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I, INTRODUCTION

These instructions provide a step - by & step procedure for the first time start-up of a MSB
Thyristor Power System used as an armature supply for a d.c, motor drive,

Non -standard functions such as special sequencing, director logic, interconnection with other
drives, etc, which pertain to a specific application will be covered by separate instructions.

The procedures should be followed in the specified sequence, checking each step against the
schematic diagram, This will develop familiarity with the system and insure proper operation

of the drive system when the sequence is completed. If difficulity is encountered at any step,
the source of trouble and/or remedy may be obvious, If not, refer to “Trouble Shooting" section
of this instruction leaflet for more detailed test procedures,

It should be possible to place the drive system in operation by following the start-up procedure
as described, referring only to the applicable schematic diagram, However, a more efficient and
confident approach requires a knowledge of fundamental functions and relations which can be
obtained by referring to the Instruction Leaflets (I.L.) listed in the Appendix.

II. BASIC SYSTEM
A. General

This section is devoted to a procedure for first time start-up of the basic M58 thyristor
power system, The basic system consists of the followina:

1. TPM - Thyristor Power Modulator assembly, either single or double converter,
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2, Basic Regulator assembly containing:

GS - qate synchronizer

GPG - gate pulse generator 3 gating system
TGD - thyristor gate driver

VC & RL - voltage controller and reversing Togic for double converters
Vs - voltage sensor

cC - current controller

SC or VRC - speed controller or voltage reference controller
S&°P - sequence and protection

PS1 - +24V, +15V requlated power supply

FI - fault indicator (optional)

RFG - ramp function generator (optional)

CAL - reference calibration (optional)
Input and pot boards

Note: The standard basic requlator back plane contains the wiring for the optional.
boards,

3. a-c and d-c power circuits with standard protection (either Class 1 or Class 3) and
sequencing,

B, Start - Up Procedure

1.0 Recommended Test Equipment

1.1 A multimeter with a internal impedance of 20,000 ohm/volt,
1.2 Adjustable battery powered test supply, 0-22V, with reversing and turn-off switch.
1,3 Dual beam oscilloscope such as Tektronix 502, 545 or equivalent.
NOTE: Be sure that the scope is NOT GROUMDED at the line plug or elsewhere,
When the drive is enerqized, the scope case may be at some voltage
potential above ground.

1.4 30 Pin extension board (S#1339A38G02)

2.0 Before applying a-c power:

2.1 Make a visual check of the equipment for loose wires and connections, remove
blocking from relays and contactors, all function boards are present and plugged
in to the basic requlator and all external connections are made,

2,2 Disconnect one side of motor armature from the drive,

2.3 Remove the RG/SC/0Y or RG/VRC/01 board if used in the basic requlator.

2.4 Remove the current controller board (RG/CC/01) and replace with a 30 pin
extension board (5#1339A38G02)

2.5 Plug the current controller board into the extension hoard and open up the jumper
connection on the extension board to pin 47,

2,6 Jumper out any Zone A and Zone B contacts of Input Board 1 that do not originate
in the M58 structure.
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2.7 Remove any incoming -V[B]* wire from the terminal blocks of the magnetic panel
assembly, Connect a +15V vDC adjustable test voltage between -V[B]* and PSC,
Set a 0 volts.

2.8 Connect a scope across pin 59 (+V[B]) and PSC of the VS board,

2.9 Make sure that the DC LOOP selector switch normally mounted on the M5B cabinet
door is in the PERMISSIVE CLOSE position,

3,0 Apply rated 3 phase a-c power with phase sequence R-S-T and observe:

3.1 Transformer primary circuit breaker (if supplied) remains closed on transformer
inrush. If the breaker trips out, increase the trip setting # in increments of
"2% ntil the breaker remains closed,

3.2 Red indicating 1ight mounted on the door indicates AC POWER ON,

3.3 Cabinet and TPM ventilating fans (if supplied) are operatina and the air flow
is from the bottom to the top of the structure,

3.4 Green indicating 1ight mounted on the door indicates POWER SUPPLY READY, (Relay
PSR is energized),

3.5 Voltage across CX and CY is 115V #5V,

3.6 Light emitting diodes (LED'S) on the PS1 board indicate that PSP, PSN, and LP15
are energized,

The regulator power supply voltages should be as follows:

psp = +24V + TV

PSN = =24V + WV

LP15 = +15V + 0,5V

RP = +24V + 4y, -2V

3.7 ZONE A, ZONE B, and the STOP LED'S on Input Board 1 are energized.
3.8 The PH. SEQ (1 LED) and the 0SC (2 LED) LED'S on the RG/GS/01 board are energized.

3.9 The 0OC (overcurrent) LED, the PL (power loss) LED, and the ON LED on the RG/S&P/01
board are deenergized.

3.10 If the conditions in step 3.9 are not observed, the following voltages or logic
sianals should be cﬁecEe% at the following pins of the RG/S&P/01 board. (a logic

"1" = +12,5V to +16V and a logic “0" = OV to + 1.5V).

pin 4 = Tlogic 1" pin 27 =  logic "1"
pin 6 = +24V pin 29 = +24Y
SR P B
pin = TJogic "1" pin = ogic

pin 1 = logic "1" pin 38 =  logic "0"
pin 13 = ]oq!c nie pin 39 = logic "1
pin 14 = logic "O" pin 40 = logic “0"
pin 15 = logic "1" pin 4 = logic "O"
pin 16 & 17 = PSC pin a4 =  logic "1"
R Dl E e
A i
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ON ALL SUBSEQUENT STEPS THROUGHOUT THIS START-UP PROCEDURE IT IS ASSUMED THAT THE
SERVICE ENGINEER WILL INVESTIGATE PREVENTATIVE INTERLOCKING CIRCUITS TO ENSURE THAT
THE TEST FUNCTIONS CAN BE COMPLETED,

4.0 Inner Voltage Loop Test

a1

4,2

4,3

4.4

4,5

Westinghouse Electric Corporation

Close the d-c contactor (M) by connecting a jumper between terminals 19 and 20
of the Input Board 1 terminal block assembly or by closing the relay function
between the above two terminals.

Observe that the M and ON LED'S on Input Board 1 are eneraized and the ON LED
on the RG/S&P/01 board are energized, (This indicates that the d-c contactor
is closed and that the current controller and the outer Toon controller have
been released),

Slowly adjust the test voltage applied to terminal -V[B]* of the magnetic panel
from 0 to -10 volts and observe:

4,3,1 TPM output voltage waveshape should be smoothly controllerable with six
pulses per cycle. The pulses should be stable and of equal maanitude
over the voltage range with no random jitter. Figures 1 and 2 show
typical waveform at 50% and at rated voltage, Refer to the trouble
shootina section if the correct waveshapes are not obtained,

4,3,2 The TPS output voltmeter varies smoothlv from 0 to approximately positive
rated volts,

4.3.3 Miniature meter +V[B] varies smoothly from 0 to +9,6 volts.

4.3.4 Miniature meter -V[C1] varies smoothly from +5V IV to+ 0,4V + 0,2v
from 0 output to rated output respectively,

4.3.5 On double converters only, the FWD (1 LED) on the RG/VC&RL/01 board
is eneraized,

For double converters, reverse the polarity of the test voltaqe applied in step
4,3 and observe:

4.4,1 Performance should duplicate that previously observed in steps 4.3.1 thru
4.3.4 except with all polarities reversed except -V[C1],

4.4,2 The REV [2 LED] on the RG/VCE&RL/01 board is energqized,

Remove a-c power,
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5.0 Voltage Limit Adjustment

5.1

5.2

5.3

5.4

5.5

5.6

5.7

CAUTION:

Disconnect the test voltage from terminal -V[B]* of the maanetic panel, and
reconnect the original wiring to this point.

Close the pin 47 circuit on the extender board in which the current controller
is pluagged.

Apply a-c power and close the d-c loop contactor,

The bus voltage is now to be set at 104% of rated value. For this purpose the
board producting -V[B)* (normally the current controller) is driven into
saturation by applyinag the test voltage (+) to +I[D]* on the magnetic panel,

Trim the BUS VOLTAGE ADJUST pot (1P) on pot board (S#1752A05601) to obtain 104% of
rated bus voltage.

For double converters reverse the polarity of the test supply and note that the
magnitude of the "reverse" output voltage is within +2% of the "forward" output
voltage in sten 5,5,

Remove a-c power.

BEFORE CONDUCTING STALLED CURRENT TESTS ON A DC MOTOR, PLEASE REFER TO

1.L.16-800~-286,

6.0 Current Loop Test

6.1
6.2

Westinghouse Electric Corporation

Verify that the current feedback polarity is correct per the schematic information.

Set-up the following temporary conditions:

6.2.1
6.2.2
6.2,3
6.2.4

6.2.5
6.2.6

6.2.7
6.2.8

6.2.9

Remove the motor field excitation.
Reconnect the motor armature circuit.
Turn pot 2P on the pot board (S#1752A05G01) fully CW,

Open the red jumper (2J) with Berg terminals to pin 35 of the current
controlier [RG/CC/01] so that +I[D]* can only produce rated current,

Check that 1J on the pot board is in the 125% position.

Remove the Reference Calibration board [RG/CAL/01] and the Ramp Function
Generator [RG/RFG/01] if used.

Place a scope between pin 7 of the pot board and PSC to monitor -/I[D]/F.

Apply the adjustable test reference to pin 35 (+I[D]*) of the current
controller. Set at 0 volts,

Make sure that the current controller gain jumper (3J), red jumper with
Berg terminals, is connected between pins 51 and 49 of RG/CC/01.
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6.3 Apply a-c power and close the d-c contactor, The current reference ramp and the
current controller should be released by logic generated by Input Board 1 and
RG/S&P/01, (pin 27 and 29 of the CC should be +15 vDC).

Note that the output voltage remains at zero and the motor remains at stand still,

6.4 Slowly increase the test reference to +10 vDC.

6.5 With pot 2P of the pot board, adjust the armature current for defined rated current.
The voltage at pin 17 of the current controller should be -2V +5% at rated current, .
Refer to the trouble shooting section if -2V is not obtained,

6,6 Observe that the current feedback signal is similar to the one observed in the
Inner Voltage Loop test. (six pulses per cycle of nearly equal amplitude).

6.7 Turn the current controller gain pot 4P on the pot board clockwise and move the
CC gain jumper 3J (red jumper between pins 49 and 51 of the RG/CC/01) towards a
higher gain position until the current feedback pulses become suddenly radically
unequal (every second or third pulse is Targer than others which indicates an
instability of two or three times basic frequency).

The following tabulation indicates the gain chanqges achieved by connecting the
gain jumper 3J attached to pin 51 to various other pins on the RG/CC/01 board.

JUMPER PINS GAIN
51 - 49 Minimum qain
No jumper * Next highest gain
51 - 53 Next highest gain
5] - 55 Highest qain

* Leave one end of the Jumper on pin 51 and open the other end,

6.8  Put the gain jumper (3J) to its next lower gain position., The current Toop
is now dynamically adjusted.

6.9 Return the test reference to zero and remove a-c power,

7.0 Adjustment of Gate Pulse Suppression

CAUTION:  BEFORE CONDUCTING STALLED CURRENT TESTS ON A DC MOTOR, PLEASE
REFER TO I.L.16-800-286,

7.1 Set the Forward Gate Pulse Suppression Jumper 1J on pot board S#1752A05G01 at the
next highest increment setting above the desired current 1imit setting. Rate
pulse suppression is normally set between 120% and 125% of the current 1imit
setting. The following is a table showing the standard fixed current 1imit
settings that are available and their corresponding GPS settings. (values based
on % of rated current).

C. L. SETTING JUMPER CONNECTIONS 6.P.S, SETTING

100% No Jumper 125%
125% 35 - 37 150%
150% 35 -39 185%
175% 35 -4 215%
200% 3% . 5 245%
250% 5. 7 . 310%
300% 3B~ 9 370%
400% (Test only) 35 - 33

7.2 Place the current 1imit setting jumper (red jumper 21) of the current controller
edge connector to its “test" position (jumper between pins 35 and 33),

Westinghouse Electric Corporation Printed in USA
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7.3 Apply a-c power and close the d-c loop.

7.4 Stowly increase the test reference +I[D]* until gate pulse suopression occurs.
The value should be within +5% of the selected setting.

7.5 Return test reference to zero and depress the GATE PULSE SUPPRESSION RESET
pushbutton. GPS can also be reset by shorting the two lance terminals (LN1 and
LN2) provided at the front edge of the RG/S&P/01 board,

7.6 The drive should return to its "ready" state (relay PSR should be energized).

7.7 For double converters reverse the polarity of the test reference +I[D]*,

7.8 Stowly increase the test reference until gate pulse suppression occurs, This
value should be within +2% of step 7.4,

7.9 Repeat step 7.5,

7.10 Remove a-c power,

8.0 Current Limit Adjustment
8.1 Place the current 1imit setting jumper {(red jumper 2J found on the current
controller edge connector) to the desired current 1imit value, Refer to table
in step 7.1,

8.2 Plug in the outer loop requiator board producing +1[DT*, This will normally
be the RG/SC/01 or RG/VRC/01 board,

8.3 Connect the test reference to pin 17 of the SC or VRC. Set at zero volts.

8,4 Convert the outer loop controller (SC or VRC to a proportional amplifier as
follows:

Speed Requlator (RG/SC/01) -

8.41 Short out the 10MFD capacitor by placing a jumper between pin 33 and 35,
8.42 Apply a small test voltage to pin 17 of RG/SC/01 and adjust the PROP, GAIN

pot 3P on the meter pot panel so that the speed controller has a gain of
approximately 1.

Voltaae Requlator (RG/VRC/01

8.43 Connect a jumper between pins 11 and 49,

8.44 Apply a-small test voltage to pin 17 of RG/VRC/01 and adjust the VOLT REF,
CONT. GAIN pot 6P on pot board S#1752A05GN1 so that the voltage reference
controller has a gain of approximately 1,

8.5 Reset the test voltage to zero volts, Apply a-c power and close the d-c loop.
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8.6

8.7

8.8

8.9

8.10

8.n
8,12
8.13

Note that the output 1imit value of the outer loop controller, +1{D]* (+10V + 0.2v),
corresponds to the current Timit setting of the drive following the calibratTon of
2P on the pot board,

Slowly increase the test voltage until the outer Toop controller reaches its

output Timit value of +10V + 0.2V. The armature current should be the desired
current limit value within ¥5%,

DOUBLE CONVERTERS

Reverse the nolarity of the test voltaqe.

DOUBLE CONVERTERS WITH SYMMETRICAL CURRENT LIMIT

Remove the red jumper (6J) from the back plane between pin 27 of RG/SC/01 or
RG/VRC/01 and pin 57 of the pot board,

Increase the test voltage and check that the reverse current 1imit is 5% of
that in step 8.7.

DOUBLE_CONVERTERS WITH ASYMMETRICAL CURRENT LIMIT

Turn the REVERSE CURRENT LIMIT pot 5P on the pot board full CCW,

P

Apply a test reference of +11V,

Turn 5P of the pot board CW until the desired "reverse® current 1imit value is
obtained,

9.0 IR Compensation ( ‘bl1tage Requlator only)

9.1
9,2
9.3

9.4
9.5

9.6

Westinghouse Electric Corporation

Hotor field is still disconnected.
Turn IR COMPENSATION pot 2P on the meter pot panel full ccu,

The test reference is still connected to pin 17 of the RG/VRC/01 board and the
controller is still connected as per step 8.43,

Apply a-c power and close the d-c loop.

Increase the nedative test voltage until 10% rated aramture current (Inc) is
obtained,

Adjust the IR COMPENSATION pot 2P located on the meter - not panel until the
armature current (Ic) is increased as required. Percentage compensation is
calculated from the two current values in steps 9.5 and 9.6 as follows:

Ic - Inc
% IR COMPENSATION = —I-—— X 100
Cc

NOTE: DO NOT EXCEED 50% IR COMPENSATION.
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10.0 Adjustment of Dynamics of Outer Loop Controller

10.1  Speed Requlator (Type 1)

NOTE:

10,11
10,12

10,13

NOTE:

10.14
10.15

10.16
10.17

10.18
10,19

Westinghouse Electric Corporation

ON SPEED REGULATED SYSTEMS (STEPS 10,1 & 10,2 BELOW), MAKE SURE POLARITY
OF SPEED FEEDBACK IS CORRECT, IF MOTDR STARTS TO RUN AWAY, REMOVE A-C
POWER AT ONCE,

Reconnect motor field,

Make sure there is a red jumper (5J) from pin 29 of the RG/SC/01 board
to PSC.

Check to see that the tach attenuator board is connected per the table
below,

TACH YOLTS TG+ CONN, JUMPER REQD,
® MAX SPEED TO TERMINAL BETWEEN TERMINALS
45 - 65 1 NONE
65 - 85 2 NONE
85 - 110 3 1 and 2
110 - 130 3 NONE
130 - 150 4 2 and 3
150 - 170 4 1 and 2
170 - 190 4 NONE
190 - 210 5 3 and 4
210 - 230 5 2 and 3
230 - 250 5 1 and 2

Voltage at terminal 13 of RG/SC/01 should be approximately +46V at
maximum rated speed after proper adjustment of the SPEED CALIBRATION
pot 4P on the meter-pot panel., This assumes that the speed reference
is approximately -10V at maximum rated speed, CAUTION: Measure this
voltage with a scope or a high impedance instrument so that the circuit
impedance is not chanaed appreciably.

Remove any temporary jumpers that were used in steps 8.0 and 9.0,

Make sure that pin 37 of RG/SC/NT will be +15V when the drive is
running,

Place the speed controller gain jumper (4J) in its minimum gain position
and set the SPEED CONTROLLER GAIN pot 6P on the pot board ECCW, Also
set the DROOP pot 1P (on the meter-pot panel) ECCW,

Connect the test supply to nin 21 of the speed controller.

Apply the a-c power and close the d-c loop.

Anply a small negative signal into pin 21 until the motor is running at

approximatley 25% rated speed, Then apply a small reference step and
record speed response,

NOTE:  MAKC SURE DRIVE DOES NOT GO INTO CURRENT LIMIT.
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10.20 Turn gain pot 6P CW and move the gain jumper toward pin 57 to increase the gain

of the speed controller while making small step reference changes, A aood speed
response should have 5% or less overshoot and no relaxation oscillation:

i.e. motor changes speed when operating near zero speed (this usually occurs if
gain is too low).

NOTE: With steadv state speed, if the current trace becomes erratic, the speed
gain is set too high

10,2 Speed Requlator (Type 2)

Set up a speed requlator type 2 in a similar manner as step 10.1 with the following
exceptions:

a)
b)

Step 10.12 - There is no connection between pin 29 and PSC of the RG/SC/01 board.

Step 10,20 - Turn cain pot 6P CW and move the aain jumper toward pin 57 to increase
the gain of the speed controller while making small step reference changes, A good
speed response will have approximately a 20% overshoot and no relaxation oscillation;

i.e. motor changes speed when operating near zero speed (this usually occurrs if
gain is too Tow),

NOTES: 1) With steady state speed, if the current trace becomes erratic
the speed gain is set to high,

2) The 20% overshoot obtained with the type 2 speed regulator is
an inherent feature of the control system, It does not result
from poor damping, but is due to initial conditions.,” Any
adjustments made to reduce the overshoot will result in a very
sluggish load response.

3) A motor disconnected from its load may exhibit instability tendencies
and therefore it should be connected to its actual load.

10,3 Voltage Requlator {Muliti-Loop)

10,31
10,32
10.33

10.34
10.35
10,36

10.37

Reconnect motor field.
Remove any temporary jumpers that we used in steps 8,0 & 9,0

Set the VOLTAGE REFERENCE 'CONTROLLER GAIN pot 6P on the pot board ECCW
(minimum gain setting) and set the DROOP not 1P ECCW,

Connect the test supply to pin 21 of the voltage reference controller.
Apply the a-c power and close the d-c loop.

Apply a small necative signal into pin 21 until 10% armature voltage is reached.
Then appTy a small reference step and record the response,

Increase the voltage gain by turning pot 6P CW so that the output voltage has
a sharp response as possible to a step reference input,

NOTES: 1) Ensure that the drive does not go into current limit,

2) Dynamic adjustment of the voltage loop is affected by settings of
the aain pot 6P, droop pot 1P (on the meter-pot panel), IR
compensation pot 2P (on the meter-pot panel), as well as the gain
established in the current controller. Usually satisfactory
performance can be obtained over a wide rance of potentiometer
settinas as long as a little droop is used.

3) If the voltace gain is set extremely high, it can produce instability
in the drive. Erratic current conduction could occur while running
at steady state speed,

4) 1f IR compensation is used, some overshoot will occur, If the over- T
shoot is to large, decrease the aain of the voltage reference
controller or decrease the amount of IR compensation,
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11.0 DROQP
11.1 De-energize thyristor power supply.

11.2 Remove the outer loop controller (RG/SC/01 or RG/VRC/01) and replace with a 30 pin
extension board S#1339A38602),

11.3  Plug the outer loon controller board into the extension board and open up the
following jumper connections to nins 13, 21, 37, 39.

11.4 Remove the current controller board.
71.5 Place the DROOP pot 1P (located on the meter-pot panel) to ECCY,
1.6  Apply + 24V power,

11.7 Energize static relays 1CR and 2CR of the outer loop controller by anplying PSC
to pins 37 and 39,

11.8 Apnly a nenative reference to terminal 21 corresponding to speed droop in % of
top speed at stall current limit, (Example: Reference at top speed at pin 21 is
-10 volts. Desired droop at current 1imit is 5%. Apnly -0.5 voits (.05 X10V)
reference to pin 21,

11.9  The outer loop controller should 1imit at approximately +10 volts.

11.10 Gradually turn DROOP pot 1P CU until the amplifier starts to come out of staturation,
which represents the desired droop settinn,

111, .TROUBLE SHOOTING
A. General

This discussion is restricted to the standard M5B basic requlator system as used for d-c

motor armature. Since the equipment was tested at the factory, it is assumed that any trouble
is due to component failure rather than incorrect wiring, In case of trouble in the basic TPS
system the start-up procedure described in Section I1 provides an organized approach to trouble
shooting. Those steps involving voltage measurements and sequence checks are considered to be
self explanatory. However, if trouble is encountered in checking the basic reaulator, the
following trouble shootina procedure may be used.,
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B. Basic Requlator

1.0 Incorrect TPM Output Waveshape

1.1 If the waveshape is not similar to figure 1 or fiqure 2, a missing pulse is
irmediately apparent and indicates the corresponding thyristor is not firing.
Check for open fuses or an open gate circuit, A typical pulse train is seen
in figure 3, This trace is obtained when a scope s connected across the aate
of a thyristor at the pulse transformer and RC board (located on the TPM) with
"G" (gate) positive with respect to "K" (cathode).

NOTE: The thyristor firing sequence is identified by color code as follows®

1TH = Brown 4TH = Yellow
2TH = Red 5TH = Green
3TH = Orange (or White) 6TH = Blue

IF THE PROBLEM IS NOT THE THYRISTOR OR A BLOWN FUSE, WE THEN WILL ASSUME IT'S
IN THE TGD OR GPG'S,

WITH THE ASSUMPTION THAT THE GATE SYNC, BOARD IS OPERATING CORRECTLY, CHECK
THE FOLLOWING BOARD OUTPUTS:

1.2 Check the output of the gate pulse generators (S#1671A17601) as follows:

1.2,1 Remove the PC board producing the +V[C1] signal, i.e, the RG/VC&RL/01
board for a double converter or the RG/CC/01 board for a single converter.

1.2,2 Tie pin 57 of the gate synchronizing board (RG/GS/01) to PSC.
1.2.3 If a double converter, remove the “REV" TGD hoard.
1.2.4 Keep the d-c loop open,,

1.2,5 Make sure when the system is energized that all permissive signals to the
“FWD" TGD board are as follows:

pin 41 = Jlogic "1*
pin 11 = logic "1"
pin 15 = PSC

1.2.6  CALIBRATE SCOPE PROBES, Set scope on line sync, and chonped mode.

1.2.7 Put scope probe 1 on X1 (brown lead) of the gate control transformer with
respect to PSC. Uncalibrate scope so that 6 cm=1 cycle {360°). Magnitude
of the a-c wave is 70 volts + 7V peak to PSC,

1,2,8 Put scope probe 2 on pin 5 (GP1) of the RG/GPG/01 board (pulse 1,3,5) with
respect to PSC, Uncalibrate scope so that 6 cm=1 cycle (360°), Magnitude
of pulse s +15V +2V (PULSE #1),

1.2.9 Apply a-c power.
1.2.10 Superimpose the two wave forms and compare to fiqure 5. Note that the

delay angle is anproximately 145° and the pulse train is approximately
85° lona.

Printed in USA

Westinghouse Electric Corporation



1.L.16-800-287
Page 13
1.2.11  The remaining pulse trains can be checked in a similar manner.
PULSE #2 (GP2) - Move probe 1 to X2 (red lead) of the gate control
transformer. Move probe 2 to pin 5 of the pulse
2,4,6, GPG,
The trace should be the same as fioure 5.

PULSE #3 thru #6- Move probe 1 per color code sequence with respect to
GP3 thru GP6 for the two GPG boards. Compare to figure 5.

1.2.12 If all GPG outputs check out OK, proceed to step 1.3.
1.3 Check the output of the thyristor gate driver (S#1668A25601) as follows:

1.3.1 Set-up conditions the same as steps 1.2.1 thru 1,2.6,
1.3.2 Probe 1 of scope is to be used the same as in step 1.2.7.

1.3.3 Put scope probe 2 on pin 29 (brown) of the FWD TGD with respect to PSC.
Uncalibrate scope so that 6 cm=1 cvcle (360°), Maanitude of pulse is
+22V +3V (PULSE #1)

1.3.4 Apply a-c power,

1.3.5 Superimpose the two wave forms and compare to figure 4, Note that the
delay anqgle is approximately 145° and the pulse train is approximately
85° long (start of first pulse to the end of the last pulse of the pulse
train and does not include the exponential decay).

1.3.6 The remaining pulse trains can be checked in a similar manner.

PULSE #2 - Move probe 1 to X2 {red lead) of the gate control transformer.
Move probe 2 to pin 27 (red) of the FWD TGD.
The trace should be the same as figure 4,

PULSE #3 thru 6 - Move probes per color code firing sequence as specified
in step 1.1.
Compare to fiqure 4.

1.3.7 For double converter remove the “FID* TGD and replace the "REV" TGD in its
prober edge connector
Repeat steps 1.3.1 thru 1.3.6 making sure that the permissive signals to
the “REV" TGD are the same as in step 1.2.5.

1.4 1f all the waveforms have checked out up to this point and the source of trouble
has not been located, please refer to 1.L.16-800-289 for further information,

2.0 Incorrect Current Feedback Sianal

2.1 If the current sensor output is not -2V at rated armature current several thinas
could be wrong:

2.1.1 Primary turns (used only for small HP drives) may be incorrect,
2.1.2 PC board could have a cold solder joint,
2.1,3 CT ratio could be incorrect,

c.S. Output (-/1[D1/) = Ipc X 0.76 x 5X PRI, TURNS
(volts) T

where:
Ipc = d-c armature current
PRI TURNS = # of cable loops thru CT +1

$th1s will normally be = 1 except for small HP drives)
CT = current transtormer primary ampere rating
(200, 400, or 600) as marked on the CT,
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IV APPENDIX

50% VOLTAGE 2ms /cm
FIG. 1

SO E—, SO

FIG, 2

1V/cm

THYRISTOR GATE PULSE TRAIN

FIG. 4

THYRISTOR GATE DRIVER OUTPUT PULSE TRAIN

50V/cm -  GCT Output
20V/cm - TGD Output
Tms/cm -  (uncalibrated)

Westinghouse Electric Corporation

FIG. 5

GATE PULSE GENERATOR OUTPUT PULSE TRAIN

50V/cm - GCT Output
20V/cmm = GPG Qutput
Ims/cm - (uncalibrated)

RATED VOLTAGE 2ms /cm

0.2 ms/cm (uncalibrated)
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INSTRUCTION LEAFLETS (REFERENCE)

The following instruction leaflets (I.L.) describe the M5B system and its standard components.

SYSTEMS AND BASIC REGULATOR

1.L. 16-800-288 M58 Thyristor Power System
16-800-289 M5B Gating System
V  SERVICE

Personnel familiar with electrical equipment utilizing semiconductors can isolate most problems
using an oscilloscope, multimeter, and information contained in the instruction leaflet.

Semiautomatic equipment is available at the factory to test static and dvnamic_ performance of all
edge-connected printed circuit boards, Generally, repair of boards is facilitated by returning
them to:

Westinghouse Electric Corporation
Industrial Systems Division

P.0. Box 225

Buffalo, New York 14240

Printed in USA

Westinghouse Electric Corporation
Industrial Systems Division; Buffalo, New York






‘||||||||l’I.L.nhdﬂxhzﬂlﬁ
MSB THYRISTOR POWER SYSTEM

FIELD START-UP PROCEDURE
FOR
MOTOR ARMATURE SUPPLIES

INDEX SECTION
Introduction 1
Basic System 11
Trouble Shooting I
Appendix 1V
Service v

I. INTRODUCTION

These instructions provide a step - by = step procedure for the first time start-up of a M58
Thyristor Power System used as an armature supply for a d.c. motor drive.

Mon -standard functions such as specfal sequencing, director logic, interconnection with other
drives, etc. which pertain to a snecific application will be covered by separate instructions,

The procedures should be followed in the specified sequence, checking each step against the
schematic diagram, This will develop fam{liarity with the system and insure proper operatfon
of the drive system when the sequence is completed. If difficulity is encountered at any step,
the source of trouble and/or remedy may be obvious. If not, refer to “Trouble Shooting" section
of this instruction leaflet for more detailed test procedures.

It should be possible to place the drive system in operation by following the start-up procedure
as described, referring only to the applicable schematic diagram. However, a more efficient and
confident approach requires a knowledge of fundamental functions and relations which can be
obtained by referring to the Instruction Leaflets (I.L.) listed in the Appendix.

11, BASIC SYSTEM

A. General

This section is devoted to a procedure for first time start-up of the basic M5B thyristor
power system. The basic system consists of the followina:

1. TPM - Thyristor Power Modulator assemblv, either single or double converter.

SUPERSEDES I,L, 16-800-287
EFFECTIVE MAY 1979
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2, Basic Requlator assembly containing:

GS - nate synchronizer

GPG - gate pulse qenerator gating system

TGD - thyristor qate driver

VC & RL - voltage controller and reversing loaic for double converters

Vs - voltage sensor

cc - current controller

SC or VRC - speed controller or voltage reference controller

S&P - sequence and protection

PSY - +24V, +15V requlated power supply

FI - fault indicator (optional)

RFG - ramp function generator (optional)

CAL - reference calibration {optional)

Input and pot boards

‘Note: The standard basic requlator back plane contains the wiring for the optional

boards,
3.  a-c and d-c pover circuits with standard protection (efther Class 1 or Class 3) and
sequencing,
B, Start - Up Procedure
1.0 Recommended Test Equipment

1. A multimeter with a internal impedance of 20,000 ohm/volt, A

1,2 Adjustable battery powered test supply, 0-22V, with reversing and turn-off switch.

1.3 Dual beam oscilloscope such as Tektronix 502, 545 or equivalent.

NOTE: Be sure that the scope is HOT GROUMDED at the line plua or elsewhere,
Hhen the drive is eneraized, the scope case may be at some voltaae
potential above around.

1.4 30 Pin extension board (S#1339A38602)

2,0 Before applyina a-c power:

2.1 Make a visual check of the equipment for loose wires and connections, remove
blockinn from relays and contactors, all function boards are present and oluaged
in to the basic requlator and al) external ccnnections are made,

2.2 Disconnect one side of motor armature from the drive,

2.3 Remove the RG/SC/01 or RG/VRC/01 board if used in the basic requlator,

2.4 Remove the current controller board (RG/CC/01) and renlace with a 30 pin
extension board (S#1339A38G02)

2.5 Plua the current controller hoard into the extension hoard and open up the jumper
connection on the extension board to pin 47,

2.6 Jumper out any Zone A and Zone B contacts of Input Board 1 that do not orfainate
in the M5B structure.

oy,

Westinghouse Electric Corporation Priued in USA



2.7

2.8
2.9

I.L.16-800~287
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Remove any incoming -V[B]* wire from the terminal blocks of the magnetic panel
assembly, Tonnect a +15V VDC adjustable test voltage between -V[B]* and PSC,
Set a 0 volts,

Connect a scope across pin 59 (+V[B]) and PSC of the VS board,

Make sure that the DC LOOP selector switch normally mounted on the MSB cabinet
door 1s in the PERMISSIVE CLOSE position.

3,0 Apply rated 3 phase a-c power with phase sequence R-S-T and observe:

3.1

3.2

3.3

3.4

3.5
3.6

3.7
3.8
3.9

3.10

Westinghouse Electric Corporation

Transformer primary circuit breaker (1f supnlied) remains closed on transformer
inrush, If the breaker trips out, increase the trip setting # in increments of
"2" until the breaker remains closed,

Red indicating 1ight mounted on the door indicates AC POWER ON,

Cabinet and TPM ventilating fans (if supplied) are operatinag and the air flow
is from the hottom to the top of the structure.

Green indicating 1ight mounted on the door indicates POWER SUPPLY READY. (Relay
PSR is energized),

Voltage across CX and CY is 115V +5v,

Light emitting diodes (LED'S) on the PS1 board indicate that PSP, PSN, and LP15
are energized,

The requlator nower supply voltages should be as follows:

PSP = 424V 4 1V
PSN = -24v 31V

LPI15 = 415V + 0,5V

RP = 420V + 4V, -2V

ZONE A, ZONE B, and the STOP LED'S on Input Board 1 are energized.
The PH, SEN {1 LED) and the 0SC (2 LED) LED'S on the RG/GS/01 board are energized.

The 0C (overcurrent) LED, the PL (power loss) LED, and the ON LED on the RG/S&P/01
board are deenergized.

If the conditions in _step 3.9 are not observed, the following voltages or logic

sianals shouTd be checked at the followina nins of the RG/S&P/01 board., (a loaic
Y% = +12.5V to +16V and a logic “0" = OV to + 1,5V),

pin 4 = Jogic *1° pin 27 = logic “1"
pin 6 = 424V pin 29 = $24V

pin 7 = 0V nin 33 = logic "1*
pin 8 = Jlogic "I" nin 36 = Jogic "1*
pin N = Jlogic "I pin 38 =  Yogic "0O*
nin 13 = Jogic "1¥ pin 39 =  logic "1*
pin 14 = logic "0O" pin 40 = loaic “O"
pin 15 = logic "I" pin a = logic “0O"
pin 16 & 17 = PSC pin a4 =  Yogfc *1"
pin 19 = Joqic "1" pin 55 =  Joaic "1"
pin 21 = Tloqic "1" nin 57 = OV

pin 25 = logic "1

Princed in USA



1.1L.16-300-287
Page 4

ON ALL SUBSENUENT STEPS THROUGHNUT THIS START-UP PROCEDURE IT IS ASSUMED THAT THE
SERVICE EMGINEER WILL TNVESTIGATE PRECVENTATIVE INTERLOCKING CIRCUITS TO ENSURE THAT
THE TEST FUMCTIONS CAN RE COMPLETED.

4.0 Inner Voltaae Lonp Test

4,1

4,2

4,3

4.4

4.5

Westinghouse Electric Corporation

Close the d-c contactor (M) bv connectina a Jumper between terminals 19 and 20
of the Innut Board 1 terminal block assembly or bv closing the relay function
between the above two terminals.

Observe that the M and OM LED'S on Innut Board 1 are eneraized and the 0N LED
on the RG/S&P/01 board are energized, (This indicates that the d-¢ contactor
is closed and that the current controller and the outer loon controller have

been released).

STowly adjust the test voltaqe apnlied to terminal -V[B]* of the magnetic panel
from 0 to -10 volts and observe:

4,3.1  TPM outnut voltaqe waveshape should he smoonthlyv controllerable with six
pulses per cvcle. The pulses should be stable and of equal maanitude
over the voltage ranage with no random fitter. Fiqures 1 and 2 show
typical waveform at 50% and at rated voltane. Refer to the trouble
shootina section if the correct waveshanes are not obtained,

4,3,2 The TPS output voltmeter varies smoothlv from 0 to annroximately positive
rated volts,

4.3.3  Minfature moter +V[B] varies smonthly from 0 to +9.6 volts,

4.3.4  Miniature meter -V[C1] varies smoothly from +5V 21V to+ 0.4V + n,2v
from 0 output to rated output respectively,

4.3,5 On double converters only, the FUD (1 LED) on the RG/VC&RL/0Y board
is energized,

For double converters, reverse the polarity of the test voltage applied n step
4.3 and observe:

4.4,1  Performance should duplicate that previouslv observed in steps 4,3.1 thru
4.3.4 except with all polarities reversed except -V[C1],

4.4.2 The REV [2 LED] on the RG/VCERL/0Y board 1s enerqized,

Remove a-c npower,

Printed in USA
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5.0 Voltage Limit Adjustment

5.1 Disconnect the test voltage from terminal -V[R]* of the magnetic panel, and
reconnect the original wiring to this point,

5.2 Close the pin 47 circuit on the extender hoard in which the current controller
is plugged,

5.3 Apply a-c power and close the d-c loop contactor.

5.4 The bus voltage is now to he set at 104% of rated value., For this purpose the
board productina -V[B]* (normally the current controller) is driven into
saturation by applyina the test voltage (+) to +I[D]* on the maanetic panel,

5.5 Trim the BUS VOLTAGE ADJUST not (1P) on pot board (S#1752A05601) to obtain 104% of
rated bus voltage.

5.6 For double converters reverse the polarity of the test supply and note that the
maani tude of the "reverse" output voltage is within +2% of the "forward" output
voltage in sten 5.5,

5.7 Remove a-c power.

CAUTION:  BEFORE CONDUCTING STALLED CURRENT TESTS ON A DC MITOR, PLEASE REFER TO
1.L.16-800-286.

6.0 Current Loop Test
16.1 Verify that the current feedback polarity is correct per the schematic information.
6.2 Set-up the following temporary conditions:
6.2.1 Remove the motor field excitation,
6.2.2 Reconnect the motor armature circuit,
6.2.3 Turn pot 2P on the not board (S#1752AN5G01) fully CW,

6.2.4 Npen the red jumper (2J) with Bera terminals to nin 35 of the current
controller [PG/CC/01] so that +I[D]* can only produce rated current,

6.2.5 Check that 1J on the pot board is in the 125% position.

6.2.6 Remove the Reference Calibration board [RG/CAL/01] and the Ramp Function
Generator [RG/RFG/N1] if used.

6.2,7 Place a scone between pin 7 of the not board and PSC to monitor -/I[DI/F.

6.2.8 Apply the adjustable test reference to pin 35 (+I[D]*) of the current
controller, Set at 0 volts,

6.2.9 HMake sure that the current controller qain jumper (3J), red jumper with
Berg terminals, is connected between pins 51 and 49 of RG/CC/01.
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6.3 Apply a-c power and close the d-c contactor. The current reference ramp and the
current controller should be released by loqic qenerated by Input Board 1 and
RG/S&P/01. (pin 27 and 29 of the CC should be +15 vne).

Note that the output voltace remains at zero and the motor remains at stand still,

6.4 Slowly increase the test reference to +10 VDC,

6.5 With pot 2P of the not bonard, adjust the armatuce current for defined rated current,
The voltage at nin 17 of the current controller should be -2V 5% at rated current, .
Refer to the trouble shooting section if -2V {s not obtained,

6,6 Observe that the current feedback signal fs similar to the one observed in the
Inner Voltage Loon test, (six pulses per cvcle of nearly equal amplitude).

6,7 Turn the current controller aain not 4P on the pot board clockwise and move the
CC aain jumper 3) (red jumper between pins 49 and 51 of the RG/CC/01) towards a
higher gain position until the current feedback pulses become suddenly radically
unequal (every second or third nulse is Targer than others which indicates an
instahility of two or three times basic frequency).

The following tabulation indicates the qain chanaes achieved by connectina the
gain jumper 3) attached to pin 5! to various other pins on the RG/CC/01 board,

JUMPER PINS GAIN
51 - 49 Minimum qain
Ho jumper * Next hiahest qain
51 - 53 Mext hiahest qain
51 - 55 Highest aatn

* Leave one end of the jumper on pin 51 and onen the other end,

6.8 Put the cain jumper (3J) to its next lower gain nosition, The current loop
is now dvnamicallv adjusted,

6.9 Return the test reference to zero and remove a-c power,

7.0 Adjustment of Gate Pylse Suppression

CAUTION: ~ BEFORE CONDUCTING STALLED CURRENT TESTS ON A DC MOTOR, PLEASE
REFER T0 I.L.16-800-286,

7.1 Set the Forward Gate Pulse Suppression Jumper 1J on not board S#1752AN5G01 at the
next highest increment setting above the desired current 1imit settinqg, GBate
nulse suppression is normally set between 1720% and 125% of the current limit
setting. The following is a table showing the standard fixed current limit
settings that are available and their corresponding GPS settings, (values based
on % of rated current),

C. L, SETTING JUMPER CONNECTIONS G.P.S. SETTING

100% No Jumper 125%
125% 35 - 37 150%
150% 35 - 39 185%
1754 3% - 4 215%
200% 35 - 5§ 245%
250% 35 - 7 310%
300% 3.9 370%
400% (Test only) 35 - 33

7.2 Place the current limit settina jumper (red jumper 20) of the current controller
edge connector to its “test" position (Sumper between pins 35 and 33),

Westinghouse Electric Corporation Prnted in USA



7.3
7.4

7.5

7.6

7.7
7.8

7.9
7.10

1.L.16-800-287
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Apply a-c power and close the d-c loop,

Slowlv increase the test reference +I[D]* until gate nulse sunpression occurs.
The value should be within +5% of the selected setting.

Return test reference to zero and depress the GATE PULSE SUPPRESSION RESET
pushbutton, GPS can also be reset by shorting the two lance terminals (LN) and
LN2) provided at the front edge of the RG/S&P/01 board.

The drive should return to 1ts "ready* state (relay PSR should be enerqized).

For double converters reverse the polarity of the test reference +1[D]*,

Slowly increase the test reference until qate pulse suppression occurs. This
value should be within +2% of step 7.4,

Repeat step 7.5,

Remove a-c power,

8.0 Current Limit Adjustment

8.1

8.2

8.3
8,4

8.5

Place the current 1imit setting jumper (red fumoer 2J found on the current
controller edae connector) to the desired current 1imit value. Refer to table
in step 7.1,

Plug in the outer loon requlator board producing +1[D1*, This will normally
be the RG/SC/01 or RG/VRC/O1 board,

Connect the test reference to pin 17 of the SC or VRC. Set at zero volts,

Convert the outer loop controller (SC or VRC to a proportional amnlifier as
follows:

Speed Requlator (RG/SC/01) -

8.41 Short out the 10MFD capacitor by placing a jumper between pin 33 and 35.
8.42 Apply a small test voltace to pin 17 of RG/SC/01 and adjust the PROP, GAIN

pot 3P on the meter pot panel so that the speed controller has a gain of
approximately 1,

Voltaae Pequlator (RG/VRC/01

8.43 Connect a jumper between pins 11 and 49,

8.44 Apply a small test voltage to pin 17 of RG/VRC/0NY and adjust the VOLT REF,
CONT. GAIN pot 6P on pot board S#1752A05G01 so that the voltage reference
controller has a gain of approximately 1.

Reset the test voltage to zero volts. Apnly a-c power and close the d-c loop,

Printed in USA

Westinghouse Electric Corporation



1.L.16-800-287
Page 8

1.6

8.7

8.8

8,9

flote that the output 1imit value of the outer loon controller, +I[D]* (+10V + 0,2V),
corresponds to the current limit setting of the drive followina the calibratTon of
2P on the pot heard,

Slowly increase the test voltage until the outer loon controller reaches fts

output 1imit value of +10V + 0.2V, The armature current should be the desired
current limit value within +5%.

DOUBLE COMVERTERS

Reverse the polarity of the test voltaae,

DOUBLE CONVERTERS WITH SYMMETRICAL CURRENT LIMIT

Remave the red jumner (61) from the back plane between pin 27 of RG/SC/0 or
RG/VRC/NT and pin 57 of the pot board.

Increase the test voltaqe and check that the reverse current limit {s +5% of
that in step 8.7,

DOUBLE COMVERTLRS VITH ASYIMETRICAL CURRENT LIMIT

Turn the REVERSE CURRENT LIMIT pot 5P on the pot board full CCW,
Apply a test reference of +11V,

Turn 5P of the pot board C!! until the desired "reverse" current 1imit value is
obtained,

9.0 IR Comnensation ( \bltage Requlator onlv)

9.1
9,2

9.3

9.4

9.5

9.6

Motor fieid is still disconnected.
Turn IR COMPENSATION not 2P on the meter pot panel full CCu,

The test reference is still connected to pin 17 of the RG/VRC/01 board and the
controller is still connected as per sten 8,43,

Annly a-c nower and close the d-c loop.

Increase the nenative test voltage until 10% rated aramture current (Inc) is
obtained,

Adjust the IR COMPENSATION pot 2P located on the meter - not nanel until the
armature current (Ic) s increased as required. Percentage comnensation {s
calculated from the two current values in stens 9.5 and 9.6 as follows:

Ic - Inc
% IR COMPENSATION = -—_—E_—._—_-_ X 100
[

NOTE: DO NOT EXCEED 50% IR COMPENSATION.

Westinghouse Electric Corporation Ponted i USA
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10.0 Adjustment of Nvnamics of Outer Loop Controller

10.1  Speed Requlator (Type 1)

NOTE:

10.1
10,12

10,13

HOTE :

10,14
.15

10,16
10.17

10.18
10,19

Westinghouse Electric Corporation

ON SPEED REGULATED SYSTEMS (STEPS 10,1 & 10,2 BELOW), MAKE SURE POLARITY
NF SPEED FEEDBACK IS CORRECT, IF MOTAR STARTS T0 RUN AWAY, REMOVE A-C
POWER AT ONCE,

Reconnect motor field,

Make sure there is a red jumper (51) from pin 29 of the RG/SC/01 board
to PSC,

Check to see that the tach attenuator board 1s connected per the table
below,

TACH YOLTS TG+ CONM, JUMPER REND,
@ MAX SPEED TO TERMINAL BETWEEN TERMINALS
45 - 65 1 NONE
65 - 85 2 NONE
85 - 110 3 1 and 2
110 - 130 3 NONE
130 - 150 4 2 and 3
150 - 170 4 1 and 2
170 - 190 4 NONE
190 - 210 5 3 and 4
210 - 230 5 2 and 3
230 - 250 5 1 and 2

Voltage at terminal 13 of RG/SC/01 should be approximately +46V at
maximum rated speed after nroper adjustment of the SPEED CALIBRATION
pot 4P on the meter-pot nanel, . This assumes that the speed reference
is approximately -10V at maximum rated sneed, .CAUTION: Measure this
voltaae with a scope or a high impedance instrument so that the circuit
impedance s not chanaed apnreciahly,

Remove any temporary jumpers that were used in steps 8.0 and 9.0,

Make sure that nin 37 of RG/SC/N1 will be +15V when the drive is
running,

Place the speed controller qafn jumper (4J) in its minimum qain nosition
and set the SPEED CONTROLLER GAIN pot 6P on the pot board ECCW. Also
set the DROOP pot 1P (on the meter-not panel) ECCH.

Connect the test supnply to nin 21 of the speed controller.

Apply the a-c nower and close the d-c loop,

Anply a small neqative signal into pin 21 until the motor is running at

approximatlev 25% rated speed, Then apply a small reference step and
record sneed resnonse,

NOTE:  MAKL SURE CRIVE DOLS NOT GO INTO CURRENT LIMNIT,
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10.20 Turn qain pot 6P CW and move the gain jumper toward pin 57 to increase the qain

of the speed controller vhile making small step reference channes, A aood speed
response should have 5% or less overshoot and no relaxation oscillation;

i.e. motor channes speed when operating near zero speed (this wsually occurs 1f
gain is too low).

NOTE: WHith steadv state speed, {f the current trace becomes erratic, the speed
gain is set too high

10,2 Speed Reaulator (Tvpe 2)

Set up a speed reaqulator tvpe 2 in a similar manner as step 11,1 with the following
excentions: )

a)
b)

Sten 10,12 - There 15 no connection between pin 29 and PSC nf the RG/SC/01 board.

Step 10.20 - Turn nain not 6P CH and mave the qain jumper toward pin 57 to increase
the qain of the speed controller while making small sten reference changes. A qood
speed response will have approximately a 20% overshoot and no relaxation oscillation;

i.g. motor chanaes speed when operatina near zero sneed (this usually occurrs if
gain is too low).

NOTES: 1) Uith steady state speed, if the current trace becomes erratic
the speed nain is set to hiah,

2)  The 20% overshoot obtained with the type 2 sneed reaqulator is
an inherent feature of the control system, It does not result
from noor damping, but is due to initial conditions,” Any
adjustments made to reduce the overshoot will result in a very
slunaish load response.

3) A motor disconnected from its load may exhibit instability tendencies
and therefore it should be connected to its actual load.

10.3 Voltage Requlator (Multi-Loop)

10.31
10.32
10,33

10.34
10.35
10.36

10.37

Reconnect motor field,
Remove any temporary jumpers that we used in stens 8.0 & 9.0

Set the VOLTAGE REFERFNCE CONTROLLER GAIN not 6P on the pot board ECCH
(minimum aain settinn) and set the DROOP pot 1P ECCH,

Connect the test sunnly to pin 21 of the voltage reference controller,
Apply the a-c power and close the d-c loon.

Apply a small neaative sianal into pin 21 until 10% armature voltage is reached,
Then annTy a small reference step and record the resnonse,

Increase the voltage nain by turning pot 6P Ci/ so that the output voltage has
a sharp resnonse as possible to a step reference input,

HOTES: 1) Ensure that the drive does not ao into current limit.

2)  Dynamic adjustment of the voltane lonp is affected by settinas of
the aain pot 6P, droop pot 1P (on the meter-pot panel), IR
compensation not 2P (on the meter-not nanel), as well as the aain
established in the current controller., Ulsually satisfactory
nerformance can be obtained over a wide ranne of potentiometer
settinas as lono as a little droop is used,

3) If the voltane aain is set extremely hiah, 1t can produce instability
in the drive., frratic current conductinn could occur while runnina
at steadv state speed,

4) 1f IR compensation is used, some overshoot wil) occur, !f the over-
shont is to larae, decrease the nain of the voltaae reference
controller or decrease the amount of 1P comnensation,

Westinghouse Electric Corporation Prnted m USA
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11.0 DROOP
11,1 De-energfze thyristor power supnly.

11.2  Remove the outer loop controller (RG/SC/0Y or RG/VRC/01) and replace with a 30 pin
extension board S#1339A38602),

11.3  Plua the outer loon controller hoard into the extension board and open up the
followina jumper connections to pins 13, 21, 37, 39,

11.4 Remove the current controller board.
11.5  Place the DROOP pot 1P (located on the meter-pot panel) to ECCH,
11,6 Apply + 24V nower,

11.7  Eneraize static relays 1CR and 2CR of the outer loop controller by anplyina PSC
to pins 37 and 39,

11,8 Apnly a nenative reference to terminal 2) corresponding to speed droop in % of
top speed at stall current 1imit. (Example: Reference at top speed at pin 21 is
-10 volts., Desired droop at current limit {s 5%. Apnly -0.5 volts (.05 X10V)
reference to pin 21,

11.9  The outer loop controller should 1limit at annroximately +10 volts,

11.10 Gradually turn DROOP pet 1P CW until the amplifier starts to come out of staturation,
which represents the desired droop settins,

111,.TROUBLE SHOOTING
A. General

This discussion is restricted to the standard M5B basic requlator system as used for d-c

motor armature., Since the equipment was tested at the factory, it is assumed that any trouble
is due to component failure rather than incorrect wirtna. In case of trouble fn the basic TPS
system the start-un procedure described in Section II provides an oraanized approach to trouble
shooting, Those steps involving voltage measurements and sequence checks are considered to be
self explanatory, However, if trouble is encountered in checking the basic reaulator, the
following trouble shootina procedure may be used,

Printed in USA
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B,

Basic Requlator

1.0

Incorrect TPM Qutput Waveshane

1.1

1.2

Westinghouse Electric Corporation

If the waveshane is not similar to fiqure 1 or fiaure 2, a missing pulse fis
irmediately apparent and indicates the corresponding thyristor is not firing,
Check for onen fuses or an open gate circuit, A typical nulse train is seen
in fiqure 3. This trace is obtained when a scope is connected across the aate
of a thyristor at the pulse transformer and RC board (located on the TPM) with
"G" (nate) nositive with respect to “K" (cathode).

NOTE: The thyristor firina seaquence is identified by color code as follows:

1ITH = Brown 4TH = Yellow
2TH = Red 5TH = Green
3TH = Orange (or Hhite) 6TH = Blue

IF THE PROBLEM IS NOT THFE THYRISTOR OR A BLOUN FUSE, WE THEN WILL ASSUME IT'S
IN THE TGD OR GPG'S,

WITH THE ASSUMPTINN THAT THL GATE SYNC. BOARD IS OPLRATING COPRECTLY, CHECK
THE FOLLOWING BNARD OUTPUTS:

Check the output of the aate pulse aenerators (S#1671A17601) as follows:

1.2.1 Remove the PC board nroducina the +V[C1] sional, 1.e, the RG/VC&RL/01
board for a double converter or the RG/CC/01 hoard for a single converter,

1.2.2 Tie pin 57 of the cate synchronizina board (RG/GS/01) to PSC.
1.2,3 If a double converter, remove the “RFV" T6D board.
1.2.4 Keep the d-c loop open,.

1.2,5 Make sure when the system is enerqgized that all permissive signals to the
“FWD" TGD board are as follows:

pin 41 = logic "1"
pin 11 = logic "1"
pin 15 = PSC

1.2.6 CALIBRATE SCOPE PROBES, Set scope on line sync, and chonned mode,

1.2.7 Put scope probe 1 on X1 (brown 1ead) of the nate control transformer with
respect to PSC, lUncalibrate scope so that g cms1 cycle (360°). Magnitude
of the a-c wave 1s 70 volts + 7V peak to PSC,

1.2.8 Put scope nrobe 2 on pin 5 (GP1) of the RG/GPA/OY board (pulse 1,3,5) with
respect to PSC, Uncalibrate scope so that 6 cm=1 cvcle (360°). Magnitude
of pulse is +15V +2V (PULSE #1).

1.2.9  Apply a-c pover,

1.2.10 Superimpose the two vave forms and compare to ficure 5. Note that the

delav angle is anproximately 145° and the nulse train is approximately
85° lona,

Peinted in USA

P 9

PN



1.L.16-800-287
Page 13
1.2.11 The remaining pulse trains can be checked in a similar manner,
PULSE #2 {GP2) - Move probe 1 to X2 (red lead) of the gate control
transformer. Move probe 2 to pin 5 of the pulse
2,4,6, GPG,
The trace should be the same as fiaure 5,

PULSE #3 thru #6- Move probe 1 per color code sequence with respect to
GP3 thru GP6 for the two GFG boards. Compare to figure 5.

1.2.12 If all GPG outputs check cut OK, proceed to step 1.3,

1.3 Check the output of the thyristor aate driver (S#1658A25GM) as follows:

1.3.1 Set-up conditions the same as steps 1.2.1 thru 1,2.6,
1.3.2 Probe 1 of scope is to be used the same as in step 1.2.7.

1.3.3 Put scope probe 2 on pin 29 (brown) of the FWD TGD with respect to PSC,
Uncalibrate scope so that 6 cm=1 cycle (330°). Maanitude of pulse {is
+22V +3V (PULSE #1)

1.3.4 Apnly a-c nower,

1.3.5 Sunerimpose the two wave forms and compare to figure 4., Note that the
delay angle is approximately 145° and the nulse train is approximately
85° Tona (start of first nuise to the end of the last pulse of the pulse
train and does not include the exponential decay).

1.3.6 The remaining pulse trains can be checked in a similar manner,

PULSE #2 - Move probe 1 to X2 (red lead) of the cate control transformer,
Yove probe 2 to pin 27 (rec) of the FWZ 15D,
The trace should be the same as fiaure 4,

PULSE #3 thru 6 - Move nrabes ner color code firing sequence as specified
in step 1,1,
Compare to fiqure 4,

1.3.7 for deuhle converter remove the "FUD* TGD and replace the "REV" TGD in its
prober edae connecter
Repeat steps 1,3,1 thru 1,3,6 making sure that the permissive sianals to
the "REV" TGD are the same as in step 1.2.5.

1.4 If a}1 the waveforms have checked out up to this point and the source of trouble
has not been located, please refer to I,L.16-800-289 for further information,

2.0 Incorrect Current Feedback Sianal

2.1 1f the current sensor output is not -2V at rated armature current several thinas
could be wrong:

2.1 Primary turns (used only for small HP drives) may be incorrect.
2.1.2 PC board could have a cold solder joint,
2.1.3 CT ratio could be incorrect,

C.5. Output (-/1(D]/) = Ipc X 0,76 x 5X PRI, TURNS
{volts) T

vihere:
Inc = d-c armature current
PRI TURNS = # of cable loops thru CT +1

}tnﬁs will normally be = 1 except for small HP drives)
CT = current transtorier prinary arnere rating
{200, 400, or 600} as marked on the CT,

Printed 1n USA
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IV APPENDIX i

50% VOLTAGE 2ms /cm RATED VOLTAGE 2ms /cm
F1G, 1 FIG, 2

LI
INERE. SN0 IR0 M o
AL 0

Gdll g AR
T T —
" : j 1V/cm
IR L 4 BR 0.2 ms/cm (uncalibrated)

FIG. 3

FIG. 4 FIG. 5
THYRISTOR GATE DRIVER OUTPUT PULSE TRAIN GATE PULSE GEMNERATOR OUTPUT PULSE TRAIN S
50V/em - GCT Output 50V/em - GCT Output
20V/cm -~ TGD Output 20V/cn = GPG Output
Ims/cm - (uncalibrated) Ims/cm - (uncalibrated)
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INSTRUCTION LEAFLETS (REFERENCE)

The following instruction leaflets (I.L.) describe the M5B system and {ts standard components.

SYSTEMS AND BASIC REGULATOR

I.L. 16-800-288 M5B Variable Requlator
16-800-289 M5B  Gating System
16-800-296 M5B  Thyristor Power System
16-800-298 Replacement of Thyristors in

M58 TPM Assemblies

vV SERVICE

Personnel familiar with electrical equipment utilizing semiconductors can isolate most problems
using an oscilloscope, multimeter, and information contained in the fnstruction leaflet.

Semfautomatic equipment is available at the factory to test static and dvnamic performance of al
edge-connected printed circuit boards. Generally, repair of boards is facilitated by returning
them to: :

Westinghouse Electric Corporation
Industrial Systems Division

P.0. Box 225

Buffalo, New York 14240

Printed in USA
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I,

‘L.J..J.ﬁaamm
M5B THYRISYOR POWER SYSTEM

FIELD START-UP PROCEDURE
FOR
MOTOR ARMATURE SUPPLIES

INDEX SECTION
Introduction 1
Basic System 11
Trouble Shooting 111
Appendix IV
Service v

INTRODUCTION

These instructions provide a step - by = step procedure for the first time start-up of a M58
Thyristor Power System used as an armature supply for a d.c. motor drive.

Non -standard functions such as special sequencing, director loaic, interconnection with other
drives, etc, which pertatn to a snecific application will be covered by separate instructions,

The procedures should be followed in the specified sequence, checking each step against the
schematic diagram, This will develop fami11arity with the system and {nsure proper operation
of the drive system when the sequence is completed. If difficulity is encountered at any step,
the source of trouble and/or remedy may be obvious. If not, refer to “Trouble Shooting" section
of this instructfon leaflet for more detailed test procedures,

It should be possible to place the drive system in operation by following the start-up procedure
as described, referring only to the applicable schematic diagram, However, a more efficient and
confident approach requires a knowledge of fundamental functions and relations which can be
obtained by referring to the Instruction Leaflets (I.L.) 1isted in the Appendix,

BASIC SYSTEM
A, General

This section 1s devoted to a nrocedure for first time start-up of the basfc M5B thyr{istor
power system. The basic system consists of the followina:

1. TPM - Thyristor Power Modulator assembly, efther single or double converter,

SUPERSEDES I,L, 16-800-287
EFFECTIVE MAY 1979
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2, Basic Requlator assembly containing:

GS - qate synchronizer

GPG - qate pulse generator ig gating system
TGD - thyristor gate driver

VC & RL - voltage controller and reversing loaic for double converters
VS - voltaage sensor

cc - current controller

SC or VRC = speed controller or voltage reference controller
SLP - sequence and protection

PS1 - 24V, +15V requlated power supply

F1 - fault indicator (optional)

RFG - ramp function qenerator (optional)

CAL - reference calibration (optional)

Input and pot boards

‘Note:

The standard basic requlator back plane contains the wiring for the optional
boards .

3. a-c and d-c power circuits with standard protection (either Class 1 or Class 3) and
sequencing,

B, Start - Up Procedure

1.0 Recommended Test Equipment

1.1
1,2
1.3

1.4

2.0 Before

A multimeter with a internal impedance of 20,000 ohm/volt,
Adjustable battery powered test supply, 0-22V, with reversing and turn-off switch,
Dual beam oscilloscope such as Tektronix 502, 545 or equivalent.
NOTE: Be sure that the scope is NOT GROUMDED at the line plua or elsewhere,
Hhen the drive is enerqized, the scope case may be at some voltaae
potential above around.

30 Pin extension board (S#1339A38602)

applyina a-c nower:

2.1

2,2
2.3
2.4

2.5

2.6

Make a visual check of the equipment for loose wires and connections, remove
blockina from relays and contactors, all function boards are present and pluaged
in to the basic requlator and all external cennections are made,

Disconnect one side of motor armature from the drive,

Remove the RG/SC/01 or RG/VRC/01 board if used in the basic requlator,

Remove the current controller board (RG/CC/01) and replace with a 30 pin
extension board (S#1339A38Gn2)

Plua the current controlier board into the extension hoard and open up the jumper
connection on the extension board to pin 47,

Jumper out any Zone A and Zone B contacts of Input Board 1 that do not oriainate
in the M58 structure.

Westinghouse Electric Corporation Printed in USA
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2.7 Remove any incoming -V[B]* wire from the terminal blocks of the magnetic panel
assembly, Tonnect a +15V VDC adjustable test voltage between -V[B]* and PSC.
Set a 0 volts.

2.8 Connect a scope across pin 59 (+V[B]) and PSC of the VS board.

2.9 Make sure that the DC LOOP selector switch normally mounted on the M5B cabinet
door {s in the PERMISSIVE CLOSE pesition.

3,0 Apply rated 3 phase a-c power with phase sequence R-S-T and observe:

kI Transformer primary circuit breaker (1f suppiied) remains closed on transformer
inrush, If the breaker trips out, increase the trip setting # in increments of
"2" until the breaker remains closed,

3.2 Red indicating 1ight mounted on the door indicates AC POWER ON,

3.3 Cabinet and TPM ventilating fans (if supplied) are operatina and the air flow
is from the bottom to the top of the structure,

3.4 Green indicating 11qht mounted on the door fndicates POWER SUPPLY READY. (Relay
PSR is energized),

3.5  Voltage across CX and CY fs 115V #5v,

3.6 Light emittina diodes (LED'S) on the PS1 board indicate that PSP, PSN, and LP15§
are energized,

The requlator nower supply voltages should be as follows:

PSP = 424V + 1V
PSN = 24y ¥V

LP1S = 415V + 0.5V
RP = 424V + 4y, -2V

3.7 ZONE A, ZONE B, and the STOP LED'S on Input Board 1 are enerqi zed,
3.8 The PH. SEN (1 LED) and the OSC (2 LED) LED'S on the RG/GS/01 board are energfzed,

3.9 The 0C (overcurrent) LED, the PL (power loss) LED, and the ON LED on the RG/S&P/0}
board are deenergized.

3.10 If the conditions in step 3.9 are not observed, the following voltages or logfc
sianals shou e checked at the followina nTns of the RG/S&P/01 board. (a loaic
"1" = +12,5V to +16V and a logic "0" = OV to + 1.5V),

pin 4 = logic *1" pin 27 = logic *I*
pin 6 = 424y pin 29 = 424y

pin 7 = 0V nin 33 =  logic "1"
b Timem o mmo¥ oo
pin = logic "1 nin = ogic "0*
nin 13 = logic "1 pin 39 =  Jlogic "1*
pin 14 = logic "0" npin 40 =  loafc "0O"
pin 15 = logic "1* pin 41 = logic “O*
pin 16 & 17 = PSC pin 44 = Jogqic "1"
pin 19 = }oq1c "}" pin 55 = Aou1c “e
pin 21 = lonic "1* nin 57 = v

pin 25 = Jloqic "1

Printed in USA
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ON ALL SUBSENUENT STEPS THROUGHOUT THIS START-UP PROCEDURE IT IS ASSUMED THAT THE
SERVICE ENGINEER WILL TNVESTIGATE PREVENTATIVE INTERLOCKING CIRCUITS TO ENSURE THAT
THE TEST FUNCTIONS CAN RE COMPLETED,
4.0 Inner Voltage Lonp Test
4.1 Close the d-c contactor (M) bv connectina a Jumper between terminals 19 and 20
of the Input Board 1 terminal block assembly or by closing the relay function
between the above two ferminals.
4,2 Observe that the M and ON LED'S on Innut Board 1 are eneraized and the ON LED
on the RG/S&P/01 board are energized, (This indicates that the d-c contactor
is closed and that the current controller and the outer loon controller have
been released).
4.3 Slowly adjust the test voltaqe applied to terminal -V[B1* of the maqnetic panel
from 0 to =10 volts and ohserve:
4.3.1  TPM gutnut voltane waveshape should be smonthly controllerable with six
pulses per cvcle, The pulses should be stahle and of equal maanitude
over the voltage ranae with no random jitter, Fiqures 1 and 2 show
typical waveform at 50% and at rated voltane, Refer tn the trouble
shootina section if the correct waveshanes are not obtained,
4,3.2  The TPS output voltmeter varies smoothlv from 0 to annroximately positive ooy
rated volts, o
4.3.,3  Minfature meter +V[B] varies smoothly from 0 to +9,.6 volts.,
4.3.4  Miniature meter -Y[C1] varies smoothly from +5V 1V to + 0.4V + a2y
from 0 outout to rated output respectively,
4.3.5 On double converters only, the FUD (1 LED) on the RG/VCARL/01 board
is enerqized,
4.4 For double converters, reverse the polarity of the test voltage applied in step
4.3 and observe:
4.4,1  Performance should duplicate that previously observed in steps 4.3.1 thru
4.3.4 except with all polarities reversed except -V[C1],
4.4.2 The REV [2 LED] on the RG/VCARL/01 board is enerqized,
4.5 Remove a-c nower,
s,
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5.0 Voltage Limit Adjustment

5.1 Disconnect the test voltage from terminal -V[R)* of the magnetic panel, and
reconnect the original wiring to this point,

5.2 Close the pin 47 circuit on the extender board in which the current controller
is plugqged,

5.3 Apply a-c power and close the d-c loop contactor.

5.4 The bus voltage is now to he set at 104% of rated value, For this purpose the
board productina -V[B]* (normally the current controller) is driven {nto
saturation by applyina the test voltage {+) to +I[D]* on the maanetic panel.

5.5 Trim the BUS VOLTAGE ADJUST pot (1P) on pot board (S#1752A05601) to obtain 104% of
rated bus voltage.

5.6 For double converters reverse the polarity of the test supply and note that the
maanitude of the "reverse" output voltage 1s within +2% of the "forward" output
voltage in sten 5.5,

5.7 Remove a-c power,

CAUTION:  BEFORE CONDUCTING STALLED CURRENT TESTS ON A DC MITOR, PLEASE REFER TO
1.L.16-800-.286,

6.0 Current Loop Test
‘6.1 Verify that the current feedback polarity is correct per the schematic information.
6.2 Set-up the following temporary conditions:
6.2.1 Remove the motor field excitation,
6.2.2 Reconnect the motor armature circuit.
6.2.3 Turn pot 2P on the pot board (S#1752A05G01) fully CW,

6.2.4 Npen the red jumper (2J) with Bera terminals to pin 35 of the current
controller [RG/CC/01] so that +I[D]* can only produce rated current.

6.2.5 Check that 1J on the pot board is in the 125% position.

6.2,6 Remove the Reference Calibration board [RG/CAL/01] and the Ramp Function
Generator [RG/RFG/01] if used.

6.2.7 Place a scone between pin 7 of the npot board and PSC to monitor -/1[D]/F.

6.2.8 Apply the adjustable test reference to pin 35 (+I[D]*) of the current
controller, Set at 0 volts,

6.2.9 Make sure that the current controller aain jumper (3J), red jumper with
Berqg terminals, is connected between pins 51 and 49 of RG/CC/01.

Printed in USA

Westinghouse Electric Corporation



I.L.16-800-287

Page 6
i,
6.3 Apply a-c power and close the d-c contactor. The current reference ramp and the
current controlier should be released by logic qenerated by Input Board 1 and
RG/S&P/NT,  (pin 27 and 29 of the CC should be +15 vne).
Note that the output voltace remains at zero and the motor remains at stand still,
6.4 Slowly increase the test reference to +10 VDC,
6.5 With pot 2P of the not board, adjust the armatuce current for defined rated current,
The voltase at nin 17 of the current controller should be -2V +5% at rated current.
Refer to the trouble shooting section if -2V is not obtained,
6,6 Observe that the current feedback signal is similar to the one observed in the
Inner Voltage Loon test, (six pulses per cvcle of nearly equal amplitude),
6.7 Turn the current controller qain not 4P on the not board clockwise and move the
CC aain jumper 3) (red jumpner between pins 49 and 51 of the RG/CC/01) towards a
hiagher gain nosition until the current feedback pulses become suddenly radically
unequal (every second or third pulse is larger than others which indicates an
instahility of two or three times basic frequency),
The following tabulation indicates the qain chanqes achieved by connectina the
gain jumper 3) attached to pin 51 to various other pins on the RG/CC/01 board,
JUMPER PINS GAIN
51 - 49 Minimum gain
Ho jumper * Next highest gain
51 - 53 Mext highest gain
51 -« 55 Highest aatn
* Leave one end of the jumper on pin 5} and open the other end.
- ﬁ%
6.8 Put the aain jumper (3J) to its next lower aain nosition, The current loop
is now dynamically adjusted.
6.9 Return the test reference to zero and remove a-c power,
7.0 Adjustment of Gate Pulse Suppression
CAUTION: BEFORE CONDUCTING STALLED CURRENT TESTS ON A DC MOTOR, PLFASE
REFER TO I.L,16-800-286.
7.1 Set the Forward Gate Pulse Suppression Jumper 14 on not board S#1752A0N5G01 at the
next hichest increment setting above the desired current 1mit setting, Bate
nulse suppression is normally set between 170% and 125% of the current limit
settina. The following is a table showing the standard fixed current 1imit
settings that are available and their corresponding GPS settings. (values based
on % of rated current),
C. L. SETTING JUMPER CONNECTIONS 6.P.S. SETTING
100% No Jumper 125%
125% 35 - 37 150%
150% 35 - 39 185%
1757 3% -4 215%
200% 35. 5 245%
2507 35~ 7 310%
300% 35 . 9 370%
400% (Test only) 35 - 33
7.2 Place the current limit setting jumper (red Jumner 23) of the current controller
edge connector to its “test" position (jumper between pins 35 and 33),
A,
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7.3
7.4

7.5

7.6

7.7
7.8

7.9
7.10
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Apply a-c power and close the d-c loop.

Slowlv increase the test reference +I[D]* unti] qate pulse sunpression occurs.
The value should be within +5% of the selected setting.

Return test reference to zero and depress the GATE PULSE SUPPRESSION RESET
pushbutton,  GPS can also be reset by shorting the two lance terminals (LN1 and
LN2) provided at the front edge of the RG/S&P/01 board,

The drive should return to its "ready® state (relay PSR should be energized),

For double converters reverse the polarity of the test reference +1[D]*,

Slowly increase the test reference until qate pulse suppression occurs, This
value should be within +2% of step 7.4,

Repeat step 7.5,

Remove a-c power,

8.0 Current Limit Adjustment

8.1

8.2

8.3
8.4

8.5

Place the current 1imit setting jumper (red jumper 2J found on the current
controller edge connector) to the desired current 1imit value. Refer to table
in step 7.1,

Plug in the outer loon requlator board producing +1[D]*. This will normally
be the RG/SC/M or RG/VRC/01 board.

Connect the test reference to pin 17 of the SC or VRC. Set at zero volts.

Convert the outer loop controller (SC or VRC to a pronortional amplifier as
follows:

Speed Requlator (RG/SC/01) -

8.41 Short out the 10MFD capacitor by placing a jumper between pin 33 and 35.
8.42 Anply a small test voltage to pin 17 of RG/SC/01 and adjust the PROP, GAIN

pot 3P on the meter pot panel so that the speed controller has a aain of
approximately 1,

Voltaae Requlator (RG/VRC/01

8.43 Connect a jumper between pins 11 and 49,

8.44 Apply a small test voltage to pin 17 of RG/VRC/NT and adjust the VOLT REF.
CONT. GAIN pot 6P on pot board S#1752A05G01 so that the voltage reference
controller has a gain of approximately 1.

Reset the test voltage to zero volts. Apply a-c power and close the d-c loop.
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8.6

8.7

8.8

8.9

an

8,12
8.13

Hote that the output limit value of the outer loon controlier, +1[D]* (+10V + 0,2v),
corresponds to the current 1imit setting of the drive following the calibratTon of

2P on the not board,
Slowly increase_the test voltage until the outer loon controller reaches its

output Timit value of +10V + 0.2V, The armature current should be the desired
current 1imit value within +5%.

DOUBLE CONVERTERS

Reverse the polarity of the test voltane,

DOUBLE CONVERTERS HITH SYMMETRICAL CURRENT LIMIT

Rerove the red jumrer (61) from the back plane between pin 27 of RG/SC/0 or
RG/VYRC/0OT and pin 57 of the pot board.

Increase the tect voltage and check that the reverse current limit 1s 457 of
that in step 8.7,

DOUBLE COMVERTERS MITH ASYIMETRICAL CURRENT LIMIT

Turn the REVERSE CURRENT LIMIT pot 5P on the pot board full CCW,
Apply a test reference of +11v,

Turn 5P of the pot board Clf until the desired "reverse" current 1imit value is
obtained,

9.0 IR Comnensation ( \bltage Reaulator onlv)

9.1
9.2
9.3

9.4

9.5

9.6

Westinghouse Electric Corporation

Hotor fieid is still disconnected,
Turn IR COMPEHSATION not 2P on the meter pot panel full CCW.

The test reference is still connected to pin 17 of the RG/VRC/01 board and the
controller is sti11 connected as per sten £.43,

Anply a-c power and close the d-c loop.

Increase the nenative test voltage until 10% rated aramture current (Ine) is
obtained,

Adiust the IR COMPENSATION pot 2P located on the meter - not nanel until the
armature current (Ic) is increased as required. Percentage comnensation 1s
calculated from the two current values in stens 9.5 and 9.6 as follows:
Ic - InC
% IR COMPENSATION = —~—— 0 x 100
I

NOTE: DO NOT EXCEED 50% IR COMPENSATION.
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10.0 Adjustment of Dvnamics of Outer Loop Controller

10.1  Speed Requlator (Type 1)

NOTE:  ON SPEED REGULATED SYSTEMS (STEPS 10.1 & 10,2 BELOW), MAKE SURE POLARITY
NF SPEED FEEDBACK IS CORRECT, IF MOTNR STARTS TO RUN AWAY, REMOVE A-C
POWER AT OMNCE,

10.11  Reconnect motor field,

10,12 Make sure there is a red jumper (51) from pin 29 of the RG/SC/01 board

to PSC,
10,13 Check to see that the tach attenuator board is connected per the table
below.
TACH VOLTS TG+ CONM, JUMPER REND,
@8 MAX SPEED TO TERMINAL BETWEEN TERMINALS
45 -~ 65 1 NONE
65 - 85 2 NONE
85 - 110 3 1 and 2
110 -~ 130 3 NONE
130 - 150 4 2 and 3
150 - 170 4 1 and 2
170 - 190 4 NONE
190 - 210 5 3 and 4
210 - 230 5 2 and 3
230 - 250 5 1 and 2

NOTE ¢ Voltage at terminal 13 of RG/SC/0Y should be approximately +46V at
maximum rated speed after proper adjustment of the SPEED CALIBRATION
pot 4P on the meter-pot nanel. . This assumes that the speed reference
is approximately -10V at maximum rated sneed. . CAUTION: Measure this
voltace with a scope or a high impedance instrument so that the circuit
impedance is not channed appreciably,

10,14  Remove any temporary jumpers that were used in steps 8.0 and 9.0,

10,15  Make sure that nin 37 of RG/SC/N1 will be +15V when the drive is
runninqg,

10.16  Place the speed controller gain jumper (4J) in its minimum qain nosition

and set the SPEED CONTROLLER GAIMN pot 6P on the pot board ECCW, Also
set the DROOP pot 1P {on the meter-pot panel) ECCHW.

10.17  Connect the test supnly to pin 21 of the speed controller.
10,18 Apply the a-c npower and close the d-c loon.
10,19 Anply a small neqative signal into pin 21 until the motor is running at

approximatlev 25% rated speed, Then apply a small reference step and
record sneed resnonse,

NOTC:  MAKLC SURE CRIVE DOLS MOT GO INTO CURRENT LIMIT,
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10,20 Turn cain pot 6P CW and move the qain jumner toward pin 57 to increase the qain

of the speed controller while making small step reference chanaes. A aood speed
response should have 5% or less overshoot and no relaxation oscillation;

i.e, motor chances speed when operating near zero speed (this usuallv occurs 1f
aain is too low). )

NOTE: With steady state speed, if the current trace becomes erratic, the speed
gain is set too hiah

10,2 Sneed Reaulator (Tvpe 2)

Set up a speed requlator tvpe 2 in a similar manner as step 1N.1 with the following
excentions: ‘

a)
b)

Step 10,12 - There 15 no connection between pin 29 and PSC of the RG/SC/01 board.,

Step 10,20 - Turn nain not 6P CU and mave the aain jumper toward pin 57 to increase
the qain of the speed controller while making small step reference chanaes. A qood
speed response will have approximately a 20% overshoot and no relaxation oscillation;
i.e, motor chanqes speed when operating ncar zero sneed (this usually occurrs 1f
gain is too Tow), '

NOTES: 1)  With steady state speed, if the current trace becomes erratic
the speed aain is set to hiah,

2) The 20% overshoot obtained with the tyne 2 speed reaulator is
an inherent feature of the control system, It does not result
from poor damping, but is due to initial conditions.” Any
adjustments made to reduce the overshoot will result in a very
sluqoish load response.

3) A motor disconnected from its load may exhibit instability tendencies
and therefore it should be connected to its actual load.

10.3 Voltage Requlator (Multi-lLoop)

10.31
10.32
10,33

10,34
10.35
10,36

10.37

Reconnect motor field.
Remove any temporary jumpers that we used in steps 8.0 & 9.0

Set the VOLTAGE REFEREMCF CONTROLLER GAIN pot 6P on the pot board FCCW
(minimum aqain settina) and set the DROOP pot 1P ECCW,

Connect the test sunnly to pin 21 of the voltage reference controller,
Apply the a-c power and close the d-c loop,

Apply a small neaative sional into pin 21 until 107 armature voltage is reached,
Then annTy a small reference step and record the resnonse.

Increase the voltage nain by turning pot 6P Ci so that the outnut voltace has
a sharp resnonse as possible to a step reference innut.

NOTES: 1)  Ensure that the drive does not ao into current limit,

2) Dynamic adiustment of the voltane lonp is affected by settinas of
the aain pot 6P, droop pot 1P (on the meter-not panel), IR
compensation not 2P (on the meter-pnt nanel), as well as the aain
established in the current controller, Ulsually satisfactory
nerformance can be obtained over a wide rance of potentiometer
settinns as lona as a little droop is used,

3) If the voltane nain is set extremely hiah, it can produce instability
in the drive., frratic current conductinn could occur while runnina
at steadv state speed,

4) 1f IR compensation is used, some overshoot will occur, Tf the over-
shont is to larae, decrease the aain nf the voltage reference
controller or decrease the amount of IP comnensation.
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11.0 DROOP
11.1  De-energize thyristor power supply.

11.2  Remove the outer loop controller (RG/SC/01 or RG/VRC/01) and replace with a 30 pin
extension board S#1339A38G02).

11.3  Plua the outer loon controller hoard into the extension board and open up the
followina jumper connections to pins 13, 21, 37, 39,

11.4 Rerove the current controller board.
11.5  Place the DROOP pot 1P (located on the meter-pot panel) to ECCH,
11.6  Apply + 28V power,

11.7  FEneraize static relays 1CR and 2CR of the outer loon controller by anplying PSC
to pins 37 and 39,

11.8 Apnly a nenative reference to terminal 21 corresponding to sneed droop in % of
top speed at stall current 1imit, (Example: Reference at top speed at pin 21 is
=10 volts. Desired droop at current limit is 5%. Apply =0.5 volts (.05 X10V)
reference to nin 21,

11.9  The outer loop controller should 1imit at approximately +10 volts.

11.10 Gradually turn DROOP pet 1P CW until the amplifier starts to come out of staturation,
which represents the desired droop settins,

III,.TROUBLE SHOOTING
A. General

This discussion is restricted to the standard M58 basic requlator system as used for d-c

motor armature, Since the equipment was tested at the factory, it {s assumed that any trouble
is due to component failure rather than incorrect wirina. In case of trouble in the basic TPS
system the start-up procedure described in Section II provides an oreanized approach to trouble
shooting. Those steps involving voltage measurements and sequence checks are considered to be
self explanatory. However, if trouble is encountered in checking the basic regulator, the
following trouble shootina procedure may be used,
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B. Basic Regulator

1.0 Incorrect TPM Qutput Waveshane

1.1

1.2

Westinghouse Electric Corporation

If the waveshane is not similar to fiqure 1 or fiaure 2, a missing pulse is
jrmediately apparent and indicates the corresnonding thyristor is not firing,
Check for open fuses or an open gate circuit, A tynical pulse train is seen
in figure 3. This trace is obtained when a scope is connected across the nate
of a thyristor at the pulse transformer and RC board (located on the TPM) with
“G" (nate) positive with respect to “K" (cathode).

NOTE: The thyristor firina sequence is identified by color code as follows:

1TH = Brown ATH = Yellow
2TH = Red 5TH = Green
3TH = Oranqe (or Vhite) 6TH = BRlue

IF THE PROBLEM IS NOT THE THYRISTOR OR A BLOWN FUSE, WE THEN WILL ASSUME IT'S
It THE TGD OR GPAG'S,

WITH THE ASSUMPTION THAT THL GATE SYNC. BOARD IS OPFRATING CORRECTLY, CHECK
THE FOLLOWING BOARD OUTPUTS:

Check_the output of the aate nulse aenerators (S#1671A17601) as follows:

1.2.1 Remove the PC board nroducina the +V[C1] sianal, i.e. the RG/VC&RL/O1
board for a double converter or the RG/CC/01 board for a single converter.

1.2,2 Tie pin 57 of the aate synchronizina board (RG/6S/01) to PSC.
1,2.3 If a double converter, remove the "REV" T6D board.
1.2.4 Keep the d-c loop open,,

1.2,5 Make sure when the system is enerqized that all permissive signals to the
“FUD" TGD board are as follows:

pin 41 = 1logic "1"
pin 11 = loaic "1
pin 15 = PSC

1.2.6 CALIBRATE SCOPE PROBES. Set scope an line sync., and chonned mode.

1.2.7 Put scone nrobe 1 on X1 (brown lead) of the nate control transformer with
respect to PSC. Uncalibrate scope so that g cm=1 cycle (360°), Magnitude
of the a-c wave 1s 70 volts + 7V peak to PSC,

1.2.8 Put scope nrobe 2 on pin 5 (GP1) of the RG/GPG/0) board (pulse 1,3,5) with
respect to PSC, Uncalibrate scope so that 6 cm=1l cvcle (360°), Magnitude
of pulse s +15V +2V (PULSE #1),

1.2.9 Apply a-c pover,

1.2.10 Superinpose the two wave forms and comnare to fiqure 5. Note that the

delav angle is anproximately 145° and the pulse train is approximatelv
85° lona,
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1.2.11  The remaining pulse trains can be checked in a similar manner.
PULSE #2 (GP2) - Move probe 1 to X2 {red lead) of the gate control
transformer, Move probe 2 to pin 5 of the pulse
2,4,6, GPG,
The trace should be the same as fiaure 5.

PULSE #3 thru #6- Move probe 1 per color c¢ode seguence with respect to
G?3 thru GP6 for the two GFG boards. Compare to figure 5.

1.,2.12  If all GPG outputs check out 0K, proceed to step 1.3,

1.3 Check the output of the thyristor nate driver (S#1658A256M1) as follows:

1.3.1 Set-up conditions the same as steps 1.2.1 thru 1.2.6.
1.3.2 Probe 1 of scope is to be used the same as in step 1.2.7.

1.3.3 Put scope probe 2 on pin 29 (brown) of the FWD TGD with respect to PSC,
Uncalibrate scone so that 6 cm=1 cvcle (350°), Maanitude of pulse is
+22V +#3V (PULSE #1)

1.3.4 Anrply a-c power,

1.3.5 Superimpose the two wave forms and compare to figure 4. Note that the
delay angle is approximately 145° and the nulse train is approximately
85° lona (s*art of first puise to the end of the last pulse of the pulse
train and does not include the exponential decav).

1.3.6 The remaining pulse trains can be checked in a similar manner.

PULSE #2 - Move probe 1 to X2 (red lead) of the gate control transformer,
Yove probe 2 to pin 27 (rec) of the FWZ TGD.
The trace should be the same as fiqure 4,

PULSE #3 thru 6 - Move nrobes ner color code firing sequence as specified
in step 1,1,
Compare to fiqure 4,

1.3.7 For douhle converter remove the "FUD® TGD and replace the "REV" TGD in its
prober edae connecter
Repeat steps 1,3,1 thru 1.3,6 makina sure that the permissive sianals to
the "REV" TGD are the same as in sten 1.2.5.

1.4 1f ail the waveforms have chocked out un to this point and the source of trouble
has not been located, please refer to I1,L.16-800-289 for further information,

2.0 Incorrect Current Feedback Sianal

2.1 1f the current sensor output is not -2V at rated armature current several things
could be wrong:

2.1.1 Primary turns (used only for small HP drives) may be incorrect.
2.1.2 PC board could have a cold solder joint,
2.1.3 CT ratio could be incorrect,

€.S. Output (-/1[D1/) = Ipc X 0,76 x 5X PRI, TURNS
(volts) T

vhere:
Inc = d-c armature current
PRI TURNS = # of cable loops thru CT +1

*tnis will normally be = 1 except for small HP drives)
CT = current transforinr primary arnare rating
(200, 400, or 600} as marked on the CT,

Printed 1n USA

Westinghouse Electric Corporation



I.L.16-800-287
Page 14

IV APPENDIX

50% VOLTAGE 2ms/cm
FI1G, 1

FI1G, 4

THYRISTOR GATE DRIVER OUTPUT PULSE TRAIN

50¥/ecm - GCT Output
20V/cm - TGD Output
Ims/cm - (uncalibrated)

Westinghouse Electric Corporation

o,
RATED VOLTAGE 2ms /cm
FIG., 2
S,
W/cm
0.2 ms/cm (uncalibrated)
FIG. 5
GATE PULSF GENERATOR OUTPUT PULSE TRAIN o,
50V/cm - GCT Output
20V/cn - GPG Output
Ims/ecm - (uncalibrated)
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INSTRUCTION LEAFLETS (REFERENCE)

The following instruction leaflets (I.L.) describe the M58 system and {ts standard components.

SYSTEMS AND BASIC REGULATOR

I.L. 16-800-288 M5B Variable Requlator
16-800-289 M5B Gating System
16-800-296 M5B Thyristor Power System
16-800-298 Replacement of Thyristors in

M5B TPM Assemblies

V. SERVICE

Personnel familiar with electrical equipment utiliz1ng semiconductors can isolate most problems
usfng an oscilloscope, multimeter, and information contained in the instruction leaflet.

Semiautomatic equipment is available at the factory to test static and dvnamic performance of all
edge-connected printed cfrcuit boards, Generally, repair of boards is facilitated by returning
them to: '

Westinghouse Electric Corporation
Industrial Systems Division

P.0. Box 225

Buffalo, New York 14240
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