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TEST AND EVALUATION OF THE SIEM4NS HELIODENT 70 
PORTARAY F I E L D  X-R9Y U N I T  FOR A I R  FORCE 

AIR-TRANSPORTABLE-HOSPITAL USE 

I NTRODUCT I ON 
1 The Siemans He l i odon t  70 Por taray F i e l d  X-Ray U n i t  (F ig .  1 )  was evaluated 

t o  determine i t s  s u i t a b i l i t y  f o r  use i n  the  den ta l  module o f  the A i r  Force a i r  
t r a n s p o r t a b l e  h o s p i t a l  (AFATH). The Por ta ray  was designed s p e c i f i c a l l y  f o r  t he  
t r a n s p o r t a b i l i t y  necessary f o r  f i e l d  use. It i s  comple te ly  se l f - con ta ined  
(except  f o r  an e l e c t r i c a l  power source) and i n c l u d e s  a l i g h t  a l l o y  and s t e e l  
c a r r y i n g  case w i t h  mo is tu re  seal ,  X-ray head and arm, X-ray cha i r ,  support  
assembly, l e v e l e r s ,  c o n t r o l ,  f i l m  processor, and chemicals (F ig .  2 ) .  
assembly packs i n t o  a s i n g l e  c a r r y i n g  case (F ig .  3 )  f o r  hand l ing  and t r a n s p o r t .  
The u n i t  can be s e t  up f o r  f i e l d  use i n . 2 0  t o  30 minutes depending upon the  
exper ience o f  user  personnel .  Setup and repack ing  i n s t r u c t i o n s  are  packed w i t h  
each u n i t  (see Appendix A ) .  The setup assembly i s  s t a b i l i z e d  by a b u i l t - i n  
s t e e l  subframe f o r  X-ray u n i t  and c h a i r  suppor t  ( F i g .  4 ) .  Compensation f o r  
setup on uneven s i t e s  i s  poss ib le  w i t h  a d j u s t a b l e  l e v e l i n g  f e e t  (see F ig.  1 ) .  
The c a r r y i n g  case i s  padded and compartmented f o r  p r o t e c t i o n  o f  component p a r t s  
i n  t r a n s p o r t .  

The e n t i r e  

The X-ray c h a i r  i s  o f  steel - f rame c o n s t r u c t i o n  w i t h  plywood seat and back- 
r e s t  covered w i t h  expanded v i n y l .  
( p r o s t h e t i c  t ype )  headrest  which i s  a d j u s t a b l e  h o r i z o n t a l l y  and v e r t i c a l l y .  
The c h a i r  i s  a t tached  t o  the  case-support system w i t h  dual  s tee l -bar -s tock  

I t  i s  equipped w i t h  an o c c i p i t a l  pad 

members. . .  
The X-ray head i s  o f  ext ruded aluminum and i s  o i l  cooled. The tube-head 

l o n g  cone (20 cm (3 i n )  sub jec t  t o  focal  spo t  d i s t a n c e )  i s  o f  h igh- impact 
p l a s t i c .  The head i s  supported by a spr ing-counter-ba lanced sc i sso r  arm. 
c o n t r o l  box i s  o f  c a s t  aluniinum. 

The 

A wal l -mounted v e r s i o n  of  the  He l iodent  70 ( F i g .  5)  was i n s t a l l e d  f o r  t e s t  
and c l i n i c a l  e v a l u a t i o n  o f  t h e  X-ray u n i t  i n  t h e  A i r  Force Dental I n v e s t i g a t i o n  
Serv i ce  f a c i l i t y  a t  t he  USAF School o f  Aerospace Med ic ine  (USAFSAM). 
head, and arms o f  t h i s  u n i t  a re  i d e n t i c a l  w i t h  those o f  the  Portaray w i t h  the  
f o l l o w i n g  except ions :  

The c o n t r o l ,  

a. The Pnr ta ray  has a l ine-adequacy d i g i t a l  t e s t  inst rument  ( vo l tme te r )  
b u i l t  i n t o  tne  f r o n t  upper l e f t  corner  o f  t h e  c o n t r o l  panel .  Th is  inst rument  
i s  used t o  check f i e l d - a v a i l a b l e  e l e c t r i c a l  power sources fo r  s u f f i c i e n t  l oad  
p o t e n t i a l .  
where t h e  e l e c t r i c a l  source and d i s t r i b u t i o n  system i s  o f  known load capac i ty .  

The ins t rument  i s  no t  requ i red  f o r  f i x e d - f a c i l i t y  i n s t a l l a t i o n  

b. The Por ta ray  a r m  does n o t  have the h o r i z o n t a l  member needed f o r  e x t r a  
head reach r e q u i r e d  i n  f i x e d - f a c i l i t y  i n s t a l l a t i o n .  
segment may enhance X-ray head s t a b i l i t y .  

E l i m i n a t i o n  o f  t h i s  a r m  

'Manufactured by Siemans Corporat ion Dental D i v i s i o n ,  186 Wood Avenue, 
I s e l i n  NJ 08830. 
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Figure 2 .  P o r t a r a y  components. 
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F igu re  4 .  B u i l t - i n  s t e e l  subframe f o r  X-ray u n i t  and c h a i r  suppor t .  

7 



METHODS AND RESULTS 

The u n i t  was f i r s t  eva lua ted  by t h e  I o n i z i n g  Rad ia t i on  Branch o f  t h e  US4F 
Occupat iona l  and Environmental Hea l th  Labora tory .  T h e i r  e v a l u a t i o n  i nc luded  
s a f e t y ,  leakage, t i m e r  accuracy, power r e p r o d u c i b i l i t y ,  tube ou tpu t ,  beam 
q u a l i t y ,  c o l l i m a t i o n ,  and compliance w i t h  Federal Guidance Report (FGR) No. 9 
(see Appendix B) f o r  d e n t a l  X-ray devices.  

C a l i b r a t i o n  adjustments and e v a l u a t i o n  f o r  q u a l i t y  o f  manufacture and ease 
o f  maintenance and r e p a i r  were made by t h e  USAFSAM Technical  Services D i v i s i o n ,  
Biomedical  Maintenance Funct ion .  

The c l i n i c a l  e v a l u a t i o n  was 6 months i n  d u r a t i o n ,  d u r i n g  which t ime  t h e  
X-ray u n i t  was used as t h e  pr ime source of  d i a g n o s t i c  p e r i a p i c a l  and b i t e w i n g  . 
X-ray f i l m  exposure f o r  suppor t  o f  t h e  USAFSAM Dental  P a t i e n t  Consu l ta t i on  
Serv ice .  S p e c i f i c  e v a l u a t i o n  i tems were ease o f  use, X-ray head s t a b i l i t y ,  
and f i l m  q u a l i t y .  Users p rov ided  f u r t h e r  s u b j e c t i v e  eva lua t i on  as t o  adequacy 
o f  i n s t r u c t i o n s  and f u n c t i o n  under f i e l d  use i n  f o u r  Red F lag  exerc ises .  
Dur ing  these exe rc i ses  a c t u a l  p a t i e n t  t rea tmen t  was performed under s imu la ted  
combat c o n d i t i o n s .  

Techn ica l  s p e c i f i c a t i o n s  a r e  taken from a p p r o p r i a t e  manuals p rov ided by 
t h e  manufac turer .  

Rad io log i ca l  Eva1 u a t i o n  

The r a d i o l o g i c a l  e v a l u a t i o n  cons is ted  o f  a complete survey cove r ing  the  
f a c i l i t y ,  use r  personnel ,  and the  s p e c i f i c  X-ray u n i t .  
t h i s  r e p o r t ,  o n l y  t h e  da ta  a p p l i c a b l e  t o  t h e  i t e m  under eva lua t i on  i s  shown i n  
t h e  r e s u l t s .  Ins t ruments  used i n  the  e v a l u a t i o n  were a model 1015 MDH X-ray 
m o n i t o r  (measures exposure r a t e ,  i n t e g r a t e d  exposure, and o n / o f f  t ime  o f  the  
X-ray beam) and a model 440 'V ic to reen  survey meter (measures exDosure r a t e  i n  

For the  purpose o f  

m i l l j r o e n t g e n s  p e r  hour ) .  
E v a l u a t i o n  Report  No. 79327. 

The f o l l o w i n g  r e s u l t s  a r e  taken from t h e  Rad ia t i on  

Safety Check: 
Yes No NA - - -  

a. 
b. 

d. 
e. 
f .  
9. 
h. 
i. 

k. 

C .  

j .  

Warning l a b e l  on console c l e a r l y  v i s i b l e :  
Angle o f  beam i n d i c a t e d :  
Open-ended-beam l i m i t i n g  o r  spacer dev ice :  
I n d i c a t i o n  o f  tube se lec ted  a t  c o n t r o l  pane l :  
I n d i c a t i o n  o f  tube se lec ted  a t  tube head: 
Does tube  head d r i f t  o r  v i b r a t e :  
Technique f a c t o r s  i n d i c a t e d  b e f o r e  exposure: 
Technique f a c t o r s  v i s i b l e  a t  o p e r a t o r ' s  l o c a t i o n :  
V i s i b 1 e 'I beam- o n I' i n d i ca t i on : 
Aud ib le  i n d i c a t i o n  o f  exposure t e r m i n a t i o n :  
Deadman exposure sw i t ch :  

.. - - -  
X 
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d. Reproduc i b i  1 i t y  : 

Measured exposure (mR) Average 
exDosure I mR4 - mR3 - mR2 - mR 1 - mA - 

7.5 287 276 284 286 28 3 

F r a c t i o n a l  s tandard d e v i a t i o n  ( S D ) :  0.02 

- - e. Is SD l e s s  than  or equal t o  0.05: Yes X No 

Tube Output :  

a. Technique: mA - 7.5 Time 1.0 sec SCD 11.75 i n  
b. Measurements: 

Exposure 
kVo FlR R/d-min 

1. 70 256 - - 
-- 287 2. - 70 

2 76 3. 70 
4. 70 284 

- 
- - 

Beam Qual i ty:  

a. Technique: kVp 70 rn4 7.5 Time 1.0 sec SCEI 11.75 i n  
b. Measurement: 

1. - 
F i l t e r  t h i c k n e s s  
added (mn A1  ) 

0 .0  
1 . 5  
2.5 
4.5 

- 
- 

- 
- 

Exposure 
(mg) 

c .  Resu l t s :  

1.  HVL: 2.333 mm A1 
2. T o t a l  f i l t r a t i o n :  2.6 mm A1 
3. Minimum acceptab le  f i l t r a t i o n :  2.5 mm A1 
4. S a t i s f i e s  requi rements:  Yes - X No __ Add mn 41 

- 
__ 

__ 

C o l l i m a t i o n :  

a. Source- to -cone- t ip  d i s t a n c e  (SCTD 

1. SCTD measured: 7.9 i n  - 
2. SCTD g r e a t e r  t han  7 i n :  Yes __ X 3 0 - 

11 . 



Timer 
s e t i n g  
(set 1 

0.10 
0.13 
0.16 
0.20 
0.25 
0.32 
0.40 
0.50 
0.64 
0.30 
1 .oo 

TABLE 1 .  PULSE COUNT TEST RESULTS 

Equ iva len t  Actual  
pu l  se pu lse  D e v i  a t  i on 
count  count  (pu l se )  

5 
8 

10 
12 
15 
19 
24 
30 
38 
48 
60 

7 
9 

11 
12 
16 
20 
27 
32 
34 
51 
62 

+1 
+1 
+1 
0 

+1 
+1 
+3 
+2 
- 4  
+3 
+2 

A1 1 owabl e 
devi  a t  i on 
(pulse)  

+1 - 2 
+1 - 2 
+1 - 2 
+1 - 2 
+1 - 2 
+1 - 2 8 .  

+1 - 2 
+1 - 2 
+2 - 4 
+2 - 4 
+3 - 6 

A l l  a c t u a l  pu l se  counts  f a l l  i n t o  t h e  a l l owab le  d e v i a t i o n  except t h a t  
reco rded  f o r  t he  0.40-second t i m e r  i n t e r v a l .  
c o u n t  should produce an a c t u a l  exposure t i m e  of  0.45 second. This exposure 
t i m e  i s  a 12.59: d i f f e rence  over  the  t i m e r  s e t t i n ?  (9.40), s l i g h t l y  above t h e  
recommended 10% 1 i m i  t imposed by t h e  r a d i o l o g i c a l  e v a l u a t i o n  format. 

By c a l c u l a t i o n ,  the ac tua l  pu l se  

Output  waveform o f  t h e  p r imary  t ransformer and X-ray output  de tec to r  were 

The pu lse  ampl i tudes a r e  approximately 439: and 56% 

Apparent ly the  reduced 

reco rded  s imu l taneous ly  f o r  0.10- and 0.13-second timer i n t e r v a l s  (F ig .  6 ) .  
The X-ray o u t p u t  d e t e c t o r  waveform shows a l a g  i n  o u t p u t  l e v e l  bu i ldu? i n  t h e  
f i r s t  two exposure pulses.  
o f  t h a t  o f  t he  remain ing mature pulses.  Th is  l a g  may demonstrate a r i s e  t i m e  
r e q u i r e d  f o r  t h e  b u i l d u p  o f  c u r r e n t  and/or p o t e n t i a l  i n  the  X-ray tube, b u t  
does n o t  appear t o  be a d e t r i m e n t  t o  u n i t  performance. 
o u t p u t  o f  these two i n i t i a l  sp ikes  produces usable X-rays s ince the u n i t  was 
accep tab le  i n  t h a t  phase o f  t h e  r a d i o l o g y  evaluat ion- .  

The manufacturer-suppl  i e d  1 i t e r a t u r e  was judged e x c e l l e n t ' i n  q u a l i t y  o f  
i n f o r m a t i o n .  Documents i n c l u d e d  o p e r a t i n g  i n s t r u c t i o n s ,  i n s t a l l a t i o n  i n s t r u c t i o n s ,  
c a l i b r a t i o n  procedures, schematic and w i r i n g  diagrams, p revent ive  and d e f i n i t i v e  
maintenance i n s t r u c t i o n s ,  t r o u b l e s h o o t i n g  guide, and complete par ts  breakdown 
w i t h  exploded-view i l l u s t r a t i o n s .  

The u n i t  i s  cons t ruc ted  p r i m a r i l y  o f  l i o h t w e i g h t  ma te r ia l s  such as c a s t  
aluminum and p l a s t i c s .  S t e e l  p a r t s  a r e  used i n  p i v o t  and s t ress  po in ts .  The 
tube-arm d i s tance  ex tens ion  and s t a b i l i t y  appear e x c e l l e n t .  The c o n t r o l  box 
i s  we1 1 designed f o r  easy maintenance access. 
r e p a i r s  a r e  e a s i l y  done. 
spec i  f i ca t ions.  

Troubleshoot ing c a l i b r a t i o n  and 
A f t e r  c a l i b r a t i o n ,  u n i t  accuracy was w e l l  w i t h  

C1 i n i c a l  Eva1 u a t i o n  

The c l i n i c a l  phase o f  t he  e v a l u a t i o n  l a s t e d  6 months. 
were AFSC 98150, s k i l l  l e v e l  5, den ta l  a s s i s t a n t  s p e c i a l i s t s  w i t h  an average 
exper ience l e v e l  o f  3.5 years .  Average workload was 20 f i l m s  per week. Typ ica l  
exposure t ime was 0 .5  second. 

The user personnel  
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r )pera tors  judged t h e  He l i oden t  70 easy t o  use. No complaint  was recorded 
r e g a r d i n g  arm o r  tube-head d r i f t  o r  v i b r a t i o n .  
and c y l i n d r i c a l  c o n f i g u r a t i o n  o f  t he  tube head enhanced p e r p e n d i c u l a r i t y  t o  the  
f i l m  p lane  when u s i n g  f i l m  ho lde rs .  

The comparat ively small  d iameter 

F i lms  were judged t o  be o f  a r c h i v a l  q u a l i t y ,  w i t h  good- to -exce l len t  d e n s i t y  
and c o n t r a s t .  A l l  f i l m  exposed were e i t h e r  p e r i a p i c a l  o r  b i t ew ina  packets. yo 
o c c l u s a l  o r  e x t r a o r a l  f i l m  was used. 

F i e l d  Observat ions 

The H e l i o d e n t  70 Por ta ray  equipment has been used i n  four s imultated- iombat 
man-casual ty e x e r c i s e s  i n  t h e  CONUS and USAFE. Equipment i s  genera l l y  s e t  up i n  
t e n t  s h e l t e r s  ( F i g .  7 )  b u t  i s  n o t  l i m i t e d  t o  such cover  and l e v e l  work ing  f l o o r .  
When s e t  up i n  t e n t  cover,  t h e  u n i t  should be as near as Dossible t o  a t e n t  mast 
because o f  t h e  sc i sso r -a rm h e i g h t  (see F ig .  7 ) .  An X-ray b a r r i e r  w a l l  with 
l e a d - g l a s s  window must be provided. T.his i s  n o t  i nc luded  w i t h  the  Por ta ray  
assembly, n o r  i s  casework t o  support  t he  f i l m  processor inc luded.  These items, 
as t h e y  appear i n  F i g u r e  7, a r e  supp l i ed  w i t h  t h e  den ta l  module o f  t h e  AFATti o f  
wh ich  t h e  P o r t a r a y  i s  a p a r t .  

A l l  u s e r  comments r e g a r d i n g  t h e  Por ta ray  have been extremely favorable 
r e l a t i v e  t o  t r a n s p o r t a b i l i t y ,  setup, ease o f  use, and repacking. No negat ive  
comnents were rece ived .  

The P o r t a r a y  f i l m  processor (F i r ls .  7 and 9)  i s  unique i n  i t s  f i l m  t r a n s p o r t  
mechanism ( F i g .  9 ) .  
l a t e r a l l y - - r a i s i n g ,  lower ing ,  and t r a n s p o r t i n g  t h e  f i l m  through the  chemical- 
c o n t a i n i n g  t r a y s  f o r  development, f i x i n q ,  and work. Each c l i p  holds t h r e e  f i l m s .  
The lead-screw d r i v e  r a t e  ( a d j u s t a b l e )  determines- development time. 
t h e  p rocesso r  enc losu re  i s  c u f f e d  and p rov ided  w i t h  a s a f e - l i g h t  window f o r  day- 
l i g h t  l o a d i n g .  
p rocessor .  

An e l e c t r i c  motor -d r iven  l ead  screw moves f i l m  c l i p s  

The 1 i d  o f  

Users made no negat ive  comments concerning the  Portaray f i l m  

Technical  Descr i  D t  i on 

C o n t r o l  Uni t - -Pane l  c o n t r o l s  and i n d i c a t o r s  f o r  t h e  wall-mount ve rs ion  o f  
t h e  H e l i o d e n t  70-are shown i n  Figure, 10. 
a d i g i t a l  readou t  ( v o l t m e t e r )  l o c a t e d  i n  t h e  upper l e f t  corner  o f  the  panel f r o n t ,  
t o  i n d i c a t e  adequacy o r  q u a l i t y  o f  the  e l e c t r i c a l  power source. The exposure- 
t ime  ad jus tment  uses a symbol technique f o r  s i m p l i c i t y .  Se t t i ngs  are  i n  13 
inc rements  f o r  f i l m  exposure. The He l i oden t  70 i s  s e t  up f o r  A N S I  c l a s s  D 
u l t r a - h i g h - s p e e d  f i l m  b u t  can be adjusted from the  f r o n t  panel f o r  o t h e r  f i l m  
speed c lasses .  The c o n t r o l  u n i t  has an a u d i b l e  exposure s igna l  i n  a d d i t i o n  t o  
t h e  v i s u a l  i n d i c a t o r  on t h e  panel face. 

The Por ta ray  ve rs ion  has, i n  a d d i t i o n ,  

f lodul a r -  t y p e  assembly o f  t he  c o n t r o l  - u n i t  components can be seen i n  Figures 
11 and 12. The u n i t  i s  equipped w i t h  a c o n t r o l  t rans former  ( i t e m  1, F ig .  11) 
wh ich  r e c e i v e s  and compensates the  e l e c t r i c a l  power supply w i t h i n  a range of 
106 t o  135 VAC t o  supp ly  a cons tan t  pr imary o f  125 VAC t o  the  u n i t .  
compensating r o t a r y  sw i t ch  ( i t e m  2, F i g s .  10 and 11) i s  used t o  center  t he  
i n d i c a t o r  ( i t e m  3 ,  Fins. 10 and 11) t o  p rov ide  l i n e  compensation. 

The l i n e -  
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Figure 9. F i l m  processor i n  operation. 
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Figure 1 1 .  Heliodent 70 control-unit component assembly: 
( 1 )  1 ine-compensation transformer 
(2) 1 ine-compensation switch 
(3) 1 ine-compensation indicator 
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Ex tens ion  Arms- 
D ivo ted  f rom t h e  top 

The ex tens ion  system c o n s i s t s  o f  two v e r t i c a l  segments 
o f  the  c o n t r o l  u n i t  ( F i g .  1 ) .  The a r m  system swive ls  180" 

;bout t h e  p i v o t ,  and the  suspended tube head has vert ical-movement ranqe of  
0.39 m (35  i n ) .  The arm system has a h o r i z o n t a l  reach adequate t o  p o s i t i o n  t h e  
tube head f o r  any p a t i e n t  p o s i t i o n  i n  t h e  assembly c h a i r .  I n t e r n a l  spr ings 
p r o v i d e  t e n s i o n  f o r  the  s c i s s o r - a c t i o n  arm system. The tens ion  i s  ad jus tab le  
t o  p reven t  v e r t i c a l  d r i f t i n g  o f  the  tube  head. To p rov ide  l a t e r a l  tube-head 
s t a b i l i t y ,  an ad jus tab le  brake a c t s  upon t h e  arm-system p i v o t  a x l e  w i t h i n  t h e  
c o n t r o l - u n i t  enclosure.  

Tube Head--The tube head has a h o r i z o n t a l  range o f  r o t a t i o n  through 549" 
(1.5 t u r n S ) d  a v e r t i c a l  range o f  300° (s tops  30" each s i d e  o f  v e r t i c a l ) .  
Scales a r e  p rov ided  f o r  v e r t i c a l  and h o r i z o n t a l  tube-head angu la t ion  (F ig .  13) .  

The tube  has a g r i d - c o n t r o l l e d  s t a t i o n a r y  anode w i t h  an 0.3- x 9.8-rn 
f o c a l  spo t .  
c i r c u i t  ( F i g .  14) t o  maximize t h e  DC-type (F ig .  15)  tube p o t e n t i a l .  The 
n e g a t i v e  h a l f  o f  the  t ransformer v o l t a g e  wave charges t h e  capac i to r  f i r s t .  
The p o s i t i v e  h a l f  o f  t he  wave i s  fo lded and added t o  the  capac i to r  charge, 
r e s u l t i n g  i n  a tube p o t e n t i a l  n e a r l y  t w i c e  t h a t  of t h e  o r i g i n a l  half-wave 
vo l tage .  The nominal tube c u r r e n t  and peak tube p o t e n t i a l  a re  f i x e d  and a re  
7 mA and 70 kVp r e s p e c t i v e l y .  The tube head i s  o i l  coo led  and i s  equipped 
w i t h  a s a f e t y  expansion membrane. 
f o r  eve ry  1 sec on) w i t h  a minimum c o o l i n g  t i m e  of  20 seconds. 
f o r  t h e  anode and the  tube housing a r e  shown i n  F igures  16 and 17. An aper tu re  
diaphragm i n  t h e  base of  t h e  head cone l i m i t s  t h e  X-ray beam t o  a 6-cm diameter 
on t h e  s k i n .  The source- to -sk in  d i s t a n c e  i s  20 cm. To ta l  f i l t r a t i o n  i n  the  
u s e f u l  beam i s  2.7 mn of  aluminum. The manufacturer 's  repor ted  dose r a t e  a t  
70 kVp and 7.0 mA i s  700 mR/sec & 150 mR/sec. 

(see F ig .  18) :  T3, t he  c o n t r o l  t rans fo rmer  which sypp l i es  power t o  the  e n t i r e  
u n i t ;  T l ,  a step-down transformer which supp l i es  22V t o  powe'r the t imer  and o t h e r  
s o l  i d - s t a t e  components; and H1, the  h i g h - t e n s i o n  t rans former  i n  the tube head, 
wh ich  p rov ides  the  tube p o t e n t i a l .  
t h e  e n t i r e  u n i t  c i r c u i t r y  i s  powered. 
t h e  S c h m i t t  T r i g g e r  causes relay E9 t o  c l o s e  (see F i g .  19 f o r  t ime sequence). 
When r e l a y  ER i s  c losed, a dampened v o l t a g e  i s  p laced on the  h igh- tens ion  
t r a n s f o r m e r  ( H l )  through the  v o l t a s e - d i v i d i n g  r e s i s t o r s  R18 and R2'1. A t  t h i s  
p o i n t  t h e  a u d i b l e  ( S U )  and v i sua l  (B2)  exposure i n d i c a t o r s  a re  turned on. 
i n d i c a t o r s  w i l l  stay on fo r  the d u r a t i o n  o f  t he  exposure, as long as  the  exDosure 
s w i t c h  (S27) i s  c losed. Dur ing the  n e x t  150-250 ms t h e  cathode heater  warms up 
and a f t e r  approx imate ly  350 ms causes tube c u r r e n t  t o  f l o w  (F iq .  19) .  
as t n e  tube c u r r e n t  reaches a predetermined value, r e l a y  AR i s  c losed, t r i q g e r i n g  
t h e  t i m e  c i r c u i t  (R10, C3,  V12, and V14). A t  the  same t ime, relay AR drops the  
v o l t a g e - d i v i d i n g  r e s i s t o r s  R18 and R20 o u t  o f  the  c i r c u i t  and a l lows H1 t o  draw 
125 VAC undarnpened. blhen capac i to r  C3 i n  t h e  t ime c i r c u i t  i s  charged t o  the 
va lue  s e t  on t h e  Schmi t t  T r i g g e r  ( t i m e  s e t t i n g ) ,  t he  r e l a y  ER i s  opened, t e r m i -  
n a t i n g  t h e  exposure. Relay AR remains c l o s e d  u n t i l  t h e  exposure swi tch  (S27) 
i s  opened. Po in ts  D1.9 and D1.10 a re  p rov ided  f o r  measuring the tube cu r ren t  
i n  s e r v i c e  procedures. I n  c a s e  o f  component f a i l u r e  where no tube cu r ren t  i s  
a v a i l a b l e  t o  t r i g g e r  the t i m e r  through r e l a y  AS, a charq ing  capac i to r  a c t i v a t e s  
t r a n s i s t o r  V6, i n  0.7-1.0 second, and t r i g g e r s  the  t ime  c i r c u i t .  

The secondary c i r c u i t  i n  t h e  tube head forms a vo l tage-doubl ing 

Tube d u t y  c y c l e  i s  1:60 i n  seconds (69 sec o f f  
Cool inq curves 

D e s c r i p t i o n  o f  Funct ion--The H e l i o d e n t  70 is .equ ipped w i t h  three t ransformers 

Nhen t h e  exposure swi tch  (S27)  i s  depressed, 
The base c u r r e n t  i n  t r a n s i s t o r  V14 i n  

These 

As soon 
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Figure 14. Voltage-doubling circuit--H1: high-tension transformer; 
C1: capacitor; V10: diode. 
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Figure 15. DC-type waveform production o f  tube potential. 
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F igu re  18. Func t i ona l  schematic. 
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Figure 19. Sequence of funct ion.  
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PORTARAY ASSEMBLY AND REPACKING INSTRUCTIONS 
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RE PAC K I NG I PI S T RU C T I ON S 

insen rrle support 
back rest  and Seat. 

rod for 

\ .  

the 

Place ;he wooden Insert In po- 
Slt lOn. 
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Secure the HELIODENT and 
scissor arm with the belt, as 
shown in the diagram. 

insert the HELIODENT and the 
scissor arm and fasten with belts 
(6) .  

Fold the seat rogerher, place in 
position and secure with belt. 
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Place the wooden insert in po- 
si t  ion. 

8 \ 

Position the PROCOMAT lid, 
cover with the protective hood 
and secure with belt. 

Insert the rnountlng r o d  secure 
with belt and tighten the fly 
nut IC) 
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APPENDIX 6 

ENVIRONMENTAL PROTECTION AGENCY 
FEDERAL GUIDANCE REPORT NUMBER 9 

(SAMPLE) 
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monitor the performance of X-ray examinations, a n d ,  where oract icable ,  d i rec t  
examinations t o  o b t a i n  diaonostic objectives s ta ted by c l in i c i ans  by awronri-  
a t e  addition, subs t i tu t ion ,  or delet ion of Drescribed views. Technic 
protocols for  perforrninq medical and  dental X-ray examinations should detai l  
the operational procedures for a l l  standard radioqraohic groiect ions,  Datient 
preparation requirements, use of technic char ts ,  and imaqe receotor 
speci f i ca t ions. 

6. R A D I Q G R A P H I C  EQUIPMENT: 

X-ray equipment used in federal proqrams should meet, where pract icable ,  
federal performance standards (21 CF9 Subchapter J )  sooner than required, 
o r  i n  the interim, the 1974 “Susgested S ta te  Requlations f o r  Control o f ‘ .  
R a d i a t i o n .  I ’  General -purpose fluoroscopy units should Drovide image- 
intensif icat ion;  fluoroscopy units f o r  nonradiology soecial t y  use should, 
when practicable,  have electronic  image-holdina features.  Photofluorograuhic 
X-ray equipment should not be used f o r  chest radiography. 

7. Q U A L I T Y  ASSURANCE PROGRAM: 

X-ray f a c i l i t i e s  should have qua l i ty  assurance oroqrams desiqned t o  oroduce 
radioaraphs t h a t  s a t i s fy  d i a y o s t i c  requirements with minimal Datient exnosure; 
such programs should contain mater ia ls  and equipment spec i f ica t ions ,  equinment 
cal ibrat ion and  preventive maintenance requirements, q u a l i t y  control o f  imaoe 
processing, and operational procedures to  reduce retake and duol icate  
examinations . 

8. O U A L I F I C A T I Q I I  OF T E C H N I C I A Y S :  

Operation of medical or  dental X-ray equioment should be by  individuals who 
have demonstrated proficiency t o  Produce-diaqnostic quali ty radionranhs w i t h  
the m i n i m u m  of exposure required; these individuals should he quali‘ied hy 
didactic t ra ining and practical  experience identical  t o  or equivalent t o  
those proqrams approved by the council on medical education o f  the  4mericarl 
Medical Association or the American Seqistry o f  Clinical Tadionranby 
Technologists for  medical X-ray equioment operators,  or f o r  dental equipment, 
operators, the guidelines of the o r a l  r a d i o l o q y  section o f  the American 
Association o f  Dental Schools. 

9. P A T I E r I T  S H I E L D I Y J G :  ’ 

Proper collimation should be used t o  r e s t r i c t  the X-ra,y beam as muc’l a s  
practicable t o  the c l in ica l  area of  i n t e re s t  and  w i t h i n  the dimensions of  
the image receptor; shieldinq should be used t o  fur ther  l i m i t  the exnosure 
of the fetus and  the gonads when such exclusion does not i n t e r f e re  w i t h  the 
examination beinq conducted. 

10. P A T I E N T  SK1r.I E X P O S U R E  G!JI!IES: 

Technic appropriate t o  the equipment and  materials available should be used 
t o  m a i n t a i n  exposures as low as is  reasonably achievable w i t h o u t  loss of  
requis i te  diagnostic information; measures should be undertaken t o  evaluate 
and reduce, where practicable,  exposures fo r  nonspecial t y  exaginations w h i c h  
exceed the  f o l l o w i n q  Entrance S k i n  Exnosure Guides ( E S E G ) :  
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QUESTIr)UFJ4IRE ON DENTAL 9A9IW9APHIC P9rlCEDUWS 

F a c i l i t y :  Date: 
S t a t e :  Comnand: 

Are the Following Statements 
TRUE o r  FALSE f o r  your Facil i t y  T?!!E F4LSE '1/4 

. .  
1. All dental X-rays a re  prescribed by a dent is t  

- - -  only a f t e r  examination o f  the patient:  

2. Dental bitewing X-rays or full-mouth ser ies  a re  
- - -  not accompl ished f o r  rout ine preventive dental care:  

3.  Positive means e x i s t  f o r  ident i fying oreqnant o r  
potent ia l ly  preqnant pa t ien ts  pr ior  t o  X-rays: ~ - -  

4 .  All possible methods a r e  employed t o  reduce the 
- - -  exposure t o  the fe tus :  

5. X-ray technique charts  a r e  readi ly  accessible 
in a l l  X-ray rooms: 

6. X-ray technique charts  a r e  routinely emplo,yed: 

7. A1 1 X-ray units a r e  i n  ,c.ompl iance w i t h  federal 
standards: . .  . . 

~ _ _ _ -  

- - -  8. There i s  a writ ten qua l i ty  assurance proqram: 

9. I t  provides for  regularly scheduled 

- - -  a .  

b. Image processina evaluation: 

Equipment ca l ibra t ion  and preventive maintenance: 

- - ~  c .  Evaluation o f  procedures t o  reduce retakes: 

10. All personnel who operate X-ray equipment a re  
- - -  properly trained a n d  qua l i f ied :  

- - -  11. Gonadal shielding i s  ava i lab le  i n  a l l  X-ray rooms: 

12. Gonadal shielding i s  rout inely employed on a l l  
pat i en ts  : 

13. All collimators a re  open-ended and shielded: 

14. The film used i s  speed "9'' o r  f a s t e r :  
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