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EMD STATIC VOLTAGE REGULATOR

INTRODUCTION

‘This publication provides complate instructions
for bench testing and repairing EMD Static Volt-
gge Regulators, Fig. 1. Also included are instruce
tons for calibrating the wvoltage regulator to
obiain desired output voltage of the auxiliary
generator. Cateporized defects, drawings, sche-
matics, wiring diagrams, and repair procedurss are
incloded to aid the technician in troubleshooting
and repairing the voltage regulator.

DESCRIPTION

This solid-state electronic assembly is designed to
maintain cutput voltage of the auxibiary generator
to within 1 volt of the "set point.” Normally
the regulator is adjusted for a nominal output
voltage of 74 velts. This power i5 used to charge
batteries and operate devices in the locomotive
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contrel circuitry, The voltage regulator will main-
tain output to within £1 volt of the “set point™
through a wide varation of ambient temperature,
guxiliary generator rotating speeds, and loads.
Some regulators alsc provide a stable 72 wvolt
source which is wsed as a reference for the static
excitation system.

The electronic components of the voltage regu-
lator form four individual circuits; a starting
cireudt, a detector circudt, & power drcuil, and an
ogcillator circuit, Fig, 2.

Upon start-up residual magnetism initially pro-
vides auxiliary generator excitation. Generator
cutput at this time is not sufficient to cause a
siicon controlled rectifier (3CR) to turn on. The
starting circuit allows generator outpuet to build
up befors allowing the SCE to start controlling
regulation, The other three circuits work together

*This bulletin is revised and supersades previous issues of this number.
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Fig. 2 - Regulator Circuit Block Diagram

o regulate output voltage of the auxiliary pener-
ator by opening and closing the power circuit 1o
the generator field. This is accomplished by
controlling conduction of the SCE. This device
acts as a switch which czan be turned on by a gate
signal from the detector circuit. Once turned on,
the SCR will continue to conduct until a positive
pulss is applied 1o its cathods. A positive pulse is
gpplied to the cathode of the SCE dunng sach
evcle of oscillation by the oscillator circuit If
outpul wvoltage of generator is above the “set
point” the SCR will remain off. If owtput is
below ''set point” the SCR will be turned an by
the detector circuit as soon as the positive pulss
from the oscillator circuit is removed. Positive
pulses from the oscillator circuit occur often
engugh to prevent any noticeable difference in
field strength between pulses. When the SCR is
turned off, the generator field téends to collapse,
however, current generated by the decaving fiald
flows through a free-wheeling diode (D3) causing
@ gradual decay instead of a sudden collapse. The
gradual decay of the field, frequency of oscilla-
tions from the oscillator, and response of the
detector and power circuits result i1 a stable

outputl from the auxiliary generator.

Physically the regulator is arranged in two parts:
the cabinet and the circuit board. Large power
carrying components are mounted to the cabinet.
Smaller solid state devices which handle relatively
smell amounts of power are mounted on the
circudt board.

FUNCTIONAL TESTS

This section when us2d In conjunction with the
Troubleshooting And Repair section is intended
83 & guide for troubleshooting. To avoid possi-
bility of injury 1o personnel or damage to equip-
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ment, service personnel should have an under-
standing of the equipment and a cognizance of
safety practices. Read entire procedure inchiding
all motes, cautions, and warnings befors per-
forming Iullnwing steps.

1. Using a battery test light, conmect positive
lead to positive terminal P on front of voltage
regulator and negative lead to field terminal
F, Fig. 1. Refer to Service Data for test
components.

2. The test light should come on, if not, replace
starting relay and repeat Step 1. If the test
light did come on proceed.

CAUTION: Make certain that test power supply
i5 off before making any electrical
connections to regulsior. Observe
polarity. If positive and negative Jeads
are reversed, costly internal damage
will result.

3. Connect regulator in the test circuit shown in
Fig. 3. See Service Data for information con-
cerming test components.

4. Turn voltage adjusting rheostat RH, Fig 1,
for minimum resistance ([full travel counter-
clockwize from fromt).

5. On megulators equipped with the 72 wolt
reference feature, attach a jumper wire, Fig.
4, across end terminals of refersnce voltage
setting resistor R1.

CAUTION: Befare proceeding make certain that
variable voltage control on iest power
supply is at minimum setting.
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&. Tum power supply on. Slowly increase supply
voltage to regulator. Observe both the power
supply voltmeter and test lamp. Match volt-
meter and test lamp indications with the
corresponding indication in Fig. 5. Proceed to
Step 7 only after regulator displays nommal
indication.

7. Tum voltage adjusting rheostat RH, on front
of regulator, for maximum resistance (full
travel clockwise from front).

NOTE: Remove jumper wire applied to reference
voltage setting resistor HE1, in Step 5
abova.

£. On regulators equipped with 72 volt reference
feature, set reference voltage setting resistor
for maximum resistance. Set for maximuom
resistance by insulating movable slider from
wirewound element, Fig. 6.

CAUTION: Before proceeding make certain that
variable voltage control on test power
supply is at minimum setting.

9, Tum power supply on. Slowly increase supply
voltage to regulator. Observe both the power
supply voltmster and test lamp. Match the
voltmeter and test lamp indications with the
corresponding indication in Fig. 7. Proceed to
Step 10 only after the regulator displays the
normal indication.

10, Turn voltage adjusting rheostat BH, on front
of regulator, for mindmum resistance (full
travel counterclockwise from front).

11.On regulators equipped with the 72 wvolt
reference feature, atfach a jumpsr wire dcToss
end terminals of reference woltage setting
resistor K1, as in Step 5 abowe.

12. Conmect a voltohmmeter (VOM) to test cir-
cuit as shown in Fig. 8. Connect positive lead
from YOM to F terminal of repulator. Con-
nect 2 .1 microfarad capacitor in series be-
tween negative (common) lead from VOM
gnd negative terminal of regulator.
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INDICATION

MALFUNCTION

REMEDY

Lamp becomes bright and
goes off between 62 and
T0 volts.

Mormal indicatdon for this
test, Proceed to Step 7 for
next fest.

* Proceed to Step 7 for next

best,

Lamp becomes brighter
and goes off at some point
hizher then 70 volts.

Voltage is regulated too
high.

Perform Procedure A in

Troubleshooting And Fe-
pair Secton.

Lamp becomes brighter
and goes off at some point
lower than 62 wolts.

MOTE: Ensure that test
lamp did not go off
when starting relay
SR picked up. See
indication below,

Voltage is regulated toc
low,

Perform Procedure A in

Troubleshooting And Re-
pair Section.

Test lamp goes off when
gtarting reley SR picks up
at approximately 30 to 48
vilis,

Regulator is not tuming

FPerformm FProcedure B in
Troubleshooting And Re-
pair Section,

Test lamp does not come
on or is very dim.

Regulator iz nol turning
o,

Perform Procedure B in
Troubleshooting And Re-

Test lamp does not go off.

Regulator 5 not turning
off.

Perform Procedure B in
Troubleshooting And BRe
pair Section.

Fig. 5 - Indication Chart For Step &

s1a72
Fig. 6 = Setting Reference Voltage Resistor For Maximum Resistance
. .
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[NDICATION

MALFUNCTION

FEEMEDY

Lamp becomes bright and
goes off between 76 and
7 wolts.

Mormal indication for this
test. Proceed to Step 10
for next test.

Procesd 1o Step 10 for

next 125t

Lamp becomes brighter
and goes off at some point
higher than 87 volts.

Voltage i& regulated too
high.

Performn Procedurs A im
Troubleshooting And EBe-
pair Section.

Lamp becomes broghter
and goes off at some point

Vaoltzge is regulzted
low.

Lala]

Perform Procedurs A in
Troubleshooting And Re-

Jower than 76 volts.

NOTE: Engure that ftest
lamp did not go off
when starting relay
SR picked up. Ses
indication below,

pair Section.

Test lamp goes off when
starting relay SR picks up
at approximately 30 to 48
volis,

on.

Eegulator & not furning

Perform  Procedure E in
Troubleshooting And Re-
pair Section.

Test lamp does not come
on or is very dim.

on.

Begulator iz not turning

Performn  Poocedure B in
Troubleshooting And Re-
psu'r Section.

Test lamp does not go off.
off.

Begulator i3 not turning

Perform Procedure B in
Troubleshooting And Re-
pair Section.

Fig. 7 - Indication Chart For Step 9

13. 8%t VOM controls for minimum AC wvaolt
range over 10 wolts,

CAUTION: Before proceeding make certain that
variable woltage control on test power
supply is at minimum seiting.

14. Tum power supply cn. Slowly imcrease supply
voltage to regulator. Observe both power
supply voltmeter and the VOM. AC voltages
indicated by VOM should correspond with
DC voltages indicated by power supply volt-
meter as shown in Fig. 9.

NOTE: The sharp jump in AC voltage from zero
at appreximately 50 wolts DC indicates
that regulator is oscillating. The AC volt-
age i= given only as a reference and varjes
widely depending on meter used 10
measure it,

In normal operation the regulator may
start oscillating before 50 valts DC. I
regulator fails to oscillate, perform Fro-
cedure B in the Troubleshooting And
Repair section.

The regulator is operating satisfactorily if it dis-
plays all normal indications as called for in the
preceding functional tests. The regulator is ready
to be put back into service. Calibrate by fol-
lowing procedure in Calibrating Fegulator section.

TROUBLESHOOTING
AND REPAIR

This section when used in conjunction with the
Functional Test section is intended as & guide for
troubleshooting. To avoid possibility of imjury to
personnel or damage to equipment, service per-
sonnel should have an understanding of the



M.I 4522

—
Regulator | %
i)

CAUTION: Observe Palarity

—il
g P &% oo
()
-G af b Larmp
Fuse |
- & ] -
— # 14 Gauge Minimum

WOTE: V1 i= 2 0-150
DC Volvmeter; any
'I‘D|1:1ﬂ‘l1'l1ml¢!f will
sutfice 21073

Fig. B - Regulator Test Circuit

ACNOLTS IN FIELD
e . T

O =

L]

214074
Fig. 9 - Approximate AC Voltage In Field With
Respect To Test Power Supply Voltage
equipment and a cognizance of safety practices
Read entire procedure including all notes,
cautions, and warmings before performing follow-
ing steps. When a defective part is located, refer
1o Component Eenewal section for General Work-
manship practicss.
MOTE: Check wiring of starting relay SR, Fig.
10, before proceeding,

PROCEDURE A

0
POWER SUPPLY WOLTS

0 20 30 40 &0

1. Remove four screws and washers that securs
the back cover to the cabinet, remove back
cover, Fig. 11.

2. Unscrew four screws, washers, and rubber
cushions that secure printed circuit board to
cabinet. Mote location of robber cushions
between printed circuit board and mounting

tangs, Fig. 12.

3. Check resistors R2 and R3, Fig. 16, using a
voltohmmeter. Refer to Service Data. If meter
doez not indicate 297 to 303 ohms, resistor is
defective and should be replaced.

4, Check resistance of R7, Fig. 16. If ohmmeter
does not indicate 47,3 to 32.5 chms, resistor
is defective and should be replzced. Refer to
Component Eenewal section.

5. Om three terminal regulators, check resistance
of rheostat RH, on front of regulstor. Set
comirol for maximum resistance (full travel
clockwise from front), If ohmmeter does not
indicate 90 to 110 ohms, RH is defective and
should be replaced.

6. On regulators equipped with 72 volt reference
[eature, check resistance of reference voltage
setting resistor R1, Fig. 13, Insulate movable
slider from wirewound element, Fig- 19. If
ohmmeter does not indicgte 90 to 110 ahms,
R] is defective and should be replaced.
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Fig. 12 - Removing Printed Circuit Board

7. Check resistance across parzllel combination
f thermj T]1 and resistor R4, test points
E and iE: . Fig. 16,

a. [f ohmmeter indicates 21 to 27 ohms
proceed to Step 8. If indication is other
than 21 to 27 ohms perform b.

b. Diszonnect one terminal of B4, Check
resistance of R4 and T individually.
Resistance of R4 should be 44 to 50
ohms. Resistance of T1 should be 45 to
35 ohms at room temperature. Defective
component should be replaced. Refer to
Component Renewal section.

.Perform Step 7 substituting the parallel

combination of thermistor T2 and resistor
RS, test points [D] and [E], Fig 16.

. Place circuit board, printed side down, on the

starting relay end capacitors C2 and C3, Fig.
|3, Place a piecz of insulating materal be-
tween circuit board and bare metal 1o prevent
a short cincuik.

CAUTION: Make certain that test power supply

10.

11.

12.

14,

15.

16.

is off before making any electrical
connections to  regulator. Observe
polarity, If positive and negative leads
are reversed, costly intermal damage
will result.

Connect regulator in the test circuit shown in
Fig. 20. 5es Service Data for information
COncerning test components.

Tum wvoltage adjusting rhecstat BEH, on front
of regulator, for minimum resistance (full
travel counterclockwise from front).

On regulators equipped with 72 volt referénce
feature, attach a jumper wire, Fig. 21, across
end terminals of reference voltage setting
resistor R1, Fig. 13.

. Check zener diode Z1, Fig. 16, using a DC

valtmeter and the following:

a. Commect positive lead of wvoltmeter to the
cathode (solder lug) of £1, Fig. 18. Con-
nect negative lead o the anode (stud
mount} of Z1.

b. Vary supply voltage from 50 1o 70 volts.
If voltage at Z1 wvaries more than £] velt
from 26 wolts, Z1 is defective and should
be replaced. Refer to Component Eenewal
section.

c. Repeat procedure, substituting Z2 for Z1.

Mount printed circuit board to cabinet using
the four screws, washers, and rubber cushions
removed in Step 2. Make certain that nubber
cusicns are located between circuit board and
cabinet mounting tangs,

Install back i:l:r!tr.using the four screws and
washers removed in Step 1.

Pericrm steps under Functional Test section.
If regulator displays all normal indications,
unit is ready for service. Fefer to Calibrating
Regulator section.



M. 4522

. Biarting Rely

Pranted Circuil Boad

. Siligpn Congrodled Soorifier |[SCRI)
Poweer Fesistor

. Blicon Contralled Sectifier {SCAR1)
. Bllscan Aectifler iD3

Vahage Aduwurting Rhacetst

. Capagicos [CT0]

. Capacitos [C1]

. Reference Valage Serting R esistor

o S ol D ] R i

-

21679

Fig. 13 =Parts Layout

The preceding checks should be sufficient to find
mast problems nommallvy encountersed when the
regulator is regulating either too high or oo low.
Perform Frocedure B if regulator is sdll in-
operative.

PROCEDURE B

I. Remove four scpews and washers that secure
the back cover to cabinet, remove beck cover,

Fig. 11.

2. Unscrew four screws, washers, and rubber
cusheons that sscure prnted circuit board to
cabinet. Note location of rubber cushions
between printed circuit board and mounting
tangs, Fig. 12.

3. Remowe all five wires connected 1o prnted
circuit board, remove board, Fig. 13.

4. Remowe wires marked 27 and 23 from NCI
terminal on starting relay SR, Fig. 10.

MOTE: Ensure that good connections are made
when checking a component. If necessary
scrape varnish and dirt off test point.

5. Check silicon controlled rectifier SCE1, Fig.
13, using two battery test lights. See Service
Data, and the following procedurs,

CAUTION: Renew all fziled components and
repeat checks until all normal indi-
cations are obtained.
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a.

b

Eare

{Small Solder Lug]

Comnect positive lead of one battery best
light o negative lead of the other r=st
light, Fig. 14. This arrangement will
supply the full five volts necessary to
check these semiconductors.

21080

Fig. 14 - Connecting Two Battery
Test Lights In Series

Connect negative lead of test light 1o
anode (stud mount) of SCRI1, Fig. 15 It
is not necessary to physically connect the
test lead to the anode. Wire tagged with
the number 5, removed from the printed
circuit board, is common to the anode of
both SCR's.

Connect positive lead to cathode (large
solder lug) of SCR1, Fig. 15,

iLarge Solder Lug)

- Iy Anod
'l L'" "'"I| : TSILHIEMnunﬂ

;s
—

o
3
—
—
—

Fig. 15 - Silicon Controlled Rectifier Terminals
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d. If battery test Light does not come on,
proceed to e. If light does come on, SCR
iz defective (short circuit) end should be
replaced. Refer 1o Component Rencwal

SeCiion,

e. Reverss test light leads. Connect positive
Iead to anods (stud mount) and negative
leadd to cathode (large solder lug) of
SCRI.

f. If batrery test Light does not come on
procesd to g. If light does come on, SCE
is defective (short circuit) and should be

replaced. Refer to Component Renewal
section.

g. Connect & jumper to wire tagged with the
number 5 (anode of SCR). Touch other
end to gate (small solder lug) of SCE
being checked, Fig. 15.

h. If batiery test light comes on and stays
on when gate zignal is removed, procsed
to Step 6. If light does not come on or if
it comes on but does not stay on, SCR is
defective {open circuit) and should be
replaced. Refer 1o Component Benewal
section.

. Perform Step § substituting SCR2 for SCRI.

. Check diode D1, Fig. 16, using a battery test

light, see Service Data, and the following
procedure. A schematic diagram of the entire
voltage regulator circuit, Fig. 17, i3 included
for referencs.

a. Conmect positive lead of test light to
anode of Di, Fig. 16, Connect negative
lead to cathode of D1.

b. [If battery test light comes on, proceed to
c. If light does not come on, DI is
defective (open circuit) and should be
replaced. Eefer to Component Renewal
section.

c. Reverse test light leads. Negative lead to
anode znd positive lead to cathode of D],
Fig. 16.

d. [If test light does not come on procead to
Step B If light doss come on, D1 is
defective (shori circuit) and should be
replaced. Eefer 10 Component Renewal
section.
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B Check silicon rectifier D3, Fig. 13, using a
battery test light, see Service Data, and the
following procedure.

4.

NOTE:

Connect positive lead of tester to anode
{solder lug) of D3. Connect negative lead
to F terminal on front of regulator.

If test light comes on proceed to c. If
l:ight does mot come on, D3 is defective
(open circuit) and should be replaced.
Eefer to Component Eenewal section.

Reverse test light leads. Positive lead te F
terminal on regulstor and negative lead to
anode (solder lug) of D3,

If test light does not come on procesd to
Step 9. If light comes on, D3 is defective
ishort circuit) and should be replaced.
Refer to Component Renewal section.

Ensure that good connections are made
when checking a component. If necessary
scrape varmish and dirt off test point.

9. Check silicon controlled switch Q1, Fig. 16,
using a battery test light, see Service Data,
and the following procedure.

Connect positive lead of test light to
cithode and cathode gatwe of QI1, test
point [A], Fig. 16.

. Touch negative lead of test light to anode,

test point [B, of Q1. If light dces not
come on proceed to d.

If light comez on 1 i5 defective (short
circuit), and should be replaced. Refer to
Component Renewal section.

Touch negatve lsad of test Hght to anode
gake, test point If] of Q1.

If test light comes on proceed to [ If
light does not come on, Q1 is defective
(open circwit) and should be replaced.
Refer to Component Renewal section.

Connect negative lead of test light to
cathode and cathode gate, test point [A],
of 1.

Touch positive lead of test hght 1o anode,
lest point , and then anode gate, test
peint [C], of Q1.

10. Check zener diode Z1,
battery test light, see Service Data, and the
following procedure,

- 12 -

. If test light does not come on proceed to

i. If light comes on Q1 iz defectrve (short
circuit) and showuld be replaced. Refer to
Component Benewal section.

Connect positive lead of test light to
anode, test point [B], of Q1.

Touch 2 jumper wire between cathode,
test point , and anode gate, test paint
. of QL.

. If test light comes on and stays on when

gate signal is removed proceed to Step 10.
IT hight does not come on or if it comes
on but does not stay on, Q1 is defective
and should be replaced. Refer 1o
Component Renewal saction.

Fig. 16, using a

Connect positive lead of test light to
anode (stud mount) and negative lead to
cathode (solder lug) of Z1, Fig. 18.

[T
Fig. 18 - Stud Mounted Zener Diode

. If test light comes on proceed to c. If

light does not come on Z1 is defective
{open cocuit) and should be replaced
Refer to Component Eenewal section.

Eeverse test light leads Positive to
cithode, (solder lug) and negative to
anode (stud mount) of Z1.

. If test light does not come on, proceed to

Step 11. If Light comes on Z] is defective
(short circuit) and zhould be replaced.
Eefer to Component Eenewal section.



11. Perform Step 10 substituting Z2 for Z1.

12. Check resistors R2 and R3, Fig. 16, using a
voltohmmeter, see Service Data. If meter does
not indicate 297 to 303 ohms, resistor is
defective and should be replaced.

13, Check resistance of R7, Fig. 16, If chmmeter
does not indicate 47.5 to 52.5 ohms, resistor
is defective and should be replaced. Befer to
Component Fenewal section,

14. On three terminal regulators, check resistance
of rheostat RH, on front of regulator. Set
control for maximum registance (full travel
clockwise from fromt). If chmmeter does not
indicate 20 to 110 ohms, RH is defective and
should be replaced.

15. On regulators equipped with 72 volt reference
feature, check resistance of reference wvoltage
setting resistor B, Fig. 13. Insulate movable
slider from wirewound element, Fig. 19. If
ohmmeter does not indicate 90 to 110 ohms,
Rl is defective and should be replaced.

Irsulating
Material
(Cardboard)]

ILo¥E

Fig. 19 - Setting Reference Voltage Resistor
For Maximum Resistance

16. Check resistance across parallel combination
of thermistor T1 and resistor R4, test points

[Fl and [Gl, Fig. 16.

a. If ohmmeter indicates 21 10 27 ohms

proceed to Step 17, If indication 15 other
than 21 1o 27 ohms perform T,

b. Disconnect one terminal of R4, Check
resistance of R4 and T1 individually.
Resistance of R4 should be 44 to 50
ohms. Resistance of T1 should be 45 to

M.I. 4522

35 ohms at room temperature, Defactive
component should be replaced. Refer to
Component Renewal section.

17. Perform  Step 16, substituting the parallel
combination of thermistor T2 and resicor

RS, test points D] and [E].

18. Reconnect wires tagged 29, 26, 5, 11, and 25
to corresponding terminal on printed circudt
board, Fig. 13.

19. Reconnect wire tagged 22 and 23 to NC]
terminal of starting relay SR, Fig. 10

20. Place circuit board, printed side down, on the
starting relay and capacitors C2 and C3, Fig.
13. Place a piece of insulating material be-
tween circuit board and bare metal to prevent
& short circuit.

CAUTION: Make certain that test power supply
is off before making any electrical
commections to  regulator. Observe
polarity, If positive and negative leads
are reversed, costly internal damage
will result,

21. Connect regulator in the test circuit shown in
Fig. 20. See Service Data for information
conceming test components.

22. Tum wvoltage adjusting rheostat BH, on front
of regulator, for minimum resistance (full
travel counterclockwise from fromt),

23. On regulators equipped with 72 volt reference
feature, attach a3 jumper wire, Fig. 21, across
end terminals of reference voltage setting
resistor R1, Fig. 13.

24. Connect positive lead of a DC voltmeter to
the anode, test point [B , of QI, Fig. 16.
Connect negative lead to the anode gate, test
peint [C], of Q1.

CAUTIOM: Before proceeding make certain that
vafable voltage coniral on test power
supply is &t minimum setting.

25. Tum power supply on. Slowly increase supply
voltage (V1) to regulator from 0 to 70 volts.
Observe both the power supply voltmeter and
voltmeter connected to the ancde and anode
gate of Q1. Ancde voltage with respect to
ancde gate volrage (V2) should be a5 shown
in Fig. 22.

At the time V2 reverses polarity the test lamp
should go out. Power supply voltage V1, may
vary beiween &2 and 70 wolts. Proceed to
Step 27 if regulator displays this indication. If
V1 is increased above 75 wolts and V2 does
not reverse polarity, procesd o Step 26,

-13.
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Fig. 20 - Regulator Test Circuit
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Fig. 21 = Shorting Reference Voltage Resistor
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26. Check zemer diode Z1, Fig. 16, using a DC

vaoltmeter and the following

4. Connect positive lead of voltmeter to the
cathode (solder lug) of £1, Fig. 18. Con-
nect megitive lead to the anode (stud
mount) of Z1.

b. Vary supply voltage from 50 to 70 volts
If voltage at Z1 varies more than %1 volt
from 26 volts, Z1 is defective and should
be replaced. Refer to Component Renewal
section.

c. Repeat procedure substituting Z2 for Z1.
d. Repeat Step 25.

CAUTION: Before proceeding make certain that

variable voltage control on test power
supply i3 &t minimum setting.

27. Connect negative lead of a DC voltmetsr to

- 14-

terminal 11 of printed circuit board. Connect
positive lead to anode of D1, Fig. 16.

. Slowly increase supply voltage (V1) to regu-

lator from O to 80 volts. Observe both the
power supply voltmeter and voltmeter con-
nected to D, Voltage [V2) at anode of DI
should be as shown in Fig. 23

Drop off of voltage V2 should take place
when V1 is between 62 and 70 volts, coin-
ciding with the polarity reversal noted in Step
23, Proceed to Step 29 if regulator displays
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Fig. 23 - Voltage At Anode Of DI

this indication. Silicon controlled switch Q1 is
defective and should be replaced i regulator
displays any other indication. Refer to
Component Eenewal section.

CAUTION: Make certain that test power supply
is off before making any electrical
connections to regulator. Observe
polarity. If positive and negative Jeads
are reversed, costly imtemal damege
will result,

29. Connect positive and negative leads of power
supply to regulator, as shown in Fig. 24,

MOTE: Do not connect 40 ohm resistor and test
lamp to the regulator.

30. Connect positive lead of a DC voltmeter to
the cathode (largs solder lug) SCE2, Fig. 25.
Confiect the negative lzad to terminal 11 of
the printed circuit board.

CAUTION: Before proceeding make certain that
variable voltege comtrol on test power
supply it at minimum setting.

31. Tum power supply on. Slowly increase supply
voltage from zero 1o 45 valts.
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32. The voltmeter connected to the cathode of
SCR2 should read zero until supply voltage is
approximately 40 volts at which time it
should jump to 40 volts. If regulator displays
this indication proceed to Step 35. If voltage
at cathode of SCR2 remains at zerc proceed
o Step 33,

33, Check dicde D2, Fig. 16, using 2 battery test
light, see Service Data, and the following

procedure,

a. Connect positive lead of test light to
anode of D2, Fig. 16. Connect negative
leed to the cathode of D2,

b. If test light come:s on, proceed 10 ¢ I
light does not come on, D2 is defective
(open circuit) and should be replaced.
Refer to Component Renewsal section.

c. Reverss test light leads. Megative lead to
anode and positive lead to cathode of D2.

d. If test light does not come on, D] &
defective (short circuit) and should be
replaced. Refer to Component Renewal
section.

34, Check zener diede Z3, Fig. 16, using a
battery test light, see Service Data, and the
following procedure.

g. Connect positive lsad of test light to
anods of Z3, Fig. 16. Connecl negative
lead to the cathode of Z3.

b. 1f test light comes on, proceed to c. If
light does not come on, 23 is defective
{open circwit) and should be replaced.
Eefer to Component Eenewal section.
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Fig. 24 - Regulator Test Circuit
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Fig. 25 = Connection to SCR2

c. HReverse test light leads. Negative lead to
anode and positive lead to cathode of Z3.

d. If test light does not come on, procead to
Step 35. If lght comes on, £3 is defective
(short circuit) and should be replaced.
Refer to Component Renewal section.

35. Mount printad circuit board to cabinet using
the four screws, washers, and rubber cushions
removed m Step X. Make certain that rubber
cushions are located between crcuit boesrd
and cabinet mounting tangs,

3&, Install back cover using the four screws and
washers removed in Step 1.

37, Periomm steps under Functional Tests section.
If regulator displavs all mormal indications,
unit is ready for service. Refer to Calibrating
Regulator section,

The preceding checks should be sufficient to find
most problems normally encountered with in-
operative regulators. Wires burned or creating
short circuits will have to be found by other
means.

COMPONENT RENEWAL

This section has been included to present sug-
gested practices essential to renewing defective
components. Before remewing any component
read the General Workmanship section.

Certain components have a separate section per-
taining specifically to that component. This

section is intended to be used in conjunction
with the recommendations presented in the
(reneral Workmanship section. Refer to Service
Data for information concerning part numbers
and descriptions of items referred to below.

GENERAL WORKMANSHIP

® Solder recommended for us: on electromic
components is 1.6 mm (1/16™) wire solder
composed of 60% tin and 40% lead with a
resin core.

® A heat sink must be used on all semd-
conductor components to  prevent  heat
damage while soldering. Examples of come
ponents that require hest sinks are; Diodes
D-, Zener Diodes Z-, Silicon Controlled Rec-
tiffiers SCR-, and the Silicon Controlled
Switch Q1. If more than one semiconductor
lead is to be scldered to a terminal, make
certain that all leads to be soldered have heat
sinks applied.

® Use epoxy to secure replacement parts to
circuit board.

® Use a soldering irom that has sufficient capa-
city to heat the solder joint to 274" C = 14°
(525" F £ 257} in ome or two seconds. Avoid
using 2 soldering gun.

® Recommended replacement wire is teflon
insulated No. 18 gauge stranded tvpe wire.

® Whenever 2 component is replaced on the
printed circuit board it must be sealed with a
conformal coating. A new part may be
painted alone or the entire board may be
dipped. Take precautions to prevent con-
formal coating from covering wire connecting
terminals on printed circuit board. Allow a
few hours dryving time,

*  Observe polarity of all polarirzed components.
SCR — SILICON
CONTROLLED RECTIFIER

1. Remove three nuts that secure SCR heat sink
to cabinet. Mote locatvon of insulstors.

2. Unsolder all wires connected to the SCE.

3. Remove mounting stud nut, plain washer, and
Iock tooth washer. Pull defective SCE from
heat sink.

NOTE: When installing SCR, torgque mounting
stud nut o 3.4 N'm (30 in.-Ibs),
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4, Beview General Workmanship practices,

5. Install new SCE by reversing Steps 1 through
i

D3 - SILICON RECTIFIER

1. Remoave three nots that secure D3 heat sink
to cabinet. Mote location of msulators,

2. Unsalder all wires connected to D3.

3. Remove mounting stud nut, plain washer, and
lock tooth washer. Pull defective D3 from
heat =sink.

NOTE: When installing D3, torque mounting sfud
aut 10 3.4 N-m (30 in.-b).

4, BEeview General Workmanship practices.

5. Install new D3 by reversing Steps 1 through
3.

Q1 — SILICON CONTROLLED SWITCH

1. Unsalder all four Q1 leads from bottom of
circuit board. Bemove defective Q1.

2. Insert leads from new 01 through holes in
lead conversion pad.

3. Insert leads through holes in circuit board.
Refer to Fig. 26. Match small tab on Q1 with
identification mark om printed circuit board.

4, REeview General Workmanship practices.

5. Solder leads to their proper location, Fig. 26.

Fig. 26 - Mounting Q]

M. 4522
6. Clip leads as close to board as possible,

Z—=STUD MOUNTED ZENER DIODE
l. Unsolder cathode lead from solder lug of
zener diode, Fig. 27.

Cathoge
Lead

Cathade
(Solder Lugl

2183

Fig. 27 - Replacing Stud Mounted Zener Diodes

2. Bemove mounting stud nut, plain washer, and
lock washer. Pull defective zener and heat
sink from circuit board.

3. Apply & thin coat of heat sink compound to
the surfaces of the heat sink that will contact
circuit boerd copper and shoulder of zener.
Do not apply compound o threads of
mounting stud.

4, Mount new zener to heat sink. Mount assem-
bly to circoit board.

3. Review General Workmanship practices,
&, Solder cathode lead to new zener.

CALIBERATING REGULATOR

When if has been determined that the wvoltage
regulator is operating satisTactorily it is ready to
be installed in the high voltage cabimet of a
locomotive, While instaling regulator, calibrate it
to regulate at desired woltage by performing the
following steps.
1. Tum veltage adjusting rhecstat BH, on front
of regulator, 1o minimum resistance (full
travel counterclockwise from front).

2. 0On regulators equipped with the 72 wvolt
reference feature, set reference voltage setting
resistor K1 for minimum resistance by moving
adjustable slider.

-17-
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WARNING: Do not maks anv electrical connec-
tions to regulator while engine is
running. Severs arcing and/or burns
may result,

3. Make proper electrical connections to regulator.

MNOTE: Do not mount regulators equipped with
72 wvolt reference feature at this time.
Provide for access to refersnce voltage
setling resistor,

4. Mount regulators not equipped with 72 wolt
reference feature to high voltage cabinet.

5. Use Procedure A for regulators equipped with
72 volt reference feature. Use Procedure B for
ill other regulators.

PROCEDURE A

1. Connect positive lead of & DC voltmeter to
the 72 volt reference terminal on front of
regulater. Connect the negative lead to the
negative terminal.

CAUTION: Perform all necessary prestart pro-
cedures. Bun engme at full throttle
cnly as long as mecessany 1o set regu-
lator for 72 wolts. Avoid contimwous
running of engine at full throttle with
no load,

2. Start engine. Fun engine a2t full throttle while
performing Step 3 below.

2. Adjust shder on refersnce woltage sefting
resistor until voltmeter reads 72 volts £1/2
volt,

4, Reduce throttle to REun 3 position,

NOTE: As the auxiliary generator and regulator
registors warm up the voltage will have a
tendency 1o increase shghtlv. Allow the
throttle to remain in Kun 3 position until
voltage stabilizes.

5. Increase throttle to Bun B position.

6. Readjust slider on reference wvoltage setting
resistor untl voltmetsr again reads 72 wvolts
£1/2 volt.

7. Tighten the slider in place.

8. Connect positve lead of the voltmeter to the
positive terminal on front of the regulator.

2, Turn voltage adjusting rhecstzt BEH clockwise
until voltmeter indicates 74 volts. Lock into
position by tightening locknut. Seal the lock-
nut with red laoquer.

MOTE: Voltage adjusting rheostat may be set for
other than the recommended 74 wolis.
Follow individual railroad policy regarding
battery charging voltages.

10. Mount regulator to high voltage
cabinet.

PROCEDURE B

voltage

1. Connect postive lead of a DC voltmeter to
the positive terminal on fromt of regulator.
Connect the negative lead to the negative
termminal.

CAUTION: Perform all mecessary prestart proce-
dures, Run engine to full throttle
only as long as necessary to sel rego-
lator for 74 wvolts. Avoid continuous
running of engine at full throttle with
no load.

2. Start engine. Run engine at full throttle while
performing Step 3 below,

3. Tum wvoltage adjusting rheostat BH clockwise
until voltmeter indicates 74 volts.

4, Reduce throtile (o Run § position.

NOTE: As the auxiliary generator and regulator
resistors warm up the voltage will have a
tendency to increase shightly. Allow the
throttle t¢ remain in Run 5 position until
voltage stabilizes.

5. Inerease throttle to Run 8 position.

6. Readjust voltage adjusting rheostat EH unt
voltmeter again reads 74 volts. Lock into
position by tightening locknut. Seal the lock-
nut with red lacquer.

NOTE: Voltage adjusting rheostat may be set for
other than the mecommended 74 wvolts
Follow individual railroad policy regarding
battery charging voltages.
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SERVICE DATA

EQUIPMENT LIST

et DR LRGSR T A S R T R R E2] 8499
B T e O TI cc can e om0 o B L A g279561
Battery Test Light - 3 Volt (Continuity Checker) . . . .. . .. .. ... oo 8293011
Yoltchmmeter, Hickok Digital . . . . - =« 2 2 2 ¢ 00 56 v 20 4 82 4 2022222222 8472576

Resistor - 40 Ohm, 200 Watz, 10%
Capacitor = 0.1 Microfarad, 10 Volts AC
Power Supply - 0-100 Volt DC, Minimum 4 Amperes

MATERIAL LIST
Solder - 0% Tin, 40% Lead - 1.6 mm (1/16") dia.,

e T et Bl sl T e e R e e e R e 8339154
Heat Sink Cempound, Semiconductor - 141.8g (5 ounce) Tuke . . . . . . .. .. ... ... 8346481
Conformal Coating, Urethame - 95 htre (1 quart) . . . . . & & & ¢t 4 o 6 0 0 0 v a w0 a0 = o » B4 5687
e st b = P P R S R P E449045
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