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1. SUMMARY 

This paper describes various upgrades and tests done at the Research Division 
500 kW Transrex power supply dc current transductors and chassis. The results of all 
modifications were measured on the same test setup with the same transductor 
head and chassis. The setup used for the measurements is shown in Fig. 1. Field 
testing of over one-hundred power supplies indicated that the results given in this 
paper are similar to the signals observed in the field within a factor of + or - two. 
The dc transductors yield 1OVdc burden resistor voltage at 5000 A load current. 

2. DESCRIPTION OF TESTS AND CIRCUIT CHANGES 

Reference 

The transductor head and chassis as built by Transrex was studied at 3 
operating points which were: zero Amp, 500 Amp, and 2000 Amp dc current. The 
original Transrex schematic is shown in Fig. 3. The voltage ripple across the burden 
resistor at these 3 points is shown in Figs. 2A, 2B, and 2C. The spectrum analysis of 
this voltage at 2000 Amp, which results in 4 Vdc burden resistor voltage shows the 
burden voltage to contain the following components: 

60.0 Hz at 6370.0 PVrms 

15.0 Hz at 22.4 PVrms 
9.2 Hz at 8.2 PVrms 
4.6 Hz at 5.0 PVrms 

There was additional harmonic noise above 60 Hz, in the burden voltage, 
however these harmonics have little effect on the actual beamline operation of 
these power supplies. This data is therefore not presented in this report. 

Change #1 

The first change in the chassis was a change of R47 and R42 (Fig. 3) in the 
sense winding bridge from IkQ, l%, 1OW to 75Q 1% 1OW. The result of this was a 
factor of 2 reduction in the peak to peak ripple of the voltage signal seen on the 
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burden resistor. This is shown in Figs. 4A, 4B and 4C. At 2000 Amp and 4.0 Vdc 
burden voltage the ripple was: 

16.0 Hz at 2290.0 uVrms 
15.0 Hz at 100.0 PVrms 

9.2 Hz at 62.6 PVrms 
4.6 Hz at 33.7 PVrms 

Change #l and #2 
The next upgrade was the replacement of the original amplifier board by a 

new amplifier board, shown in Fig. 5. The original boards were in poor electrical and 
mechanical condition due to corrosion and aging. The original board needed to be 
replaced. At this time it was noticed that there were also certain low frequency noise 
components in the burden resistor signal when the booster was running, in 
particular a 15 Hz component. These low frequency components were not present in 
the power supply current when the same power supply was run in a voltage 
regulated mode. These low frequency components resulted in a modulation of the 
power supply output current with 15 Hz, 9.2 Hz and 4.6 Hz in the current regulated 
mode. It was decided to sacrifice a percentage of the 60 Hz noise reduction gained in 
change #l in order to reduce the low frequency noise of 15 Hz and lower by 
adjusting the break frequency of the A.C. feedback of the amplifier card. These low 
frequencies would be more evident in the magnetic field of beamline magnets 
driven by these power supplies. A gain of -10 to -12 dB was realized at 4.6 to 15 Hz. 
The 60 Hz component was still -3 dB less than it was in the original chassis. Figures 
6A, 6B and 6C show the resulting ripple on the burden voltage. At 2000 Amp, and 4 
Vdc burden voltage the ripple was: 

60.0 Hz at 4800.0 PVrms 

15.0 Hz at 30.4 PVrms 
9.2 Hz at 11.5 PVrms 
4.6Hr at 7.8 PVrms. 

Change #l, #2 and #3 

With the use of the new and faster A to D’s in Research Division controls 
systems, there was renewed interest in getting cleaner signals from the transductor 
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chassis. It was found that by using single phase excitation on the head as shown in 
Fig. 5., rather than 3 phase excitation as built by Transrex, the peak to peak ripple was 
reduced by a factor of 2 to 2.5 on any given head and chassis. A side benefit of this 
change was that the power dissipation in the heads sense windings was reduced by 
l/3. Also, because of reduced loading on the chassis’ power transformer, the feed 
back power supply is stiffer, enabling the different interconnected head and chassis 
to operate up to 6K amps ramped. The chassis still retains its 3 phase power supplies 
for various D.C. voltages. The resulting ripple wave shapes are shown on Fig. 7A, 7B 
and 7C. Single phase excitation reduces the 60 Hz component in the ripple by 12 dB 
and increases the 4.6 to 15 Hz components by 1 to 3 dB. With these changes at 2000 
Amp and 4 Vdc burden voltage the ripple was: 

60.0 Hz at 1140.0 pv,,, 
15.0 Hz at 43.6 Pvrms 

9.2 Hz at 18.9 Pvrms 
4.6 Hz at 8.7 Pvrms 

At this point a frequency response test of the transductor head and electronics 
was run comparing the as built by Transrex head and chassis to a head and chassis 
with changes #l, #2 and #3. The test set up involved running current through the 
head from a Kepco bipolar op-amp power supply at the equivalent of 1000 Amps 
D.C. with a modulation of 50 Amps random noise on top of the D.C. component. 
For all practical purposes the frequency response was identical with the exception 
that the chassis with changes #l, #2 and #3 was 1 DB flatter between 5 Hz to 500 Hz. 

Change #l, #2, #3 and #4 

With further testing it was found that the source of ripple below 60 Hz was 
due to ripple in the chassis feed back power supply voltage. For a test the 1300 PF 
filter capacitor was increased to 10,000 IF. With this configuration at 2000 Amp and 
4.0 Vdc burden voltage we find: 

60.0 Hz at 1300.0 wrms 
15.0 Hz at 7.1 wrms 
9.2 Hz at 3.4 PVrms 
4.6 Hz at 6.5 PVmls 
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This test indicated that with this current transductor the operation can be 
improved by using a well filtered and regulated feed back power supply. At this time 
there is no plan to use 10,000 uF capacitors in the Research Division transductor 
chassis because of physical size limitations; or to regulate the feed back power supply 
because of the cost and man hours involved. 

The 240kW Transrex and 150, 250,500 kW FE1 power supplies do not appear 
to have this problem, probably because of different head design and/or the fact that 
the transductor chassis is fed from a constant voltage transformer reducing the 15 
Hz and lower burden ripple. 

Change #l, #2, #3, #4 and #5 

Another area of the transductor chassis that was investigated was the silicon 
diodes used in the sense winding bridge rectifier. It was thought that by using an 
active rectifier that the forward voltage drop variation of the diodes would be 
eliminated. The circuit used is shown in Fig. 8. Upon testing it was found that there 
was a 40% reduction in the peak to peak ripple on the burden resistor at 500 Amp 
and 2000 Amp as shown in Figs. 9A, 9B, and 9C. A spectrum analysis of the ripple 
showed a 12 dB reduction in the 60 Hz component at 2000 Amp and 4.0 Vdc burden 
voltage. The ripple at that point was: 

60.0 Hz at 277.3 uVrms 

15.0 Hz at 1040 PVrms 
9.2 Hz at 47.1 uVrms 
4.6 Hz at 30.0 uVrms 

At the same operating point with a 10,000 uF filter capacitor on the feed back power 
supply the burden ripple was: 

60.0 Hz at 3640 uVrms 
15.0 Hz at 10.5 PVrms 
9.2 Hz at 6.7 uVrms 
4.6 Hz at 14.0 PVrms 
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Again, the cost of rebuilding the 500 kW Transrex transductor chassis using 
an active rectifier in the sense winding bridge is prohibitive. It is suspected that 
some of the residual ripple across the burden resistor (especially at zero Amp) is 
common mode noise. This is due to the fact that the sense windings are at a 
different potential than the burden resistor and that the heads were built without 
electrostatic shielding between the windings. Several shorted transductor heads 
have been disected and no evidence of any shielding was found. 

Future current transductor heads and chassis could incorporate a regulated 
feed back P.S., an active rectifier on the sense winding bridge and electrostatic 
shielding between windings for improved performance. 

3. INSTALLED FIELD CHANGES 

Only changes 1, 2 and 3 have been installed in all Research Division Transrex 
500 kW magnet power supplies. 

4. ACKNOWLEDGEMENT 

These transductor upgrades would not have been possible without Age 
Visser’s tutoring in magnetics over the years and his encouragement for me to write 
this paper. 



2; ;;: ii? EL! ’ ,.1_ i r,‘, I’ 

, “I(..-. . . ~._“., 
2 
z 

-2, (---..-- 

mw N . 
$A & a, 
.db+A$ 
24-IlmLi id “< 
8 E 5 2 E rn*+2va 

k 
h 
4% . . 
00 
I I 

dN 
vu 

1 

6 



NATIONAL *CCLLERATOR LA~ORATORI MD.ncx S~“lAL-c.AT~00”~ P*OL 

= ENGINEERING NOTE ::i&33- 
“BJECT NAYC &4 A-. JAm6q 

7-m /y/8 XbrR mebm ~/PL~CE DATE 
3/P I R= “oN DAn 

Y, 

214 Ot?fG/N&‘L i9r 0 /3 

2 iB UAIG/NAL AT 5-00.4 ya CHRfvGE 2 A7 5&A 

zc i?tefGIA/AL AT 2000A L/e C#,QPKG 1 AT 2otmA 

/I( 1 /=/G 5-m J 
/ 6JJ 

~-/..fJ ? 



NITlOWAL ACCrnL~IATOI U.Ol*tO”” 

# ENGINEERING NOTE =h- 
CIMSI 

W”SCT 
TM/7/t Xr,ri &O?d&W VipLTACh- 

*AYm k/. c: ~w&tAl~ 
D 
*-77(/d, I 

-mwaarr D&m 

6~ CH~/VGF/J~ 47 oA p CMwx 3 33 J-Jr 044 

6a tii4IVt~ 4 e /-IT TOO/S 

645 CHAnrGG 4 I m ZPOOA 

P l!L FIG 5im %d 

5h4fJ 
8 

7c CCIANGfi(Z,3 fir 2oooJq 



NITlONIL ACCELERATOR LAmORATOII 

## ENGINEERING NOTE 
‘=cmON 

I 

P~oJLcr SL”lAL.CATc~0”Y PlOE 
E-Ab 1fl.f 

*“eJECT 
TM/ lj 7 

-~.: J Anfm2ff~ 
x0?-& &iROGU I/PC?TAGF nA,,z 

3/q/ I 
“)C”I.ION DATE 

f/G c/c CHflNGs /J q 3,+- Si?T f&mr? 



0; ;;------Y- _ *.: !(; ,:.+---r,, Ir,:~~jy~,,c:y,l .“‘I”; ! ,y:w I’:, y ,*‘L: , ,, y 
:! 

:f :3 ‘I ,, ,,g ,, ,; 
‘,,.’ 

. 
zg. 

$3 

1 

I 

i 
2, 3 
5 
5 
P 

iT 

Ij 

1 y. 

r 

I 

J -~ 
PI 
$1 
2 
:I 
I 
I 
I 
, 
I 
I 
I 

1 
Z‘ 
T--G-- 
d: 

I 

!~ ,,l 
Ii 
ii “I 
IT 
ii ? 
16 ss 
!i SE 

5: 
,.i 5 
2, y -y 
51: 
Eli 1 
5, iIt :$ 1 I; $;J 

lj q 

‘5 c I 

$4 : r; i. 

I 

‘& ; c 
il;i 

5. 2~ 
{ji 

F :. 
: 
*I :: 

:r 
$I 
z: 
:: 

I 
by 

2 6 

Ii 
I 
$ 

“I t 
1 
ii 
11 

I 

1 

! 
:*, 

i : 
Ir 

1 

,” 

i! 
: .~ 

:.a t 
0 

I I I 



r 
r---- 

: -+- i t 
1.i 
2 I 

r~:::---- 

4 , 1 
Ml1 I I_-. k? 

:; 

iF 

.-. 
‘a .- 

i 
*iI -. -,--I -.j+ 
c 4 

1 ; : -~ “3 1; ,i 
g $ II iii .L <i$$ ; le 0:: ,.d %$I 1 I tm 2: 1; 
‘I . d---~~~~~~. 
Q 
n t ;c ir;p 

: ;rw&, 
7; -----1; 
i ‘hi-~-~ _ + 13 - I- fd + Iii L I i I 

; / 

I, 
F 

!$ 

ii 

: 

!I 

f 

1; 
21 
“1: 
:I$ 
u 

:I$ 

$I$ 

‘ii, 

II 

15 

1,: 

I 

” ‘t 7 
b n I 

QEZ$i ,xs ‘9 _ “’ c ‘iq.yj ~ $q Tu :;a “:,~~- rq ‘eI J -I E : r . *. : :t I’ ,:G tl=L=b “; L--.- ----.- i; E’$& !“., I -;-fy---------- -I 

7 

z-7 
;i 0 ; 
k” ;z 

I-F 
‘8 h 
& 

“17 
$0 _ 
.I-& 

;; 

I 
” 

c _I 
t 
1 

; 
d n ~, 
% 

[*<3 ~f$ 

0 
8. n d ,-a i B-..,r? L!>- i 1.' 

- F~ ..- . . . ~.__.__... 



r a,: ii+‘“; 
]# 3 rri 

1 

l! 2 

11 / -Y; _ 

+s :: ; 

i 
e J$ r ii ii : --.--- 3 _..... 

a; 
t ” ; 1 2 r------- - --E 

I f .s 
e E q $ 0 
--It \ 

; :: 11 

a I- 

r=-- i 
; Q$*$ 

I 

1 
L9% : r 

n 

1 

r$ 

‘r 
1; 
it 
i? 
I; 
jl 
15 

Ij 
;iy 
$ 

iIT 
d/C 
r!: 

1; 

/i 

i.ii 

I 

I 

I 

I 
I 
I 
I 
I 
I 
I 

I 

“l ” r 

) 

I 

? s; :: 
F 
i 
L 
E i 3 3 
0 

I 

I 

I 

- 

* c 

A 

f _?LLa.ry -c’ 
> s ‘I 

f -’ i ,( i 
:?f :.! 8 

:! c IS i : 
$1 ,‘p fig 

;A ,, 
‘y z :jr 2 

g, 
F i’ -.-- m1 *r , 
s/ u- -~ ‘L.. / 

j 
P, of of s; ’ 0 

Y II 


