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The motor generator system has been designed so that under normal
circumstances the motor speed over the duration of an AGS magnet pulse
varies by less than * 2%. This is with a motor power input variation
of less than ¥ 200 KW. Considering that the main magnet power supply
output goes from +70 MW to —-70 MW during the pulse, these power swings
must be absorbed by the rotational energy of the MG set. This has been
accomplished by designing the generator rotor with a large radius re—
sulting in a large moment of inertia. At 1200 RPM, the stored energy

is 310 MJ.

The motor speed at any time during a pulse can be determined by

considering the electrical and mechanical relationships

1) P, =W-——+P_ + P

where
Pin = power into the motor
J = MG set moment of inertia [40(103) kg MZ]
W = rotational speed in radians/sec
PW = windage and bearing losses (850 KW)
P_ = electrical power



Three types of elements contribute to the electrical power term
(PE). They are resistance (PR), inductance (PL) and arc drop (PA).

Let us discuss these items a little further.

The arc drop term is attributed to the arc drop across the ex-—
citrons. For each excitron this is equivalent to a 16 volt battery in
series 13 mfl. For the whole power supply, this 1s equivalent to 128
volts in series with 50 m@, For convenience, this 50 m& and other
power supply resistances are lumped in with the load resistance of
0.25 2 to comprise a total resistance of 0.3 € This 0.3 € will be
used for the determination of the "PR" term. This 128 volts will be

used for the "PA" term.

Now, the inductive term is something somewhat special. The main
reason is that the prime source of the system inductance is that of the
magnet whose inductance varies with the current. This variation is
from 0.5 to 0.8 Henries. The main value used in this note will be
0.7 H, This includes also the reactive drop in the transformer con-—
nections, etc. It should also be pointed out that the "PL" term can be
either positive or negative depending upon whether the current is in-~

creasing or decreasing.

In light of these comments, we can then conclude that

P P P +P +P
2)W3W=(in—WJ_(E R * P
ot J J
Integrating both sides from 0 to t yields
P - P
2 2 in W 1 t
- = - + +
H W W ( TR TF of (B + Py + P



2

t dl
- —— I + ——
t of (EE RI™ + LI dt)dt

If "I" has form

then,
dl
6) it o
and then
2 .2 in Tw 1 2
) W=W_ o+ ( 73 e - 3 oft [T + a1+ RI)) +
2 22
(GEE + Lo+ zaRIo)t + o Rt ]dt

and

2
2 Pin - PW EEIo + LOtIo + RIO
8) W =w + ( 73 e - 73 Je
E. o+ 2Ral + GZL 2.3
E 0 )tZ _ YRt
2(3/2) 3(J/2)



During a pulse, four current segements can be identified. They
are: injection porch, rectify, flattop, and invert. The current

characteristics during each of these intervals are as follows:

Injection Porch

t 0.11 sec
9) IIP = 2956 t
o
Rectify
t
10) I, = 325.16 + 10,500 t R
)
Flattop
11) IF = IF (constant)
Invert
tI=0
12) I, = I, -11,250t )

Therefore, during the injection porch,

P - 0.85(10%)
2(10)

3

Jt - 162.4t% = 43.69¢t



Where WO is approximately 1.5%Z above the synchronous (rotational)

speed. The synchronous speed is 1200 RPM or 125,66 radians per second.

1.5% above this is about 128 radians per second. Wﬁ is then 16,384,

During rectify we get

P. - 0.85 (109
14) W§=W2 + (=

oR 2(10™)

2 3
JtR - 121ty - 2014ty - 551t;

Where tR is reckoned from the end of the fromt porch (£ — 0.11)

and WoR is the speed at the end of the fromt porch.
During flattop

- 6 2
2 2 Pin 0.85(10%) 128 IFo + 0.3IFo

15) Wp =Wt 2(10%) tp = 2(10M)

Jeg

Where tF is reckoned from the beginning of flattop and IFo is the cur-

rent at the beginning of flattop.
For invert, the following relationship exists

2
P, - 0.85(10%) 7747 I, - 0.3 I

— 1 ol
16) Wy =Wy 20109 £ F 2(10) )

t

2 3
- (2179 - 0.1688 Iol)tl - 632.8tl

W 1 is the speed at beginning of invert at tl is reckoned from
o

beginning of invert.



Assuming an M.G. set initial speed of 128 radians per second, the
speed as a functin of time has been calculated over the duration of a

typical 28 GeV/c AGS magnet current pulse. This corresponds to a cur-—

“rent of 5050 amperes. This was done for a 1.0 second and a 2.0 second

flattop. Two sets of calculations were made; one set for a motor net

power input of four megawatts, the other for seven.

The results of these calculations are tabulated on the following

pages. A plot is also included.

mvh

Distribution: Dept. S&P
Siemens Techs
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Injection Porch

20 M sec /i 72CA L0/ ,A

/ o )
' 0.11 sec
(120)(3) -
= =222 = 2686.6t = 2687t
(0.02)(6.7) o
10.11 cec = 295.6 Amps

FIGURE 1
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Rectify
Comslo G 300kl ramsect o SoAlon)

(300)(7) t—O.ll

0.2 = 295.6 + 10,500 (£ - 0.11)

I = 295.6 +

t
I = —-860 + 10,500t
0.11

FIGURE 2
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Invert

20 msec/Div 300 Amps/Div

_ (300)(7.5)

F 0.2 = IF - 11,250t

FIGURE 3



