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I n t r o d u c t i o n  

The u s e  o f  b e a m l i n e  I V - 2  a t  SSRL f o r  d i a g n o s t i c  m e d i c a l  i m a g i n g  
of  c o r o n a r y  a r t e r i e s  i s  b e i n g  p l a n n e d .  An i n i t i a l  r u n  i s  s c h e d u l e d  
f o r  A p r i l / M a y  of  t h i s  y e a r ,  The r a d i a t i o n  s a f e t y  a n d  m o n i t o r i n g  o f  
t h e s e  human p a t i e n t  s t u d i e s  i s  a n  i m p o r t a n t  p a r t  o f  o u r  p l a n n i n g .  
S i n c e  t h i s  p r o g r a m  i s  q u i t e  d i f f e r e n t  f r o m  t h e  n o r m a l  p r o c e d u r e s .  
f o l l o w e d  a t  S L A C  a n d  SSRL f o r  r a d i a t i o n  p r o t e c t i o n ,  a d e t a i l e d  s a f e t y  
p l a n  has  b e e n  p r e p a r e d .  

A t  t h e  SLAC r a d i a t i o n  c o m m i t t e e  m e e t i n g  o n  F e b  1 3  we w i l l  p r e s e n t  
o u r  s a f e t y  p l a n  f o r  y o u r  s t u d y .  A g e n e r a l  o u t l i n e  'of o u r  e x p e r i m e n t  
a n d  t h e  r e s u l t s  f r o m  p r e v i o u s  d o g  r u n s  w i l l  b e  p r e s e n t e d  f i r s t ,  t h e n  
t h e  s p e c i f i c  i n s t r u m e n t a t i o n  r e l e v a n t  t o  r a d i a t i o n  s a f e t y  w i l l  b e  
d e s c r i b e d ,  a n d  f i n a l l y  t h e  s a f e t y  i n t e r l o c k  l o g i c  a n d  i m a g i n g  
p r o t o c o l  w i l l  b e  c o v e r e d .  

G e n e r a l  P l a n  

T h e  g e n e r a l  p r i n c i p l e  f o r  u s i n g  a s y n c h r o t r o n  r a d i a t i o n  b e a m l i n e  
f o r  m e d i c a l  i m a g i n g  i s  t o  u s e  a f a n  b e a m  o f  m o n o c h r o m a t i c  x - r a y s .  T O  
t a k e  a p i c t u r e  t h e  p a t i e n t  w i l l  s i t  i n  a c h a i r  w h i c h  w i l l  b e  moved 
v e r t i c a l l y  t h r o u g h  t h e  b e a m  t o  a c q u i r e  t w o  d i g i t a l  x - r a y  images .  One 
image i s  t a k e n  a t  a n  x - r a y  e n e r g y  j u s t  b e l o w  t h e  i o d i n e  a b s o r p t i o n  
e d g e  a t  33 k e V  a n d  t h e  o t h e r  i s  t a k e n  w i t h  t h e  e n e r g y  j u s t  a b o v e  t h i s  
e d g e .  T h e  l o g a r i t h m i c  d i f f e r e n c e  o f  t h e  t w o  i m a g e s  i s  t h e n  t a k e n  t o  
p r o d u c e  a d i f f e r e n c e  i m a g e .  S i n c e  t h e  i o d i n e  a b s o r p t i o n  j u m p s  b y  a 
f a c t o r  o f  7 a t  t h e  e d g e  w h i l e  t h e  a b s o r p t i o n  o f  t i s s u e  a n d  b o n e  
c h a n g e s  o n l y  s l i g h t l y  t h i s  ' d i f f e r e n c e  image i s  v e r y  s e n s i t i v e  t o  
i o d i n e .  To i m a g e  c o r o n a r y  a r t e r i e s  a v e n o u s  i n j e c t i o n  o f  a n  i o d i n e  
c o n t a i n i n g  c o n t r a s t  a g e n t  w i l l  b e  g i v e n  a n d  a f t e r  a b o u t  1 0  s e c o n d s  
t h e  i o d i n e  b o l u s  w i l l  h a v e  p a s s e d  t h r o u g h  t h e  h e a r t  a n d  ' l u n g s  a n d  
W i l l  b e g i n  t o  f i l l  t h e  c o r o n a r y  a r t e r i e s .  J u s t  b e f o r e  t h i s  t ime we 
w i l l  h a v e  b e g u n  t o  s c a n  t h e  p a t i e n t  t o  a c q u i r e  i m a g e s  o f  t h e  a r t e r i a l  
s y s t e m .  

S a f e t y  P l a n  O u t l i n e  

The o v e r a l l  s c a n n i n g  p r o c e d u r , e  w i l l  b e  c o n t r o l l e d  as  i n  a n y  
r a d i o l o g i c a l  l a b o r a t o r y  b y  a r e s p o n s i b l e  p h y s i c i a n  who w i l l  d e t e r m i n e  
t h e  t o t a l  x - r a y  e x p o s u r e  p e r m i s s i b l e .  The e x p o s u r e  w i l l  b e  w i t h i n  
t h e  l i m i t s  a p p r o v e d  f o r  t h i s  s t u d y  by  t h e  Human S u b j e c t s  E t h i c s  
Commit tee  a t  t h e  S t a n f o r d  U n i v e r s i t y  H o s p i t a l .  
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A s e r i e s  o f  r a d i a t i o n  s h u t t e r s  a r e  i n s t a l l e d  o n  t h e  b e a m l i n e  
w h i c h  a r e  c o n t r o l l e d  b y  a s a f e t y  p r o t e c t i o n  s y s t e m .  The d e t a i l e d  
l o g i c  o f  t h e  s y s t e m  w i l l  b e  p r e s e n t e d  a t  t h e  m e e t i n g  b u t  t h e  g e n e r a l  
f e a t u r e s  w i l l  b e  d e s c r i b e d  h e r e .  D u r i n g  a s c a n  t h e  r a d i a t i o n  i s  
t u r n e d  o n  a n d  o f f  d u r i n g  t h e  a c q u i r i n g  o f  d i f f e r e n t  i m a g e s  f r ames  b y  
a c o m p u t e r  c o n t r o l l e d  i m a g i n g  s h u t t e r .  I n  c a s e  o f  a u n s a f e  c o n d i t i o n  
t h e  r a d i a t i o n  i s  r a p i d l y  t u r n e d  o f f ’ b y  a p a i r  o f  f a s t  c l o s i n g  
s h u t t e r s .  T h e s e  s h u t t e r s  c l o s e  i f  a n y  u n s a f e  c o n d i t i o n  i s  s e n s e d  b y  
t h e  p r o t e c t i o n  sys tem.  Some o f  t h e  u n s a f e  c o n d i t i o n s  a r e :  

a )  X - r a y  beam o n  w i t h  t h e  p a t i e n t  c h a i r  n o t  i n  m o t i o n .  

b )  S c a n n i n g  p r o c e d u r e  g o i n g  o n  t o o  l o n g .  

c )  P h y s i c i a n  r e l e a s i n g  t h e  deadman  s w i t c h .  

As w e l l  a s  c o n t r o l l i n g  t h e  r a d i a t i o n  s a f e t y ,  a c a l i b r a t e d  
r a d i a t i o n  m o n i t o r i n g  s y s t e m  w i l l  b e  i m p l e m e n t e d  t o  r e c o r d  t h e  t o t a l  
r a d i a t i o n  d o s e  r e c e i v e d  by t h e  p a t i e n t .  

T h e  r a d i a t i o n  s a f e t y  i n t e r l o c k  s y s t e m  w i l l  b e  i n s t a l l e d  b y  SSRL 
u n d e r  t h e  d i r e c t i o n  o f  Bob H e t t e l  a n d  t h e  r a d i a t i o n  s a f e t y  w i l l  b e  
v e r i f i e d  b y  G a r y  W a r r e n  o f  S L A C .  

S A F E T Y  SYSTEM H A R D W A R E  A N D  P R O T O C O L  

T h e  X-ray i m a g e s  w i l l  b e  a c q u i r e d  i n  l i n e - s c a n  f a s h i o n ,  w i t h  t h e  
p a t i e n t  m o v i n g  v e r t i c a l l y  a t  c o n s t a n t  s p e e d  a n d  t h e  X - r a y  beam 
s w e e p i n g  o v e r  t h e  f i e l d  o f  i n t e r e s t .  T h e  e x p e r i m e n t a l  p r o t o c o l ,  a s  
p r e s e n t l y  e n v i s a g e d ,  c a l l s  f o r  t h e  a c q u i s i t i o n  o f  s e v e r a l  i m a g e s  i n  
r a p i d  t ime  s e q u e n c e  ( a  “ s c a n  s e q u e n c e ” )  b y  r e p e a t i n g  t h e  s c a n  m o t i o n  
a l t e r n a t e l y  i n  o p p o s i t e  d i r e c t i o n s .  To p r e v e n t  X - r a y  e x p o s u r e  t o  t h e  
p a t i e n t  d u r i n g  t h e  p e r i o d s  o f  d e c e l e r a t i o n  a n d  a c c e l e r a t i o n  b e t w e e n  
t h e  c o n s t a n t - v e l o c i t y  s c a n s  ( a s  w e l l  a s  b e f o r e  a n d  a f t e r  t h e  i m a g i n g  
s e q u e n c e )  t h e  X - r a y  beam w i l l  be  b l o c k e d  b y  a f a s t - a c t i n g  i m a g i n g  
s h u t t e r  ( I S ) .  

The m o n o c h r o m a t o r  p r o v i d e s  two  m o n o c h r o m a t i z e d  X- ray  beams, 
i n i t i a l l y  s e p a r a t e d  b y  a p p r o x i m a t e l y  1 ma v e r t i c a l l y  b u t  c o n v e r g i n g  
t o w a r d  t h e  p a t i e n t  p o s i t i o n .  The  two‘ beams a r e  p r o d u c e d  by s i n g l e  
B r a g g  d i f f r a c t i o n  f r o m  s e p a r a t e  S i ( l l 1 )  c r y s t a l s ,  each  o f  w h i c h  
i n t e r c e p t s  h a l f  t h e  v e r t i c a l  p r o f i l e  o f ‘ t h e  i n c i d e n t  beam. The  u p p e r  
beam h a s  a n  e n e r g y  w i t h i n  1 0 0  eV a b o v e  t h e  i o d i n e  K-edge  ( 3 3 . 1 7  k e V ) ,  
a n d  t h e  l o w e r  beam h a s  a n  ‘ e n e r g y  w i t h i n  1 0 0  eV b e l o w  t h i s  ed’ge.  The 
m o n o c h r o m a t i z e d  X - r a y  beams e x i t  f r o m  t h e  m o n o c h r o m a t o r  a t  a r i s i n g  
a n g l e  o f  6 .84  d e g r e e s  t o  t h e  p r i m a r y  beam, a n d  p a s s  a b o v e  a beam S t o p  
l o c a t e d  w i t h i n  t h e  m o n o c h r o m a t o r  e n c l o s u r e .  The beam s t o p  p r o t e c t s  
t h e  p a t i e n t  from a n y  p e n e t r a t i n g , g a r n m a  r a d l a t i o n  c o m i n g  f r o m  S P E A R  
a l o n g  t h e  p r i m a r y  beam d i r e c t i o n .  The  r o t a t i n g  d r u m  m e c h a n i s m ,  
l o c a t e d  i m m e d i a t e l y  d o w n s t r e a m  o f . t h e  m o n o c h r o m a t o r ,  t r a n s m i t s  O n l y  
o n e  o f  t h e  m o n o c h r o m a t i c  b e a m s  a t  a n y  , i n s t a n t ,  s w i t c h i n g  b e t w e e n  them 
i n  s y n c h r o n i z a t i o n  w i t h  t h e  s c a n  d a t a  a c q u i s i t i o n .  

I 



T h e  m o n o c h r o m a t o r  i s  s e t  t o  p r o v i d e  t h e  c o r r e c t  beam e n e r g i e s  
d u r i n g  t h e  i n i t i a l  s e t u p  a n d  a l i g n m e n t  o f  t h e  i m a g i n g  a p p a r a t u s .  
T h e r e a f t e r ,  i n a d v e r t e n t  c h a n g e  i n  t h e  a n g l e  o f  t h e  m o n o c h r o m a t o r  
c r y s t a l s  c a n n o t  a d m i t  t o  t h e  p a t i e n t  a r e a  a beam d i f f e r i n g  f r o m  t h e  
i n t e n d e d  e n e r g y  by m o r e  t h a n  a f e w  k e V ,  s i n c e  t h e  r e s u l t i n g  c h a n g e  i n  
t h e  beam a n g l e  w i l l  c a u s e  i t  t o  miss t h e  a p e r t u r e s  p r o v i d e d  f o r  i t s  
p a s s a g e .  T h a t  t h e  e n e r g y  s e t t i n g  i s  c o r r e c t  f o r  t h e  i m a g i n g  
P r o c e d u r e  w i l l  b e  v e r i f i e d  b y  beam t e s t s  i m m e d i a t e l y  p r i o r  t o  a 
p a t i e n t  s c a n .  

T O  a l l o w  t h e r m a l  e q u i l i b r a t i o n ,  t h e  m o n o c h r o m a t o r  m u s t  b e  
i l l u m i n a t e d  c o n t i n u o u s l y  b y  t h e  p r i m a r y  X - r a y  b e a m .  T h e  SSRL h u t c h  
s t o p p e r s  ( H S 1  a n d  HS2) c o n t r o l l i n g  t h e  p r i m a r y  beam c a n n o t  b e  o p e n e d  
u n l e s s  b o t h  s a f e t y  s h u t t e r s  ( S S 1  a n d  S S 2 )  a r e  c l o s e d ,  p r e v e n t i n g  t h e  
m o n o c h r o m a t i z e d  beam f r o m  e n t e r ' i n g  t h e  p a t i e n t  e x a m i n a t i o n  a r e a .  
S u b s e q u e n t l y ,  t h e  a n g i o g r a p h y  P P S  i n t e r l o c k  ( s e e  A p p e n d i x )  p r e v e n t s  
t h e  s a f e t y  s h u t t e r s  f r o m  b e i n g  o p e n e d  u n l e s s  t h e  r a d i a t i o n  s c r e e n  i s  
c l o s e d  a n d  t h e  d e a d m a n  s w i t c h  i s  a c t u a t e d .  Each  s a f e t y  s h u t t e r  
c o n s i s t s  o f  a r o t a t i n g  b l a d e  h e l d  o p e n  a g a i l l s t  s p r i n g  t e n s i o n  b y  t w o  
r o t a r y  s o l e n o i d s .  When t h e  s o l e n o i d s  a r e  d e e n e r g i z e d ,  t h e  b l a d e  
r o t a t e s  r a p i d l y  ( w i t h i n  2 0  m s )  b y  4 5  d e g r e e s  t o  t h e  c l o s e d  p o s i t i o n .  
T h e  s a f e t y  s h u t t e r s  w i l l  c l o s e  i f  e x t e r n a l  p o w e r  i s  l o s t .  To a c h i e v e  
t h e  d e s i r e d  r e s p o n s e  t i m e  ( 1 0 - 2 0  m s )  d u r i n g  n o r m a l  s c a n .  o p e r a t i o n ,  
t h e  i m a g i n g  s h u t t e r  i s  d r i v e n  b y  a s e r v o - c o n t r o l l e d  d c  m o t o r ;  
t h e r e f o r e ,  e x t e r n a l  p o w e r  i s  r e q u i r e d  f o r  i t s  o p e r a t i o n .  

B o t h  t h e  i m a g i n g  s h u t t e r  a n d  t h e  s a f e t y  s h u t t e r s  a r e  l o c a t e d  
d o w n s t r e a m  o f  t h e  m o n o c h r o m a t o r  e n c l o s u r e ,  a n d  a r e  i n c o r p o r a t e d  i n t o  
t h e  h o u s i n g  o f  t h e  e n e r g y - s w i t c h i n g  ( r o t a t i n g  d r u m )  m e c h a n i s m  
a s s o c i a t e d  w i t h  t h e  m o n o c h r o m a t o r .  I n  t h e  c l o s e d  p o s i t i o n ,  t h e  
i m a g i n g  s h u t t e r  h a s  a t h i c k n e s s  o f  a p p r o x i m a t e l y  5 / 8  i n c h  s t e e l  ( 7 2  
a b s o r p t i o n  l e n g t h s  f o r  33 keV p h o t o n s ) ,  a n d  each  s a f e t y  s h u t t e r  has  a 
t h i c k n e s s  o f  0 . 1 7 6  i n c h  s t e e l  ( 2 1  a b s o r p t i o n  l e n g t h s ) .  

D u r i n g  t h e  s c a n  s e q u e n c e ,  t h e  p a t i e n t  w i l l  b e  a l o n e  i n  t h e  
s h i e l d e d  e x a m i n a t i o n  room t h a t  c o n f i n e s  d i r e c t  a n d  s c a t t e r e d  
r a d i a t i o n .  The a t t e n d i n g  p h y s i c i a n  w i l l  h a v e  t h e  r e s p o n s i b i l i t y  f o r  
s e e i n g  t h a t  t h e  p a t i e n t  i s  p r o p e r l y  p o s i t i o n e d  a n d  t h a t  t h e  
e x a m i n a t i o n  room i s  c l e a r  o f  o t h e r  p e r s o n n e l .  H o w e v e r ,  t h e  a t t e n d i n g  
P e r s o n n e l  m u s t  b e  a b l e  t o  e n t e r  t h i s  room i m m e d i a t e l y  i n  r e s p o n s e  t o  
a p o s s i b l e  m e d i c a l  e m e r g e n c y ,  e v e n  i f  a s c a n  i s  i n  p r o g r e s s .  
T h e r e f o r e ,  t h e  d o o r  o n  t h e  e x a m i n a t i o n  room n e a r e s t  t o  t h e  p a t i e n t  
m u s t  b e  l e f t  o p e n .  I n  i t s  p l a c e  w i l l  b e  e r e c t e d  a n  e a s i l y  o p e n e d  
r a d i a t i o n  s c r e e n ,  . w i t h  a l a r g e  l e a d e d  a c r y l i c  t r a n s p a r e n t  window s o  
t h a t  t h e  p h y s i c i a n  a n d  p a t i e n t  w i l l  b e  a b l e  t o  m a i n t a i n  e y e  c o n t a c t  
t h r o u g h o u t  t h e  p r o c e d u r e .  The s a f e t y  s h u t t e r s  a r e  t r i g g e r e d  b y  t h e  
a n g i o g r a p h y  P P S  i n t e r l o c k  i f  t h e  s c r e e n  i s  o p e n e d  w h i l e  a s c a n  i s  i n  
p r o g r e s s ,  e x t i n g u i s h i n g  t h e  X - r a y  beam b e f o r e  p e r s o n n e l  c a n  r e a c h  t h e  
r a d i a t i o n  a r e a .  / 

The p h y s i c i a n  w i l l  d e t e r m i n e  t h e  p r o j e c t i o n  a n d  i m a g e  f i e l d  b y  
i n i t i a l  p o s i t i o n i n g  o f  t h e  p a t i e n t  a n d  s c a n n i n g  c h a i r ,  a n d  b y  
p r o v i d i n g  t h e  u p p e r  a n d  l o w e r  s c a n  r imi t s  t o  t h e  s c a n  c o n t r o l  
p r o g r a m .  Once  t h i s  s e t u p  i s  c o m p l e t e  a n d  a l l  p e r s o n n e l  h a v e  l e f t  t h e  
e x a m i n a t i o n  r o o m ,  t h e  r a d i a t i o n  s c r e e n s  a r e  c l o s e d  a n d  t h e  p h y s i c i a n  
s t a n d s  o u t s i d e ,  v i s i b l e  t o  t h e  p a t i e n t .  



By c l o s i n g  a n d  h o l d i n g  t h e  deadman  s w i t c h ,  t h e  p h y s i c i a n  
i n i t i a t e s  t h e  p r o g r a m m e d  S c a n  s e q u e n c e  a n d  a l l o w s  i t  t o  p r o c e e d .  T h e  
S a f e t y  s h u t t e r s  c a n  t h e n  b e  o p e n e d  w h i l e  t h e  i m a g i n g  s h u t t e r  'is 
c l o s e d .  The i m a g i n g  s h u t t e r  r e m a i n s  c l o s e d  u n t i l  i t  i s  o p e n e d  u n d e r  
c o m p u t e r  c o n t r o l  as p a r t  o f  t h e  s c a n  s e q u e n c e .  I f  t h e  p a t i e n t  
r e q u i r e s  m e d i c a l  a t t e n t i o n  d u r i n g  a s c a n ,  o r  . i f  t h e  p h y s i c i a n  
o b s e r v e s  some m a l f u n c t i o n  i n  t h e  s c a n  o p e r a t i o n ,  r e l e a s e  O f  t h e  
d e a d m a n  s w i t c h  w i l l  e x t i n g u i s h  t h e  beam a n d  a b o r t  t h e  s c a n -  

To p r e v e n t  u n a u t h o r i z e d  o p e r a t i o n  of  t h e  s y s t e m ,  t h e  d e a d m a n  
s w i t c h  i s  i n o p e r a t i v e  u n l e s s  i t  i s  f i r s t  e n a b l e d  b y  t h e  o p e r a t i o n  o f  
a m o m e n t a r y - c o n t a c t  k e y - l o c k  s w i t c h  l o c a t e d  n e x t  t o  i t ,  t h e  k e y  b e i n g  
k e p t  b y  t h e  p h y s i c i a n .  O p e r a t i o n  o f  t h e  k e y - l o c k  s w i t c h  s t a r t s  a 
t i m e d  i n t e r v a l  o f  a b o u t  2 0  s d u r i n g  w h i c h  t h e  deadman  s w i t c h  m u s t  b e  
c l o s e d .  If t h e  deadman  s w i t c h  i s  n o t  c l o s e d  w i t h i n  t h i s  t i m e d  
i n t e r v a l ,  i t  m u s t  a g a i n  b e  e n a b l e d  b y  u s e  o f  t h e  k e y - l o c k  s w i t c h .  

Re lease  o f  t h e  deadman  s w i t c h  o r  o p e n i n g  o f  t h e  r a d i a t i o n  s c r e e n  
w h i l e  e i t h e r  o f  t h e  s a f e t y  s h u t t e r s  i s  n o t  c l o s e d  w i l l  g e n e r a t e  a 
f a u l t  c o n d i t i o n  ( A N G I  F A U L T )  i n  t h e  a n g i o g r a p h y  P P S  i n t e r l o c k ,  w h i c h  
f o r c e s  c l o s u r e  o f  t h e  t w o  s a f e t y  s h u t t e r s ,  t h e  i m a g i n g  s h u t t e r ,  a n d  
t h e  SSRL h u t c h  s t o p p e r s .  A N G I  FAULT i s  l a t c h e d ,  a n d  c a n  b e  r e s e t  
o n l y  b y  u s e  o f  a k e y  c a r r i e d  by t h e  SSRL o p e r a t o r .  

The r a t e  o f  X-ray e x p o s u r e  f r o m  t h e  m o n o c h r o m a t i z e d  33  k e V  beam 
c o l l i m a t e d  t o  a h e i g h t  o f  0 . 5  m m  i s  a p p r o x i m a t e l y  4 7  R / s .  T h i s  
a s s u m e s  S P E A R  o p e r a t i n g  c o n d ' i t i o n s  o f  3 Gev, 1 0 0  m A  a n d  a'n 18 k G  
w i g g l e r  f i e l d .  T h u s ,  t h e  s a f e t y  o f  t h e  p a t i e n t  r e q u i r e s  t h a ' t  t h e  
i m a g i n g  s h u t t e r  b e  c l o s e d  u n l e s s  t h e  s c a n n i n g  c h a i r  i s  i n  m o t i o n  a t  
t h e  c o r r e c t  s p e e d .  Two i n d e p e n d e n t  c h a i r - m o t i o n  d e t e c t o r s  a r e  
i n c o r p o r a t e d  i n t o  t h e  a n g i o g r a p h y  P P S  i n t e r l o c k .  The  m o t i o n  d e t e c t o r s  
W i l l  b e  d r i v e n  b y  t h e  c h a i r  m o t i o n ,  i n d e p e n d e n t  o f  t h e  m o t o r - d r i v e  
c o u p l i n g .  If e i t h e r  m o t i o n  d e t e c t o r  f a i l s  t o  g i v e  a n  i n d i c a t i o n  o f  
c o r r e c t  s c a n n i n g  s p e e d  when t h e  i m a g i n g  s h u t t e r  i s  n o t  c l o s e d ,  A N G I  
F A U L T  w i l l  b e  g e n e r a t e d  u n l e s s  b o t h  s a f e t y  s h u t t e r s  a r e  c l o s e d .  T h u s  
t h e  beam w i l l  b e  e x t i n g u i s h e d  i f  c o n t r o l  m a l f u n c t i o n  o r  p o w e r  f a i l u r e  
e i t h e r  c a u s e  t h e  s c a n n i n g  c h a i r  t o  s t o p  i n  t h e  m i d d l e  o f  a S c a n  o r  
c a u s e  t h e  i m a g i n g  s h u t t e r  t o  r e m a i n  o p e n  w h i l e  t h e  c h a i r  i s  
d e c e l l e r a t i n g  a t  t h e  e n d  o f  a s c a n .  

S i n c e  a n  u p p e r  l i m i t  t o  beam i n t e n s i t y  i s  known,  g i v e n  S P E A R  
o p e r a t i n g  c o n d i t i o n s ,  t o t a l  e x p o s u r e  t o  t h e  p a t i e n t  c a n  b e  k e p t  
w i t h i n  s a f e  l i m i t s  by i m p o s i n g  a t i m e  l i m i t  on  t h e  t o t a l  l e n g t h  o f  a 
s c a n  s e q u e n c e .  F o r  e a c h  s c a n  s e q u e n c e ,  t h e  t i m e d  i n t e r v a l  b e g i n s  
when t h e  i m a g i n g  s h u t t e r  i s  f i r s t  o p e n e d .  If e i t h e r  s a f e t y  s h u t t e r  
i s  n o t  c l o s e d  when t h e  t ime l i m i t  i s  r e a c h e d ,  A N C I  F A U L T  i s  
g e n e r a t e d  . 

I n t e r l o c k s  p r e v e n t  o p e n i n g  o g ' a n y  beam s h u t t e r s  i f  t h a t  a c t i o n  
w o u l d  c r e a t e  a n  i m m e d i a t e  A N G I  F A U L T .  W i t h  t w o  e x c e p t i o n s ,  A N G I  
F A U L T  c a n n o t  o c c u r  i f  HS1 a n d  HS2 a r e ' b o t h  c l o s e d ,  o r  i f  SS1 a n d  SS2 
a r e  b o t h  c l o s e d .  T h e  e x c e p t i o n s  a r e  a c t u a t i o n  o f  t h e  e m e r g e n c y  s t o p  
s w i t c h  a n d  w i t h d r a w a l  o f  t h e  c o m p u t e r , O K .  The c o m p u t e r  OK w i l l  b e  
p r o v i d e d  b y  a w a t c h d o g  t i m e r  t h a t  v e r i f i e s  t h e  c o r r e c t  O p e r a t i o n  O f  
t h e  s c a n - s y s t e m ' s  c o n t r o l  c o m p u t e r .  

0 0 2 1  4 b l .  



T a b l e  I s u m m a r i z e s  t h e  p o s s i b l e  r a n g e  o f  p o t e n t i a l  p a t i e n t  
e x p o s u r e s  as  a f u n c t i o n  o f  t h e  s e l e c t a b l e  s c a n n i n g  s p e e d  o f  t h e  
p a t i e n t  c h a i r  o r ,  e q u i v a l e n t l y ,  t h e  a c q u i s i t i o n  t ime f o r  e a c h  
h o r i z o n t a l  l i n e  e l e m e n t  i n  t h e  image  ( s u m m e d  o v e r  b o t h  X - r a y  
e n e r g i e s ) .  The a c t u a l  e x p o s u r e s  a l l o w e d  f o r  a p a r t i c u l a r  p a t i e n t  
s t u d y  w i l l  d e p e n d  o n  t h e  p a t i e n t  t h i c k n e s s  a n d  t h e  l e v e l  O f  i o d i n e  
s e n s i t i v i t y  r e q u i r e d  i n  t h e  i m a g e .  The e x p o s u r e  l e v e l  s h o u l d  be in 
thg r a n g e  0 . 4  - 0 . 8  R p e r  i m a g e  f rame.  

T A B L E  I 

M A X I M U M  P A T I E N T  E X P O S U R E S  A C H I E V A B L E  W I T H  T H E  A N G I O G R A P H Y  S Y S T E M  
A T  S S R L  B E A M  L I N E  I V - 2 ,  A S S U M I N G  S P E A R  O P E R A T I N G  C O N D I T I O N S  O F  1 0 0  MA 
A T  3 G E V ,  A N D  A W I G G L E R  F I E L D  OF 1 8  K G .  I T  I S  A S S U M E D  T H A T  T H E  
M O N O C H R O M A T I Z E D  B E A M  I S  C O L L I M A T E D '  T O  A' H E I G H T  O F  0 . 5  M M  A T  T H E  
P A T I E N T  P O S I T I O N ,  2 8  M F R O M  T H E  W I G G L E R .  

S C A N  S P E E D  T O T A L  A C Q  U I S 1  T I  O N  M A X I M U M  E X P O S U R E  
T I M E  P E R  L I N E  P E R  I M A G E  F R A M E  

( c m / s e c )  ( m s e c )  (mR) 

2 4  
1 2  
- 6  

3 

2 .1  
4 ; 2  
8.3 

1 6 : 7  

9 8  
1 9 5  
391 
7 8 2  

, 
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STANFORD SYNCHROTRON RADIATION LABORATORY 

JTHOR ENGINEERING 1 DEPARTMENT NOTE 

P A G E  S E R I A L  CODE 

0 0 ~ 1 3  
D A T E  L O C A T  I ON 

!ANGIOGRAPHY PPS INTERLOCK (ANGI) -- B L  4-2 

R. Hettel 

TABLE O F  CONTENTS 

I I 1/26/86 

1 .O SYSTEM DIAGRAM 

2.0 SAFETY SHUTTERS OPEN/CLOSED CONLiAND- 
- -- .- . 

3.0 IMAGING SHUTTER OPEN/CLOSED CONMAND 

4.0 CHAIR MOTION INTERLOCK 

4 . 1  FAULT L O G I C  

4 . 2  C H A I R  MOTION DETECTOR (REDUNDANT) 

5.0 EXPOSURE T I K E  OUT INTERLOCK 

6.0 RADIATION PANEL DOOR INTERLOCK 

7.0 EXERGENCY S T O P  INTERLOCK 

8.0 COiQUTER OK INTERLOCK 

9 . 0  ANGI GO (ANGIOGRAPHY INTERLOCK SYSTEM GO/FAULT) 

9 .1  ANGI  FAULT L O G I C  

9 .2  KEYED FAULT RESET 

10.0 KEYED T I M E R  C I R C U I T  

10.1 SCAN CYCLE ENABLE (i’XYED TIKEEP,) 

13 .2  START SCAN & EXPOSURE T I E E R S  (REDUNDANT) 

11.0 ANGI ON/OFF L I N E  C I R C U I T  

11.1 FOLLOWER RELAYS 

11.2 HUTCH DOOR BYPASS 

12.0 INTERACTION WITH HUTCH PROTECTIOIJ SYSTEY (HPS 

12 .1  HUTCH STDPDER STATUS 

1 2 . 2  HUTCH DOOR ADDITIONS ’ 

12.3 HUTCH DOOR REXOVAL 

12 .4  HUTCH STOPPER OPEN ENABLE FROM ANGI 

13.0 SCAN SWITCH INTERLOCK 

13.1 L O G I C  

13.2 SCAN SWITCH FOLLOWER RELAYS. 
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T 
CODE 

STANFORD SYNCHROTRON RADlATlON LABORATORY 

2.0 SAFETY SHUTTER OPEN/CLOSE C O W D  I 

S E R I A L  

2 O F 1 3  

11261 86 

B L  Iv-2 

(SS O P / C L  cm) 

ENGINEERING D E P A R T M E N T  NOTE 
AUTHOR 

h zo 

LOCAT I ON I D A T E  

E 
E- 

z 

VI 

m 
d 
4 4 

H 
m 
4 

C c: C 
0 c: 
H c: 
z 
-4 

CLOSED CMD = OPEN Cim 

SCREEN DOOR. 

/ 

I 

. . - -  .. . .. .. 

2. 

, 

ss 1 
OPEN 
CMD - 

ss 2 
OPEN 
CMD - 



3 

ANGIOGRAPHY PPS 

3 .0  IMAGING -SHUTTER (I. S. ) OPEN/CLOSED COMMAND 

CODE SERIAL 
STANFORD SYNCHROTRON RADIATION LABORATORY 

c 
0 c: 
H c: 
3 

P A G E  

3 0 ~ 1 3  
rnoR ENGINEERING ’ D E P A R T M E N T  NOTE LOCAT I ON 

R.- Hettel  

NOTES: 1. EMAGING SHUTTER MAY BE OPENED WITHOUT CHAIR MOTION OK OR THE 
KEYEL) TIMER ON I F  EITHER THE SAFETY SHUTTERS OR THE HUTCH STOPPERS 

D A T E  

1/26/86 

ARE CLOSED. 

SAFETY SHUTTESS 
CLOSED 

fb 4 

HUTCH STOPPERS 
CLOSED 

, . . .  

/. 

! 

. . .. .. .. . . . . . . . . . 
. . .  

. .  



- COOE S E R I A L  

STANFORD SYNCHROTRON RADIATION LABORATORY 

ANGIOGRAPHY PPS 

4.0 CHAIR MOTION INTERLOCK - R E D U N D m T  

PAGE 

4 o f 1 3  

. .  4 . 1  FAULT L O G I C  _ -  

AUTHOR ENGINEERING D E P A t T Y E N T  NOTE L O C A T  I ON 

CHAIR I N T L K  CHAIX A CHAIR MOTION 
OK A GO A 

DATE 

IYAGING SHUTTER 
CLOSED A 

R. Hettel 

a " .I 
A +2 4 

IYAGING SHUTTER 
CLOSED A 

FAULT = 
A 

FAULT A 
HUTCH STOPPERS R E S  ET 
CLOSED A 

1/26/86 

1 SAFETY SHUTTERS I 

RETRIGGERABLE o+- T R I G  I N  ' ONE - SHOT Q 

CHAIN B I S  LIKEWISE CONFIG'JRED 

MOT I O N  
OK A 
D R I V E S  
RELAY, 
CHAIN A 

-r--l-- 

4.2 CHAIR MOTION OK - RED'JNDANT 

FAULT A 
R E S  ET 

t-' FAULT = 
A 

C H A I R  
I N T L K  . 
GO A 
LATCHED 

GO 
A 

'CHAIN B I S  S I M I L A R  

. ._ . -. . - - . - - 
--, NOTE: EACH ENCODER C I R C U I T  (CEiAIN A & CHAIN B)  HAS ITS 

OWN INDEPENDENT P O i E R  SUPPLY. 



CODE 

STANFORD SYNCHROTRON RADIATION LABORATORY 

rnoR ENGINEERING D E P A R T M E N T  . NOTE L O C A T  I ON 

R. Hettel 

ANGIOGRAPHY PDS 

S E R I A L  

5 0 ~ 1 3  
DATE 

1 / 2 6 / 8 6  

r - .  - -- 

5.0 EXPOSURE TIME OUT INTERLOCK -.REDUNDANT 

4-2 h 

EXPOSUm 
TIMER A 

+ON+ SAFETY SHUTTERS 

CLOSED A 

__I 
HUTCH STOPPERS 

TIME EXPOSURE 

FAULT A 
RESET 

CHAIN B I S  LIKEWISE COXFIGURED 

NOTE: 1. TIME OUT INTERLOCK FAULTS I F  A TIMER’(CHA1N A iU B) 
TIMES OUT WITH A SAFETY SHUTTER NOT CLOSED, UNLESS 
HUTCH STOPPERS ARE CLOSED. 

/ 

, _ _  . , ,. _. . .  . - .  .- . -  . . .  . 
~ . ~. 

. . ,  . .  . .  
. .  . .  

FAULT A = OK A 

- - 

. .  

... 1 . 

. -  

.. . . .. 

0 0 2  I415 
LM220 ( R a r . S r n )  

f 



__ 

_.- - 

CHAIN B IS LIKEWISE CONFUGURED 

..... 

. .  

0 0 2  I 4 l b i  i 



, 

. , -- 

C O D E  

STANFORD SYNCHROTRON RADIATION LABORATORY 
U T H O R  ENGINEERING D E P A R T M E N T  NOTE LOCAT I ON 

SER I A L  

7 or13 
D A T E  

1/26/86 
R. Hettel 

ANGIOGRA-PHY P P S  

7.0 EMERGENCY STOP INTERLOCK - .REDUNDANT 

I I 

.. .. _ _ . . . _  .... - .  . .  

EMERG. 
STOP STOP 
S i J ITCH 1 S'JITCH 2 - ETC 

- 4 a 0 -  
1 

I I 
1 I 

+24 
I CHAIN A 

3 1  0 - - - + ? ~ - 1  
CHAIN B 

EKERG. 
STOP 
OK A 

it- 
it- 

FAULT 
RESET A 

- 
FAULT = GC) B 

A 

CHAIN B 

CHAIN B I S  I S  LIKETJISE COXFIGURED 

NOTE: T H I S  LATCHED FAULT KAY ALSO BE USED TO STOP CHAIR NOTION. 



C O O €  S E R I A L  
STANFORD SYNCHROTRON RADIATION LABORATORY 

8.0 COMPUTER OK INTERLOCK - WATCHDOC TIMER,  ETC 

PAGE 

8 0 ~ 1 3  

COMPUTER 
OK 

(DRY CONTACT 
FROM COHE’UTEK 
WATCHDOG T I I E  
SYSTEM 

TWOR ENGINEERING D E P A R T M E N T  NOTE L O C A T  I ON 

COMPUTER A 
OK A 

OATE 

it 

R.  Hettel 

i t  

1/26/86 

FAULT 
RESET A 

COMPUTER 
OK B 

FAULT 
RESULT B 

FAULT A = 

C O W  UTER 
OK A 

(LATCHED) 

OK A 

C OPIPUTER 
OK B 

(LATCHED 

- 
FAULT B = OK B 

/ 

, 

002 I 4 1 8 1  



.. -. . 

C O O L  S E R I A L  

STANFORD SYNCHROTRON RADIATION LABORATORY 
PAGE 

9 O F  13 

I I I 
. .  

R. Hettel 

AhGIOGRAPHY PPS 

9.0 A N G I  GO (FAULT) - REDUNDANT 

THOR ENGINEERING D E P A R T M E N T  NOTE . L O C A T I O N  

9.1 GO/FAULT LOGIC 

D A T E  

11261 a6 

A N G I O  
GO A 
(LATCHED 1 

CHAIN B I S  LIKEWISE CONFUGURED 

9 . 2  KEYED FAULT RESET 

- 
FAULT = GO 

A A 

I ,  
I 

RESET J b . ,  _. . , 

OPERATOR KEYSWITCH 
(SAME AS HUTCH SUMMARY 
RESET KEY) , 

RESET 
FAULT A 

RESET 
FAULT B 
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. .  

_- I 
I \-.- 

. . .  
. . .  

_. 

PAGE * S E R I A L  COOL 
STANFORD SYNCHROTRON RADIATION LABORATORY 

10 0 ~ 1 3  
TWOR ENGINEERING O E P A R T Y E N T  NOTE LOCAT I ON O A T €  

R. H e t t e l  1 f 26 f 86 

I 
I 
I 

A 
CHAIN B 

4 

ANGIOGRAPHY PPS 

1 + 

- +24 I N  

10.0 KEYED TIME CIRCUIT - & SCAN SWITCH 

I-, 4-24 

- - I  

A KEYSWITCH I S  ENERGIZED BY A CERTIFIED USER WITH KEY TO INITIATE A START 
SCAN TIME-OUT PERIOD (% 20 SECS).A SCAN SWITCH MUST BE PUSHED WITHIN THIS INTERVAL 
TO BEGIN A SCAN (SAFETY SHUTTERS WILL BE OPENED, ETC.) THE SCAN SWITCH ON ENABLES 
REDUNDANT EXPOSURE TIMERS TO BE TRIGGERED WHEN THE IMAGING SHUTTER FIRST OPENS. 
THE SCAN SWITCH KUST BE HELD ON FOR THE SAFETY & IMAGING SHUTTERS TO BE OPENABLE. 
SEE P g . 1 3  FOR SCAN SWITCH INTERLOCK. 
I F  SAFETY SHUTTERS OR HUTCH STOPPERS ARE CLOSED. 

RELEASING SCAN SWITCH WILL NOT CAUSE A FAULT 

\ 

- SCAN ENABLE 

10.1 

--a 

SCA?l SWITCH RELAY FOLLOWERS - REDUNDANT 

1 0 . 2  

W 

START SCAN ENABLE KEYSWITCH & TIHER 

10 .3  EXPOSURE T I m R  - REDUNDANT 

SCAN SWITCH ON A 

SCAN SWITCH ON B 
L 

FLASHING 
WARNING 
LIGHT 

LIGHT -kTHILE 
EXTOSURE TIMERS 

TRIGGER EXPOSURE 
TIMER A 

CHP-IY 3 I S  LIKETJISR CONFIGUXED 
0 0 2  1 4 8 0 1  



CODE S E R I A L  
STANFORD SYNCHROTRON RADIATION LABORATORY 

A N G I O G W H Y  PPS 

P A G E  

11 or13 
UTnoR ENGINEERING DEPARTMENT NOTE L O C A T  I ON . 

ON/OFF L I N E  
K I R K  LOCK SWITCH 

D A T E  

11.2 HUTCH DOOR BYPASS 

R .  Hettel 

REMOVABLE 
DOOR CLOSED A 

1/26/86  

HUTCH 4-2 CHAIN A 
DOOR CLOSED C I R C U I T  

ON L I N E  B 
I 

2 

ON L I N E  A I 

0 
0 

KEMOVABLE DOOR - 
CLOSED B 

/ > C H A I N  B 
DOOR CLOSED C I B C U l T  



C O D E  STANFORD SYNCHROTRON RADIATION LABORATORY 

H O R  ENGINEERING D E P A R T M E N T  NOTE L O C A T  I ON 

U J G I O G W H Y  PI'S 

1 2 . 0  INTERACTION WITH HUTCH PROTECTION SYSTEM ( a s )  

P A G E  S E R I A L  

1 2  O F  13 
D A T E  

12 .1  HUTCH STOPPER STATUS 

A N G I  RECEIVES HUTCH STOPPERS HS1 AND HS2 OPEN AND REDmDMT 
(CHAINS A & B) CLOSED STATUS 

R. H e t t e l  

1 2 . 2  HUTCH DOOR ADDITIONS 

1/26/86 

ANGIOGRAPHY MONOCHROMATOR, ROTATiNG DRUMS, SAFETY SHUTTERS, AND I M A G I N G  
SHUTTER ARE ALL ENCLOSED I N  A SHIELDED ENCLOSURE INTERLOCKED WITH REDUNDAIqT 
SWITCHES AND LOCKED WITH AN OPERATORS PADLOCK (SSRL OPERATOR CARRIES KEY). 
THE SWITCHES ARE CONNECTED INTO THE HUTCH DOOR CIRCUITS, AXD VILL CAUSE AN 
HPS FAULT (HUTCH SUMMARY FAIJJT-DUiP SPEAR) IF  NOT CLOSED WHILE HUTCH STOP- 
PERS ARE NOT CLOSED. 

12.3 

1 2 . 4  

HUTCH DOOR REMOVAL 

THE REAR DOOR OF THE BL IV-2 HUTCH I S  REMOVEDERON THE H?S DOOR 
CIRCUIT 'JHEN THE A N G I  INTERLOCK I S  "ON LINE" - SEE P g .  11 

HUTCH STOPPER OPEN ENABLE FROM ANGI  

+2 4- 

OPEN 

I I  STOPPER 

NOTES: 1. ANGI SAFETY SHUTTERS MUST BE CLOSED TO OPEN HUTCH STOPPERS. ONCE 
HUTCH STOPPERS ARE OPEN, SAFETY SHUTTERS MAY BE OPENED. 
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SAFETY SHUTTERS 
CLOSED A 

HUTCH STOPPERS 
CLOSED A 

RESET 
FAULT A 

- 
FAULT, A = OK A 

CHAIN B I S  LIKEWISE CONFIGURED 

NOTE: 1. SCAN SWITCH MUST BE HELD CLOSED DURING ENTIRE E,XPOSURE TIME AS DEFINED 
BY THE SAFETY SHUTTERS BEING OPEN. RELEASING BUTTON WHILE SAFETl 
SHUTTERS CLOSED, OR WHILE HUTCH STIPPERS CLOSED, WILLNOT CAUSE A FAbTT. 

1 3 . 2  SCAN SWITCH FOLLOWER RELAYS 

m CHAIN A 
+24- I c 
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