAD N103887 B /

leslresr wack 7Pl 2|rE306/ le

70|SnaP RING mosgse | | 1 It

71\FUSE, 1/4 AMP S5L0 -8LO AUl Fueszo v

7C\FUSE CL/RP FUEEQE__ P=4

73 RTV mc3896 | xl

HHEAT SINK Hsi|Hs2640 | 1]

75|SCREW, #4-40 X 3/8 FAN HD SLOT s5c29/10 t

TG|WASHER, #4 INT SHAKE HAS503 RN

7AWASHER, COMPRESSION wazess | |1

TBNUT, HEX P4-40 NUESZT /

79| STANDOFF, PLASTIC NO42C7 2

BATURRET TERMINAL 7E2862 e

81 \WIRE, ELEC, 20 AWG, BARE COFPPER (" OF|WIZ863 3

82|AMONITOR BOARD ASSEMBLY wB44351 \esesor-goierr| |1

&3

a4l macepeare Bo4748 |g82s0i-602 | |1
PAGE 11 882901-02

DO NOT CHANGE WITHOUT APPROVAL AUG., 1989




15£¥v¥dM pIeOod Od

TOTEID

ur-6ntd

++++/0068WD YOLINOW MDIHD ANAOYED DILYWAKOS

NE b2 2y _p00P. .
- CeTEME =T =" TS LELIVYTTTTET8XY - © eor Lwew fuye P Se Ovv §RT SRR [ZTT STEE o S
wnw‘m.»\“uhn.n.www BETEME ||4|M«-.. 1784 pobute ~1axT | X FE EH SSIE. bt anlt ‘WILHS LELL
€. FOGENT — = =~ ELETIN ™ =T "IN - 2 2INNOT i NeMMID SISSYNI
VIPLNI= " " ETVA  S9OSNE T TTTIW  NIIELWT T "HIL xSy W _OSIZ || 4TI TaL onY TaNVE Ledsd Snl 4L OTENE CSTYNINYEL 4ALiAD
VLZSLNI T ST TINA- POCLNT =™~ — 58 VIO P IILT ~"EIX] R NINOIFSY MLINX TIVY TNV SISSYND ous QTLVIOSI ANS'T 1 ‘ 0 NI L102K1I K
SHIENLTT TS24l CROTIONAL ZTC'TD  S58 T T T Far VCETL PNIAT TINUNHILIT B &L L1¥ S0 TATVA T
FHCWL T T T T §2 CENYPOIONATTote  Timem T 7T Tior) 1 J18KL AMIC LKL ONTIIN NI TNV SINTVA TINVLIIVIVI MY %4
PPICHLTTTITTL  SBLESS T T TTTANM SO0RNI T TR L-i¥3 Yt TSwnd NI SHV STATVA FINVISISIU QXI21I3S5 TSIMETHL® SETTHT ki
EricVd § 1L EoLTFS TIAIH INTITT . ISIION
wHsw O _l 1008 N9,/ 966237 203 1m0 N
1NOHIVA H H
AT o or/r* | ' |
L
WHOD JONYHD 10N 7493 e 444 |
SISSYHD “ as/i*.L |
TL 2T
or o1 ” “x ]
7077 _
b 3 A |
car7 Y3 |
D55 i |
LI588 |
SLIVANGD 3] k12 | H
L o o . e -
BT oy il T
£ azy ! P4
[l ATI+ _ _
I
w A1+ i 1 v Xax e I'4
L¥2 oy pers
» 2 HTS z
s s it s VA ¢
177 2 ey Y e ¥ ~ ¥ srA
5 73 torrtast 3 st e -~ o
274 == - VA~ »ny
rBK & wl BT PR B RN . v
7543 0w > 1 P £
LA ADN %3 armn [12 A
hﬂﬁu ~ astie v 5 PYrTe/ i 4 o
Lg< wrs PrEEE ¥i2 v
G 7 TSP oty
Jivt Ivxn NET
ZENT DdAeT i
-1 arqel @9
g v a 1 a19°L ABre PELVEFELS
AQeT
gos0’
e sw o
TiL 1773 . booro” oL .
- as/r L %52 T b 24122 <
1M . (4 .A wi il <
i Rwu\Q‘NI/A £ k.qu ¢ o¥A n.T.“,Vl n L s -ty el Jr X
{
P 2o 2k S 1 791 fod 321, 140 ]
&# ZAsM! < nzn
"y ¥ < x5 . T
A »ut r T B ] N
HIND ot »oNc| X F R 3 R X
L4 S 3 £E€  vwit
w 4] it 1 N my o
£ opasNd
gor'mt T 40 1xvd
N AT 27¥nn
A i _ 23A0T+
aTre ATddINS HIMOS
HITLLINSNVYL

[

88290102

PAGE 12

1930

NOV.,



