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ABSTRACT 

NASA Lewis Research Center has been evaluating low 
loss multi-hundred-kilowatt Roll Ring assemblies (an 
eight circuit and a four circuit) for use on Space 

g Station as the rotating joint power transfer device. 
2 In this device ac or dc power is transferred across 
L, the rotating joint through compressed rotating flex- 

ures. 
gram will be presented. 

Results and conclusions of the evaluation pro- 

INTRODUCTION 

The Roll Ring concept transfers power (ac or dc) 
across a rotating joint through slightly compressed 
multiple rotating flexures connecting the inner and 
outer conducting rings a s  shown in Fig. 1 .  The rotat- 
ing flexures eliminate virtually all of the sliding 
friction alloNing the Roll Ring assemblies to be 
rotated with very low torques. A multi-hundred kilo- 
watt Roll Ring assembly employs (10) multiple flexures 
per ring to distribute the current and provide redun- 
dant current paths. 

The NASA Lewis Research Center has been evaluating 
multi-hundred kilowatt Roll Ring assemblies developed 
by Sperry Corporation - Flight System Division since 
March, 1985 (1). The multi-hundred kilowatt Roll Ring 
assembly was selected as one of the best one hundred 
new products of 1985 and received an IR-100 award from 
Research and Development magazine. 

Roll Rinq Assembly Description 
The 400-kW Roll Ring assembly (Fig. 2 )  consists of 

eight power rings that make up four 200 A-500 volt cir- 
cuits. The 200-kW Roll Ring assembly (Fig. 3) consists 
of four powe'? rings that make up two 200 A-500 volt 
circuits. 

Each powzr ring has ten slightly compressed gold 
e plated Beryllium Copper flexures which rotate between 

two gold plated conducting rings. Each flexure is 
designed to carry 2 0  A of current. To prevent cold 
welding in space the gold plating on the flexures is 

of a different alloy than the gold plating on the con- 
ducting rings. The flexures are separated from each 
other by rotating idlers (Fig. 1). Figure 4 shows how 
the flexure fits into the grove of the inner and outer 
conducting rings. If there is a small misalignment 
between the inner and outer conducting ring, the con- 
tact points of the flexures move up or down on the con- 
ducting surfaces of the conducting rings causing no 
loss o f  performance. As the power is transferred 
across the rotating flexures virtually all sliding 
friction has been eliminated, as a result the torque 
to turn the Roll Ring assemblies is very low (approxi- 
mately 40 in.-oz) for the 8-circuit assembly. 

Testi nq 
Thermal equalibrium and accelerated life testing 

of the 8-circuit and 4-circuit Roll Ring assemblies 
was performed in a bell jar test facility (Fig. 5 ) .  
Figure 6 shows the 8-circuit Roll Ring assembly mounted 
onto the temperature control plate of the test rig. 
The Roll Ring assemblies were driven with a stepper 
motor capable of driving assemblies at 16 rlday (actual 
space station speed) and 5 rpm. The 5 rpm speed was 
used for accelerated life time testing. The Roll Ring 
assemblies were also corona tested in air using a 
Biddle corona tester. 

Thermal Equalibrium Testinq (8-Circuit Roll Ring 
Assembly) 

Thermal equalibrium testing was done at 50, 100, 
and 150 A in the test facility ;hown in Fig. 5 .  The 
Roll Ring assembly had thermocouples mounted on the 
top, on all terminals, and on the 50 "C temperature 
controlled base plate. The equalibrium temperature 
profiles are shown in Fig. 7 .  It should be noted that 
in this test the rotor had no direct thermal path to 
the 50 "C base plate. The only thermal paths from the 
rotor were through the flexures to the stator and 
through the bearing. There is no equalibrium profile 
for the 200-A test because the assembly bound up before 
equilibrium was reached. It was determined that a 
70 " F  difference across the bearing caused a high 
enough preload on the bearing to stall the assembly. 
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T h i s  i s  a b e a r i n g  p r o b l e m ,  n o t  a Ro l l  R i n g  p r o b l e m .  
The p r o f i l e s  show t h a t  t h e  t e r m i n a l s  t h a t  g o  t o  t h e  
base  p l a t e  ( t e r m i n a l s  1 ,  4 ,  5 ,  and  8 )  a r e  c o n s i d e r a b l y  
l o w e r  i n  t e m p e r a t u r e  t h a n  t h e  t e r m i n a l s  t h a t  d o  n o t  g o  
t o  t h e  b a s e p l a t e .  On t h e  Space S t a t i o n  t h e  Rol l  R i n g  
a s s e m b l y  w i l l  r u n  a t  l o w e r  t e m p e r a t u r e s  t h a n  t h e  p r o f -  
i l e s  because t h e  ro to r  w i l l  h a v e  b e t t e r  t h e r m a l  p a t h s  
t o  i t s  case  and  m o u n t i n g  b r a c k e t ;  a l s o  t h e  c a b l e s  w i l l  
c o n d u c t  h e a t  away from t h e  u n i t .  The d a s h e d  l i n e s  o n  
F i g .  7 show t h e  p r o j e c t e d  t e m p e r a t u r e  p r o f i l e s  o f  t h e  
Space S t a t i o n  c u r r e n t  for  t h e  i n i t i a l  75-kW power s y s -  
tem and  t h e  300-kW g r o w t h  s t a t i o n  (37.5-kW i n i t i a l  and 
150-kW g r o w t h  p e r  a s s e m b l y ) .  

A c c e l e r a t e d  L i f e  T e s t i n g  (100 A )  

uum t e s t  f a c i l i t y  a t  5 rpm w i t h  100  A o f  dc c u r r e n t  t o  
a c h i e v e  many e q u i v a l e n t  y e a r s  o f  Space S t a t i o n  r o l l i n g  
t i m e .  S i n c e  t h e  R o l l  R i n g  a s s e m b l i e s  h a v e  n o  l u b r i -  
c a n t ,  t h e  o n l y  wear  mechan ism i s  r o l l i n g  f r i c t i o n .  
The v o l t a g e  d r o p  a c r o s s  t h e  t e r m i n a l s  was m o n i t o r e d  
a l o n g  w i t h  t h e  number r e v o l u t i o n s .  
R i n g  a s s e m b l y  c o m p l e t e d  more t h a n  60 y r  o f  Space 
S t a t i o n  r o l l i n g  t i m e  w i t h  an a v e r a g e  e f f i c i e n c y  o f  
9 9 . 9 8  p e r c e n t  and  t h e  4 - c i r c u i t  Rol l  R i n g  a s s e m b l y  com- 
p l e t e d  more t h a n  114 y r  o f  Space S t a t i o n  r o l l i n g  t i m e  
w i t h  a n  a v e r a g e  e f f i c i e n c y  o f  99.97 p e r c e n t .  T a b l e  I 
shows t h e  e f f i c i e n c y  and  l i f e  r e s u l t s  o f  t h e  t e s t i n g .  

B o t h  Ro l l  R i n g  a s s e m b l i e s  were o p e r a t e d  i n  t h e  v a c -  

The 8 - c i r c u i t  Rol l  

H i q h  V o l t a q e  T e s t i n q  ( 5 0 0  V dc and  440  V-20 kHz)  
The & c i r c u i t  Ro l l  R i n g  a s s e m b l y  was t e s t e d  a t  

500 V d c - 1 0  A i n  t h e  vacuum t e s t  f a c i l i t y  w i t h  a vacuum 
o f  ~ . O X ~ O - ~  T o r r  or l e s s  f o r  a p p r o x i m a t e l y  s i x  m o n t h s .  
The Rol l  R i n g  a s s e m b l y  was t u r n i n g  a t  e i t h e r  5 rpm and  
16 r l d a y  d u r i n g  t h i s  t e s t .  A p p r o x i m a t e l y  3 . 3  y r  o f  
r o l l i n g  t i m e  was added t o  t h e  a s s e m b l y  d u r i n g  t h i s  
t e s t .  No p r o b l e m s  o c c u r r e d  d u r i n g  t h i s  t e s t .  The u n i t  
was c o r o n a  c h e c k e d  a t  t h e  end  o f  t h i s  t e s t  ( s e e  c o r o n a  
t e s t i n g  f o r  r e s u l t s ) .  The 4 - c i r c u i t  Ro l l  R i n g  a s s e m b l y  
was m o d i f i e d  a f t e r  t h e  l i f e  t e s t s  a n d  p l a c e d  i n  t h e  
vacuum t e s t  f a c i l i t y  f o r  440  V-20 kHz-1 .5  A l i f e  t e s t .  
W i t h  a vacuum o f  ~ . O X ~ O - ~  T o r r  or  l e s s ,  t h e  a s s e m b l y  
has  been  u n d e r  t e s t  s i n c e  Sep tember  2 1 ,  1987 .  The t e s t  
i s  s t i l l  b e i n g  r u n .  T h e r e  h a v e  been  n o  p r o b l e m s  w i t h  
t h e  Rol l  R i n g  a s s e m b l y  and t h e  l i f e  t e s t  w i l l  be con -  
t i n u e d  f o r  t h e  n e x t  f e w  y e a r s .  The f i rst p a r t  o f  t h e  
t e s t  was r u n  a t  5 r p m  and  a c c u m u l a t e d  22 y r  o f  Space 
S t a t i o n  r o l l i n g  t i n e  and t h e n  t h e  speed was r e d u c e d  t o  
1 6  r l d a y .  B e f o r e  and  d u r i n g  t h i s  t e s t ,  t h e  4 - c i r c u i t  
Ro l l  R i n g  a s s e m b l y  was c o r o n a  c h e c k e d  i n  a i r  t o  s e e  i f  
t h e r e  was a n y  change  i n  t h e  c o r o n a  o n s e t  l e v e l s .  The 
r e s u l t s  o f  t h e s e  t e s t s  a r e  r e p o r t e d  i n  t h e  c o r o n a  t e s t  
s e c t i o n  o f  t h i s  r e p o r t .  

Co rona  T e s t i n g  
The 8 - c i r c u i t  Rol l  R i n g  a s s e m b l y  was c o r o n a  

c h e c k e d  a f t e r  t h e  t e m p e r a t u r e  e q u a l i b r i u m  t e s t s  and  
t h e  h i g h  v o l t a g e  t e s t s  were  c o m p l e t e d .  I t  was f o u n d  
t h a t  t h e  o n - s e t  v o l t a g e  l e v e l s  r a n g e d  from 450  t o  
1800  V as measured  w i t h  a B i d d l e  c o r o n a  t e s t e r  u s i n g  
t h e  60-Hz t e s t  mode. When t h e  Rol l  R i n g  a s s e m b l y  was 
d i s a s s e m b l e d  and i n s p e c t e d ,  i t  was f o u n d  t h a t  a n  a r c  
s t a r t i n g  f rom a n  exposed  t h r e a d  o n  a power  s t u d  h a d  
t r a v e l e d  o v e r  a i n s u l a t o r  p l a t e  t o  g r o u n d .  A p p a r e n t l y  
a c a r b o n  t r a c k  was c r e a t e d  o n  t h e  i n s u l a t o r  d i s k  when 
t h e  u n i t  was a c c i d e n t l y  pumped down w i t h  500 V dc 
a p p l i e d  t o  t h e  a s s e m b l y .  S e v e r e  a r c i n g  o c c u r e d  d u r i n g  
t h i s  pump down and some damaged p a r t s  had  t o  be 
r e p l a c e d .  

A s  t h e  i n s u l a t o r  d i s k  was n o t  r e p l a c e d  t h e  c a r b o n  
t r a c k  was p r o b a b l y  f o r m e d  a t  t h a t  t i m e .  The p a r t s  were  
washed w i t h  a l c o h o l  and r e a s s e m b l e d .  The low c o r o n a  
o n s e t  l e v e l  wen t  from 450  t o  625 V a f t e r  c l e a n i n g .  The 
d e s i g n  p r o b l e m s  f o u n d  i n  t h e  8 - c i r c u i t  Rol l  R i n g  assem- 
b l y  ( e x p o s e d  t h r e a d s  and  d i r e c t  l i n e  of s i g h t  b e t w e e n  
c h a r g e d  s u r f a c e s )  were c o r r e c t e d  i n  t h e  r e d e s i g n  o f  t h e  
4 - c i r c u i t  Rol l  R i n g  a s s e m b l y .  The r e s u l t i n g  i n c r e a s e  
i n  t h e  c o r o n a  b reakdown v o l t a g e s  i s  shown i n  T a b l e  11. 

A c o r o n a  check  was p e r f o r m e d  o n  t h e  4 - c i r c u i t  Rol l  
R i n g  a s s e m b l y  b e f o r e  100 A vacuum t e s t .  T e s t s  showed 
t h a t  t h e  Rol l  R i n g  a s s e m b l y  had c o r o n a  o n s e t  v o l t a g e s  
r a n g i n g  from 400  t o  650 V w i t h  t h e  r e t a i n i n g  t o p  l i d  
o n  t h e  a s s e m b l y  and  650 V for a l l  c i r c u i t s  w i t h  t h e  
r e t a i n i n g  l i d  o f f  ( T a b l e  11) .  I t  was f o u n d  t h a t  a r c -  
i n g  o c c u r r e d  t h r o u g h  a gap i n  an i n s o l a t o r  r i n g  t h a t  
s e p a r a t e d  t h e  c i r c u i t s  ( F i g .  8 ) .  A l s o  when t h e  r e t a i n -  
i n g  l i d  was i n  p l a c e ,  t h e r e  was a l a r g e  s u r f a c e  a r e a  
o f  a n  i n s o l a t o r  d i s k  o n  t h e  r e t a i n i n g  l i d  w h i c h  
t r a p p e d  a t h i n  l a y e r  o f  a i r  be tween  them. T h i s  t h i n  
l a y e r  of a i r  b r e a k i n g  down caused  t h e  low c o r o n a  o n s e t  
v o l t a g e  w i t h  t h e  r e t a i n i n g  l i d  i n  p l a c e .  The 4 - c i r c u i t  
R o l l  R i n g  a s s e m b l y  was m o d i f i e d  a f t e r  t h e  100 A a c c e l -  
e r a t e d  l i f e  t e s t  t o  i n c o r p o r a t e  a l l  t h e  changes  needed 
t o  c o r r e c t  t h e  c o r o n a  p r o b l e m s ,  i n c l u d i n g  t h e  d e s i g n  
changes  t h a t  were d i s c o v e r e d  d u r i n g  t e s t i n g  o f  t h e  
8 - c i r c u i t  Rol l  R i n g  a s s e m b l y .  A l s o  e x t r a  v e n t  h o l e s  
were  added  t o  enhance o u t g a s s i n g  o f  t h e  a s s e m b l y .  The 
u n i t  was c o r o n a  c h e c k e d  a f t e r  t h e  m o d i f i c a t i o n s  were  
c o m p l e t e d  and  t h e  v o l t a g e s  r a n g e d  from 800  t o  1180  V .  
The u n i t  was c o r o n a  c h e c k e d  a f t e r  s i x  m o n t h s  o f  440  
V-20 kHz t e s t i n g  and  t h e  c o r o n a  o n  s e t  v a l u e s  
i n c r e a s e d  s i g n i f i c a n t l y .  The c o r o n a  o n  s e t  v a l u e s  
i n c r e a s e d  u p  t o  a maximum o f  1650  V as  shown i n  T a b l e  
11. T h i s  i m p r o v e m e n t  was a t t r i b u t e d  t o  r o l l i n g  i n  t h e  
a s s e m l b y .  The u n i t  w i l l  be p e r i o d i c a l l y  c o r o n a  
c h e c k e d  d u r i n g  t h e  2 0  kHz vacuum t e s t .  

r 

H i q h  Power T e s t  ( 5 2 . 5 A  - 440  V - 2 0  kHz 
A h i g h  power bench  t e s t  was c o n d u c t e d  t o  d e t e r m i n e  

t h e  v o l t a g e  d r o p  a c r o s s  o n e  c i r c u i t  o f  t h e  4 - c i r c u i t  
Rol l  R i n g  a s s e m b l y .  A v o l t a g e  d r o p  o f  563 mV or 
0 . 0 0 1 4  p e r c e n t  was measured  when t h e r e  was 5 2 . 5  A 
f l o w i n g  w i t h  420  V-20 kHz a p p l i e d .  I t  s h o u l d  be n o t e d  
t h a t  m o s t  o f  t h i s  v o l t a g e  d r o p  i s  r e a c t i v e  a n d  does 
n o t  c o n t r i b u t e  t o  a h e a t  l o s s  i n  t h e  a s s e m b l y .  I f  
i n d u c t a n c e  o f  t h e  s i n g l e  c i r c u i t  i s  c a l c u l a t e d  u s i n g  
t h e  dc r e s i s t a n c e  ( 0 . 4 5  mR) i n s t e a d  o f  t h e  a c  
r e s i s t a n c e  ( n o t  known)  t h e  worst c a s e  i n d u c t a n c e  
v a l u e  i s  o b t a i n e d .  The i n d u c t a n c e  c a l c u l a t e d  was 
0 . 0 8  micro-H p e r  c i r c u i t  w h i c h  compares t o  t h e  2 0  kHz  
c a b l e  i n d u c t a n c e  of 0 . 0 3 2  m ic ro -H /m.  As t h e  a c t u a l  
v a l u e  o f  t h e  c i r c u i t  i n d u c t a n c e  i s  p r o b a b l y  v e r y  c l o s e  
t o  t h e  c a b l e  p e r  m e t e r  i n d u c t a n c e  v a l u e s .  The Rol l  
R i n g  i s  e l e c t r i c a l l y  e q u i v a l e n t  t o  a b o u t  one  a d d i t i o n a l  
m e t e r  o f  c a b l e .  

CONCLUSIONS 

The Rol l  R i n g  a s s e m b l i e s  have  p r o v e n  t o  be v e r y  
r u g g e d  r o t a r y  power t r a n s f e r  d e v i c e s  t h a t  c a n  t r a n s f e r  
h u n d r e d s  o f  k i l o w a t t s  a t  h i g h  e f f i c i e n c i e s  ( g r e a t e r  
t h a n  9 9 . 9  p e r c e n t ) .  The Rol l  R i n g  a s s e m b l i e s  h a v e  
been  t e s t e d  i n  a i r  and  vacuum ( b o t h  d c  and  2 0  kHz a c )  
and have  a c h i e v e d  o v e r  180  y r  o f  Space S t a t i o n  r o l l i n g  
t i m e  w i t h  n o  m a j o r  p r o b l e m s .  The c o r o n a  t e s t s  i d e n t i -  
f i e d  some d e s i g n  a r e a s  r e q u i r i n g  c o r r e c t i o n  t o  i n c r e a s e  
t h e  c o r o n a  o n s e t  v o l t a g e .  When t h e s e  design-changes 
were i n c o r p o r a t e d  i n  t h e  m o d i f i e d  4 - c i r c u i t  Roll R i n g  
a s s e m b l y  t e s t s  v e r i f i e d  t h a t  t h e  c o r o n a  o n s e t  v o l t a g e s  
were  i n c r e a s e d .  The Rol l  R i n g  i s  i n h e r e n t l y  r e d u n d a n t  
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were i n c o r p o r a t e d  i n  t h e  m o d i f i e d  4 - c i r c u i t  Roll R i n g  
a s s e m b l y  t e s t s  v e r i f i e d  t h a t  t h e  c o r o n a  o n s e t  v o l t a g e s  
were i n c r e a s e d .  The Ro l l  R i n g  i s  i n h e r e n t l y  r e d u n d a n t  
because  o f  t h e  m u l t i p l e  f l e x u r e s  ( t e n  p e r  r i n g ) .  
S i n c e  s l i d i n g  f r i c t i o n  i s  v i r t u a l l y  e l i m i n a t e d ,  t h e  
Roll  R i n g  a s s e m b l y  r e q u i r e s  v e r y  l i t t l e  t o r q u e  t o  be 
r o t a t e d .  Due t o  t h e  d e s i g n  o f  t h e  f l e x u r e  and  c o n d u c t  
i n g  r i n g s ,  t h e  Roll R i n g  a s s e m b l i e s  can  w i t h s t a n d  some 
m i s a l i g n m e n t  and s t i l l  f u n c t i o n  as  d e s i g n e d .  

8 - C i r c u i t  Rol l  Ring assembly 

R o l l i n g  S S . ,  E f f i c i e n c y  
yea rs  
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TABLE I. - LIFE T I M E  (ROLLING SPACE STATION YEARS)  AND 
AVERAGE EFFICIENCY 

[ A l l  d a t a  was taken w i t h  100 A o f  dc c u r r e n t . ]  

20 
40 
60 -- 

99.995 
99.987 
99.987 ------ 

20 
40 
60 
80 

100 
114 

99.977 
99.970 
99.975 
99.974 
99.966 
99.966 

TABLE 11. - ROLL RING ASSEMBLIES €ORONA ONSET VALUES 

I 8 - C i r c u i t  Rol l  Ring assembly I 4 - C i r c u i t  Roll Ring assembly 

Terminal  

7 

I 
aRun w i t t  

Test  

T 
1.8 KV 

550 V 
1800 V 

I I 1  I 
i d  on a f t e r  a l l  

I Terminal  I Test  

1275 

1700 
1400 
1600 
1500 

f e  t ime  t e s t s  
bCleaned p a r t s  w i t h  a l c o h o l  and had l i d  o f f .  
CCleaned p a r t s  w i t h  l i d  on.  
dBefore l i f e  t e s t i n g ,  l i d  o f f .  
eBe fo re  l i f e  t e s t i n g ,  l i d  o f f .  
f M o d i f i e d  des ign  b e f o r e  20 kHz l i f e  t e s t i n g .  
g M o d i f i e d  des ign  a f t e r  6 month l i f e  t e s t i n g .  
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FIGURE 1. - SINGLE ROLL RING CIRCUIT. 
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FIGURE 2. - CROSS SECTION OF THE 8 - C I R C U I T  ROLL R I N G  
EVALUATION UN I T  , 

r OUTER INNER 

7 
CONDUCTOR 
R I N G  7, 

CONDUCTOR ' R I N G  I 

INPUT , / 
TERM I NAL -I 

CD-84-14533  

/ 
I- OUTPUT 

TERM I NAL 

F IGURE 3. - FOUR C I R C U I T  ROLL R I N G  ASSEMBLY. 
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FIGURE 4. - FLEXURE/RING GROOVE GEOMETRICS. 
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FIGURE 6. - 8-CIRCUIT ROLL RING ASSEMBLY. 
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FIGURE 8. - SPLIT ISOLATOR RING. 
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