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I. Introduction

The slow spill servo system at the AGS is designed for the purpose of maintaining a
constant beam extraction during the SEB spill period. The feedback signal is taken from the
extracted -beam. It is then compared with the desired reference signal. The difference is used
to drive the Siemens power supply in order to achieve an expected magnet current slope,
" which moves the AGS circulating beam radially outward for the extraction. The purpose of
this measurement is to find the spill servo open loop transfer function, especially the time
delay from the magnetic field slope to the beam extraction. The model obtained is useful in
the spill servo system analysis, simulation and design.

II. Loop Components

In this section, we give the description through the proper transfer functions for each
component in the spill servo loop. The schematic drawing is shown in Fig.1.

1) C10 SEC amplifier.

Let the current input to the C10 SEC amplifier be Lic1o(s). Let the voltage output be
Veio(s). We have

Veio(s) = Ti(s)ficrols), 1)
where T'y(s) is the transfer function of the amplifier.

T)(s) = —100X0.333X10°
! 5-+0.333X10°

(2)

2) Spill Servo Regulator.

After a buffer with a gain 2.2, the beam signal is compared with the reference voltage
Veercey, which is from the L20CBM(circulating beam monitor) by an S/H device. The
difference is then augmented by a computer controlled power supply signal, P/S, which
ranges from OV to -10V. The gain represented by P/S is denoted by Ggsgan- The signal after
an RC network is denoted by Vgypp(s). We have

Vourr(s)=T 2(3)X(2-2Vcio(8)"VREFCBM)- (3)

where the spill servo regulator currently is

0.032549.68
Tofs) = GogganX—2025+9.68

5+9.68 ‘ (4)



3) Spill Signal Filter.
After a -0.63 buffer, the spill servo reference voltage Vgpyrppr(s) is compared with
Vpurr(s). The output of the comparator, after a -2 buffer.and the spill signal filter, is then

fed to the Siemens power supply, i.e. the B loop. This voltage is denoted by V; SIEMENS(S)
We have

Visiemens(s) = Ta(s)X(—2)X(—0.63 Vpyrper (s)+Vaurr(s))- (5)
with the spill signal filter
—2.338
= L2200 6
Ts(s) = S 865 (6)

4) B Servo System.

From the measurement of the B servo system, we have obtained a third order linear
model for the multiphase rectifier at the Siemens, which is

4,500 13,500
Grror (s) = —60X( 5+4,500 )% 5-+13,500

— ' —1.64E13 ‘ ! )
- §%422,5005%4+1.418F854+2.734E 11
This model well matches the system frequency behaviour from DC to about 200Hz, and
therefore it can be used in the study of spill servo system. If we consider the phase delay net-
work in the B servo loop

Gas) = S22, ®)
along with the DC gain adjustment in the loop, 5.3, and the feedback coefficient 0.01, then
we can calculate the transfer function of the B servo system as

T (s) = - Gy4(8)X5.3XGreer(s)
I—Gd (S )X5 3XGRECT(S)XO 01
-3.7F15

= g) .
4+22 5435%+1.427E 8s242.794E 115 +4.862E13 ®)

The Bode Plot of the transfer function (9) shows that the B loop now has a DC gain 76,
and a bandwidth 28Hz.

The input signal in the B system is the sum of V,SIEMENS(s) and Vgomper, Where
Veomrer is the computer controlled voltage reference, serving the purpose of Siemens output
voltage set up. The output voltage is denoted as VoSlEmst(s) Thus, we have

Vosemens(8) = T (s Vismmens (3)+V comrer) (10)

5) Siemens Filter. 4
We denote the voltage output of the Siemens filter as Vj,(s), and let

Vu(s) = Ts(s) Vosmmmns (s)- (11)
where

4E6541.143E9

T5(3) = 3 2 .
8°+2,285.71s“4+4F 65 +1.143E9

(12)



A simplified second order model for the filter can be found as
3.334F6
TS(S) = 9
§°+1,4505+3.334E 6

(13)

Later, we shall use the simplified model.
6) Magnet and Magnetic Field Slope.
Let the magnet current be f;(s). We have

L(s) = To(s)Viuls) = 22

+0.4

Viu(s). (14)

The magnetic field slope is equivalent to the magnet current slope. There are two fac-
tors which are important as the magnet current slope is concerned. One is the voltage on the
magnet, Vy(s), and another is the initial magnet current, i.e. the magnet current at the
starting moment of flatop. In the measurement, the sampling period was chosen at the mid-
dle of the flatop, therefore, the second factor, i.e. the initial condition of the magnet can be
neglected. Therefore, the magnetic field slope can be described simply by multiplying a
differential factor s to the magnet current .

sly(s) = sT(s) Vyy(s) = 1243

s+0.4

Vu(s) (15)

7) Spill

The beam extraction is proportional to the magnetic field slope. Therefore, for the spill,
we have

Lcio(s) = ae™" shy(s) = ae ™ sT(s) Viy(s) (16)
Let .
' To(s) =ae s, - (17)

where ¢’ denotes the time delay factor of f; seconds in the beam extraction, and o is the
extraction coefficient, s representes the differential factor.

III. Measurement and Analysis

In the measurement, the AGS was operated at the SEB module. We had removed: the
output connection of the spill servo regulator Ty(s). Thus, the spill servo loop was open.
The sine waveform signals Viyggy were used as the input as shown in Fig.1 at the same posi-
tion of the spill reference, i.e. Vgpyrppr. The output received in the measurement was from
C10 T. P. i.e., the output of the 2.2 buffer after the C10 amplifier. The output amplitude and
phase were measured by the HP3561A Spectrum Analizer, by 5-time averaging.

The sampling period was chosen at the middle of the flatop, and other technique
employed is similar to that in the B servo loop measurement.

The measured data are listed in Table 1. Later, we measured the spill signal together
with the Siemens’ voltage output, i.e., the magnet voltage. The data are listed in Tables 2
and 3. The calculated spill transfer function data are also shown. Since the input signal
passed through a buffer with the gain of -0.63, i.e., -4db, with 180 degree phase shift, and this
buffer is not in the spill servo loop, we have excluded the factor by adding to all transfer
function magnitude data by 4db, and adding to all phase by 180 degrees. :

The data of the two measurements then have been summed, and plotted in Fig.2a and
2b, for the magnitude and phase, respectively.



In the measurement, we note that the spill servo regulator was not included. Also we
note that since the sampling period is chosen at the middle of the flatop, the influence of the
initial magnet current can be disregarded. Thus, for the measurement, the signal flow pa,th
can be decribed as

G(s) = (=2)XT3(s)XT4(8)X T5(s)X Te(s)X T#(8)X T4(5)X2.2 (18)

The corner frequency provided by the magnet, i.e. T¢(s), is only 0.063Hz, while all data
taken were from the frequencies higher than 5Hz, therefore the effect of the corner frequency
due to the magnet is trivial. Thus, the denominator of Tg(s) can be cancelled with the s in
the numerator in Ty(s). Also since the transfer function of the C10 amplifier Ty(s) has a
corner frequency at 5KHz, far away from the interested frequency band, it can be simplified
by a constant, -100. Thus, we have the following transfer function for our measurement,

—2,338 ' —3.7E15
G(s) = (—2)X W v— 5
546,865 514922 5435°41.427F 852 42.794F 115 +4.862E 13

- 3.334E6 X1.54X0Xe 4 X(—100)X2.2
52414505 +3.334E 6

_ 1.954E28¢° Xa (9
s7+30, 85836+3 434F 85°+1.788E1254+4.784F 1553+7.384E 1852-+7.041E215 +1.113E24

The low frequency range gain is easily calculated as
_ 1.954E28Xa

=17551 ' 20
1.113E24 e (20)

which is (84.9+20loga)db. From the measured data, it is shown that the low frequency range
gain is about 8.5db, thus, we may conclude that

20loga = 8.5db—84.9db = —76.4db (21)

i.e., the extraction coefficent defined in (16) is
a = 0.00015 (22)

In Fig.2a and 2b, we also show the Bode Plot by using the model in (19) by the continu- -
ous curves, which are plotted by using PC-MATLAB. The magnitude curve matches the
experiment data closely. For the phase plot, we show 4 curves representing Oms, 0.5ms, 1ms,
and 2ms time delay, respectively. It seems that the time delay for the beam spill is very close
to 1ms.

In Fig.3a and 3b, we show the Bode Plot for the differences between the B servo system
output and the extracted beam. This time, no rectifier is included in the path. We use only
the most significant dynamic model, i.e., the Siemens Filter, see (13), as the simulated model.
The phase data are very close to the simulated curve with 1ms time delay.

We may also conclude that since the computer controlled spill gain Ggggay Was very
close to 1, therefore the SEB spill servo loop gain at the tlme of the measurement is about
8.5db, i.e. about 2.66. This is low.

Acknowledgement: We wish to thank S. Naase for the skilful technical support.
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SFILL SERVO MEASUREMENT 1

. « INFUT . INFUT . OUTPUT . OUTFUT . ERODE . EBODE .
LFREQ . AMPL . PHASE . AMFL . FHASE - . AMFL . PHASE .
«{Hz) . (db)} . (Deg.}) . (db) . {Deg.) . (db) . (Deg.) .

i 51 ~19.5 : 135 1 ~-15 = =33 | 8.9 = =10 1
P10 —19.46 =34.1 -15.8 : 123 1 7.8 : -22.9 |
20 1 —-19.6 = -24.8 ¢ -—15.14 : i12.5 | 8.46 : -42.7 |
P30 0 -19.6 -27.4 i —-18 : F2.1 1 9.6 ¢ =60.35 |
i 40 1 ~19.46 ~-18 i -18.9 : 89.2 | 4.7 = -72.8 |
t30 1 ~19.6 ~-25.7 {_ -15.84 : 71 7.76 : -83.3 1
i 85 1 —-19.46 1.6 1 —16.63 ¢ —121.2 1 6.97 : -107.8 |
i 60 1 —192.4 : -20.9 1 -19.7 : 46.1 4 3.9 : -113 1
i 65 1 —19.6 = 147.6 + —-17.75% : —18G6.5 | S.85 ¢ -124.1 |
70 1 —19.46 = —=153.6 | —19.66 : 18.1 ¢ .94 1 —-146.3 |
i 80 1 ~19.6 = ~24.92 | -23.43 8.9 | 0.17 = -146.2 |
BB I —19.6 -17.92 + -22.98 : 8.8 i D.62 ¢ —153.3 1
i 97 1 —19.6 137.32 + -24.53 : -176 | -0.93 ¢ -—-1533.2
1103 1 —-19.6 @ 152 ¢ —23.32 162.5 | -1.72 = -162.5 |
i 115 1 —19.61 = 144.53 1 —26.12 : 164.1 | ~2.51 ¢ ~-160.4 |
1125 7 ~-1%.6 -49 | —27.4 @ -127.46 | -3.8 : -—-258.& |
i 135 | —-19.61 : 150.1 § -27.45 : 153.3 -3.84 : -176.8B i
{145 1 -19.6 : 107.2 1 -29.324 : - 28.1 1 -3.74 ¢+ —189.2 |
{155 1 -19.6 = 161+ —-2B.3Z3 : 136.1 -4.7% ¢ ~204.9 |
{165 1 —19.6% -91.1 1 —20.6 @ —124.3 1 =6.97 . —-213.2 |
1178 1 —19.63 & -98.2 I ~30.65 : =130 | =-7.02 ¢ -231.8 1|
185 1 —19.6T 1 ~140.8 | -30.82 : 159.3 | -7.19 + -239.9 |
1195 1-19.4611 ¢ -152.8 | -320.99 & 146 -7.38 : -241.2 |
it 205 1 —-19.16 148.5 + —-32.95 : &68.4 -Q.79 ¢ =260.1 |
t215 1 —19.16 ¢ 165.3 ¢ —32.58 : 81.2 i ?.539 ¢ -—-264.1 |
{225 1 —~19.16 159.1 + —-32.73 : 68 ~F.97 ¢ -271.1 |
i 238 1 -19.16 ¢ -123.5% 1 -33.97 : 145.4 ¢ -10.81 : -271.1 i
{245 1 —19.15 @ —-147.5 | -34.41 : 97.5 | ~-11.26 : =295 4
{260 1 —19.16 ¢ -29.8 1 -F6.22 ¢ —1856.7 | -13.06 : ~306.9 |
P 280 | —-19.16 : -44 .2 + -35.9%9 : 168.4 + —-12.4F @ -=-327.4 i
1 288 | —19.16 : -24.6 | —-37.91 : 160.4 + . —-14.75 : =335 |
vE04 1 ~-19.146 =14.7 i =41.62 1 -183.6 & ~18.46 : -3850.9 !
{325 1 —1%.16 @ —1467.3 0 —-41.13 0.4 0 -17.97 ¢ -3F72.1 |
t 373 1 —-19.15 = 108.3 + —-46.81 @ —137.7 | -23.66 -426 |
4328 1 -19.16 ¢ i73.2 1V -—-48.86 = -70.7 | —28.7 1 -—423.9 |

= mm me mme e wee e e e e eme i eum e mee et e e mam e emm me mes mm eme b emm een e o eme sem omm

Table 1
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SFILL SERVO MEASUREMENT 2
. « INFUT . INFUT . OUTPUT . OUTFUT . BODE . EODE .
FREG . AMPL . PHASE . AMPL . PHASE . AMPL . FHASE .
«(Hz) . (db) . (Deg.) . (db) - (Deg.) . (db) « (Deg.) .

{105 | -19.21 : 153.5 ¢ -24.72 : -178.6 | -1.31 ¢ -132.1 1
i 135 | —-19.21 : 156.8 | -27.3 : 162.1 1 -4.09 «+ -174.7 |
{188 1 -19.21 ¢ 180.8 1 -—-28.463 = 161.7 | -3.42 ¢ —-1992.1
i 215V -19.27 ¢ —-130.2 F -32.98 ¢ 183.2 | -F.31 1 —256.6 1
i 260 1 -19.46 : 1520 | -35.26 : 2.8 1 -11.8 : -307.2 1
t325 1 —-13.73 185.1 § -36.16 = -29.8 ¢ -18.4Z% : -3I94.9 |
V395 1 13,73 162.2 + -41.05 : -92.8 1 ~23.32 : =442 |
i 438 | =3 7.4 1 -35.86 : 142 + -28.86 @ -4353.4 |
{310 ¢ —0.32 : -39.2 | -44 .3 : ~13.8 I -—-39.98 : -514.6 |
i 860 ¢ —0.24 ¢ 0.9 + -—-890.42 : —9.3 I —46.18 : —346
i 424 | &.16 ¢ —113.3 1 -49.1F% : -102.4 | -51.29 : -529.1 |
{686 | 8.09 = 113.r ¢+ —-53.11 : 14 -0992.2 ¢ —-632.1 |

. . INFUT . INFUT . OUTFUT . OUTPUT . BODE . BODE .
.FREQ . AMFL . PHASE . AMPL . PFHASE . AMFL . FHASE .
.(Hz} . (db) . (Deg.) . (db) . (Deg.) . (db) . (Deg.) .

P 105 1 -19.21 ¢ 18%.5 | -24.72 @ -178.6 | -30.2 = -Z0.8 |
P 135 1 —-19.21 : 156.8 | -27.3% = 162.1 + —-32.73F = -?1.8 |
{185 1 ~19.21 ¢ 180.B {| -28.6F : 161.7 1 3x.19 ¢ -107.8 |
{215 | ~-19.27 ¢ -1ZF0.2 | -322.38 153.2 ¢ 38.5 ¢+ -121.9
i 260 | -19.46 ¢ 130 ¢ -35.26 : 2.8 | —-39.03 : 134
{325 1 -13.73 s 185.1 ¢ —-36.16 : -22.8 ¢ -41.08 @ -133.3 i
i3I8 1 -13.73 ¢ 162.2 + —-41.03 : -99.8 | —-43.72 : -177.95 |
i 4328 | -3 7.4 1 -35.86 : 142 | —-46.05 : -—-180.2 |
i 510 ¢ —0.32 ¢« -39.2 1 ~44 .3 = -1%Z.8 | -50.82 : -198B.46
V960 ¢ —0.24 0.3 | —50.42 -5.5 1 ~-53.83 @ —-202.2 1
P &24 616 1 —113.53 1 —49.13 : -102.4 | -058.49 : -203.9 1
i 686 8.09 : 11F.1 1 —55.11 14 § =-64.79 + -—233.1 1

T
]
m
[re}
Do
=0
nY
= m
o
T
el
mm
m

i 105 | -31.31 = -6b1.3 |
HE DG -31.36 : -82.9 |
{ 195 1 -32.27 -21.3 |
{215 -33.81 : ~-143.7 i
P 260 1 -Z2.73 : -173.2 |
i 325 ~327.35 = -239.6 |
i 395 1 —-39.6 -264.5
¢ 438 | -42.81 : -285.2 1
{510 | ~49.1& = —Z16 | Table 4
360 ~32.65 = F43.8 |
i 624 -532.8 = -Z25.2 1
i 684 -54.41 = =386 |
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