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1, INTRODUCTION

Under normal operating conditions of the CERN Proton Synchrotron
(i.e. CPS), the main magnet field and hence current delivered by its associated
Power Supply has the form shown in Fig, la. The Power Supply is a controlled
rectifier installation, which is supplied from a motor driven alternator set
(i.e. M/A set). The corresponding rotational speed variation of the M/A set
during a CPS cycle, for a constant motor input power, is shown in Fig, 1b., It
will be seen from Fig. 1, that as the CPS nagnet current rises the speed of the
M/A set falls, caused by the transfer of kinetic energy of the set into magnetic
energy in the CPS magnet. The speed of the set continues to fall until
completion of the magnet current rise. During the flat-top period of the CPS
magnet field (i.e. constant current), the set speed remains essentially constant,
However, a slight fall in speed does occur during the flat-top as a result of
power dissipation losses in the CPS magnet coils., At the end of the flat-top
period the CPS magnet is de-excited, current falls and the M/A set accelerates

as the magnetic energy is recovered in the reversc energy transfer process.

In the absence of power losses in the magnet, the set speed would rise
to the value which pertained just before the excitation of the magnet. The
power input to the M/A set would then only be that to cover the mean rotational
losses of the set., However, the magnet power losses are not negligible, and s
power input to the set in excess of the rotational losses is required to ac-
celerate the set during the idle period (i.e. between pulseés) to the same speed
as at the start of the previous pulse, in order to have a reproducible speed
variation with time. This excess input power depends critically on the CPS
magnet current waveform and repetition period, A too high excess power input
results in a gradual rise in the set mean speed and vice-versa. The total
speed variation during a whole>CPS repetition period depends upon the magnet
current waveform, being at a maximum for a peak rated current pulse in the

magnet. In any case, the total deviation is not permitted to exceed about
%3 ofo of the M/A set synchronous speed,

PS/6023



An electro-optical system is coupled to the alternator shaft of the

M/A set, and produces a train of "CERN standard" machine pulses (i.ee M pulses,
+ 40V - 1 psec). Using this M pulse train, electronic counting equipment derives
a series of designated pulses (eg:MO, M30, MT, etc), according to their position
relative to the CPS cycle, as shown in‘Fig. 2. The designated pulses are used to
programme the controlled rectifier installation (i.e. CPS Power Supply) and kence
the magnet current waveform.

When the set is running at synchronous speed, the frequency of the M
pulse train is 300 cps. However, since the M pulses are produced proportional to
the set rotational speed, then the speed variation per cycle produces a corres—
ponding frequency variation in the M pulse train., It will be seen loter that this
fact is used tb measure, and eventually to control the M/Aset mean speed.

In order to have an accurately reproducible PS magnet field cycle, it
is required that the M/A set runs at constant speed. However, such a condition
implies a prohibitively large M/A set flywheel,

The most economic method of having an accurately reproducible field
cycie is to allow a reasonable speed variation during a CPS cycle and control the
M/A set mean speed to within the desired precision, The purpose of the "mean
speed regulation system" described in this report is to maintain the average
speed of the M/A set per cycle at a predetermined value within specified limits,

For most PS programmes, it is required that the mean opeed is regulated
to be that corresponding to the M/A set synchronous speed. However, it will be
seen later that the system described affords adjustment to have a mean speed
slightly higher or lower than synchronous as required. It is foreseen that such
a facility moy eventually be used in conjunction with a closed=lcopsystem to lock
the mean speed in synchronism with the CERN electrical network mains fregquency.
However, with the present network mains frequency stability (slipping at a rate
of up to 10.4/sec), this could only be achieved at the expense of CPS magnet

field reproductibility, since it is of the same order as the required precision.
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2. POWER/SPEED REGULATION SYSTEM

Before analysing in detail the mean speed regulation system, it is
first necessary to know the dynamic relationship or transfer function between
the power input and speed of the motor/alternator set. The power/speed regulation
system is supplied by the M/A set manufacturers (i.e. Siemens). In so far as its
influence on the mean speed regulation system is concerned, it has two main
functions:
a) restrict the M/A set speed to within the limits £3% of synchronous
speed.,
b) provide a feedback measurcment of the motor active power (i.e, torque)

which is limited to 6 MW,

2.1 Control schematic

The control schematic of the Siemens power/speed regulation system is
known to take the form of that shown in Fig.3. The purpose of the mean speed
regulation system is to regulate the power input signal P in order to have a pre-
determined mean speed output N. Thus, Fig.3 is a schematic of the gystem to be
controlled and the overall transfer function is required.

It is known that the transfer functions of G3 and G4 are of the form

= A = 1
G 3 ' G,

(1 + sT,) sT

I

il

where A3 rotor power gain,
TI‘

Tpm = set mechanical tinme constant,

rotor electrical time constant,

il

s = Laplace operator.

With this condition, the open~loop frequency response of loop A rust be

of the form shown in Fig. 3a, which implies that

G2.G3.G4 = A Ceerieeeeas eo..(2.1)
sTr(l+sTr)
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Substituting for G3 and G4 in equation (2.1), there obtains

The closed~loop transfer function of loop A is given by the expression

. - GGG

o 4

1+ G2,-G3

G,
T

which after substitution gives

GA = 1

sTr/Aq(l+sTr) +1

With this result, the scheratic of Fig.3 may be reduced to that shown
in Fig.4.
The open~loop transfer function of the schematic of Fig.4 is given by

the expression

GA - sTm
G4 f?_{ ( 1+sTr) +1
Aa

The highest frequency lag of this expression is for

w = _1
Tr/Aa

Therefore, tc have a good frequency response let it be Jefincd thot the
open-loop response is of the form

1 » 28 shown in Fig.4a.

sT
r/Aa
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With this condition, then

1
Q. =
1 STI’/Aa
GA?G4
= (l+sTr) +,1
sT
n
Now
i: Gl.GA ’ 0o e s PPNt (202)
P 1+G1'GA
G

Substituting for G,, @, and G, in equation (2,2), there results that

= l @0ecrsescsssescoe (203)
ST 1+ STr/Aa

X
P

The frequency response of 'I;;" according to equation (2,3) is shown in

Fig.5. Tm is of the order of seconds and T,, of the order of msecs, so

that the lag fron _——(l }_ e / is very much higher than the Odb crossing
r/A
a

point (i.e. w = EL- )
n

2,2 Estimate of the M/A set mechanical time constant Tn

It is readily shown that, for a rotating systen,
Torque T = Imertia I x rate of change of rototioncl speed.

For the M/A.set, this may be written as
2

T - ‘g‘l Y gg -oaoauoaoo.o.nco.'oo(204')
T 4g dt
where T = shaft torque,
g_]f = inertia,
4g
%‘t&' = rate of change of shaft angular speed,

wg = M/A set angular speed (rads/sec)
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Dividing out equation (2.4) by the M/A set maximum torque To and

normalizing the differential, there results

2 :
2= 60 . ws .d (ws)
T dt

0 a8 TO

which may be rearranged in the form

2

rl‘/To = s(_g’_]l_ .9§_>= STm’
m/ws 4g To

where s = Laplace differential operator.,

Therefore, the M/A set mechanical time constant is given by the

expression
2
To = & «ows L L. (2.5)
4g To

For the motor/alternator set,

GD2 = 170 ton-—m2
s = 105 rads/sec (ie: synch.speed = 1000 rpm)
T = 5000 Kg.n
° 2
and g = 9.81 m/sec

Substituting these values into equation (2.5), we obtain that

T
n

89 seconds.

2.3. Rate of change of M/A set speed when maximun torque is applied.

It is required to know the rate of change of set speed when maximum

torque is applied, corresponding to maximum power input to the motor (ie:6MW),

Equation (2.4) nay be rearranged to give for maximum torque

dw = To
dt CD%/4g
Substituting for To, GD? 'and g as given in the previous sub-section,
we obtain
dw = . .
(—E;_)max 11.2 rpo/second . . . . . (2.6)

This corresponds to 1 o/o/second for a synchronous speed of 1000 rprm,

PS/ 6023



-7 -

3. MEASUREMENT OF MEAN SPEED DEVIATION

In the previous Section, it has been shown that the transfer function
between M/A set power input and speed is essentially a simple integration,
having a time constant equal to that of the M/A set. Before a mean speed
control system can be established, it is first necessary to have a method
by which the mean speed/PS cycle can be accurately measured. The foregoing

describes the method employed.

3¢l. "Speed error" - "Time" relationship.

Let it be supposed that the CPS has been prograrmmed to have a
desired repetition period Trep, which would normally be set as a multiple
of 100 msecs between say 1 and 5 seconds., The machine repetition period,
together with all the designated pulsus in the PS cycle (ie : MO,M30 etc),
is derived from counting the M pulse train., If the machine mpetition period
is to correspond to the preselected value, it rcquires that the mean M pulse
frequency is 300 cps. This in turn requires that the mean M/A set speed is

synchronous.

The time period between any given designated M pulse (eg: MO), is
a neasure of the actual CPS repetition period Trepp.

Let the real time difference between the desired Trep and actual
rachine repetition period Trep, be 8t as indicated in Fig. 6. It is shown
in Fig. 6 that for small deviations 8N of the mean set speed/cycle, about

synchronous speed Ng, the following equation is valid ;

6t =—& @ & o ¢ & 2 e e o @ » (3']')
Trep Ng

Equation (3.1) implies that the time error &ty between the desired
and actual repetition periods is directly proportional to the corresponding
nean speed deviation 8N, To have an accceptable reproducibility of the CPS
nagnet field cycle, the nean speed is required to be accurate within the
linits of £ 1077,

a time deviation of X 100 psecs. If the time error &ty is measured to an

For a repetition period of 1 sccond, this corresponds to

accuracy of 10 puscees, then it is an order less than the desired mean speed
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precision. To achieve this result, l¢t the MO pulse start a counter driven
from o 100 Kc/sec crystal controlled oscillator. An output pulse TR is
produced after the desired repetition period Trep. The time error between
the TR and the next MO pulsc, will be a measure of the mean speed
deviation from synchronous. Since the mean speed can swing above and below
synchronous, then it will be seen fron the waveforry/tine diagrans of Fig. 7,
that two such counters are required in order to have a measurement/cycle of

the mean speed deviation,

Fig. 7 indicates the ncthnod used and is also a schematic diagram
of the U. 1545 "GENERATEUR DE L'IMPULSION DE REFERENCE", The MR pulse is
used to "gate" the MO start pulse, so that the 100 Ke/sec counters are
operated alternatively. The relevant waveforn/tine diagrams for the machine
nean speed being under and over-synchronous are also shown in Fig. 7. The

schematic of the 100 Kc¢/sec countor units is shown in Fig. 8.

4, MEAN SPEED CONTROL ANALYSIS .

In the previous Section, the method has been described by which the M/A
set nean speed deviation/cycle is ncasured. The tine period between the
reference pulse TR and a machine pulse MO represents the mean speed
deviation, and the order (re: MO before TR or vice—versa), is an indication
of whether the machine is running too fast or too slow. It is apparent that
the two pulses may be used to produce an analogue signal (eg: by a tine to.
voltage converter integration process), the level of which is proportional
to the time period between the pulses and the "sign" according to their order.
The analogue signal can then be used to provide a correcting action of the M/A
nean speed., The open-loop schematic of such a method of control is shown in

Fig. 9.

4,1, Open~Loop Schematic.

Consider the schenmatic of Fig. 9. G represents the normalized trans-
fer fun tion between the M/A set power input and speed. Gp is the transfer
function of the sampling process of neasuring the nean speed deviation per CPS

repetition period. Gz is the transfer function of an integration and "hold"
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circuit, which stores the ‘deviation measuremcent and uses it to provide
corrective action during the following repetition period. G4 is the transfer
function of a control regulator which nay or may not be frequency dependant,
depending upon the stability when the closed-loop is formed by negative feed-
back connection & "B" to "A", It is desired to know what form the open-loop

frequency response of the mean specd regulation system nay take.

The transfer function of the sampler ey he shown to be

__]__ 8k‘—‘-+ ©

G2(S) = k_—_°° (S+jkwr), ceoss0epepecrsagy (4'1)

Trep
where wy = l/Trep ;

and that of the zero-order hold circuit

G5(s) = (172 7°) PP ¢'7-)

S

The frequency response of |Gp (jw)| is shown in Fig. 10, for

positive frequencies and k = O,

In order to recover the input signal, the sampling frequency should
be larger than or equal to twice the highest fregquency component of the input
signal,

le: wp 2 2w

L zZ 2w
Trep

k = 0 is the case of interest, higher frequency sidebands being ignored.

Consider the modulus of the hold circuit, which may be shown to bo
given by the expression

|G3 (jw)|= Trep _sin ﬁwTrep[Z) eccesassensene (4.3)

wlrep/?2

The frequency response defined by equation (4.3) is indicated in

Fig, 11.

Considering both [6o(jw) | andles (jw) | together for the case of
k=0 (iet only case of interest from the sampler). It will be observed that

[Gg(jm)l is the function that determines the frequency response of |G2(jw) .
G3(jw)4 This means that in order to have a staeble closed-loop, the overall
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frequency response of the open-loop schemctic of Fig, 9 rwust have a gain

<0ab for frequencies > wr/2 (ie: 1/2 Trep).

Fig. 12 shows the frequency response of IGl(jw) . Gg(jw) . G3(jw)|-
The break point due to l/(l + s Tr/Aa) in G1 is well above the frequency

range of interest, and is therefore neglected. In order to satisfy the
condition for closed-loop stahility, G4 may have a proportional gain k
having a maxinum value k.4, such that the response of Fig. 12 becomes that
shown dotted. Since that part of the frequency response above Odb is falling
off at 20 ab/decade, it is readily shown that ;
k., = I ireeereeee e (408)
2Trep
However, this is a maximum value. In practice it should be slightly

less, to avoid the risk of conditional stability.

4,2. Mean Speed Regulation System Transient Control Loop.

The preceding section has stown that in order to maintain a
good frequency response of the rean spced control system, the loop gain must

be changed inversely proportional to the repetition period Trep.

The mean speed deviation is neasured as a real time difference
between TR and MO, irrespective of Trep. 1t is apparent from equation
(3.1) that the output from the "hold" circuit nust be made inversely propor-
tional to the repetition period for a given real tire error, to obtain the
corresponding speed errvor., This result implies that the total loop again

nust be changed inversely proportional to the square of Trep.

A practical schematic of the meon speed transient control
loop can now be ¢stablished and is shown in Fig. 13, wherein the nore important
waveform/time diagrans are also indicated. Fig. 13 is also a main schenatic
of the mean speed electronic chassis "U. 1546 - CONVERTISSEUR TEMPS/ TENSION
BT REGUIATEUR".

In the schematic of Fig. 13, an additional operational amplifier
has been added in parallel after the main regulating anplifier. This amplifier

provides a transitional lag giving increased gain to reduce low frequency
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speed variations, The effect of such a transitional lag on the open-loop

frequency response is shown in Fig. 14.

The MW designated machine pulse, occurring sone 30Onsecs
before MO, has b.en used to initiate the resetting of the time/voltage
converting integrator. For a synchronous sean speed at a 1 sec repetition
period, resetting with MW has the effect of introducing a ncgligible gain
defficiency error of only 3 o/o (ie : 30 msecs/Trep), being proporfionally

less for higher repetition periods.

It is important to note that the "fine" control signal of
the control system schenatic shown in Fig. 13, is zero when the M/A set mean
speed is synchronous, giving a +ve or -ve signal to have nore or less power
depending upon whether the set is running undcer or over synchronous respectively.
Thus, the systen described provides transient correction of rean speed
devintions. However, a nean power input sctting is required (constant for
a given CPS prOgramme>, in order © obtain that thc set runs at approximately
synchronous speed. This mean power reference input (Pr in Pig, 13) depends
upon the CPS programme, mainly the repetition period and nagnet current pulse

flat-top current,

4,3. Some Additional Remarks about the Mean Speed Regulation Systen.

Starting conditions require. that just prior to pulsing, the
M/A set should berunning at its upper speed linit (ie: 3 o/o above synchronous).
As explained earlier, the limits of X3 o/o are controlled by the power-speed
regulation systen of the M/A nmanufacturers. This condition inplies that the

power roference signal is initially at o maxinun.

Irrespective of the CPS progrorme (ie: heavy or 1ight), the
set is running at 3 o/o above synchronous when pulsing begins. The mean
speed regulation system is required to propressively reduce and then to

naintain the set mean speed at synchronous.

The above conditions neccssitate a coarse control systen
(ie: providing the reference signal Pr), to set within a fow o/o the average

power demands of the M/A set.
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4.4, Mcan Speed Regulation Systen Coarse Control Loop.

It has heen shown that a power reference signal is required
to provide the steady-state power den:nds of the notor-altcrnator set. For
a given CPS programme the power reference signal Pp is constant. However,
it can have any value corrcsponding to hetween scveral ofo and 100 o/o of
the motor moximum power input Prax, (6MW), and is required to he set auto-

natically.

It should be borne in nind that the set mean speed only
begins to fall after the power refcrence signal has dropped below that
required for the particular CPS programme. If the coarse control systenm is
arranged to operate whilst the mean speed is outside of specified limits,
then it means that when the speed is within the linits a certain reference
power error will exist. The valuc of this error will depend upon the rate
at which the reference signal is reduccd and the reyetition period of the
machine, In order that the nnchine will run synchronous, this power error

must be taken over by the transient control loop.

Under normal working conditions, the coarse control systen
only operates for a short period at the heginning of the CPS pulse prograrme,
An initial period of several minutes has been considered acceptable before

the mean speed is within the required precision.

To have a good resolution of the transient control loop, it
is desirable that its linits of operation are snall, If it is arranged that
the "tine to voltage converting" integrator integrates linearly for a time
error deviation between MO and TR of up to X1 o/o of the repetition
period, then for a 1 sec Trep this means a linear time to voltage converting
integrator output for up to 10 nsecs. The particular integrator used
(employing a "Zeltex imodel 145" chopper stebilized d.c. anplifier), saturates
at £ 12 V, Therefore, the integrator can be linear to say & 10.V. A 10_4
error in nmean speed would then have an output of 100 nV, Clearly, if the

band of linear integration is reduced (ie: £ 10 V in < 10 nsecs), then the

output signal for a 10-4 speed error would he proportiocnately increased.

Although the final steady state offset of power error will

be taken over by the "limited gain" integral part of the transient control
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loop, initially it must be compensated for by the proportional part of the
loop. In Section 4.1,, it has been shown that the maximum gain of the pro-
portional loop is

= UL
K ox Ty/2Trep

Thus, for a Tp of say 100 secs (ie: calculated value is 89
secs.), then the maximum power which may be applied for say a 1 o/o speed error
is 50 d/o Ppaxe Correspondingly, a 5 sec repetition rate limits the applied
power to 10 o/o Ppax, for the same o/o speed error. For practical reasons, it
is undesirable to have possibl.: power input swings to the M/A set motor greater
than about 10 o/o of Ppax. (ie: €600 kW), This is achieved by arranging that
the saturation level of the final stage summation amplifier of the transient

control loop corresponds to 10 o/o Ppy.

If the bands of integration are reduced to say 0.1 o/o to have
a better resolution, then the maximum power which may be applied, before the
risk of loop instability and hence "hunting" of the M/A set, at a 5 sec.
repetition rate is only £ 1 o/o Ppax, This would require that the coarse
control system sets the mean Py to within X 1 o/o. For practical and particular-
ly security reasons, it is desirable that the coarse control system is simple

and not too complicated to achieve high accuracy.

Suppose the coarse system sets the mean power Py toSX 5 o/o
of the necessary value. This means that up to 5 o/o must be provided by the
transient control loop. At a 1 sec repetition period, 5 o/o power corresponds
to a 0.01 o/o speed offset. (only from the proportional part of the loop). The
transitional lag of the integral part of the transient control loop having a
gain of 10 (ie: one decade, which is ahoﬁt the maximum to avoid haviﬁg a zone
reduce the required offset to 0,001 o/o. This is an order of magnitude less
than the required mean speed precision. Similarly, at a 5 sec.repetition
period the initial offset would bhe 0,05 o/o, eventually reducing to 0.005 o/0;
which is a factor of two better than the required precision.

Thus, it is sufficient to have a coarse control system which
sets the mean power reference Py to a precision of the order of £ 5 o/o. The
reference power error and subsequent compensating offset from the transient
control loop, only effects the value of the steady state mean speed. The
reproducibility of the CPS magnet current pulse is not influenced by the

power error,
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The complete control schematic of the mean speed regulation
system is shown in Fig. 15, in which the adopted method of coarse control is
indicated. Fig. 15 also includes a simple schematic of the mean speed éhassis

"U . 1547 - POTENTIOMETRE DE REFERENCE",

The waveform/time diagrams of Fig., 15, are those pertaining
as the M/A set mean speed is reduced into the transient loop linear operating

limite (ie: =1 o/o).

4,5. Rate of Change of Power Reference Signal.

It has been shown in Section 2, equation (2,6) that the rate

of change of speed when maximum power Pmax 15 applied is

dy _
( o Jpax = 11.2 rpm/sec 1 o/o Ng/sec.
For any power applied or removed being x o/o of Ppgx, the
corresponding rate of change ol speed will be

an = _x_ ofo Ns/sec. cieecnrerenanees  (4.5)
dt 100

The mean speed of the M/A sct only begins to fall when the

motor input power is less than that for the particular CPS programme.

Let the motor driven power reference signal potentiometer take

Ty seconds to reduce from maximum (corresponding to Pmax)? to zero. Therefore,
from the time that the power becomecs less than the programme requirement and

by analogy with equation (4.5), we can write

A = _t_ . o/o Ng/sec evrveeneenness (446)
at Tp

where t = time elapsed after input power has dropped below

required power input.

Integrating equation (4.6), there results

2
Nz_t__. O/O Ns’ P8 cevcesrosersry (497)
2T,

which can be rearranged to give
t = | 2N ofo. T, (4.8)
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Let Ty = 240 scconds, which is achieved by using a "CERN

standard" 6 turns/min. motor drive ona 25 turn helipot.

The maximum required reduction of mean speed (ie: for a very
light programme), to bring it into the linear operating limits of the transient
loop (ie: * 1 o/o) will be 2 o/o.

Substituting for N = 2 and Tp = 240 in (4.8), we obtain
t ® 30 seconds.
For a 1 sec. repetition period the reference power motor drive

will stop after a maximum of 31 seconds, and for a 5 sec. repetition period

after a mximum of 35 seconds. Thus, producing reference power errors of

-31 = ~12.4 ofo, and
240

-35 = = 14.5 o/o respectively
240

Whilst the mean speed is above + 1 o/o of synchronous, the
transient loop will be saturated giving a -10 o/o power signal. In order
that the mean speed will not undershoot the limits of X 1 o/o, the transient
loop must at least be able to compensate the mean power error deficiency,
(ie: max. of =14.5 o/o). This condition is satisfied since the transient
loop can give from a -10 o/o to +10 o/o power signal (ie: 20 o/o). However,
it should be noted that once pulsing has begun, the mean speed will in fact
be less than 3 o/o above synchronous, so that the power error when the coarse
loop motor drive ceases will be less than 14.5 o/o. A more realistic value
would be about 10 o/o, which corresponds to an initial mean speed of say
2 ofo above synchronous. For a 10 ofo coarse loop power setting error, the

steady state signal from the transient loop would be very nearly zero.

5. DESCRIPTION OF THE MEAN SPEED REGULATION SYSTEM ELECTRONICS CHASSIS

In the previous Sections, the principle of operation of the mean speed
regulation system has been describcd and the relevant general schematics of

individual component chassis indicated. However, for completeness it is felt
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necessary to include brief comments on the actual chassis equipment to
facilitate adjustments and "trouble shooting". The mean speed regulation
equipment consists of four 19" rack mounting chassis, each of 4 "standard
units" height. A complete comprehensive dossier of drawings exists for each
chassis,

ies U. 1552
U. 1545
U. 1546
U. 1547

5.1, U,1552 - Alimentation du Générateur de 1'Impulsion de Référence.

This chassis contains the power supplies for the "U,1545 -
Générateur de 1'Impulsion de Référence" and allneon pulse indicator lamps.
Lack of space in U, 1545 necessitated that its supplies be located in a
separate chassis, The electrical wiring diagram of U. 1552 is shown on
Drg. 125-1552-~3. It will be seen that there are four supply voltages (plus

the zero volt line), namely;

+ 170V (50 mA capacity)
+30V(a) (1A capacity )
+ 30V(b) (14 capacity )
- 20V (1A capacity )

As with all the mean speed regulation equipment, the "banana
plug" checking points on the front panel are protected through suitable

resistors, in this case 4.7 KO .

The relay print "228P-Exec, 13" provides a closed contact
between pins 1 and 2 ( SK5 - rear panel), when all except the + 170V supply
voltages are present. The 4170V is used only for neon pulse indicator lamps
in U, 1545 and U, 1546, and is therefore not essential for the functioning of
the mean speed regulation. The lamps LP1 and LP2 should be illuminated if the
essential supplies (ie HE BOV(a), + BOV(b), - 20V) are present,
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5.2. U.1545 ~ Générateur de 1'Impulsion de Référence.

The schematic diagram and more important waveform/time diagrams
of this chassis are shown in Fig, 7 of this report. The schematic of the
100 Kc/sec. counter sections of the unit are shown in Fig, 8, and the chassis
wiring diagram is given in Drg. 125-1545-0, The counter flip-flops are‘

located on the printed circuit card sockets.

Counter 1 - sockets 33 to 44 inclusive

Counter 2 -~ sockets 17 to 28 inclusive.

It should be noted that the first two decades of each counter
(ie: 100 Kc/sec to 1 Kb/sec., sockets 33 to 36 and 17 to 20 respectively), are
fast lMc/sec. double counting flip~-flops, The remaining flip-flops are slower
10 Ke/sec. double counting flip-flops.

The output (ie: U) of the "Ebauches" crystal controlled
oscillator is a 100 Kc/sec., 1V r.m.,s, sine wave. The associated trimming
condenser should be adjusted to have exactly 100 Kc/sec. The output signal
"is amplified by the waveform shaper card (ie: 225P-chassis socket 4) to give
a +30V square wave. A potentiometer Pj is provided on this card to facilitate
adjustment to have a unity mark : space ratio of the square wave signal. The
potentiometer P2 varies the quiescent operating point of the first stage a.c.

amplifier to have optimum gain.

The binary outputs from the last two decades of the two
counter strips (ie: 100 msec. and 1 sec. steps, sk 41 to 44 and sk 25 to
28 respectively), are decoded by the 239P diode prints to give the corresponding
decimal output. These decimal outputs from cach counter are assembled
together on the 335P relay cards.

The selected CPS machine repetition period is transmitted by
external closing contacts to the chassis relay cards 335P (sk 49, 50, 51 and
52), For example, a selected repetition period of 2,1 seconds, would result
in a 430V signal appearing on E (sk.51) and B(sk. 49), which energizes the

corresponding decimally arranged relays on the cards.

PS/6023



- 18 -

According to the relays that have been energized by theexternally selected
repetition period, the decimal signals are gated to produce (alternatively
from each counter, as indicated in Figs. 7 and 8) an output coincidence
pulse. This coincidence pulse gives a real time reference of the desired
repetition period, measured from the previous counter start pulse. The
coincidence pulses are used to reset the corresponding counter from which
they have been derived, and are then "OR" gated together to give the TR

reference pulse every CPS repetition period.
The designated machine pulse inputs to the chassis are :

(a) the MR pulse, Which is used to switch the start

pulse (ie: machine repetition pulse), alternatively
from one counter to the other. The reasons for
this have been explained ih Section 3 of this report,

(b) the MO £ 13,3 msecs.

If the M/A sect is to have a synchronous mean speed, the
pulse of (b) should be tmt corresponding to the MO machine pulse (ie: n = 0),
However, if for some reason it is required that the set runs slightly faster
or slower than synchronous mean speed, it is achieved by using later or earlier
pulses in the M pulse train (around the MO pulse). For example, at a
1 sec, repetition period and using the next later pulse in the M pulse train
(ie: MO + 3.3 msecs.), then theset would be regulated to run at 0.33 o/o slower
than synchronous mean speed. Similarly if a pulse from the M pulse train
corresponding to two earlier than MO is used (ie: MO - 6.6 msecs,), then the

set will have a mean speed 0.66 o/o fastcr than synchronous.

5.3, U. 1546 ~ Convertisscur temps/tension et Régulateur.

The electrical wiring diagram of this unit is shown in Drg.
125-1546~1, and the corresponding waveform/time diagrams are given in Drg.
126-1052~0. The function of this unit has been described in Section 4 of this
report and its general schematics indicated in Figs. 13 and 15, The upper
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left hand portion of the wiring diagram shows the two independant power
supplies (430V, OV, -20V and +15V, OV, =15V). The upper right hand
portion contains the gain .switching relay cards. As in the previous unit
(ie: U.1545), the relays are energized by external closing contacts accord-
ing to the selseted CPS repetition period. For example, a CPS repetition
period of 3.4 seconds results in a +30V energizing signal appearing at
R(sk., 39 and 40) and T (sk. 37 and 38).

The "signal flow" of the remaining part of the wiring dia-
gram is from left to right. The cards to the left and including 239P (sk,12)
are first pulse adapters (ie: 203P - converting the CERN standard input pulses
(445V, lusec.) into 430V, 10 psec. pulses), followed by the logic circuitry
to obtain ;

(a) a 430V pulse of width (MO-TR), only when the set is running

over-synchronous and MO occurs before TR,

(b) a +30V pulse of width (TR-MO), only when the set is running

under synchronous mean speed and TR occurs before MO.

For the case (a), the integrator pulse adapter 242P (sk.18),
converts the 430V pulse into a "-ve pulse" of amplitude such that for a 1 sec.
repetition period and 10 msec separation between MO and TR , the integrator
output (236B/F ~ sk. 19) reaches +10V. Adjustment of the amplitude of the
"-ve pulse" to achieve this result is by potentiometer Po on card 242 P(sk.18).
Similarly for thecase (b), the +30V pulse is converted to a "+ve pulse" of
amplitude such that for the same repetition period and time separation between
TR and MO as previous, the integrator output reaches -10V. The pulse ampli-~
tude in this case is adjusted by Py on card 242P (sk, 17). It should be noted
that by appropriate adjustment of P; on card 228P (sk. 33), the integrator
inpuf pulse (+ or - going ) is automatically reset to zero when the integrator

output reaches say + 11 Volts,

The MW machine pulse initiates the rcsetting of the "time to
voltage converting" integrator ( Zeltex, 236P - sk.19). Depending upon

whether the integrator output is at a +ve or —ve level (determined by MO

PS/6023
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occurring before TR or vice-versa respectively), the MW pulse is gated
accordingly to initiate the correct polarity of the resetting pulse by
turning "on" either the flip-flop of sk. 24 or sk, 23.

The integrator is reset from +10V to zero by a +ve input
voltage signal from 242P (sk. 18). The amplitude of this signal is adjusted
by Pl on the card, so that the resetting time is 2.5 msecs. Similarly the
resetting from -10V to zero is achieved with a ~ve Volitage signal from 242P
(sk.17). The amplitude is adjusted by Po on the same card to have a 2.5 msec,
resetting time. The potentiometer Py on card 241P (sk.21) allows the resetted
voltage of the integrator (coming from a —ve voltage), to be adjusted very
accurately to within a few mV of zero by stopping the +ve input voltage signal
to the integrator. The potentiometer Pj on card 241P (sk.22) is to have the
same adjustment on the resetted voltage when the integrator output is coming

from a +ve voltage by stopping the -ve voltage input signal to the integrator,

The effective input resistances of the integrator across Ryg
and Ryz, for positive and negative input pulses respectively,are changed
proportionaly to the repetition period by the gain switching relay cards
(sk. 39 and sk, 40). The resistance across each for a 1 second repetition

period is 10 KQ.

The "Nexus" amplifier of sk. 26 is the main regulating amplifier
of the mean speed regulation system. The gain of this amplifier is made «
l/Trep by changing the effective input resistance across Rpp proportional to
Trep, The appropriate resistance are located on the gain switching relay
cards (sk., 39 and sk. 40) and are connected automatically across Rp2 according
to the selected CPS repetition period., The resistance across Rpp is‘lO KQ
for a 1 second repetition period. The 50KQ, 10 turn helipot permits an
increase of theloop amplification from one to two times the automatic selected
value. The best setting of the helipot will be obtained by "trial and error"

to obtain optimum response.

The transitional lag (ie: integral part of the transient control

loop), is provided by feedback around the "Zeltex" amplifier of sk.27.
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The resistors R31 and Rsp determine the ratio of the control
action between the proportional and integral parts of the transient control

loop. At present, both are 5,6 KQ , in order to have equal effect.

Bach of the instrument potentiometers should be adjusted to

give a full scale 'reading for 10 Volts applied.

The relay print (ie: 228P, Exec.B - sk.34), provides a closed
contact between pins 1 and 2, rear panel SK.6 if all the essential power
supply voltages are present (ie: 430V, ~20V, +15V, =15V), The lamps LP2 and
LP3 should be illuminated accordingly. '

Se4. U, 1547 ~ Potentiometre de Référence.

The wiring diagram of this unit is shown in Drg. 125-1547-1.
The schematic diagram and an indication of the more important waveform/time

diagrams are given in Drg, 126-1053-1,

The left hand portion of the wiring diagram shows the inde-
pendant supply transformers for (a) + 30V and -20V, (b) 20V reference source
and (¢) 48V a.c. helipot motor drive, The voltage across the helipot is
reduced to 10V, by a 3.9 K0 series resistor, to correspond to 100 o/o
power input signal to the power/speed regulation system., The facility is
provided to have an initial power reference signal drop from O to 8 o/o
when pulsing begins. This is achieved by opening the "bridge" between A and
B (ss,16), and adjusting the potentiometer on 228P-Ex.16 (sk,15) accordingly.
This power drop is recuperated as soon as the helipot motor drive stops (ie:
mean speed within the limits of £ 1 o/o of synchronous), and is incorporated
to partially compensate automatically the final steady state power error of
the coarse control system (as explained in Section 4 of this report). However,
tests with prototype equipment have shown this facility may not be necessary.
Once a steady mean speed has been achieved automatically, it is recommended
that steady state offset is reduced by adjusting the helipot manual control
to have a very small output signal from the integral part of the transient

control loop (ie: instrument AM2 in U, 1546).
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Failure of the +30V, -20V or reference source voltages causes

a contact to open between pins 1 and 2 (rear panel SK.6).

Symmetrical triggering of the helipot motor drive relays is
achieved by adjustment of potentiometer Py on card 235P (sk. 12). The

feedback resistor Roz of the 243P d,c. amplifier (sk. 11), should be adjusted
so that the motor drive operates when the input signal to the amplifier
is 2 X107V,

The Drg. 126-1054-3 shows the mean speed regulation system

chassis interconnections, and connections to "Siemens" and other CERN control

equipment,

N.S. Blyth

Distribution :

Open
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