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ABSTRACT 

An Antenna Pos i t ioner  Mechanism (APM) has been developed f o r  deployment 
of an antenna r e f l e c t o r  and f o r  f i n e  g ranu la r i ty  closed loop t racking  of the  
antenna i n  response t o  RF beacon e r r o r  s igna l s .  By u t i l i z i n g  permanent mag- 
n e t  s t e p p e r  motors, spur gearheads, i r r e v e r s i b l e  s i n g l e  thread worm/wheel 
assemblies and a m i t e r  gear d i f f e r e n t i a l ,  f u l l  e l e c t r i c a l  and mechanical 
redundancy has been r ea l i zed .  
one is a weight-optimized design with a c lu t ch  f o r  overload pro tec t ion  and one 
i s  a more rugged u n i t  without a c lu tch .  

Two vers ions  of t h i s  design have been generated: 

INTRODUCTION 

The SRS ( S a t e l l i t e  Business Systems) and the Anik C (Canadian Communica- 
t i ons  S a t e l l i t e )  spacecraf t  employ 1.8 meters (6 f e e t )  diameter antennae which 
are r e s t r a i n e d  during launch by pyrotechnic devices and a f t e r  o r b i t  i n j e c t i o n  
are deployed approximately 70° t o  t h e i r  operating posit ion.  
This deployment as w e l l  as the f i n e  g ra in  on-orbit  s t e e r i n g  are performed by 
the  Antenna Pos i t ioner  Mechanism shown i n  Figure 11. Except where noted, a l l  
desc r ip t ions ,  t es t  programs, e t c .  presented i n  t h i s  p a p e r  apply t o  the i n i t i a l  
weight-optimized design. This u n i t  because of the  l i g h t  weight f ea tu re s  
required a s l i p  c lu t ch  t o  p ro tec t  t he  gears from on-orbit  backdriving loads 
from the  antenna and from the  f u l l  s ta l l  torque c a p a b i l i t y  of t he  s t e p p e r  
motor. Af te r  completion of t h e  development e f f o r t  on t h i s  weight-optimized 
uni.t, a more d e t a i l e d  computer model revealed a t o r s i o n a l  s t i f f n e s s  requi re -  
ment an order of magnitude g r e a t e r  than t h a t  measured. 
f i x  so lu t ions  were abandoned i n  favor of a complete redesign t o  s a t i s f y  the  
new s t i f f n e s s  requirements. The ruggedized vers ion  t h a t  evolved from t h i s  
redesign e f f o r t  i s  described b r i e f l y  a t  the end of t h i s  paper. With the  
exception of the c lu t ch ,  which because of the  l a rge r  gears became unnecessary 
f o r  load pro tec t ion ,  t he  bas ic  designs of t he  two vers ions  are i d e n t i c a l .  
Both conta in  the  f u l l  e l e c t r i c a l  and mechanical redundancy f ea tu res .  

(See Figure I.) 

Several  quick- 

DESIGN REQUIREMENTS/CHARACTERISTICS 

The key design requirements and c h a r a c t e r i s t i c s  of the APM are summarized 
i n  Table I. 
4 5 O  motor s t e p  determined the o v e r a l l  gear r a t i o  of 18000:l. For one of the 
f a i l u r e  modes, described later i n  t h i s  p a p e r ,  the  output s tep increment 
becomes 0.005 degrees which i s  s t i l l  acceptable. During deployment the  s t e p  
rate i s  25 steps pe r  second while t y p i c a l  operation f o r  antenna pointing i s  
about 1 s t e p  every 18 minutes. 

The output s h a f t  motion g ranu la r i ty  of 0.0025 degrees f o r  each 
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The t o r s i o n a l  s t i f f n e s s  about t he  APM output s h a f t  was i n i t i a l l y  unde- 
f ined  when t h e  weight optimized u n i t  was  conceived, designed and developed, 
When t h i s  parameter was  e s t ab l i shed ,  it was an order of magnitude higher than 
the  value measured on the  q u a l i f i c a t i o n  u n i t  and, of course, necess i t a t ed  
a redesign. 

The an t ibacklash  torque is  the  torque required a t  the  output s h a f t  t o  
prevent pointing e r r o r s  due t o  backlash i n  the  gears. Normal i n - o r b i t  loads 
due t o  spacec ra f t  wobble and nu ta t ion  d i c t a t e  t h i s  requirement. 

DESIGN DESCRIPTION 

The APM gear train layout i s  shown in  Figure I11 and is i l l u s t r a t e d  in 
schematic form i n  Figure I V .  
d r i v e  through reducing gearheads i n t o  worm/wheel sets and a miter gear 
d i f f e r e n t i a l .  The revolving trunnion s h a f t  of the  d i f f e r e n t i a l  c a r r i e s  a 
se r r a t ed  too th ,  spr ing  loaded c lu t ch  as shown i n  Figure V. The d i f f e r e n t i a l  
gear system p e r m i t s  e i t h e r  motor t o  d r ive  the  output s h a f t .  Rotation of t he  
non-powered h a l f  of the  system i s  prevented by t h e  i r r e v e r s i b l e  f e a t u r e  of 
the  s ing le  thread worm/wheel gears supplemented by the  permanent magnet 
de t en t  of t he  motor ac t ing  through the  gearhead and worm/wheel r a t i o s .  

Redundant permanent magnet s t e p p e r  motors 

Any f a i l u r e  i-il t he  motor, gearhead o r  worm/wheel components i s  overcome 
by switching t o  the standby system. 
the  d i f f e r e n t i a l ,  both notors  are energized simultaneously. 
mode causes the  en t i re  d i f f e r e n t i a l  t o  r o t a t e  as a common member and a c t u a l l y  
reduces the  gear  r a t i o  by 1 /2  t o  9OOO:l. 
t o  0.005 degrees,but s ince  both motors are d r iv ing ,  t h e  output torque is  the  
same as f o r  normal operation. 

In the  case of a jammed bevel gear i n  
This opera t ing  

Step s i z e  a t  the output i s  increased 

The c lu tch , loca ted  between t h e  output s h a f t  and t h e  fixed bevel. gear of 
t he  d i f f e r e n t i a l ,  is  spr ing  loaded t o  s l i p  a t  approximately 8.16 Newton-meters 
(6 f t - l b s )  of torque. This value prevents damage t o  the  mechanism i n  the  ' 
event of high backdriving torques from the  antenna due t o  spacecraf t  maneuvers, 
etc, 
t he  gearbox and thus p e r m i t s  use of smaller and l i g h t e r  components. 
s t o p  e x t e r n a l  t o  the  APM prevents antenna ove r t r ave l  t o  about 1 degree beyond 
t h e  operating range when the  c lu t ch  is  ac t iva t ed .  

It a l s o  i s  s i zed  t o  l i m i t  t h e  amount of amplified motor torque seen by 
A f ixed  

A conductive p l a s t i c ,  i n f i n i t e  r e s o l u t i o n  potentiometer i s  mounted on the  
Since it is  no t  necessary APM output s h a f t  t o  provide telemetry information. 

f o r  mission success,  i t  is  n o t  redundant. 
d a t a  i s  necessary f o r  closed loop pointing, a redundant u n i t  could e a s i l y  be 
provided. This custom-made frameless potentiometer has an e l e c t r i c a l  angle 
of 75O. I n  order t o  obta in  high r e s o l u t i o n  i n  the  opera t ing  region, an of f -  
center t a p  i s  provided. With 5 v o l t s  applied a t  t h e  potentiometer ends and 0 
v o l t s  at  t h e  t a p ,  t he  s e n s i t i v i t y  over t h e  f i r s t  65' f r o o  the  stowed pcs i t i on  
is  about 77 mi l l i vo l t s /deg ree  while i n  the  remaining loo, which includes the  
normal opera t ing  region, it i s  about 500 mi l l ivo l t s /degree .  

For appl ica t ions  where pos i t i on  

Spring b ias ing  of the  output s h a f t  i s  used t o  e l imina te  backlash o r  
dead zone in  t h e  gear system, This spr ing  starts a t  e s s e n t i a l l y  zero  torque 
i n  the  stowed pos i t i on  and winds up over t he  70' deployment angle t o  provide 
about 12 in- lbs  i n  the  operating region. 
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A l l  bearings supporting the worm/wheel gears and d i f f e r e n t i a l  am pleaded 
angular contact type. 
preload forces.  Except fo r  the main output s h a f t  bearings, f a i l u r e  of any 
bearing i n  the system i s  overcome by switching t o  the standby motor/geartrain 
or  t o  simultaneous stepping by both motors. 
i s  achieved by applying th in  sputtered MoS2 f i lm  t o  the close tolerance s l i p  
f i t s  of bearing t o  sha f t  and bearing t o  housing. I n  e f f e c t  t h i s  creates  
journal bearings a t  these in te r faces  t h a t  allow operation i f  the output 
bearings f a i l .  

Ground shims are provided t o  set the proper wavy spring 

The main output bearing redundancy 

APM LIFE & LUBRICATION DESCRIPTION 

The APM design l i f e  cons is t s  of the following combination of t es t  and 
f l i g h t  operating cycles:  

1. Unit T e s t  162,000 motor s t e p s  
2. Spacecraft System T e s t  284,000 'I 

3.  In-Orbit Deployment 28,000 
4. In-Orbit Pointing 292,000 ' I  

11 

I 1  

11 

Total tes t  & mission steps 766,000 

The in-orb i t  posit ioning requirement was determined from the following 
assumptions : 

0 An average da i ly  correct ion of ,+ 0.05 degrees, corres- 
ponding t o  80 s t e p s  p e r  day. 

0 A correct ion frequency of 1 s t e p  every 18 minutes, 
representing a correct ion of .0025 degree 

0 An in-orbi t  l i f e  of 10 years. 
(10 years X 365 days X 80 = 292,000) 

The extremely large numbers of o sc i l l a to ry  cycles due t o  spacecraf t  
nutation or  wobble are not  a fac tor  s ince the magnitude of the torque 
loads is less than 1/10 tha t  necessary t o  overcome the antibacklash spring 
on the APM output shaf t .  The in-orb i t  operational l i f e  can be expressed as 
3650 cycles (365 days X 10 years) a t  a very low rate (1 s t e p  every 18 minutes) 
with an average amplitude as  follows: 

a t  motor 

a t  output of gearhead 
& the worm gear 

a t  worm wheel and 
input t o  bevel gears 

- + 900' (+ - 20 s teps)  

f 1 2 O  

- + 0.l0 

a t  output sha f t  - + 0.05' 
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The gear and bearing lubricat ion and processing are tabulated i n  Table 11. 
A s ign i f i can t  fea ture  of the lubricat ion system is  the extensive use of 
sputtered MoS2 and ion plated lead fo r  bearings and gears, 
was  chosen f o r  the gearheads t o  be compatible with the small clearances and 
t i g h t  tolerances required fo r  r e l i a b l e  operation. 
berpcSng races and b a l l s  provides an extremely tenacious, uniform f i lm  f o r  i n i t i a l  
lubricat ion while the Duroid 5813 (primarily te f lon  & MoS2) provides a space- 
proven replenishment system for  long l i f e .  A bonded MoS2 was  employed f o r  
the  d i f f i c u l t  worm/wheel lubricat ion task because of the  extensive previous 
experience i n  s i m i l a r  space appl icat ions and superior performance i n  tests 
where s l i d ing  f r i c t i o n  occurs. 

The 2000°A leadfi lm 

The sputtered MoS2 on the 

QUALIFICATION/LIFE TESTS 

After completing a series of in-process func t iona l /e lec t r ica l  tests, 
the  weight-optimized u n i t  was subjected t o  a design qua l i f ica t ion  tes t  
program. 
the  following : 

The key performance parameters evaluated during the  tests included 

a Total  excursion versus motor s t e p s  as measured by the cont ro l  
logic input pulse r e g i s t e r  and a mirror/autocollimator setup 
(performed fo r  each of the  redundant motor/gear systems). 

o S m a l l  angle (+ 1 degree and _+ 0.1 degree) s t e p  accuracy 
using the aut&ollimator system f o r  each motorlgear system. 

o Clutch release torque and antibacklash spring values. 

e Torsional and cross-axis s t i f f n e s s  cha rac t e r i s t i c s .  

The u n i t  environmental tests consisted of the following exposures: 

e Qualif icat ion l eve l  random vibra t ion  of 21 g ' s  rms overa l l  
along each of 3 axes. 

e Qualif icat ion leve l  thermal tests with a representat ive 
i n e r t i a  load attached t o  the  output shaf t .  

The u n i t  performed f lawlessly during a l l  phases of the test program. 
I n  addition, an inspection a f t e r  completion of u n i t  and qua l i f ica t ion  space- 
c r a f t  tests showed the gears and bearings des igd lubr i ca t ion  t o  be compatible 
with the l i f e  requirement. 

Since the  l i f e  travel dis tance requirement was most severe f o r  the gear- 
heads, an addi t iona l  spec ia l  l i f e  test was  conducted on a motor/gearhead 
combination dr iving a representat ive i n e r t i a  load. 
was programmed (at a rate of 25 pps) f o r  continuous cyc l ic  operation (7000 
pulses CW and CCW each folluwed by a 4 second pause) f o r  a t o t a l  of one 
mil l ion pulses, After completion of the cyc l ic  l i f e  test the gearhead was  
d i s a s s e d l e d  and v i sua l ly  inspected f o r  lube w e a r  and gear tooth damage. 
The r e s u l t s  of t h i s  inspection revealed no gear tooth damage with the ion- 
plated lead f i l m  intact and i n  exce l len t  condition. 

For t h i s  test, the  motor 
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ALTERNATE DESIGN DESCRIPTION 

The cross-section of the alternate design developed to provide additional 
torsional stiffness is shown in Figure VI. Because of the larger shaft and 
gears needed to satisfy the requirement for an order of magnitude increase in 
stiffness, a clutch was not required for overload protection. This feature 
along with some minor design improvements has simplified the assembly proce- 
dures and reduced the overall complexity. The qualification model of this 
design, after completion of functional and environmental testing, will be 
subjected to a life test program. 

CONCLUDING REMARKS 

The APM for the SBS/Anik C programs was developed with the goal of 
achieving high reliability through full mechanical and electrical redundancy. 
The final configuration required a redesign effort in order to satisfy all 
the system requirements as well as the reliability goal. Although the initial 
weight-optimized unit proved the basic design concepts and will, of course, 
be valuable for future applications, an earlier definition of stiffness require- 
ments could have eliminated this extra design iteration. 
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Figure 11. Antenna Positioner Mechanism-Weight-Optimized Version 
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Figure V, APM Differential/Clutch System-Weight-Optimized Version 
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