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REIGULATOR-AMPLIFIER TRAY FOR SILCOMATIC
POWER CONVERSIOM EQUIPMENT

INTRODUCTION

Before installing or attempting to use this equip-
ment, read these instructions thoroughly and care-
fully.

GENERAL DESCRIPTION

The regulator-amplifier tray is used to amplify
small ‘d-¢ signals and produce a d-c control signal
to control one or two gate-pulse generator trays of
silicon controlled rectifier (SCR) power conversion
equipment., Other functions, such as bias and sup-
pression circuits, are included on some trays.

The equipment in which these trays are used is

generally identified as SILCOMATIC power conver- "’

sion equipment,

RATING

*put Power: 115-volts, single-phase, at frequency
specified in over-all equipment instructions and
drawings.

Control Input: 0to 0.6 milliamperesd-c, or a part
of this range as specified in over-ail equipment
instructions and drawings.

Control put Impedance: Consists of resistance of
series resistors in the itray. (The elementary
diagram for the over-all equipment shows series
resistors.)

Gain: 68 volts per milliampere.

Output: 0 to+40voltsd-cat 40 milliamperes. (Will
drive two gate-pulse generator and amplifier
trays as used in SILCOMATIC equipment.)

Ambient: 0 to 55 degrees C.

RECEIVING, HANDLING AND STORAGE

Immediately upon receipt of the tray, examine it
for any damage or loss sustained in transit, I in-
jury or roughhandling is evident, fileadamage claim
at once with the transportation company and notify
the nearest General Electric Sales Office.

Unpack the tray as soon as possible after being
_.ceived. Use care in unpacking to avoid damage.
Be sure no loose parts are missing or left in the
packing material. Carefully remove with vacuum
or dry air any dirt or particles of packing material
that may have accumulated on or in the tray.

If the tray is not installed at once, store itina
clean, dry place. Covering thetray will prevent ac-
cumulation of dust, Do not use moisture~absorbing
covering material.

INSTALLATION

Regulator-amplifier trays either slide intoposi-
tion on metal tracks or areboltedinplace. Ventila-
tion space is required above and below the tray
around the holes in the bottom (and/or side) and
cover,

Connections are made either by special plugs or
on terminal boards. The control input and output
connections should be twisted shielded pairs. The
average signal level is low so that, if other wires
are used, electrical pick-up will be aproblem. The
a-c¢ input and other control wires may be ordinary
wiring.

Polarities of control input and output connections
must be as shown onthe equipment over-all elemen-
tary diagrams,

BASIC FUNCTIONS

The main function of the regulator-amplifier cir-
cuit is to amplify a small input signal which provides
a control-signal voltage to one or two gate~-pulse
generator circuits. The input signal usually is the
error signal developed between the reference and
feedback of a regulator, but may be a control signal
which is not large enough to drive the gate-pulse gen-
erator directly.

Auxiliary circuits (not included on all regulator
amplifier trays) are a bias circuit and a suppres-
sion circuit.

The bias circuit is used inequipmentfor revers-
ing drive applications, where silicon-controlied rec-
tifier (SCR) trays are connected back-to-back (posi-
tive of one to negative of the other). The bias cir-
cuit turns off whichever (SCR) trays are not required
to carry current at any given time during operation.

The suppression circuit is used in eguipment
where overcurrent stops SCR firing, thus shutting
off the SCR equipment.

CPERATION

The following sections describe the operation of
the various circuits. The figures show the circuits
by sections, each figure showing only the circuitry
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G51-90845A Regulator-amplifier Trays

necessary for understanding the particular section
being described. For a single, complete diagram
and for the location of devices within the tray, see
the over-all drawings supplied with the equipment.

D-C POWER SUPPLY

The d-¢ power supply for the regulator-amplifier
uses a full-wave rectifier and L~C filter to supply
d-c voltage to zener diodes (which have a constant
voltage drop when conducting) to establish d~c bus
voltages. Series resistors limit the zener diode
current,

Figure 1 shows the d-c power supply and the three
d-c voltages (-11 v, -20 v, and -68 v) with respect
to zero reference voltage,

AMPLIFIEZR

GEMERAL

The amplifier is a conventional transistor am-~
plifier with two balanced sections to minimize driit
caused by line voltage variations and ambient tem-
perature changes. With zero input, the amplifier is
in a quiescent state, each section developing the same
voltage: Because the netoutputisthe difference be-
tween the voltages of the two sections, the net output
is zero.

Signal voltage of one polarity increases the out-
put voliage of one section and decreases that of the
other section, giving a net output in one direction.
Reversing the signal voltage unbalances the section
voltages to produce a net cutput in the other direc~
tion.

An internal feedback loop is used for each am-
plifier section to obtain constant gain and stabiliza-
tion,

(See Fig. 3 and the following sectiong for more
complete details.)

TRANSISTOR OPERATION

The high forward gain of the amplifier is attained
by several stages of transistor circuits, Atransis-
tor has the property of carrying high collector-emit-
ter current relative to low base-emitter current,
so several stages can give averyhighamplification.

Two types of transistors are used; these are
shown in Fig. 2.

Type NPN Large

c
/ collector-
] emitter

b
Small current
base- \\ e
emitter
current
Small
emitter- : e
base ‘/ Large
current emitter-
collector
¢ current
Type PNP

Fig. 2, Types of transistors

D-C
Vo‘ifpr‘:t RZ1 LD
Voltages 75 0.32 HY
0V o T 48
[jBEB Fuse
1500 X
; Light
11V cPb
- o ~ 200 ' O ]
Z3 Z2 71 MFD 1T
@?ﬁf @?zov @9 68V §§ zlSV
: -C
20V o % 120-120 °
RZ2 B
50
-68V o—

Fig. 1. D-c power supply for amplifier
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G1 G2
in- output
put + r_r_lin through Q5 n VOIE_,,
ma Gain RCS
H
ma _103 volts
RFB1
closed _ output volts _ GlGZ 1 v
loop gain ~ input MA's - 1+GlG2H “H MA

go 100 1 MA
33.2 x 103 332V

total closed loop gain = (2) (33.2) = 66.4 volts/MA
Fig. 4. Amplifier block diagram (one-half)

voltage. A positive signal increases Ql (b-e) and
{c-e) current, and RC5 voltage is raised as described
in the preceding section (see Table 10). Increasing
RCH voltage tends to decrease the current from Q1
emitter to RCH (through RFB1), thus tending to lower
RC5H voltage. This action palances out to determine
an output voltage always at a fixed ratio to input
voltage.

Expressed in terms of regulators, the amplifier
has a very high forward gain, G, which varies with
pase current and with ambient temperature. It also
has a fixed, accurate feedback gain, H, which does

not change. Over-all gain is expressed by G/(1 +

GH), which, because GH is ruch larger than 1, re-

duces to G/GH, or 1/H. Thus, changes in G have -

almost no effect on gain.

The size of RFB1 and RERB should always be
33.2K, However, the stabilizing R-C circuit in
parallel with RFR1 and RFB6 will vary among am-
plifiers.  See the drawings supplied with the equip-
ment for actual component values.

CIRCUIT . ACCESSORIES

Series input resistors RS1 and RS2 (on Fig. 3)
determine gain in terms of volts per volt, The volts
per ma gain (sce section above) divided by series
input resistance in kilohms gives volts per voltgain,
Tor the quantity and resistance of the series resis-
tars see the drawings supplied with the equipment,
(Series resistors should always be used in pairs --

one of each pair in each input leg -- to maintain
palance.)

Diodes D8 and D7 are connected across the input
as shown to prevent overdriving the amplifier.

BIAS CIRCUIT

For reversing power supplies where the positive
end of one rectifier connects to negative end of the
other (and vice versa), somie means is required to
turn off one rectifier when the other is carrying cur-
rent. The two rectifiers must alsobe "phased apart”
under all conditions to avoid excessive circulating
currents between them.

The bias circuit introduces constant voliages in
series with the amplifier output to each rectifier
gate-pulse generator circuit. These voltages con-
trol phasing as shown in Fig. 5. (Point A positive
turns Rectifier #1 on, point A negative turns #1 off.
Point D positive turns #2 on, point D negative turns
#2 off.) Figure & shows the filteredd-c power sSup-
plies used as bias voltage sources.

FLIP-FLOP CIRCUIT

The flip-flop circuit as shown in Fig. 7functions
to prevent the Forward gate-pulse generator from
being phased on while d-c currentis still being sup-
plied by the Reverse power supply, and vice-versa.
Transistor Q11 serves as an "open-close’ switchin
the regulator output to the Forward gate-pulse gen-
erator. When turned oif it has a very high imped-
ance between collector and emitter, and actslikean
open circuit. Since current flow into the Forward
gate-pulse generator then is essentially zero, no
gating pulses are generated and the Forward recti-
fier is phased [ull-off.

Under normal operating conditions and with less
than one percent currentbeing supplied from the Re-
verse rectifier, tyransistor Q11 ig turned on by bias
current supplied through resistor RS4, diode D13,
and resistor RF2. In the rurned-on state, the tran-
sistor offers little impedance to current flow from
collector to emitter, and the Forward gate-pulse
generator provides gating pulses in response to the
level of d-c signal output from the reguiafor.

At any time when approzimately one percent or
more current is being supplied through the three
CT's located in the a-c¢ feed to the Reverse recti-
fier, there is sufficient signal voltage across resis-
tor RF1 to overcome the bias and turn-off Q11, thus
phasing the Forward rectifier full off. Inlike man-
ner transistor Q12 controls the output signalfor the
Reverse rectifier.

NCITATION SUPPRESHION CIRCUITS

The excitation-suppression circuits are used to
turn the flip-flop transistors off, nsually in re-
sponse to an overcurrent or other fault signal,
Opening the amplifier output shuis off the SCR's
and turns off the rectifier. Confacts are alsoavail-
able to trip breakers and operatealarms when shut-

- off occurs.
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A i o et A

Regulator Bias Gate Pulse Gen.
QOutput Voltage Input Voltage
A
1+ o )
Rect, #1
35V 12V Q11 20V Full On
- 3 + - B —
o i —
12v Q12 c
LL{M-L——VS I + Rect. #2
47V Full Off
D _
o A,
Rect. #1
3V I?V 5 4TV Full Off
+ o =1} K—=o +
12v c
=iy K0 = Rect. #2
20V Fuli On
Doy
\*a A“”\ -
[1AY 12V Both
o =i 8 L kB +  Rectifiers
Phased
Well Off

L_lZV
- l+ + C oy
Ih 12V

D

— —

Point A positive turns Rectifier #1 on (phase advanced)
Point D positive turns Rectifier #2 on (phase advanced)
Point A negative turns Rectifier #1 off (phase retarded)
Point D negative turns Rectifier #2 off (phase retarded)

(Note - Receptacle point letters are typical. For actual designations, see drawing supplied with equipment.)

Fig. 8. Bias civcuit opevation

5 ohm
YO
+_
200 | 200 _55
ochm 7 MFD m MFD
o]
115V
EA—C
1
o )
200 {200 | 55
h Iany ]
+0 m MFD MFD 115-
. ) 18/18 v

5 ohm
Fig. 6. Bias circuit for vegulatoy amplifier tray

Figure 7 shows the suppression circuit with a
typical external circuit -~ current transformers
with loading resistors. The CT current develops
a voltage across the loading resistors whichis rec~
tified and (adjustable by RHS) applied to the zener
diode ZS10. When the CT current exceeds a pre-
determined amount, enough voliage is developed to
break down ZS510, which conducts currenttothe SCR
gate and fires the SCR, Currentflowin the SCR cir-
cuit picks up the 95 relay and biases the flip-flop
transistors off, thus phasing both rectifiers full off,

Once the suppression SCR has been fired, it will ™ ™
continue to conduct current until the ""Reset’” push-

button PB is depressed.
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SIGNAL AMPLIFICATION

At zero input, the amplifier is in its quiescent
state with output transistors Q5 and Q10 each
carrying equal currents (emitter to collector) of
apout 100 ma. These currents develop equal volt-
ages (about 35 volts) across resistors RC5H and
RC10, and preduce a net voltage of zero at the out-
put terminals. Table Isummarizes the maximum and
minimum parameters for all the amplifier stages.

Assume that input voltage is applied having the
polarity shown in Fig. 3. (Plus marks show relative
polarity of output and input; if input polarity is re-
versed, output also reverses.) Emitter voltage of
Q1 is reduced andthatofQ6 raised; Q1 base-emitter
(b~e) current increases, increasing its collector-
emitter (c-¢) current; Q6 (o-e) current decreases,
decreasing its (c-e) current,

This process continues through the circuit. Ex-
ample changes are tabulated in Table Il for both posi~
tive and negative signals,

The amplitude of the input signal determines the
amplitude of Q1 and Q6 (c-e) currents, and, through
the other transistors, the amplitude of Q5 and Q10
(e-¢) currents. The Q5 and Q10 {(e-c) currents de-
termine the relative voltages across resistors RC5
and RC10, thus determining amplitude as well as
polarity of the output.

INTERNAL FEEDBACK

Resistors RFB1 and RFBS are connected from
output resistors RCS and RC10 to Q1 and Q3 emit-~
ters. These resistors serve as internal negative
feedpack to regulate the amplifier voltage andmain-
tain a constant ratio batween input signal andoutput

q

FRB1

© Output FB1
\ 33.2K
| s

B s

RFF1* CF1* RC5 RC10 CF6* RFB6*
" 3% .. 1.5MFD '3'5‘()‘@ 350 {EMFD 2K
~68v 5 \
>t
RS1* - RS2* D7
500 Forv. 500
1 —o Input o —{ 3 —

*Typical - For actual values see over-all drawing supplied with equipment.

Fig. 3. D-c amplifiev civcuits

RL
12
RB
7.5 RH8
— 2K
Q5 Q103 RB8 MRB7
2.2 K HJ 82 K
RCT ]RCG__
22.1¥X H 22.1
I Q7 Qs
] N 77
RET Lo ‘
T 1K loviEd
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TABLE I—AMPLIFIER STAGE PARAMETERS

)

CHARACTERISTIC Q1, Q6 Q2, Q7 Q3, Q8 Q4, Q9 Q5, Q10
Quiescent collector 375 580 800 12 100
current microamp microamp microamp milliamp - milliamp
Minimum :
current gain 0.971 13.4 13.4 13.5 15.5
Nominal : : (
current gain 0.980 15.5 15.5 : 16.5 20,0
Maximum ’
current gain 0.989 17.8 17.8 1.0 25.5
Quiescent Vce 1.5 6.0 11,0 9.0 27.0
volts volts volts volts volis
Maximum Vce 2.0 ‘ 9.0 20.0 16.0 50. 0
volts volts volts volts volts

TABLE ImCHANGE OF TRANSISTOR OUTPUT WITH POSITIVE

AND NEGATIVE SIGNALS {
lﬂ*
Polarity of Signal Voltage Positive i Negative
Transistors Q1-Q5 Q6-Q10 Q1-Q5 Q6-Q10
Transistor current change:
Ql or Q6 b-e more less less more
Q1 or Q6 c-e e 1" Tr : Tr
Q2 or Q7 b-e less more ) more less
Qz OI‘ Q7 c_e 11 1A " 1t
Q3 or Q8 b-e more less ) less more
Q3 or Q8 c~e i " ‘ 4] 1" {
Q4 or Q8 e-b more less less ° more
Q4 OI‘ Qg e_c " " " - T
Q5 or QI0 e-h " more less less more
Q5 Or Q].O e_c 1 1" 1" mn
RCS voltage ‘ increases decreases
RC10 voltage decreases . increases
Net Output Voltage positive negative (
ol
b = base, ¢ = collector, e = emitter

(See Fig. 3 for circuit,)
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— 68V

+ B
To Forward
Gate Pulse Gen.

B Di2 Q1
C €
RFZ Upi qRE J.__Qﬁ_gg L Erom
33 ——‘6_ EMFD 2 Rev.
RS6 4 3) CT's
K 2
RS4 ‘
ovots K D13
S e
1 1/"
Reset
95
M By
| , |
CT¢s and Loading Resistors
Located External to Tray
Fig. 7. Bias and suppression civcuit witit flip -flop
PAINTENANCE

Once installed, the regulator-amplifier tray
should require little attention. Clean the tray of
accurmnulated dust as required, Remove dust with
a vacuum cleaner or carefully blow out with com-
pressed air.

It is particularly important either to replace de-
vices with those having the same caialog number or
to substitute parts approved by the General Electric
Company.

TROUBLE SHOOTIMNG
MORMAL CONDITIONS

With 115 volts a~c applied, input signal terminals
open, and a 1000 ohm, 10 w resistor across the am-

plifier output, the following voltages should be ob-
tained, using a standard multi-meter (see ¥Fig. 3).

1. -11 v, -20 v and -68 vbusvoltages within +5%
2. 35 v across RC5H and 35 v across RC10

3. Transistor collector to emitter voltages as
tabulated in Table IL

4. Amplifier output voltage: less than 0.1 v.

5. Bias voltages: Approximately 12 v, both equal
within +5 percent. (Check drawings supplied with
equipment to see if some other voltage is required.)

6. Input signal current versus amplifier output
voltage should follow the curve of Fig. 8, with output
voltage batween 35 and 40 volts for input current of

9
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40v +
20v -+
-6.8 -0.4 . , 0.4 0,8
i I T ¥ T T T T
+ -20v
+ -40v

Fig. 8. Amplifier chavactevistic

0.6 ma in either direction. Saturation should ocecur
above 40 volts,

MALFUNCTIONS

Output voltage with zero input may be caused by
an open circuit or afaulty device. Check for normal
voltages as described in the preceding section.

Varying output voltage with fixed input may be

caused by a loose connection or an open internal
feedback circuit.

10

SUPPRESSION ADJUSTMENT

If suppression must be readjusted, the following
procedure should be followed:

1. Calculate the CT loading resistor voltage at
which suppression is required from CT ratio, re-
sistor ohms, and peak a-c currentatwhich suppres-
sion is required.

2. Turn RHS (Fig. 7) to zero output position,
Apply d-c voltage calculated in (1) to the voltage
divider, and slowly turn RHS until the SCR fires.
Relay #95 should pick up. A voltmeter across the
SCR will indicate when the SCR firesbya consider-
able drop in voltage,

3. Remove the d-c battery voltage, and see that
there is no change,

4. Operate the reset circuit to return circuits to
their original condition,
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® (Los Angeles) Anaheim 92805 ® & {Detroit) Riverwlew. ... 13075 Krause Ave, o Johostown 13802 ... ;oo Bl Oak St
............ .. 3801 E. LaPaima Ave. ® Flint 43505 1506 E. Carpsater Ra 3 e 1043 Eas! Erie Ave,
* (Los Argeles) mlewcod fe o]+ S v : N : .- tsburgh; West .\’(l!fnn 15122
R R 226 . Florence Ave. MINNESOTA . 45830 Buttermilk Hollow Rd,

. Gacram‘n o 05814, 93 North 17th St.
® * (Saq Francisco) Oakland 94503

...... .. 1650 34th 5t.
COLORADO
® > Denver 80205..., . 3353 Lartmer St
CONNECTICUT
® * (Southingtor) Plantsville 08479
e e e e « ...« 370 Avwater St
FLORIDA

® * Jacksonyille 32203 . ... 2020 W, Beaver 3t.
® (Miami) Hialeah 33010, ., 1052 Eagt 28th St,
th & Grant 8ts.

® * Tampa33501......... 150
GEORGIA
¢ {(Atlanta) Chamblee 39341
......... 5035 Peachtree Industrial-Blvd,
" Atianta ... ... .. . 2373 John Glenn Dr.
ILLINOIS
® * (Chicago 80838 ., . .6045 5. No‘tingham Ave.
INDIANA
® Evansville 47711 | .. 401 N.Congresa Ave.

® Ft. Wayne 46303, ,..... 1731 Edsall Ave.
® Hammond 46320, ... 1133 164th Place
. .. 1740 W, Vermont St,

. Indiarapolis 46222
IOWA
® (Daverport) Bettendorf 52722 . 1023 State St.
KENTUCKY

®* Loulavilie 40209. ... 3900 Crittenden Drive

® Duluth 33807 . ., 50th Ave. W & Stlouls Bay
& ¢ Minneapolis 55430 ... . 2025 $3th Ave.,N.

MISSOURI
® * Kansas City &4120.. ... 3523 Gardner Ave,
® * St Louis 83110 ,, ., ...,, 1115 EastRd.

NEW JERSEY
® New Brunswick 03902 .. ... 3 Lawrence St,

NEW MEXICO

® Albuguerque 87i69 . .. 4420 McLeod Rd. NE
EW YORK
® Albany 12205......... 1097 Ceniral Ave.

® * (Buffals; Tenawanda 13150, . 173 Mileny Rd.
@ (Long Isiand; Old Bethpage 11304
......... 183 Bethpage-5weet Hollow Rd.
® (New York Citv) North Bergen, N. J. 07012
6001 Tonnelle Ave,
* (New &Jrk City) Clifton, N.J. 07912
......... PR 8 Brighton Pd,
.2 Sche~ec'1dv ‘2300 e 1 River R4.
® Syracusz 13208, 1015 E. Hiawaina Bivd,

NORTH CAROLINA

® * Charlotte 28208 .. ., 2328 Thrift Rd,

OHIO
® Akron {Canton} 44720
............. 7900 Whipple Ave . N. W,
Cincinnatt 4520" . 444 West 3rd St.
LI Cleveland 44125 ., . .. . 4477 Zast 49th St

... B880 Huntley Rd.
.. 403 Dearborn Ave,
.272 E. Indianoia Ave.

Toleds 43805 . .,

.
L
® Columbus 43223 ., .,
.
® Younrgstown 445G7. . .

. .54 N, Harrison St.

) No. Charieston 29401

.................. 2490 Debonair St,
TENNESSEE
* Knoxville 37314
........ 2321 Governor John Sevier Hwy.
* Memphis 38107, . ..... 708 North Mawn St,
TEXAS
® Beaamont 7105 .. ... 1430 W, Cardinal Dr,
. g 178401 L. ... 115 Waco St.
&+ Dallas 75235 . ......... 3202 Maror Way
® Houslon 77938 | 6534 Harvey Wilson Dr,
* Houston 17033 ........, 6318 Harwin Dr.
* M .. 704 3. Johnston St.
UTAH

® * Bait Lake Cliy 84110. ., 301 S. Tth West St.
VIRGINIA

®* * Richmond 23224 ., .

& Roanoke 24013 .

. 1403 Ingram Ave.
.. 1004 River Ave.,SE

WASHINGT
® * Seatle 53134 ... .. 3422 First Ave., South
® Spekane 95211 .., . ... E.4323 Missian St.

WEST VIRGINIA

® * Charieston 23328 . 305 MacCorkle Ave, ,SE

WISCONSIN
s (Appleton; Menasha 54913 . . 1723 Racine St.
& Milwaukee 33207 ... 233 W. Oklahoma Ave.

Electrical/Mechanical Service Shop * Instrumentation Shop

< Special Manefacturing Shup]

0-87 GENERAL ELECTRIL COMPANY, PHILADELPHIA, PA.
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