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The motor generator system has been designed so  t h a t  under normal 

circumstances the  motor speed over t h e  duration of an AGS magnet pulse 

va r i e s  by less than 2 2%. This i s  with a motor power input v a r i a t i o n  

of less than f 200 KW. Considering t h a t  t he  main magnet power supply 

output goes from +70 MW t o  -70 MW during t h e  pulse, these  power swings 

must be absorbed by t h e  r o t a t i o n a l  energy of t h e  MG set. 

accomplished by designing t h e  generator r o t o r  with a l a rge  radius re- 

s u l t i n g  i n  a l a rge  moment of i n e r t i a .  A t  1200 RPM, t h e  s tored  energy 

i s  310 M J .  

This has been 

The motor speed at any t i m e  during a pulse can be determined by 

considering the  electrical and mechanical r e l a t ionsh ips  

aw 
1 )  Pin = m - +  p + PE d t  W 

where 

P = power i n t o  the  motor 

J = MG set moment of i n e r t i a  [ 4 0 ( 1 0 3 )  kg M 2 ]  

W = r o t a t i o n a l  speed i n  radians/sec 

P = windage and bearing lo s ses  (850 KW) 

P = electrical power 

i n  

W 

E 
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0 

Three types of elements cont r ibu te  t o  the  electrical  power term 

They are res i s tance  (P ), inductance (P ) and arc drop (P ). (P,>. 
L e t  us discuss these i t e m s  a l i t t l e  fur ther .  

R L A 

The arc drop term is a t t r i b u t e d  t o  the  arc drop across the  ex- 

c i t rons .  For each exc i t ron  t h i s  is  equivalent t o  a 16 v o l t  ba t t e ry  i n  

series 13 ma. 
v o l t s  i n  series with 50 ma. For convenience, t h i s  50 m a  and o ther  

power supply r e s i s t ances  are lumped i n  with the  load r e s i s t ance  of 

0.25 t o  comprise a t o t a l  r e s i s t ance  of 0.3 a. This 0.3 a w i l l  be 

used f o r  t he  determination of t he  "I? " term. This 128 v o l t s  w i l l  be 

used f o r  t he  "P " t e r m .  

For t h e  whole power supply, t h i s  is equivalent t o  128 

R 

A 

Now, the  inductive term i s  something somewhat spec ia l .  

reason i s  t h a t  t h e  prime source of t he  system inductance is  

The main 

t h a t  of the  

magnet whose inductance va r i e s  with the  current.  This v a r i a t i o n  is  

from 0.5 t o  0.8 Henries. The main value used i n  t h i s  note w i l l  be 

0.7 H. This includes a l so  the  r eac t ive  drop i n  the  transformer con- 

nections,  etc. It should a l so  be pointed out t h a t  t he  '' " term can be 

e i t h e r  pos i t i ve  or  negative depending upon whether t he  current is in- 

creasing o r  decreasing. 

PL 

I n  l i g h t  of these comments, we can then conclude t h a t  

(P + P + P L j  E R  
J J 

- (p aw 
a t  2) w - =  

In tegra t ing  both s ides  from 0 t o  t y i e lds  
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2 'in - 'W 2 d I  It (E I -I- R I  + L I  -)dt 4 )  w 2 = w  0 + (  J/ 2 E d t  

I f  "I" has form 

5) 1 = 1  + a t  
0 

then, 

- a  d I  
d t  6) - -  

and then 

2 + R I  ) + I' [(E1 + ClLL 2 2  'in-PW 
7)  w = w o + (  J/ 2 0 0 0 

2 2 2  
(aEE + L a  + 2aRIo)t + a R t  ]a t  

and 

2 
E I + L a 1  + R I o  

I t  0 
P - P  

J/ 2 
W)t - ( E O 2 

J/ 2 8) W2 = Wo + ( in 
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During a pulse, four current segements can be i den t i f i ed .  They 

are: i n j e c t i o n  porch, r e c t i f y ,  f l a t t o p ,  and inver t .  The current 

c h a r a c t e r i s t i c s  during each of these  i n t e r v a l s  are as follows: 

In j ec t ion  Porch 

it 0.11 sec 

= 2956 lo 9, =IP 

Rectify 

1: 10) IR = 325.16 + 10,500 t 

FlattoD 

11) IF = I (constant)  F 

Inve r t  

I:I=O 
12) II = IF - 11,250 t 

Therefore, during t h e  i n j e c t i o n  porch, 

P - 0.85(106) 3 
)t - 162.4t2 - 43.69t 2 

2(104) 
13) W2 = Wo + ( in 
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Where W is  approximately 1.5% above the  synchronous ( r o t a t i o n a l )  
0 

speed. 

1.5% above t h i s  i s  about 128 radians per second. 

The synchronous speed i s  1200 R P M  or  125.66 radians per second. 
2 Wo is then 16,384. 

During r e c t i f y  we get 

3 )tR - 121tR - 2014ti  - 551tR 
P - 0.85 ( lo6 )  

2 2  
2(10*) 

14) WR = WoR + ( in 

Where t 

OR 

is  reckoned from the  end of t he  f r o n t  porch (t - 0.11) R 
and W is  the  speed at t h e  end of t he  f r o n t  porch. 

During f l a t t o p  

2 
2 2  + ('in - 0.85(106) 128 IFo + 0.31p0 

It, 2(104) )tF - ( 2(104) 15) WF = WoF 

Where t 

ren t  at  t he  beginning of f l a t t o p .  

is reckoned from the  beginning of f l a t t o p  and I is  the  cur- F Fo 

For i n v e r t ,  t he  following r e l a t ionsh ip  e x i s t s  

2 
2 2  + (Pin - 0.85(106) 7747 Iol - 0.3 Iol 

It, 2(104) )ti + ( 2(104) 16) WI = WoI 

2 3 - (2179 - 0.1688 Iol)tl - 632.8t1 

W i s  t h e  speed a t  beginning of i n v e r t  a t  t i s  reckoned from 01 1 
beginning of i nve r t .  
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Assuming an M.G. set i n i t i a l  speed of 128 radians p e r  second, t he  

speed as a func t in  of t i m e  has been calculated over t he  duration of a 

typ ica l  28 G e V / c  AGS magnet current pulse. This corresponds t o  a cur- 

' r e n t  of 5050 amperes. This was done f o r  a 1.0 second and a 2.0 second 

f l a t t o p .  Two sets of ca lcu la t ions  were made; one set f o r  a motor net 

power input of €our megawatts, t h e  o ther  €or seven. 

The r e s u l t s  of these  ca lcu la t ions  are tabulated on t h e  following 

pages. A p lo t  is  a l so  included. 

mvh 

Dis t r ibu t ion:  Dept.  S&P 
Siemens Techs 





, 





.,....I 
./....I 

.
,

 
I 

1. 
. 

.
.

 
11 

, 
-. . ,. '.,El 

:i 
;
-
 

I?
.) 

. 
,
 

' .,..*. 1 
, 

... 

.
 .. r'.... .,....I 



i L 

. . ... 
f 

. .  .- . . . . .. 



e 

- ' -1 , . . . . .  



. .  _ _  

I -  i ., 
: -  E!; 1 E: 



-_. ... . .  . 
. .  



- 15 - 
0

 
n
 

c 
'p
 

ri 

i
 



- 16  - 

I n j e c t i o n  Porch 

(120)(3) = 2686.6t 5 2687t 
(0.02)(6.7) I =  

= 295.6 b p s  
IO.II sec 
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Recti fy 

= 295.6 + 10,500 (t - 0.11) (300) (7) t-O.ll 
0.2 I = 295.6 4 

I = -860 + 10,500t 

FIGURE: 2 
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Invert 

20 msec/Div 300 AmpslDiv 

- (300)(7.5) - - IF - 11,250t 
0.2 I = IF 

FIGURE 3 


