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Summary

An improved control package has been developed which makes it possible to
operate the Sorensen hihg-current power supplies in a current mode from a re-
motely located voltage source. This source may be a dc, low frequency ac or

d/a converter with corresponding characteristics.

The essential characteristics of the new package are:

1. Improved performance because of improved handling of the
low-level signals.

2. Ease of troubleshooting and maintenance obtained by com-—
ponent layout and selection.

3. Simplified installation procedure.

4, The local/remote switch can be operated with the circuit

breakers on.

This note describes the operational features, circuits and installation

procedure of the control package.

Background
The purpose of this development was to make it possible to operate the

Sorensen DCR series and other similar power supplies from a remote voltage
source 1in an improved mamner. Large number of this type of power supply has
been purchased by Fermilab because these power supplies satisfy the basic re-
quirements, are readily available and the price is reasonable. The remote
control of these power supplies, however, presents a problem because the out-
put current and voltage are controlled by varying a resistance in the input
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amplifier. Motor driven variable resistors and other variable resistance
schemes have been devised with various degrees of success. The use of a
separate amplif® , described in this note, bypasses most of the Sorensen

circulitry.

The Linac preaccelerator uses a rnumber of Sorensen DCR series power
supplies to energize quadrupoles on the 700-kV transport line. These supplies
have been controlled from the Control Room using D/A converter and remote con-—
trol units developed during early stages of accelerator construction. From
purely circuit point of view, these control units were satisfactory; however,
operating difficulties have been encountered due to long runs of cables, aging
and nolse pickup associated with the millivolt level signals. The effort
required to modify the original power supplies for remote operation has been
excessive and 1t was desirable to simplify and ease this effort.

Description of the Remote Control Package
a. Physical Characterdistics
The remote control package consists of 3 parts: an electronic
assembly, relay assembly and a SPDT toggle switch. The electronic
assembly housed in a steel box 5 x 2 x 12" and shown in Figure 1, con-
tains a pc card and * 15V power supply. This box is attached to the

rear, upper left-hand side of the Sorenson power supply with 120V, 60 Hz
power connector on the bottom, and the imput, output and the remote
control connectors on the top of the box. For inspection and test purposes,

the top cover is easily removable.

The relay assembly also seen in Figure 1, consists of 3 high-
reliability relays mounted on a bracket which is attached to the rear
top of the Sorensen power supply using 2 8-32 screws. These relays
select the SCR driving signal from local or from the remote amplifier
in response to the front panel mounted switch, provide a latching function,

s0 that once the mode selection, local or remote, is made, the subsequent
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operation of the local remote swltch has no effect until 480V breaker
1s actuated. These relays also provide a set of relay contacts which
close in the DC ON condition. The modification work on the Sorensen

supply necessary to mount these relays consists of drilling 2 8-32 holes.

A SPDT switch is mounted on the front panel of the Sorensen
supply; however, 1ts only function is to operate the relays and not to
switch the low-level signals as was done previously. The 10 pin M S
conrnector used in the previous design has been retained for remote status

indication.

b. Circuit Characteristics, Figures 2 and 3
The purpose of the electronic unit is to compare the reference

signal with an amplified current sensor signal and amplify the resulting
error signal to a level sufficient to drive the SCR driver transistor Q7,

in constant current mode.

The current is sensed by a 50 Mv/300A manganin resistor (shunt)
and transmitted from this resistor by a 2 conductor shielded cable,
through a 3-pin connector J2, Bendix Pigmy PC06A-8-3S (SR)/PCO2A-8-3P
connectors, through the pins 2 and 3 of the pc card comector to IC-1.
The shield is carried through and connected to the power supply common
terminal on the pc card. IC-1 is connected as a non-inverting differen-—
tial amplifier with a gain of 100. Since this stage 1s critical, a low
drift type, high quality amplifier, Analog Devices AD-504M, is used with
an offset adjusting resistor R-5 and +0.01% resistors for high common
mode rejection. The IC-2, National Semiconductor IM301-A, is comnected
as an inverting single-ended amplifier with a dc gain variable between
1 and 3. In addition to dec amplification, this amplifier filters the
amplified signal to attermate the ac signals above 0.1 Hz and to provide
an adjustable zero offset, using R-10. The output of IC-2 is comnected
through pins A and B of J-I (MS312DE10-6S/MS3126F10-6P) for remote moni-
toring (A/D) and directly to IC-3 for comparison with the reference

signal (D/A).
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The reference signal (D/A) comes in on J-4 pins D and E, pc
connector pins 12 and 18, through turn-on protection switch Q-1 to
IC-3. Q-1 is an N-channel FET transistor which bypasses the reference
signal to power supply common until the -15V supply is on.

The difference between the positive going reference signal and
the negative going feedback signal (error signal) is amplified by IC-3.
The IC~3 is connected as an inverting amplifier with a dc gain of
approximately 40, and a frequency attenuation of 20 db/decade begimning
at 0.005 Hz. The output is limited to -3.6V using IN5227 Zener diode.

¢. Relay Switching Circuits, Figures 4 and 5
To provide the necessary switching and protection functions, 3
de relays, Potter-Brumfield type R-10, are used. The details are:

1. In the REMOTE position of the Local/Remote switch, the base
of Q-7 is connected to the output of the error amplifier IC-3
through normally closed contacts 5 and 6 of K5, and normally open
contacts 15 and 16 of K3.

2. The secord function of relays k-3 and K-! 1s to provide a
latching function so that when the 480V, 3-phase circuit breaker
is ON, accidental tripping of the LOCAL/REMOTE switch will not
product disasters. This latching function is obtained as follows:

Assume that while the C.B. is in the OFF position, the LOCAL/
REMOTE mode switch is switched to the REMOTE position. When the
C.B. is switched to ON position, the relay K-3 is energized from
+34V de line through K-4 contacts 9 and 8, through the K-3 coil
4 and 1, to the common side of +34V de line. When K-3 is energized,
its coil latches through contacts K-3/6-7 to +34V and the ILOCAL/
REMOTE switch is no longer effective as long as the 480V circuit
breaker is ON.
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When the LOCAL/REMOTE switch is in the LOCAL MODE, relay
K-U4 latches with similar results.

3. The purpose of K-5 relay i1s to enable the operation of
thermal overload lamp (DS1) in case of cooling water loss to
the quads when the power supply is operating in REMOTE CCONTROL
mode.,
a.) This is realized by wiring the coil of K-5, 12V
(R10-E1~L4-V185) between the junction wire of 2 fault
lamps DS1 and DSY4 and terminal #33 on pc board.

b.) In LOCAL operation, a positive voltage, approxi-
mately 34V is fed from terminal #23 (AH) on the pc board
through the S1-S2-S3 overload relay contacts S1-S3, through
the K5 relay coil 4, 1 to emitter of Q-14.

c.) In case of ICW failure, the circuit between J1
terminals T and J is shorted, thus lighting DS1 and

energizing K-b.
d.) When K-5 becomes energized, the normally closed

contacts, 9 and 10 open, shutting off the SCR's and thus
turning off the output current.

Remote indication of power ON is by a set of contacts K-i-
13/12 and K-3-13/12, which close when the 480V, 3-phase circuit
breaker is ON. The remote indication of LOCAL position of the
LOCAL/REMOTE switch is by means of closed contacts K-4-16/15.

In addition to the above, additional functicons are brought

out in the connector J-1 for status monitoring:

J1-F = 50nV/250A Shunt Output (+)
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JI-E = 50nV/250A Shunt Output (-)

Ji-H = 420V

J1-I = +34v

J1-J = Thermal Overload
A =

§Wéar/Remote Signal from K-U
=4

_""

=§§Current Overload Signal from K-5

O a w

Results
The measurements on 1 modified Sorensen power supply indicate that the

pickup and noise output in the REMOTE mode 1s somewhat lower than in the LOCAL
mode. The long-term drift, of course, depends on the stability of the remote
reference being used. The amount of current ripple is determined by the filter-
ing within the Sorensen supply and the nature of the load being used. Experience
with the modified power supply to-date indieates that the original objectives
have been achieved.
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FIG. 1l: REMOTE CONTROL UNIT INSTALLED



[N
o 127|748
ez |
I'” ! 2004 L
= | 3 L 7 127788 . o8
| '—ﬁf 1 2 DL
! = g
§ a ) o5 +— 05 E) 0 D&Y
i e # —_ T8z
1 3 chg 1) =%
i - ’-N—‘I—M—‘ J
i 11033 1634 a0 o ane i
s 1165 105 s 1: 2 1: (14 oo ouTPuT
I sk -z = Vv jw 0-20voC
I - 127-1748 [13] RS 0-230A
e I}
- |
AT
i ™
2082307 -
1 2080~ | » o
HOTA\'!ONI 2~ 5: {( F—-*‘:u) SENSE -
| <4
I ™w
3 T é
o . o 9
Igsso :{78 127-1748 L
T ‘ @
\ CRIS  CRI9 -
2 Q , cri7 ! : 2oV Bos
— N
0 ' N\
' Te @2 a7 18
nz--use QI gk
r r nrd
6802
cRi8
ay G
@ 4
cos ??T
| R 30 ( &l Sn0
<;u\
LocaL - | as [
REMOTE | v ezt 2
,SN\‘Y(.\"}\\)(] i wo w4
S So— 20V cow, "
B
ean
chee—y .
“g gg:) e 3] g‘i (3]
S

B O y
1% id
126-2652 goj‘
G20,

4 J

CALL VALUES EXPAESSEO IN OHMS OR
HICPOFARADS UNLESS OTREAWISE SPLCINED,

2.0 TENGTES PANLL CONTROL,

S.ALL VOLGES MIASURED AT HOMINAL
WPUT, 40 QUTAUT, RO LOAD.

A UKDERLINED LETTERS AND NUMBERS 1%
BALLOOHS DENOTE PRINTED CIRCUIT
CONNECTION,

FIGURE 2. . 20-250A SCHEMATIC DIAGRAM MOOIF1 N

1-14-
ZALYD

90S-INL
- b—



=24 = 2
o -
w w
= 7long m ~
[R5 . K n
f 4] . - - : o ~ ~
a M Ado Q du du 3 _A _..sm m.oH MH
il ; &
\ T A 4 >.W_.l [ I— &gg_ Nu..u\ﬂ W!&N.MABF > ) V
ST ASH .
— ASV b ——— > Q@ yr—> Ry 09
. N Aoy
2T .\Lsn—l‘f 553 n= 09 teul > ¥ Y=
% T-
» :
Aal Wiz J H )
C AS= 4— AN — W 7_._]( 25! aer T Y=L
L 927 @ il W > 3 v/a
-+ e L —  :W—p
pront RN 2
Yo > P—> 8)
|
> 5 ) ¥ X
TS
i &
rg e g 5
[
R
gavoR N g P
24 o T % u-r &
& ]
Wyl T—xX 51 .
. ps A9 Mo
|2 e A0 20 e s} @
P4 he 3
py r Y >V >—2>n +
1 M ® ' - sSmma TN S Ly——dYr
L 7 > - V23 < 9 Yoot
3 S . AW > Yook
s r m Wl T ow-xa \w 1T
q.o r_... N ‘POY Vg ” —~
w 4
L] \ 3
@ W s 5 « (FF)FC -8~ v90 24 — mon=2g
> =4 uaoﬁ\w.a , dRE ~8-¥Zooa KNSt
- R
B N t
e A Vs
L9 oo Mg fLosdat| sE, Lo\ N0alaeDd 3L0M3Y ~

QAL =3

ANVYHN

Y032~ 02 IDQ  (1Aa50382°05

4DArdns

o1
30vd

AHOORLYD“IVIUIS

ADErONd

‘avdy

NOILDNS

JLON ONIYIINIONI

ANOLYNOEYT NOLVNIIRIDVY IWNOILYN




’t- NATIONAL ACGELERATOR LABORATORY SBECTION PROJECT SERIAL-CATEGORY | PAGE
=& ENGINEERING NOTE TM-506 -11 -
SUBJECT NAME
| HUFFMAN/CILYO
CIRCUIT DIAGRAM OF THE R2LAY ASSEMBLY 0355—74 REVISION DATE
Y
t34V
Remote O O |Local CaThode CR2X
| N EEmiﬂerQu} @
Ke| Bom [Ks pSI+Ds4  |KS
43v[0 &—1 4y oo Lamps D] 12v
| : | . |
IO 7T TO 31 Tpaeqy @V
I Red @ o
: [ O &
]
| | | ©O—y)
@ — &),
e/ | “o— |
| ¥ inosa l |
09 B—y | B—
@1 @ Bt
| ' ® 0 | i—y" |
| | |
o9 | o—)
—® —— G——
I
A A
B @en PC.
T BOARD B
c ¢
D
Collector + | £
I~ e A
@ onPC N
BOARD H
I
FRONT PANEL

Fig .4




NATIONAL ACCELERATOR LABORATORY SECTION PROJECT sz;ﬁ.-;agzeonv PAGE
‘¥' ENGINEERING NOTE - -12 -
suBsEeT MME HUFFEAN/CILYO
WIRING DIAGRAM OF THE RELAY ASSEMBLY ~SATE REVISION DATE
18-5-74
D RED BASE Q7
H
SRN/WH A Collect. @12
ORG s 0o ¥ 3, ESu/H Sethode CRe3
_ 7000 - Q14
N ' y PURPKS
0 %y 0 s DSI+DS4
Briep @ BLK B _
PC VIO WH g2 3
B0ARD . RED
LA | E:—TB 27
9 /\, T K3
4 ’ Ve 4
SRAY WH J R———— S
BRN BLK
PC @
ROARD
oM
gc‘— @GMY
DS |
FWX}EL
YE ~ T
CLEAR SO, ]
— S0my 5 iy

BLK

6. €




NATIONAL ACCELERATOR LABORATORY

SECTION

PROJECT

SERIAL-CATEGORY

PAGE

TM-5 _13-
=& ENGINEERING NOTE 06 13
- NAME CILYO/HUFFMAN
RELAY MOUNTING BRACKET, Fig. S I

-5-T74

3
ﬁ(ummum

”"
</t

Y
v

Reﬁay Bracket
Su/ﬁ/dort’ (2)

. H28(2)
//n o i




NATIONAL ACCELERATOR LABORATORY SBECTION

PROJECT

SERIAL «CATEGORY | PAGE

'-IF ENGINEERING NOTE TM-506 - 14 -
SUBJECT NAME C I LYO
PC CARD SUPPORT, FIG. 7&‘/ _5.@5 = —

3,

< A F'@zn?)
. |
Y ) | % —
R e =

| FRONT | 5

4 ; 3 >

> F"L
. | 1 MATERIAL - G-10
o % $-
3 BACK

2 HOLES DRILLSTAP (-32
DRILL 34" DEEP
TAP 4" DEEP




* NATIONAL ACCELERATOR LABORATORY

¢ ENGINEERING NOTE

SECTION

PROJECT

SERIAL-CATEGORY

TM-506

PAGE

-15 -

SUBJECT

SHEET METAL BOX MODIFTCATION -1

DATE

NAME

HUFFMAW/CILYO

e m———————
REVISION DATE

4 1 —
| | A
| "
y o —_— __*_&/5/5?4 !
l
I |
!
|
USE BUD |
BOX #CB-6HS |
I
I
I
|
l
I
| I
I
I Y
: For D
|
[
n
5 5,/ /
g K
% 7
L) <b~|%%~a
3% Fi. T,




€,

NATIONAL ACCELERATOR LABORATORY

SECTION

PROJECT

SERIAL-CATEGORY

PAGE

=6 ENGINEERING NOTE TM-506 - 16 -
SUBJECT TANE
SHEET METAL BOX MODIRICATION -- 2 HUFFMA.N/CILYO
| DATE 8-5-74 REVISION DATE

/ @ '/z”Hole,

g

Y ( Y. . ‘;

OPEN \-t/! % Hole “\\N_F J % Hole

SIOE -

e ) —] TOPEND | openy s1pE
Z ,/?, —>
OPEN SIDE
| ?(’

OPEN K\w‘/
SIDE.

»-<~5’/8+

BoTTmom END

e, T

USE BUD

BoxX # CB-645




-17 -

Fig. B

TM-506

2H —~ XONINOTUL
‘0001 ‘001 ‘Ol L°0 (o

SE=
==
5
Emmesma

d_ | 1K i If
i
T

3 SATEARE
2

iif
+

|

[
i
il

I
I
I

11}

o | , | | L X

1
L

NIVD

AL WA . YHLTHN

—
g
o

I

1
1T
1
AN

_n__um 4
& ‘. it
o i
© _.Fu_. s == haninennsaeaas g = HiEeis e S =
>3 Hils st EEliig b S Em e 1l AL AR AR it s H* »0lX
Oy | _ i
= M 2
m 1 J F 55 i === SE=== SFeee e
m m i _w : i = . ‘._ ._. ”*_ i 1 1 i { _ i i
i i i SRt i
> A i It _,"_ i v__ % | it

0 = I il m

o it s
V I i 1 i ,wv - =
= np i d <

m *

- 001
(LR S]
5 |
SR
= [
&
=13
O 5
=



-18 -

TM-506

Fad

CZAMPLIFIER.

el

Fig. 3 |
VOLTAGE GAIN VS, FREQUENCY OF THE

ERROR

ZH - Aouenbaxg
ool ‘ol 0°t ) i0°Q

T !
T , ] I [ i Z | T
I - ; i I
HE: : )
I ﬁ + E ﬁ
TR
i 1 LI -
N & : s
: it t
uﬂw,—m;.\l =22 : iEE
i ! ! 1l
11 E
T I
]
I 1
i
= ==
L5, T
13 i
T 23 wL\w
] I i RNAD il 1 § ST
| il ] LI 1
i1 “,,. T
: i s
: il 3
| | i |
B ! i i
L i : f
Al i ! i RE=
W EREEaSRes i : & = e SSARESSESSS SSESEES £ EECEEE e
Hib i wc
== I i T o
i 1 i
i L] RN RA N R e S AL A o ot ot e 141111 N3 AR R R e Oy AR I o ko 4461 (1414 S EHARE EEERS B mE swidd s

L0°0X

L°0ox

0°iXx



-19 -

TM-506
0210

PARTS LIST

FIGURE 10

The following special parts are required to modify each Sorenson

SCR-20-250A supply:

K5

»

e e i T N T e e I R QS SR

3 pin Connector PC02A83S Bendix

3 pin Connector PCO2A83P Bendix

6 pin Connector MS3126F Bendix

6 pin Connector MS3120E Bendix

3 pin Connector MS3126F12-3S Cammon

3 pin Connector MS3120E12-3P Cannon

3 pin Connector PCO6AB83P Bendix

3 pin Connector PCO6A83S Bendix

SPDT Toggle Switch (JBT Type IMI-123)
*+15Vde Power Supply .Intronicg SM100/15
PC Card for Remote Control Unit (Fermllab Design)
9% x 5 x 2% Metal Box (Bud #CB-645)

15 pin PC Card Socket (Cinch #50-15A-20M)
Relay Bracket (See Figure 6)

Relay Bracket Supports (See Figure 6)

, K3, K4 Relay, L4PDT, 48Vde P. B. R10-E1-L4-V.2.5K with Socket

Relay, UPDT, 12Vde P.B. #R10-E1-L4-V185 with Sockets
Cable for Shunt Input Signal - Belden #8208

Cable for the Output Signal - Braided Shield Twisted Pair
Cable for A/D - Belden #8208

Cable for D/A - Belden #8208

Cable for 120V, 60Hz
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SORENSON DCR 20-250A REMOTE CONIROL UNIT

PARTS LIST - P.C. BOARD

390pf #5% 500 WVDC Silvered Mica Type CMO5
27pf *5% 500 WDC Silvered Mica Type CM05
5 uf *10% 90 WvDC

Same as C2

Same as 03

10 uf *10% 20 WDC Elect.

22 uf *10% 20 WWDC Elect.

IN914A 75 PRV 1.0 VF
INTH9 4,3V Zener

AD504M (Analog Devices)
IM301 A(National Semiconductor)

Same as T = IM301A

Co

+15V, 100ma, Intronics Model #31083
2N 3824

1K Q *.01%

Same as Rl

100K © +.01%

Same as R3

10K @ Pot. Trimming Helipot
5.1K Q@ #5% %W, Metal Film (MF')
Same as R6’ MF
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100 @ *5% %W, MF
SamaasRB

1K @ Pot. Trimming Helipot
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Same as R
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5

20K mPF

5K £ Pot. Trimming Helipot
ME

68K €
56K Q
39K &
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2.7M Q +5%,%W
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SORENSEN REMOTE CONTROL UNIT

FIGURE 11

Final Tests of a Modified Power Supply
208V 3¢ Power Off, Use Separate 120V Power

1.

Short the input at fermlnals A-B - use shorting plug.

a. Adjust R5 until the output of ICL is zero.

b. Adjust R10 until IC2 output as read at A/D connector
pins AB = Zero.

Connect an input signal = 25 mV (150A) to terminals A-B

(shunt signal).

a. Read and record the output of IC-1 - it should read 2.5V.
b. Adjust R13 (10K pot) until the IC-2 output at A/D cornector

(A-B) is 1880 x 100 x 2.4 = 6.0V.

208V 3¢ Operation (Internal 120V Connection)

3.

Comnect the remote control unit for normal operation. Adjust
D/A signal input to zero volts. Observe and photograph the
A/D output. It should be nearly zero.

Set the D/A Signal to:

a. 3V= T5A

b. 6V = 1504

Adjust R16 until D/A = A/D.On screen 136 gauss/cm = 50A; 272 G =
1004, ete.



