NPA/Int. 63-28
Meyrin, 28th October 1963

POWER SUPPLIES AND MONITORING BEQUIPMENT FOR PULSED MAGNETS

1. Introduction

The genefal prineipie of powering aﬁd moﬁitering the pulsed beam transport
magnets was described by D. Neet (NPA/Int. 62-9). The greater part of the'iﬁformation
contained therein is still valid. However, at_thet_t;me no operating experiegce i
was available. In the meantime modifications and additions were made, thetwefoved
to be relisble during the 8 neutrino runs that have been done up to nows These
modifications will be described here in detail and ateomplete and up to date set
of circuit diagrams is added. Only these drawings should be used by future users

for reference.

The whole setup performed extremely satisfactoriLy during the neutrino runs.
The position:of the.external.beam on target needed_rea@jﬁétment only every few hours.
This coﬁld eagsily be made by adjusting the current in the last bending magnet.
Over a -period:of 5 days:the. current in one of the bendlng magnets was monltored '
g1v1ng a difference between highest and lowest recorded value of 2 o/oo. The pulse .

to pulse accuracy was - 0.5 o/oo.

2, Power supplies

The operating principle is that of a feedback control system, in ﬁhichnfhe
.difference between a reference imput and some function of the controlled variable
is used to supply an actuating error signal to the control elements and the controlled
system. The amplified error signal is applied in a manner tending to reduce this
difference to zero. '

The way in which the error eignal-debendsfupohfthe edntrdlle&/vafiable
_ determines the behaviour of the system under steady state conditions. The solution

of the differential GQUgtIOnS of the control system gives the transfer function

and its frequency response.
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Assuming & sinusoidal 1nput Slgnal the Laplace trensform of the transfer
function can uhen be wrltten<as ' S o
b +bp+Db 2+
[o) lp 2p cesene

= X = > where p is the Laplace operator
in a  teptap 4 oe.... '

v

o AThe geperal_typesiof'control systems can easily be deduced from this
i‘eqﬁation," o ‘ R C

P --eletient * ’HThe“output signal is proportionsl: to the input signal

L
P =K =-;9 ‘(all other ‘terms ate zero)
2 . _ .

I - element The output si gnal equﬂls the 1ntegral w1th respect to tlme of .
the input signal o

G -
g , where X_ = —= (all other termé are zero) '~ '
P _ I a,

D —'elément - The output signal equals the derivative with respect to'time of

the input signal
F =Ky . p, where K =—= (all other terms are zero)

A combination PD would be

A TR
A

=K’ U = ‘1 U o) whers T = -I-{-D- “the differentia~
F K+ Kb p =K1+ TD p), ‘whére TD X is thedifferentia
o R Cod . tion time’' constant

These are only ideal cases, in reality time constants, appear ﬁhgjegiye

rise to»delaye. They present themselves e.g. in the case of a P - element as

- nFW$¢?;=;4;—;—l£;4-:- ,‘ in Whlch T oo is the tlme constant for whlch
the 1nverse trunsform 1s e
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1+ T1 . P

In the Giesenhagen supplies operation is now as follows (see PM 63).
A voltage proportional to the instantaneous voltage on the capacitor bank is
 supplied to one of the inputs of the DC amplifier. In series with

this voltage is connected part of the voltage drop in a resistor in the main
av
at ° A small

portion of this voltage is again differentiated by C 1. A closer analysis of this

charging current path, which voltage is therefore proportional to C <

eircuit will show that the total input voltage can be written as

3 2 i 2
Do + lp +D p N X + lDl « P+ TDZ oD
VX = ‘a 14+ T ‘ ‘ Vca

ao -+ alp P - lp -cap

where K is the ratio of the voltage divider across the output terminals of the

power supply and T are time constants created by R., R., C., R and C. Thé other

. 2! 1!
input of the amplifier is comnected to a reference voltage.

As long as / VX + V /)> the D.C. amplifier will show an output voltage
that through the power ampllfler opens the transductors that control the charging
current. A

Due to the arrangement of the differentiation of the input 31gna1 to the
ampllfler, the time constants that would otherwise delay this s1gna1 w1th respect
to the 1nstantaneous capacitor voitage are now properly counterbalanced, resulting

in a system that is compietely stable under all load conditions.

. The potentiometer that controls the amount of differentiation and_therefore
the stability should of course be set according to the particular conditions of load
and’ charging current. Diagramsare provided for this (PM 04). It is quite sensitive
when a small load and low charging current are used, therefore the charging current
should be closely observed in this case, to be certain that no oscillations or

small secondary charging peaks occur.
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As a rule the current should go down smoothly in about 100 msec at the
end of the charging cycle. The shunt signal is available at the terminals on the

door.

A second set of diagrams gives the transformer taps to be used for a
certain»rangg of output voltage. The bias current of the transductor should be
chéngéd_simultaneouslj, To this end a counecting strip inside the supply provides
'X4’ X3’ X2,

terminals, marked X,
the number cqfresponding to the transformer tapping used.

Xl’ which should be shorted by tagsfrom X up to
~.Although relatively complicated, this principle ensures that- the trans-
*.- ductor always has the same operating point, thereby providing equal characteristics,

for any output voltage..

In practice the output voltage is fixed for a certain application of the

power supply, a0 that transformer tap and bias current are set once and for all.,

A1l diagrams with "number of capacitors" as varisble refer of course to the
capacitance value with which they were measured i.e. 278 pF each. Whenever other
.capacitors are used they should of course be redrawn.

FRTIN

%.  Interlocks .

As it becane evideht thaw not firing or prefiring of the ignitrogg did
not result in overloading, but that on the other hand too frequent interwuptions
of the éhafgiﬁg'cycle led only to timeiosses,.fhe interlock was modified so that

4"*ény'ignitr6n failufe'did not switch off the power éupply but only lighté up an

S inddcation lamp.

- 5+ In the former setup both kicker magnet and magnetic horn were triggered
-fthrough;dglaySﬁofnrt 10 msec from the Th-pulse;_AS'these delays had an accuracy
of about:l;o/o@, the jitter of the hornupulse'with'respeot to the kicker magnet
could amount to 20 psec on a pulse length of 200 usec. As this was unacceptable
both pulses are now taken from the same point with only an additional 100 psec

delay for the bending magnet.
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A simulator was added for testing and running in the absence of P.S.

machine pulses.

5. Monitoring

A monitoring panel (PM 18) allows display on one oscillogcope of :
a) Kicker magnet pulse and current in each beam transport magnet
b) Kicker magnet pulse and current in magnetic horn

c) Signal induced in the beam current transformer and signal from photo~
detector after the horn.
Comparison of these two sigrals gives a direct check on the efficiency

of the horn and the position of the beam on the target.

6. Current measuring circuit

The relay that provides the switching action (PM 16) is powered from a
higher voltage to minimize the intrinsic delay.

At the input the selector switches both immer conductor and screen of the
incoming cable. This prevents closel loops and multiple earthing that give rise to

parasites on the current waveform.
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CERN -NPA - N PAGE - 1
GENEVE |ENGINEERING NOTES - NOTES TECHNIQUES PM.02
suBjECT NEUTRINO BEAM SIONATURE | PLavf
» DATE 2 /10/63
JET TIMING REMPL. DATE
PROGRAM- i
to PANEL ) |
D14 D18 D16 o iriceer
40ms, Y 400 ps] = 34us KICKER MAGNET
M.C.ROOM
FAST EJECTION CONTROL{ RACKS ™ TRIGGER
- — : BENDING MAGNET
é ¢,
- p12] |t [D1 DT]_,
SiMuL.l | . ——»— IGNITRON 2
CUIREuT] =4 ms
1~ 8'ms :
PULSED MAGNET1 _ IGNITRON 1
SOUTH — PM.2
- > PM 3
HALL [ — PM
» PM. 5
» PM.6
~ PM.7
= PMS8
= P MG
—— P M.10
»
D” Dﬂ L — = |GNITRON 2
. 4-' v )
6ms PM 11 (Spare)
' = |[GNITRON 1
— | D 13, CURRENT = TRIGGER SCOPE
4-10ms MEAS. P.M.
CJRCUIT
to
- DI-D13_
1%0 STABLE MULTIAR
DELAYS 4-10ms
, MAGNETIC HORN
» % ) '
DI— D11 D17 ——»~ TRIGGER FOR
2% PHANTASTRON 10)4.5 IGNITRONS

DELAYS ©0-20ms

»— TRIGGER SCOPE
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/ . 600 S %
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