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The Pershing Ia Weapon System i s  a tactical, mobile ballistic missi le system 
possessing the capability to  respond effectively to any nuclear o r  major nonnuclear 
threat  to the United States o r  its allies. 

The system is  comprised of all firing battery components required to conduct 
launch operations a s  well a s  equipment necessary  for  r e a r  a r e a  support and mainte- 
nance functions. 

In i ts  basic scenario,  the missi le delivers a nuclear warhead to preselected target  
out to a range of 4C0 miles f rom the launch point (Figure 1-1). When the missi le is 
f ired,  the f i r s t  stage rocket motor i s  ignited, Pershing liftoff occurs  and the missi le 
begins a predetermined pitchover maneuver toward the target. When f i r s t  s tage burn- 
out is achieved the missi le en te r s  a coast  period. At the end of the coast period, f i r s t  
stage separation occurs and the second stage rocket motor i s  ignited to accelerate the 
remaining missi le sections along the flight path. During second stage burn, the guid- 
ance computer constantly computes the miss i l e ' s  velocity and displacement. When the 
proper values of attitude, range,  and velocity have been attained a thrust  termination 
signal i s  applied, second stage separation occurs,  and the warhead is  spun a t  32 r p m  
to  stabilize its forward motion a s  it continues on a ballistic t ra jec tory  to  the target .  



SEPARATION - 
I 

BURNING PHASE 

Per a 
The various components required to conduct launch operations at  the firing battery 

a r e  the miss i le ,  erector-launcher,  programmer- tes t  station and power station, 
azimuth laying se t ,  battery control central ,  and the radio terminal  set .  A l l  of these 
components a r e  mounted on wheeled vehicles (Figure 1-21  except for  the azimuth lay- 
ing se t  which is  transported on a 2 1/2 ton cargo vehicle and unloaded for use. 



The Pershing miss i le  (Figure  1- 3) is a two-stage, sur-  
face-to-surface ballistic weapon ca  able of engaging targets  

miles. It has an all-inertial guidance sys tem 
es  the nuclear warhead in a preselected ballistic 

t ra jec tory  by using data inserted into the guidance and con- 
t e r  before liftoff. Once the missi le is airborne, 
etely f r e e  of ground control and therefore un- 

affected by al l  known methods of guidance countermeasures. 

Designed for  simplified transportation and fast erection and firing of the Pershing 
missi le,  the erector-launcher (Figure 1-41 i s  capable of paved road o r  c ross  country 
travel .  At the firing si te automatic erection and leveling contribute to a very rapid 
ra te  of f ire.  The erector-launcher (EL) with missi le aboard is  towed by the XM757 
t rac tor .  The erector-launcher with missi le aboard can also be transported by C-130, 
(2-133, and C-141 aircraft .  



rogrammer- tes t  station 
own in Figure 1 - 5  i s  

656 vehicle and fea- 
tu res  rapid miss i le  checkout and 
countdowns, with complete com- 
puter control, and automatic self-  
t e s t  and malfunction isolation. Ad- 
ditionally, the PTS performs t e s t s  
that simulate airborne missi le op- 
eration, programs the t ra jec tory  of 
the miss i le ,  and controls the firing 
sequence. Modern electronics pack- 
aging, featuring plug-in micromod- 
ules, increases  maintainability and 
allows the PTS operator to perform 
80 percent of all r epa i r s  at the f i r -  
ing position. The power station, 
which provides the pr imary electr i  - 
ea l  and pneumatic power for the 
miss i le  and ground support equip- 
ment at  the firing position, i s  t rans-  
ported on the same  vehicle. 

The azimuth laying s e t  (Figure 1 -6 ) ,  which is  s imi lar  in design and function to 
standard surveying equipment, i s  used to align the missi le inert ial  guiance system to 
the correct  target  azimuth. All of the equipment i s  stored in two protective containers 
and carr ied  aboard an auxiliary equipment vehicle. 





To control the Pershing 
ensure nuclear safety, the battery com- 
mander monitors and di rec ts  firing si te 
activities by maintaining communications 
with ail units f rom a firing battery con- 

is also linked with other batteries and 
ion headquarters for positive com- 

To  control and coordinate firing bat- 
t e ry  operations, severa l  communication 
links a r e  established with higher head- 
quar ters .  Battalion communications a r e  
maintained with the radio terminal  se t ,  

gure 1-8). The radio de r -  
provides voice and tele-  

type communications between missi le 
firing units and higher headquarters. 
During t ravel  the inflatable antenna is 
stored in a recessed space in the roof of 
the RTS. Like the other elements of the 
firing battery the RTS i s  carr ied  on an 
M6 56 vehicle. 

Radio terminal  set ,  A N / T R C - ~ ~ ~ A ,  i s  
also used at the firing si te a s  the pr imary 
QRA (Quick Reaction Alert) re lease  m e s -  
sage system. The A N / T R C - ~ ~ S A  i s  gov- 
ernment furnished equipment. 



elements of the system a r e  maintained in a state of combat readiness by Lie 
r e a r  a r e a  support e 

The system components t e s t  station (SCTS} i s  used to  perform r e a r  a rea  mainte- 
nance of the Pershing system (Figure 1-91. Housed in a mobile center ,  the SCTS 
utilizes a computer and tape programs f o r  testing missi le sections, assemblies, cards ,  
relays,  and modules f rom the guided missi le and associated ground support equipment. 
Diagnostic tape programs a r e  also provided fo r  verification and troubleshooting of 
major SCTS assemblies.  The SCTS contains a dismounted PTS and has facilities 
whereby one miss i le  guidance section can be tested and another repaired simultaneously 
under controlled temperature conditions. Power f o r  the SCTS originates f rom the power 

The power station equivalent (PSE) provides 
the same  outputs a s  the firing battery power 
station but i s  capable of more  sustained opera-  
tion. Comprised of two t r a i l e r  mounted power 
stations and one facilities distribution t r a i l e r  
Figure  1-10), the PSE furnishes al l  the power 

required for r e a r  a r e a  checkout. 



Several  shops and semit ra i ler  vans (Figures 1-11 and 1-12) a r e  assigned to the 
r e a r  a r e a  to provide facilities fo r  electr ical  and mechanical maintenance and repai r ,  
par ts  storage,  and offices f o r  direction and control of direct  support and general sup- 
port  maintenance functions. 

Separate reusable shipping and storage containers (Figure 1-13) a r e  provided for  
each of the four missi le sections. The containers protect the missi le sections f rom 
the effects of excessive vibration, abnormal handling, and intolerable atmospheric 
conditions. 



Persh ing  is a two stage,  solid propellant bal l is t ic  miss i le  (F igu re  2-1). The mis s i l e  
a i r f r ame  is 415.27 inches long, has  a ma jo r  d iameter  of 40 inches,  and weighs approxi- 
mate ly  10,000 pounds. Monocoque in construction, the mis s i l e  has an outer  skin a s s e m -  
bled to  t r ansve r se  r ings  for  rigidity during flight and ground handling. Splice r ings  
make warhead sect ions,  guidance and control  sect ions,  and second and f i r s t  s tage motor  
sect ions completely interchangeable. Flight control  is maintained by using s e t s  of t h ree  
a i r  and jet vanes a t  the aft end of each motor  section; these vanes  a r e  mounted 120  de-  
g r e e s  apar t  around the motor  periphery.  Specific locations along the mis s i l e  longitudi- 
na l  line a r e  measured  in inches f rom stat ion 100, a point 3.99 inches in front of the m i s -  
s i le  nose. Pe r sh ing  is s t ruc tura l ly  and functionally divided into four sect ions:  the war -  
head sect ion,  the guidance and cont ro l  section, and the second and f i r s t  s tage motor  s e c -  
tions (Figure  2-2). 

The  warhead sect ion is constructed on an aluminum subs t ruc ture  with an ablative 
type plast ic  she l l  of varying thickness.  Th i s  she l l  is fabricated f rom l aye r s  of pheonolic- 
impregnated,  random oriented asbes tos  tape, cured  into a homogeneous s t ruc tu re  under 
heat and high p re s su re .  The sur face  is hard and bri t t le  with ablative cha rac t e r i s t i c s .  

In the final phase of flight, the warhead sect ion becomes a r een t ry  body exposed to 
the heating ef fec ts  of high speed passage through atmosphere.  The varying thickness of 
the skin is designed in accordance with the r a t e  of ablation experienced by the r een t ry  
body when subjected to  these heating effects.  Nose cone, cen te r ,  and aft subsect ions 
fo rm the warhead section. 



1 2  PAD, AIR VANE ( 3 )  
13 SHELL, BODY, F I R S T  STAGE 
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The nose cone subsection is a plastic cone assembled with a nons t ruc tura l  nose l iner  
having an aluminum splice ring a t  the aft end. The center  subsection i s  a double-cone 
frustum shaped assembly  with the per iphera l  s h e a r  type of aluminum splice r ings  located 
at i t s  forward and aft ends. An additional f r a m e  with longitudinal s t i f f ene r s  placed radi -  
ally in the aft end is used to support the warhead and related networks. The  aft subsec-  
tion, s i m i l a r  in construction to the center  subsection, is mated to the cen te r  subsection 
with an aluminum splice ring. An insulated, domed aluminum bulkhead, located at the 
aft end of this subsection, i s  the c losure  for  the warhead sect ion.  Both the spin sys t em 
and cover  plate a r e  mounted on th is  bulkhead. A spl ice ring assembly  couples the w a r -  
head sect ion with the guidance and control  section. The spl ice ring is held together by 
explosive bolts to permi t  inflight separa t ion  of the two sect ions.  

The guidance and control  section i s  a two piece, me ta l  conical,  f rus tum shaped s t r u c -  
t u re  pressur ized  to permi t  tempera ture  and p r e s s u r e  control  for  a i rborne  guidance and 
control  equipment. The  two p ieces  a r e  the cove r  forward section) and the base 
tion), A spl ice ring assembly  joins the guidance and control  section and second s tage  
motor  section. Conventional bolts a r e  used t o  hold the spl ice ring together s ince no in-  
flight separat ion occu r s  at this interface.  Support brackets  for  the components and 
wiring, and the a i r  ducts  and manifold for  the ST-120 a i r  supply a r e  in tegra l  pa r t s  of 
the in terna l  s t ruc ture .  



T h r e e  ma jo r  s t ruc tu ra l  p a r t s  compr i se  the second stage motor  section: the second 
s tage  motor  ca se ,  the forward  motor  adapter ,  and the aft controls  package. 

The  hydrospun, high s t rength  D6AC s t ee l  c a s e  s e r v e s  a dual  purpose in being both 
the propellant container  a rd  the outer  skin of the mis s i l e  in the center  of the section. 
The forward motor  adapter ,  attached to the domed end of the motor  ca se ,  adapts to the 
guidance and control  section by a V-band spl ice ring. The  forward motor  adapter  is 4 
inches in d iameter  and 19.93 inches  wide. 

S t ruc tura l  support  between the  second s t age  motor  c a s e  and the f i r s t  s tage  motor Fee- 

tion is provided by the aft cont ro ls  package which houses the a i r  vane and jet vane a s s e m -  
blies, t h ree  hydraulic actuator  units, a f lame shield,  and a i r  vane pads. 

In addition to  the in terna l  s t ruc tu re ,  a conduit cover  and c a s e  venting shaped cha rges  
a r e  attached to the outer  skin of the miss i le .  

Like the second stage,  the f i r s t  s tage i s  compr ised  of t h ree  ma jo r  s t ruc tu ra l  par t s :  
f i r s t  s tage  motor  ca se ,  forward motor adapter ,  and aft controls  package. Material  and 
construct ion techniques used for  the f i r s t  and second s tage  motor  c a s e s  a r e  the s a m e ;  
however, the f i r s t  s tage is l a r g e r  and houses no impulse control  equipment. The f i r s t  
s tage  motor  c a s e  a l so  s e r v e s  a s  the outer  mi s s i l e  skin in the center  portion of the s e c -  
tion. 

The  forward motor  adapter  is provided to adapt the f i r s t  s tage  motor  section to the 
second stage.  The  spl ice r ing V-band, a four segment band having explosive links with 
detonator a s sembl i e s  adapted to i t ,  ma te s  the sect ions.  

S t ruc tura l  support  between the f i r s t  s tage  motor  ca se  and the azimuth ring of the 
erec tor - launcher  is provided by the f i r s t  s tage  aft controls  package. It a l so  provides 
support  and housing for  the th ree  hydraulic actuation sys t ems ,  f lame shield, a i r  and jet 
vanes,  forward a i r  vane pads, and the ta i l  plug assembly.  In addition to the in terna l  
s t ruc ture ,  a conduit cover  i s  external ly mounted between the forward motor adapter  and 
the aft control package. 

The p r imary  function of the rocket  mo to r s  (F igure  2-3) i s  to propel the Perstling 
miss i le  from liftoff to f i r s t  s tage  separat ion and f rom second stage ignition to cutoff. 
At this  t ime the warhead section i s  separa ted  from the guidance and control  and second 
stage sect ions and becomes a f r ee  bal l is t ic  miss i le .  

Pro 

hifotor propellant used is of a composite ca s t  formula using aluminum powder a s  the 
fuel, ammonium perchlorate a s  the oxidizer ,  and polybutadiene acry l ic  acid (PBAA) a s  
the binder (the PBAA also s e r v e s  a s  a fuel). Both moto r s  have an in terna l  burning 
cyl indrical  co re  which te rminates  in a dome shaped slot  at the head end. Since PBAA 
binder i s  basical ly a synthetic rubber ,  this  formula and configuration r e s i s t  c r e e p  o r  
s lump during s torage  periods.  



The f i r s t  s tage  mo to r  a s sembly  cons i s t s  of one solid propel lant  rocket  mo to r  with 
in tegra l  forward adapter ,  one V sp l ice  band, two f i r ing unit a s sembl i e s ,  t h r ee  hydrau-  
lic packages, t h r e e  a i r  vanes,  t h r e e  jet vanes,  t h r ee  a i r  vane pads, f lame shield,  ini t i -  
a to r s ,  detonators ,  separa t ion  l inks,  torquing links, e l ec t r i ca l  networks ha rnes se s ,  and 
ex t e rna l  conduit cove r  (F igure  2 -4). 



A hydrospun cylindrical  sect ion,  the f i r s t  s tage motor. ca se  is g i r th  welded to  an e l -  
l ipt ical  forward dome and a conical aft dome. The ent i re  ca se  i s  made of DGAC high 
s t rength  s tee l ,  The forward dome has an opening in  the center  for  the pyrogen unit and 
the aft dome contains provisions for  attaching the nozzle t o  the motor .  il forward adapt- 
e r  is riveted to the case  to provide for  interstage connectiotl. The P B A A  propellant i s  
c a s t  into the motor  case ,  then cured,  and the nozzle attached. 

Except for  length the second stage motor  assembly  i s  s imi l a r  to the f i r s t  s tage .  
Shor ter  than the f i r s t  s tage motor  assembly ,  the second stage case  a lso  has  a ca se  
venting sys tem and impulse control  sys tem (Figure  2-5). 

An impulse control  sys tem is provided to  reduce forward thrus t  of the second stage 
motor ,  at  any predetermined time over the designed operatirlg range of the sys tem,  to 
permi t  effective warhead section separa"con. The sys tem cons is t s  of three  pa r t s  placed 
symetr ica l ly ,  120 degrees  apar t  in  the motor  forward dome. An irnpulse control  tube 
projects  from each  port at an angle of 3i i .5  degrees  f rom the motor  longitudinal center -  
line to an opening in the motor  forward adapter .  Each port i s  plugged with an aluminum 
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During burning, the motor  c a s e  in t e r io r  i s  protected by a combination of the unburned 
propellant,  a l a y e r  of l iner ,  swept-in-insulation in the forward dome insulation is a c a r -  
boxyl te rminated  PBAA (CTPB) polymer composition which is  swept into the forward 
dome.  The  aft dome insulation, a hard,  premolded plast ic ,  sealed with an epoxy and 
polysulfide composition, i s  bonded to  the aft dome of the motor  with the same  m a t e r i a l  
used fo r  the forward insulation. 

Pe r sh ing  m o t o r s  a r e  ignited by a pyrogen unit which, in  turn ,  i s  ignited by two ex- 
ploding bridgewire in i t ia tors  and a s m a l l  pyrotechnic charge .  The  pyrogen unit i s  a 
minia ture  rocket  motor  which vents  i t s  rocket  exhaust products  into the combustion 
chamber  of the motor  to bring the t empera tu re  and p r e s s u r e  up to the point where  the 
propellant g ra in  will  ignite. The  gra in  of the pyrogen unit is a lso  PBAA cas t  and shaped 
to  expose as much burning su r f ace  a s  possible. Th i s ,  in turn ,  provides a v e r y  sho r t  
burning t ime fo r  achieving the highest possible p r e s s u r e  and tempera ture  in the f i r s t  
s tage  motor  combustion chamber  to ensu re  instantaneous ignition, The  pyrogen unit 
c a s e  is filament wound f iberg lass  attached to  a s t e e l  adapter  to permi t  attachment to 
the main motor  ca se ,  Each pyrogen unit is fitted with two in i t ia tors ,  each  on a s epa ra t e  
channel to ensu re  ignition. 

The f i r s t  s tage flight nozzle has  an average  expansion ra t io  of 7.06; the second s tage  
r a t io  is 15.06. These  nozzles consist  of interlocked s t e e l  attachment r ings,  an entrance 
and exit section of molded chopped graphic cloth, a carbon throat  i n se r t ,  and a f iber -  
g l a s s  shell.  The she l l  is a combination of resin-impregnated,  bidirect ional  g l a s s  cloth 
and a l te rna te  l a y e r s  of resin-impregnated,  c i rcumferent ia l  f iberg lass  winding, attached 
to the aft end of the motor  c a s e  with bolts through the s t ee l  attachment ring. 

The  guidance and control  sect ion (Figure  2 - 6 )  contains the e l ec t r i ca l  and electronic 
assembl ies  that control  the t r a j ec to ry  of the mis s i l e .  The  m a j o r  assembl ies  of the 
guidance and control  section a r e  the ST-120 stabilized platform and i t s  associated servo-  
amplif ier ,  the guidance and cont ro l  computer  ( G & C C ) ,  main distr ibutor ,  and power sup- 
plies. The  p r imary  power supplies  cons is t  of the miss i le  ba t te r ies  and a s ta t ic  inver te r .  
Other  components a r e  an a i r  bottle, a h igh-pressure  a i r  distribution sys tem,  and safety 
r e l ays  for  discontinuing a f i r ing sequence, if necessary ,  a f te r  ground power has  been 
removed.  The guidance sys t em detects  e r r o r s  in the miss i le  t ra jec tory ,  a s  compared 
to the predetermined flight path, and converts  these e r r o r s  into guidance signals .  The 
control  sys t em combines the guidance signals  with attitude signals  to generate a c o r -  
rect ive s ignal  for  t ransmiss ion  to the control  packages. ?In the guidance sys tem,  the 
ST-120 provides miss i le  attitude and velocity information f rom which deviations f rom 
the progra-mmed t ra jec tory  a r e  computed by the C;&CC, The servoampl i f ie r  works with 

to c r ea t e  a s table r e fe rence  f rom which the t ra jec tory  deviations a re  ob- 
tained. The G&CC combines the guidance signals  with the miss i le  attitude reference  
da t a  from the ST-120 to c rea t e  the combined control  s ignal  that opera tes  the control  
packages. The guidance sys t em continuously monitors  the actual  velocity and displace-  
ment  of the mis s i l e  along the t ra jec tory ,  compares  the actual  data with the prese t  in-  
formation,  and calculates  the exact  instant for  second stage cutoff and warhead s e p a r a -  
tion. 



WINDOW 

e a 

The improved PZa guidance and control system i s  designed to function in an almost 
identical fashiori a s  i t s  predecessor.  The irn Zernentation of both the guidance scheme 
and the control scheme were  ased on identical carryover  requirements f ro  
log missi le,  The guidance scheme is an implicit scheme which is based on 
ber of computer flown t r a ~ e c t o r i e s  to a r r ive  a t t h e  presets  for  a given mission. The 
steering scheme i s  o timized so that two basic pitcho a s  a function of 

l ta rgets  over the Pershing The control. system 
type of sys tem using mic ro  koffs from the ST-12 
eh, yaw, and roi l  command e commands which cirive 

such a fashion to form simultaneous guidance and control in  all three 
gram of the guida and control sys tem is shown in Figure 2 - 7 .  Basically, 
rovides three  velocity and three attitude signals to the G&CC for  guidance 

and control computations, r e  ectively. The C & C  tes  the necessary  
ane commands and init iates 
uring flight, 



NOTE 

SL = 
CR = 
RN = 
PO = 

SECOND 
STAGE 

LIFT AND 
CUTOFF 
TO WARHEAD 

The P e r s h i n g  guidance scheme  cons t ra ins  the total  t ime of flight such that the ta rge t  
position at impact  and the f i r ing azimuth can be computed. T h i s  reduces  the guidance 
problem to  a  planar  problem of reaching the requi red  cutoff conditions a s  defined in the 
guidance plane, The guidance coordinates  and guidance e r r o l - s  a r e  i l lus t ra ted  in F igu re  
2-8. The  c ros s r ange  coordinate,  by definition, l i e s  perpendicular  to  the guidance plane 
defined by the s lant  alti tude and s lan t  range coordinates .  The  s teer ing  scheme  always 
d r i v e s  the c r o s s r a n g e  veloci ty and position e r r o r s  to  zero .  The  s lant  range coordinate 
is not used for  s teer ing  but for  computing a  p rec i se  cutoff t ime based on the p r e s e t s  
i.e., s tored  velocity a s  i l lus t ra ted  in F igu re  2-8) fo r  a  given ta rge t .  The  s lan t  alti tude 

coordinate i s  used for  pitching over  the mi s s i l e  s o  that  i t s  velocity and position h is tory  
and final va lues  a r e  a s  near- a s  possible  to  the nominal  t r a j ec to ry  preflown i n  deriving 
the p re se t s .  

Pe r sh ing  employs air- and jet vanes,  actuated by hydraulic ac tua tors ,  for  control .  
Miss i le  atti tude e r r o r s  a r e  sensed by the ST-120; guidance path e r r o r s  a r e  derived in 
the G & C C ,  These  e r r o r  s igna ls  a r e  operated on by compensation f i l t e r s  in the G & C C  
and resolved into individual vane commands.  



M I S S I L E  GUIDANCE ERRORS 

TRAJECTORY DOWN RANGE 

SLANT ALTITUDE ERROR 

SLANT RANGE ERROR / 

CUTOFF POINT, EPIPSURED 
OFF POINT, MEASURED 

VELOCITY = STORED 
OCITY > THAN STORED 

POINT, MEASURED 
VELOCITY < THAN STORED 

SLANT RANGE COORDINATE 

Missile rotations in ro l l  and yaw a re  sensed a s  e r r o r s  relative to the ST-120 re fe r -  
ence; i.e., outputs of the ro l l  and yaw gimbal angle synchros a re  used directly a s  e r r o r  
signals. The pitch attitude e r r o r  is computed by subtracting (by means of a synchro 
differential) the pitch gimbal angle synchro output from a cam-generated pitch attitude 
program. 

Sign conventions relative to attitude control a r e  defined in Figures  2-9 and 2-10. In 
Figure 2-9, the sense of the attitude e r r o r s  i s  defined for roll,  pitch, and yaw motions. 
In Figure 2-10, fin rotations and resulting missi le attitude correction,  corresponding to 
a given attitude e r r o r ,  a r e  tabulated. 

The axes of the three integrating accelerometers  mounted on the ST-12 
acceleration in c r o s s  range, slant altitude and slant range a r e  defined in Figure 2-11. 
Velocity outputs of the accelerometers a r e  fed into the C & C C .  The slant range velocity 
input is used to determine second stage cutoff. The crossrange velocity input is used 
directly a s  a guidance path e r r o r  since a ze ro  value of crossrange velocity i 
The slant altitude velocity ihput is effectively compared to a stored program 
G&CC) to derive a slant altitude velocity e r r o r  signal. 

Attitude control, is accomplished by processing the pitch, yaw, and rol l  attitude e r -  
r o r s  in the G&GC to generate corresponding vane commands. Guidance is accomplished 
by processing the slant altitude and c r o s s  range accelerometer outputs, The resulting 



attitude and guidance components of the vane commands  a r e  summed to  genera te  e r r o r  
s ignals  for  the hydraulic actuators .  Thus,  five control  loops exist :  

I P i t ch  attitude - 
2 Yaw attitude - 

3 Slant altitude - 

4 C r o s s  range - 

5 Roll attitude. - 

YAM ATTITUDE ERROR 

TRAJECTORY 

COORDINATE 

P ITCH ATTITUDE ERROR , 
\ 

PITCH DOUR ALTITUDE 
COORDINATE 

PIT 

/ 
TRAJECTORY 

ROLL ATTITUDL ERROR 

FIN 1 



F i n  C o r r e c t i o n s  

2W = CLOCKWISE 
CCW = COUNTER-CLOCKNISI 

PITCH 

SLANT I 
ALTITUDE 

The f i rs t  four of these loops a r e  block diagrammed in Figure 2-12, F o r  yaw attitude 
and c r o s s  range control, the programmed inputs a r e  s e t  to zero.  The atti- 

demodulated and analog filtered pr i  sampled at 122 samples- 
ps) rate.  The sampled a t t i t ~ d e  e r r o r  signal is compensated by a digital 

f i l ter .  This filter i s  depicted a s  ( -F.als)D(Z) in the block diagram to e 
proportional-plus-derivative t e r  inherent in the digital f i l te r ,  The " 
the attitude compensation block represents  the higher frequency roll-off t e r m s ,  



ATTITUDE 

The accelerometer outputs are demodulated atid analog filtered prior to being sampled 
at 30.5 sps. The guidance error signal, <, is in general digitally compensated by pr-o- 
portional-plus-intepl control. This oper,ation is depicted in the guidance compensation 
block as eg -?- ei,'~, 

The roll attitude ioop is block diagrammed in Figare 2 - 1 3 ,  The roll attitude error is 
demodulated arid analog filtered prior to beiag sampled ;:I" 122 sps, The sampled error .  
signal is compe~sated by ti digital filter. of the same form as described above for pitcil,' 
yaw cortmi, Guidarice inputs are not required in the roil control ioop. 

COMPENSATION 



The  general ized control  law which c loses  the pitch loop i s :  

where  

s = @  
P r o g r a m  - 'Missile 

The yaw control  law is s imi l a r  except c r o s s  range replaces  s lant  altitude. 

The ro l l  plane cont ro l  law is mere ly :  

Vane deflections resul t ing from the above control  laws a r e  described by the following 
equations: 

where = command vane deflections i n  pitch, yaw rol l  

a = pitch, y a ~ - ,  ro l l  attitude e r r o r  control  gain 

a d a = pitch, yaw, ro l l  attitude e r r o r  r a t e  contro 
113, IY) 11: 

e = control gain for  guidance ath e r r o r  in s lant  ' aEtitiide and c r o s s  range 

e = control  gain for  r a t e  of guidance path e r r o r  in 
s lant  altitude and c r o s s  range 

g y r i  giRf = t t t i tude e r r o r  in  pitch, yaw, ro l l  

'PC9 'YC' 
= attitude e r r o r  r a t e  i n  pitch, yaw, ro l l  

= slant  altitude displacement e r r o r  
F 

= slant  altitude velocity e r r o r  
E 

cf = c r o s s  range displacement e r r o r  

cc  = c r o s s  range  velocity e r r o r  

integrat ion s t a r t s  at second s tage  ignition, 



i n  the yxv; plane, v m e s  2 and 3 c?efiec! one-!ldf tiie iirnomt. and opposite t o  vane 1, 
to  prevent  a  r o l l  moment .  Since vanes  2 ~ ind  3 ;we each  displaced by !iO d e g r e e s  froni 
tine yaw axis ,  the total  fo rce  in tiie yaw plane is  the fo rce  of cine \.;me p lus  tile 
cosine of 60 degrees  t i m e s  the force  of two v m e s ,  o r  one and one-half t imes  t!ie effec-  
t iveness  of cine vane,  

-411 tlzree vanes def lec t  equally for i ~ o l l  corr,ection and the to t s?  fo:.ce avail:*ble is 
t h r e e  t i rnes the f o x e  available f r o m  one v m e .  ' rhus ,  the vane dcfiection equations be-  
come : 

Vane 3 = 
i: 

+P I>  - 112 /3 
Y 

The s teer ing  function i s  accomplished the ST-120, GR-CC,  vanes and ac tua tors ,  
and n e c e s s a r y  networks interconnect ing tiie subsys tems.  

- Cross range  s teer ing  i s  i i lns t ra ted  in  F i g u r , ~  Z - l 3 ( ~ i ) .  Tlhe c r o s s -  
r m g e  accelerometer .  provides velocity info:-mation to tile G & C C .  This  veloci ty i s  s a m -  
pled frequently by the GR-CC analog-to-digital ( A / D )  conver te r  to de te rmine  the amount 
of c r o s s r a n g e  veloci ty e r r o r .  By integrat ing th i s  inpu; the position e r r o r  i s  a l so  ca l -  
culated. Propet .  ga ins  a r e  applied to the velocity and position e r r o r s  to fo rm a yaw com-  



mand, This command is summed with the yaw attitude compensation output and 
resolved into proper vane commands before b utputted by the G&CC. The outputting 
is accomplished through the digital-to-analog converter, with the resulting dc 
voltage applied to the vane actuators. The vane deflections redirect  the miss i le ' s  
flight path to null out these e r r o r s .  

- The slant altitude steering is implemented in a s imi lar  fashion to 
tsated in Figure 2-13(b). The slant altitude accelerometer is Sam- 

AID converter to obtain slant altitude velocit The slant altitude 
red  to a slant altitude velocity program value ontinuously computed 

a s  a function of t ime in the C&CC) to obtain the slant altitude v ocity e r r o r .  In the same 
fashion a s  c r o s s  range, the velocity and position e r r o r s  a r e  weighted and summed to 
form a pitch command. (The position input, however, is neither used nor integrated 
until the second stage of flight,) This pitch command &A) is then summed with the 
pitch attitude compensation output and resolved into proper vane commands before being 
outputted by the G&CC, These outputs, through the D / A  converter, a r e  applied to the 
vane actuators,  The vane deflections redi rect  the missi le flight path to null out these 
e r r o r s .  

The completion of the Pershing guidance function occurs  when the cutoff command i s  
issued and the warhead section separa tes  from the second stage beginning i t s  free flight 
ballistic path to the target. The cutoff solution i s  calculated exclusively from the slant 
range accelerometer output and the presets  stored prior- to flight. The following cutoff 
equation is solved by the C & C C :  

SRV SRV) T + P 

where = the cutoff parameter 

SRVp = the slant range velocity preset  negative value) 

= the slaiit r a g e  displacement preset  

T = the weighting factor applied to the velocity e r r o r  

ant range accelerometer provided velocity 

SRD = slant range displacement (integrated from SRVf = 

The cutoff parameter  ) a t  liftoff i s  a large  fiegative value and reaches  zero  well into 
second stage flight at  which t ime the cutoff command i s  issued. As A nears  zero: the 

determines the precise instant of cutoff by using a East, iterative countdown 
routine. 

inert ial  reference system Wigcre  2-  151, consisting of a stable platform 
and an associate l if ier  assembly, provides an ear th  fixed e o o r d i n a t ~  re fe r -  

ystem defined by the local horizontal 'rnuth at the launch s i te .  At 
this orientation becomes space fixed 
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s s i l e  disturbances a re  sensed  through tin 
' 

igidly connected t o  the mis s i l e  s 
a1 ar rangement  supporting "re stabilized 
tions of the missile: T h r e e  A B - 5  stabilizing gyros  
aPar to each  o ther  on th 

f i e r s  and moto r s  hold the platforrri space  fixed during flight, 
FiXED TO 

MISSILE W L L  HA IN  SUAFT 

ROLL BEARING 

STABILIZED CARRIER RIN 
MISSILE HULL 

SLANT ALTITUDE ACCELEROMETE 

ROSS RANGE ACCELEROMETER 



sile is pitched over into the desired attitude for second sbge motor cutoff, 
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AE-3 accelerometers 
mounted on the carrier ring so that each accelerometer is sensitive 
tion along a specific direction. Acceleration is sensed in the direction illustrated in 
Figure 2-19. The cross range, slaqt range, and slant altitude acee erometers are of 
the integrating gyro type. The output of each m i t  is a recessional rate proportional- 
to-input acceleration with the total displacement angle being the integral of the tot-" a1 iic- 
celeration. Synchro transmitters supply this output to the guidance computer, 



leveling errors about the X-axi  
a d  direction of leveling e r  
test station. The arnplifieG 
gyro torquer, causing the s 

EXCITATION 
VOLTAGE 

STABILIZATION LOOP 



The azimuth pic off is a high-sensitivity bridge-type microsyn used only in the 
ground alignment sche  e pickoff provides information necessary to align the mis -  
si le  and platform in azi Figure 2-26) .  A porro prism is mounted on the c a r r i e r  
ring for determining pl azimuth heading. It i s  oriented s o  that a reflected image 
(theodolite light soure  tes  perpendicularity to t X reference axis. The heading 
of the platform, with respect  to t rue  north, i s  viewed degrees f rom this heading, The 
pendulums, azimuth pickoff, and porro prism have no function after  launch. 

ST-120 ALIGNMENT 
l i 7  AMPLIFIER 
IN A NULL POT 

AZIMUTH PICKUP AT 
NULL POSITION 

1 ION 

INPUT ROLL ANGLE 
CCW ROTATION OF 
STATOR WITH RESPECT 
TO ARMATURE VIEWED 
FROM ABOVE THE 

ACTION IN LOOP 
TAKES PLACE 

L ANGLE ORDER 
WIRING DRUM @ @ @ @ 

00 
INPUT ROLL ANGLE COUNTER- 
CLOCKWISE ROTATION OF MAIN 
SHAFT ABOUT PLATFORM "Y" AXIS 
WITH RESPECT TO CARRIER RlNG VIEWED 
FROM ABOVE THE PLATFORM 

- The servoam lif ier  assembly, used in conjunction 
form, contains s ix  a l if iers:  three AMAB-3 electronic 

control amplifiers, and three AB-5  electronic cont 
two types of amplifiers differ only i n  circuit  cornpone 
a r e  used with the three accekromete r s .  The acceler  sensor  provides the 
input signal to the amplifier with power to the control of the accelerometer 
servo motor provided by tine amplifier output, 

.! 3 INDICATOR 

(a) Ass A 



One A B - 5  amplifier provides power to the control phase winding of the ro l l  gimbal 
se rvo  motor, and the other provides power to the yaw gimbal se rvo  motor. The inputs 
to these two amplifiers ro i l  and yaw) a r e  the outputs of the pitch resolver.  Resolver 

e s  a r e  dependent upon the pitch angle of the missi le and the output of the X 
recession sensors ,  

The third AB-5 am lif ier  receives an in  ut f r o m  the Z gyro precession sensor ,  
Power to the control phase of the gimbal se rvo  motor i s  provided by the am 
put. 

Power t ransformers  a r e  used to rovide the required excitation voltages for the 
pendulums, gyros,  accelerometers,  se rvo  motors,  and attitude sensing devices. 

itch cam programmer is a modular electromechanical 
device which produces a variable electr ical  reference from which the itch attitude e r -  
r o r  many be measured,  The cam profile provides both a long and short  coast 
the program selection being dependent on direction of rotation of the cam,  Th 
base for  the program is supplied by a synchronous motor which dr ives  the cam through 
a gea r  reduction and clutch Figure 2 - 2 8 ) ,  A relay assembly provides the switch- 
ing function r e  d presetting the pitch program, 

programmer i s  checked to determine whether o r  not 
e cam is turning i n  the ograrn, During flight, the 
tch control t ransmit ter  ated by the groove in the 

use the missi le to assume the trajectory attitude, 

y system provides the clean, d ry  a i r  required 
ing controlled flight. The air  system, located 

in the guidance sad control section, consists  of a spherical  a i r  bottle, fi?t 
to r s ,  and a he  e se rves  as a storage a r e a  and contains 
inches of a i r ,  0 pslg, The bottle is charged by a i r  f ro  



station through the umbilical m a  hen the mast  is disconnected, just 
before launch, the umbilical cou ve seal  the missile air system, 

cts the installation of the a i r  d is t r i  &ion system while Figure 
functional diagram, 

ClMBlLlCAi 



The digital guidance and contr.01 computer  is a Bendix BDX 82 computer- coiltaining 
a cen t r a l  p rocesso r  and memory,  an input loutput (1'0) processo r  designed lo interface 
with the Pe r sh ing  miss i le  and ground support equipment, and a power supply, 

The compater  in ter faces  wi th  the ST-120 stabilized platform, and contains a l l  neces -  
s a r y  functions to proper ly  condition the acce lerometer  output and attitude reference  
signals  required for  controlling the miss i le  f i r s t  and second stage control  s i i rfaces,  
In ter faces  a l so  exist  between t!le computer  2nd tile mis s i l e  m2in distributor-,  telemetr-:)- 
t r ansmi t t e r ,  and prelaunch ground support equipment. In addition, special  interface 
provisions a r e  made to facilitate testing and memory  loading at the SC'I'S. A sys tem 
organization d iagram is shown in F igu re  2-31,  

GUIDANCE AND CONTROL COMPUTE? ---------- 

Computer  power is obtained f rom the mis s i l e  e lec t r ica l  bus sys t em m d  converted to 
voltages required by the cen t r a i  p rocesso r ,  memory,  and 1/0 processor .  The guidance 
and control  computer  a l so  genera tes  t ime sequence signals  to the mis s i l e  fo r  staging 
and a cutoff s ignal  to te rminate  second stage motor  thrus t  and cause  warhead separa t ion  
when guidance pa rame te r s  a r e  sat isf ied.  

Where possible, design considerat ions for  the digital computer  use existing miss i le  
e l ec t r i ca l  and mechanical  interface requi rements ,  The guidance and control  software 
and h a r d v ~ a r e  use s ta te  of tihe art techniques to produce acceptable rel iabi l i ty against  
guidance subsystem fai lure.  



Figure  2-32 is a signal flow diagram of the guidance and control functions performed 
by the computer. The functions a r e  specified by the requirements for  a delta-minimum 
guidance profile. 

The ajrborne functions may be divided into six groups: guidance, stability, control, 
good guidance, time discre te  generation, and telemetry. The computer accepts bus 28  
Vdc and 115V, 400 Hz power, and converts the power to usable voltages for the central  
processor ,  110, memory,  and sensor  excitations. The detailed design of the functions 
is discussed below. 

Hardware and software a r e  defined such that optimum accuracies and timing effi- 
ciency a r e  achieved. Reliability of the guidance and control function is optimized by 
software techniques, such a s  redundant calculation and self-test features.  Scaling to 
optimize word accuracies and an extended length algorithm a r e  used to increase  ac- 
curacy in the cutoff solution. AID and D / A  conversions a r e  multiplexed to and from a 
common ladder network, and 1/O analog signal processing is designed to  optimize use 
of the full digital 110 word. 

nee E'unetion - The guidance function accepts the miss i le  velocity signals in 
the form of accelerometer synchro voltages and outputs yaw and pitch steering signals 
to the control function and a cutoff signal to the good guidance function. The input sig- 
nals from the accelerometers  a r e  three groups of amplitude modulated signals between 
the s ta tor  terminals  of synchro t ransmit ters  and represent  instantaneous miss i le  velo- 
ci ty along each of the three  mutually perpendicular axes. 

The guidance function converts the sampled input signals to dc  signals propor- 
tional to the sine and cosine of crossrange velocity, slant range velocity, and slant 
altitude velocity. These dc signals a r e  used a s  excitations for the A/D converter. The 
A / D  converter in turn uses a successive approximation technique for determining digital 
words proportional to the sine and cosine of the scaled velocity signals. 

The crossrange guidance function integrates the crossrange velocity to obtain a 
crossrange displacement signal, and sca les  and sums  the velocity and displacement 
signals to form a crossrange steering command for  the control function. 

The slant altitude guidance function subtracts  from the slant altitude velocity sig- 
nal  a desired velocity profile from the slant altitude program to form a slant altitude 
velocity e r r o r  signal. 

The slant altitude velocity e r r o r  signal  is integrated, a s  in the crossrange guid- 
ance function, to form a slant  altitude displacement e r r o r  signal, which in turn is scaled 
and summed with the velocity e r r o r  to form a slant altitude steering signal for the con- 
t r o l  function. 

The slant range comparator guidance function subtracts  f rom the slant range velo- 
c i ty  a ground preset  velocity value. The velocity difference signal  is integrated to form 
a displacement signal which is in turn reduced by a d i s p l a ~ e ~ m e n t  preset  value. The r e -  
sultant displacement difference and velocity difference signals a r e  used to solve the 
cutoff equation, A. 

A cutoff discrete signal  is issued by the slant range eorn a r a t o r  guidance function 
when 1 changes sign after  second stage ignition. This cutoff signal  in conjunction with 
the good guidance determination i s  used to terminate second stage thrust  and initiate 
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saturate the vane output signals an6 no over ow detection is required ir, software, 



T h e  input s ignals ,  designated @yaw, $roll, and @pitch9 a r e  demodulated and 
f i l tered.  The  resul t ing dc voltages a r e  converted to  digital words in  the common A/D 
converter .  The  digital @ s ignals  a r e  then processed  to provide roport ional  and dif- 

ain compensation of the input, with additional filtering of the differential  
ath to form a forward t r ans fe r  function meeting defined mis s i l e  s tabi l i ty r e -  

The  f i l t e r s  a r e  selected in relat ion to the timing signals  generated by the 
t ime d i sc re t e  genera tor  function t o  provide compensation for  changing mis s i l e  dynamics 

ant consumption, aerodynamics,  and staging. F i l t e r  cha rac t e r i s t i c s  a l so  
differ  for  long and shor t  range t ra jec tor ies .  The  digital f i l te r  is essent ia l ly  a difference 
equation of fourth o r d e r  maximum for  yaw and pitch, and second o r d e r  for  ro l l ,  

- The control  function accepts  the s ignals  f rom the guidance and 
s tab i l  r o c e s s e s  them to fo rm command signals  for  the vane control  hy- 
draul ic  actuator  packages, The processed Byaw s ignal  is summed with the c ros s range  
s teer ing  signal  to genera te  the Qyaw s teer ing  signal. The  processed signa 
summed with the s lan t  altitude s teer ing  signal  to genera te  the $pitch s teer ing  signal.  
The  $roll s teer ing  s ignal  alone compr i se s  the @ro l l  s teer ing  signal. The  output da t a  in 
body space  is then t ransformed into th ree  vane position command s ignals ,  designated 
01, U2, and 03, according t o  the following ma t r ix  definition: 

Posi t ive Gyaw is defined a s  the s teer ing  command about the body yaw axis  which 
is directed downrange a t  launch. Posi t ive roll is the s teer ing  command about the body 
ro l l  ax is  which is directed away f rom the e a r t h  at  launch. Posi t ive @pitch i s  the s t e e r -  
ing command completing a right-handed orthogonal yaw-roll-pitch coordinate sys tem.  
The  vane command vec to r s  lie in a plane no rma l  t o  the miss i le  ro l l  ax is ,  with the posi- 
tive direct ion defined outward f rom the miss i le  body. The 01 command vector  pas ses  
through the vane 1 axis  of rotation and l i e s  para l le l  to the miss i le  downrange yaw axis .  
The  a 2  and U3 command axes pass  through vanes  2 and 3, respect ively,  and a r e  oriented 
at  angles of 120 deg rees  and 240 deg rees  respect ively,  counterclockwise f rom the U l  

vec tor  when viewed looking down the mis s i l e  body from the mis s i l e  nose. 

Each of the th ree  vane d r i v e r s  provide a control  cu r r en t  to one hydropack valve 
which is proport ional  to the algebraic difference between commanded vane angle (Ql, 
o2, o r  a3)  and the actual  vane position (PI ,  P2, o r  p3).  The command angles (CT) a r e  
converted,,to scaled analog s ignals  in  the multiplexed D / A  conver ter  and compared 
d i rec t ly  to the dc vane position feedback signal ( p )  f rom the hydropack. 

The  s tage  switching function accepts  the vane driving c u r r e n t  s ignal  f rom the vane 
d r i v e r  and a lso  rece ives  the vane position and vane dr ive  cu r ren t  feedback signals f rom 
both f i r s t  and second s tage  hydropacks. During f i r s t  s tage flight, the switching function 
d i r ec t s  the vane driving cu r ren t  s ignal  to the f i r s t  s tage hydropacks and connects the 
vane position and vane dr ive  cu r ren t  feedback signals  f rom the f i r s t  s tage  hydropacks 
to the vane dr iver .  In addition, during f i r s t  s tage flight, the switching function inve r t s  
the second s tage  vane position feedback signal  and connects i t  d i rec t ly  to the input of 
the second s tage  hydropack to hold the second s tage  vanes a t  ze ro  deflection. Upon r e -  
ceipt of the f i r s t  s tage  separa t ion/second s tage  ignition command, the switching func- 
tion r ed i r ec t s  the vane driving cu r ren t  s igna to the second s tage  hydropacks and con- 



ition and vane ve current  feed 
vane drive, di nnecting and de 

stage connections. 

- A dc to dc converter in the I /O  unit converts the +2 
the I /O  and centr  rocessor .  Inverter  4 

demodulation 
i a s  supplies fo 
ower supplied 

uter  I /O unit contains ser ia l izer  and ar i ty  generator for digital word 
t r ans fe r  to the telemetry system, Telemetry  out ut is under software control in the 
centra l  processor ,  Required analog signals and voltages in  the I /O and signal d iscre tes  
a r e  also available at the telemetry connector, 

requirement, The computer organization is shown in Figure 2-33. 

DRO CORE 
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iNTE RFACE NOT SHOWN. 
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/O address  and control. 

/ A - A / D  converter  unit also aece t s  digital da ta  f r o  
0 address  and control unit, and 

inary  number r e  sented by the input, The 
the analog dernult exer  unit which, under direction of the 

converter  unit to 

a r e  used for self t e s t  
purposes, Each s 

proportional t  

The input  d iscre te  logic unit acce t s  28 Vdc inpat. discre te  signals and t rans  
them to the 5 Tide level of all guidance and control co c signals, When ad- 
dressed by the CPU, and under direction of the i / O  a control logic unit, the 
input d iscre te  logic unit t ransfers  the data into the CP7; for essing and/or  storage.  

logic unit, under direction of the d r e s s  and control logic unit, 
eerning ouxput ciiscretes From the PT; as a 5 Vde si n a l s  and t ransforms 
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? - LAUNCH CONTROL PANEL ASSEMBLY 
2 - MAINTENANCE PANEL ASSEMBLY 
3 - STORAGE CABINET 
6 - UTILITY PANEL ASSEMBLY 
5 - UTILITY CIRCUIT BREAKER PANEL 

ASSEMBLY 
5 - AIR DUCT REGISTER 
7 - TELEPRINTER 
8 - TAPE STORAGE CABINET 
3 - AIR CONDITIONER 

10 - AIR SUPPLY REGISTER 
11 - AIR CONDITIONER FILTER 
12 - AIR CONDITIONER CONTROL PANEL 
IS - REWOTE FIRING BOX CABLE REEL 

ASSEMBLY (TRAVEL POSITIONj 
14 - STORAGE CABINET 
15 - CONVENIENCE OUTLET (4) 
16 - AUXILIARY HEATER 
17 - WORKBENCH 
18 - SIGNAL OiSTRlBUTION BOX 
19 - BLOWER 
20 - CONSOLE 

1 - REMOTE FIRING BOX 
2 - AZIMUTH LAYING CONTROL BOX 
3 - AIR DUCT REGISTER 
4 - PHONE CONTROL PANEL ASSEMBLY 
5 - ADAPTER 
6 - STORAGE CABINET 
7 - CARD AND MODULE TEST SET 
8 - POWER DISTRIBUTION ASSEMBLY 
9 - POWER DISTRIBUTION ASSEMBLY 

CIRCUIT BREAKER PANEL 
10 - SIGNAL DISTRIBUTION BOX 
1 7  - COMPUTER BOX FRONT ACCESS PANEL 
12 - COMPUTER BOX TOP ACCESS PANEL 
14 - AIR FILTER 
15 - FIRST AID KIT 
16 - BLOWER 
17 - STORAGE CABINET 

VOLTAGE-PHONE MONITOP PANEL ASSEYBiv 
COUNTDOWN COVTROL PANEL ASSEMBLY 
AZIMUTH LAYING CONTROL PANEL ASSEWBLY 
TAPE READER 
HAND LANTERh 



The basic controlling and sequencing element in the PTS i s  a compact general-pur-  
pose computer, The computer i s  a stored program, parallel,  binary, fixed point m a -  
chine, whose major  components a r e  a central  data processor,  an input/output assembly, 
four core  memory units, a power supply assembly and an electr ical  equipment rack as -  
sembly (Figure 4-4). The basic word length i s  23 data bits plus sign and parity ( 2 5  bits 
total). The memory i s  magnetic core,  random access ,  with a 4 microsecond cycle time. 
The computer i s  normally supplied with 16,  384 words of memory capacity, but can be 
expanded without redesign. The computer employs 47 basic instructions, but by using 
microprogramming techniques, up to 300 instruction variations a r e  available to the pro- 
g rammer .  The memory i s  protected s o  that accidental interruption of input power to 
the computer will not cause the contents of the memory to be altered. The input and 
output c i rcui ts  of the computer a r e  compatible with devices using 
Figure  4-5 presents  a simplified block diagram of the computer. 

CENTRAL DATA PROCESSOR CORE MEMORY U N I T  5 

STUD ASSEMBLY LOCKING 

-/OUTPUT ASSEMBLY 

POWER SUPPLY ASSEMBLY 
CORE MEMORY U N I T  0 

field data codes. 

ELECTRICAL EOUIPMENT 

CORE MEMORY U N I T  1 CORE MEMORY U N I T  2 

The input/output assembly i s  the unit through which all signals to the computer a r e  
routed, The input circuits  decode input information to the centra l  data processor  and 
the core memory units. The output c i rcui ts  decode output information, which is routed 
to the adapter for controlling missi le functions and to the console where it i s  displayed 
visually and/or printed out on the teleprinter .  

The central  data processor i s  the heart  of the computer. It consists  of three inter-  
related subsystems: arithmetic and logical operations, program execution and control, 
and input/output control. All ari thmetic operations (addition, subtraction, multiplica- 
tion, and division) and manipulation of data to accomplish a desired result  a r e  performed 
in the arithmetic and logical operations subsystem, All necessary  timing signals and 
subcommands required in the instruction execution a r e  generated in the program execu- 
tion and control subsystem. The input/output control subsystem controls the t ransfer  
of data between the core  memory units and the input/output assembly, 



The  co re  m e m o r y  units s t o r e  a l l  requi red  data. Each  unit i s  capable of s tor ing  
4 ,096  words  of 2 5  b i t s  each.  

T h e  countdown cont ro l  panel assembly  is used for manually enter ing da ta  into the 
computer  during p rog ram execution. A visua l  display indicator  on th i s  panel indicates 
which phase of the p rog ram i s  in p rog re s s ,  the r ea son  for  hold conditions when a hoid 
condition ex is t s ,  and the cause  of a  malfunction when a malfunction occu r s ,  

The  tape r e a d e r  is used for  enter ing var ious  taped program da t a  into the computer ,  

The  te lepr in te r  provides a  h is tor ica l  record  of a l l  da ta  and a l l  information displayed 
on the countdown cont ro l  panel a s sembly  information readout indicator  during a  f i r e  
sequence.  

The  maintenance panel a s sembly  i s  used in conjunction with prepunched diagnostic 
tape when fault isolat ion procedures  a r e  being performed on the computer .  It  contains 
t h r ee  alphanumeric  display tubes ,  A number  i s  displayed for  each s t e p  of the tes t .  
Comparison of the number  displayed wi t t ~  s i m i l a r  number s  in the r e p a i r  da ta  tables  r e -  
su l t s  in isolat ion of the malfunction. 

M O l i I l O P  
N4 D 
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s1s:iALs 

FROM 
ADAPTE P 

i : iPUT /OU i?UT  ASSEMBLY i- 
C3'111A:i D 
S!G':fiLS 
TO 
ADAPTER 

The  adapter  s e r v e s  a s  the e l ec t r i ca l  in te r face  between the computer  and the r e s t  of 
the mi s s i l e  sys t em.  All e lec t ronic  c i r cu i t s  of the PTS which a r e  not pa r t  of the corn- 
pvter ,  the utili ty c i rcu i t s ,  o r  the console equipment a r e  included in the adapter  



Operat ing under the  control of the  com- 
c i rcui t s  pe r fo rm most  
olling and monitoring 

function of the  PTS, The re  a r e  215 con- 
t r o l  l ines  which can be switched on and 
off by the computer  through adapter  c i r -  

s ;  th is  number can be increased t o  
without bas ic  design changes if r e -  

quired by fu ture  developments. An addi- 
t ional  215 l ines a r e  monitored for  the 
p re sence  o r  absence of s ignals;  this  ncm- 
b e r  can be increased  t o  396 without basic 
design changes if requi red  in the future. 

The  adapter  accepts  digital information, 
in the f o r m  of an  18-bit para l le l  word, f r o m  
the  computer  and converts  this  information 
into analog information for  preset t ing the 
guidance s y s t e m  and sequencing the count- 
down of the mis s i l e  for  flight. Ci rcui t s  
within the adapter  a l so  convert analog in- 
formation f r o m  the card  and module t e s t  
s e t  (CMTS) and the ground support equip- 
ment t o  digital information for  the compu- 
t e r  (F igu re  4-7).  

POWER POWER POWER 

ASSEMBLY A1 

STRAIGHTENER RACK A7 

Operating under computer  control,  the operations control  function rece ives  r e se t ,  
row se lec t ,  and data s e t  s ignals  f rom the computer .  These  s ignals  cause command 
signaIs t o  be generated that a r e  used throughout the adapter ,  CX'ITS, azimuth laying 
control  box, and console. The command signals  control  a specif ic  function in the m i s -  
s i l e  o r  the adapter .  Monitor s ignals  a r e  sent  to the operat ions control  function f rom 
throughout the adapter ,  azimuth laying control  box, and CMTS. The monitor  s ignals  
indicate that a function necessa ry  to complete an operation has  been accomplished suc -  
cessfully, The signals  a r e  converted to an acceptable voltage level  and routed to the 
computer. 

This  function produces control  s ignals  that a r e  applied to  the mis s i l e ,  ground sup-  
port equipment, and CMTS and I ece ives  monitor  s ignals  f rom the same  equipment. The  
control s ignals  a r e  initiated by the command s ignals  f rom the operat ions control  func- 
tion. The command and monitoring function routes  countdown s t a tus  indications to the 
remote firing box and rece ives  f i r ing control  s ignals  f rom the remote  firing box. Manu- 
al ly generated command s ignals  such a s  "miss i le  power on" and "counting" a r e  received 
by this  function from the countdown control  panel assembly .  Status indicator  s ignals  
such a s  "holding, counting, and mis s i l e  power on" a r e  fed f rom the command and moni-  
toring function to the countdown cont ro l  panel assembly .  
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This  function, operating in conjunction with either the azimuth lay5ng control box o r  
the azimuth laying control panel assembly, is used to align the ST-12 
the function i s  controlled by command signals from the operations con 
stimuli a r e  applied a s  reference signals to the function during testing 
of malfunctions. A measurement signals a r e  sent to the measurements function during 
normal operation to  indicate that the platform alignment function i s  operating correcxly. 
During testing, the ac measurement signals indicate the location of malfunctions. 

Th i s  function provides variable level ac and dc signal voltages for use in the platfor-m 
alignment, command and monitoring, measurements,  and presetting functions, The 
level of the ac o r  dc stimuli i s  controlled by the computer. n addition, the ac jdc  stimuli 
is also fed to  the missi le,  ground support equipment, CMTS, and missi le sections in 
containers. 

This  function, under computer control, performs ac/dc  voltage measurements,  ac 
frequency measurements,  and ac phase comparison checks on signals received from 
the missi le,  GMTS, power station, command and monitoring function, and ac/dc stimuli 
function. 

This function forms a loop with circuits  in the warhead and guidance sections of the 
missi le.  The signals applied to the loops a r e  used to preset  the guidance and warhead 
sections for a particular firing. P r e s e t  information is routed to the measuremefits 
function to determine the level of the next presetting signal to be sent to the guidance o r  
warhead sections. 

Five types of modules a r e  used in the adapter: command modules, monitor modules, 
matrix d r ive r  modules, capacitor modules, and load modules. A decal on the top of 
each module identifies the type. The command, monitor, and capacitor modules and their  
respective receptacles a r e  keyed to prevent a module from being inserted into an in -  
correct  receptacle. Figures 4-8 and 4-9 show the  type, quantity, and proper location 
of the modules used in the adapter. 

The adapter f i l ter  assembly consists  of three  low-pass ac f i l ters  for the 4 
power input to the adapter. The fi l ters  a r e  mounted on a chassis  on the right-hand 
panel inside the cabinet. 
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T h e  major por t ion of t he  adapter c i r -  
cu i ts  cons is ts  of 70 printed c i r c u i t  cards  
(18  d i f f e r e n t  types) mounted on a swing- 
out equipment  rack  (F igu re  4- 10). T h e  
pr inted c i r c u i t  cards a r e  of an epoxy 
f i be rg l ass  base m a t e r i a l  laminated w i th  
copper and etched on  both sides. The  
connectors f o r  each t ype  of card  a r e  in- 
dividually keyed  t o  p r e v e n t  a card f r o m  
being i nse r t ed  into an i n c o r r e c t  location. 
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The dc  voltage measurement capability.of the adapter circuits  over the whole environ- 
mental range is a s  follows: 

Voltage Range Accuracy 

1.0 to 128.0 volts 50.5% of the reading 

0.010 volt to 1.0 volt +0.010 volt 

The ac voltage measurement capability of the adapter circuits  i s  a s  follows: 

Voltage Range Accuracy 

4 volts to 128 volts r m s  1 % of the reading 

0.5 volt to 4.0 volts r m s  2 70 of the reading 

0.010 volt to 0.5 volt 10 millivolts 

In the basic measurement mode, the root mean square ( rms)  value of the fundamental 
400 Hz sinusoidal component of the unknown i s  measured;  all other frequency components 
a r e  attenuated. Accuracy requirements stated above apply to signals with a fundamental 
frequency between 380 and 420 Hz with not more  than 5 percent total harmonic distortion. 

The stimulus voltage generating capability of the adapter- i s  a s  follows: 

I F o r  dc voltages, 0 to 16 volts in 2 millivolt s teps,  ei ther polarity - 

2 F o r  ac voltages, 0 to 35 volts in 2 millivolt s teps,  in phase with any of the three - 
phases of the 400 Hz supply voltage. 

The final stimulus voltage amplitude i s  se t  with the voltage measurement circuits  
monitoring it,  so  that the accuracy of the stimulus voltages is essentially the same as  
the measurement circuits ,  plus an additional e r r o r  of rt2 milliwatts due to the resolu- 
tion of the stimulus generators.  

The inverter  frequency can be monitored by the PTS with a measurement e r r o r  of 
less  than 50.01 Hz. 

The adapter circuits  preset  the synchros of the guidance computer well within the 
required accuracy of 0-3 mete r  p e r  second for the slant range velocity channel and 30 
mete r s  for the slant range displacement channel under worst  case  conditions. The war-  
head synchros a r e  preset  with an accuracy of 9 degrees  of the warhead fine synchro 
under worst case  conditions. 



The r emote  f i r e  box in  F igure  4 - 11 'is considered a functional par t  of the 
t  is connected to the PTS by a 500 foot cable and provides the necessa ry  con- 

t r o l s  and indicators  t o  initiate the firing sequence and indicates that the firing sequence 
is in p rog res s .  

Key - 

2 

3 

4 

3 

6 

7 

8 

Control o r  
I n d i c a t o r  

F I R E  swi t cnes  

READY i n d i c a t o r  

V O L U N E  
con t ro l  

BATTERY 
ACT1 !JATE; 
i n d i c a t o r  

'VOLUME 
con t ro l  

R I N G  swi tch  

Function 

*ihen both swi tches  a r e  
pressed s imu l t aneous ly ,  
i n i t i a t e s  f i r i n g  phase. 

I n d i c a t e s  t h a t  m i s s i l e  
i s  ready t o  f i r e .  

>Jhen l i t ,  i n d i c a t e s  t h a t  
f i r i n g  phase i s  progress-  
ing normal l y .  

Provides  emergency 
s topp in9  of f i r e  sequence 
u u  t o  f i r s t  s t a g e  
i g n i t i o n .  

Provides adjus tment  for  
volume of headset  
connected t o  33 .  

j n d i c a t e s  t h a t  m i s s i l e  
b a t t e r i e s  have been 
a c l i  va t e d .  

Provides adjus tment  fo r  
volume of headse t  
connected t o  3 2 .  

vihen p re s sed ,  l i g h t  
f l a s h e s  on BCC intercom 
s e l e c t  panel .  

The r emote  f i re  box has  ex terna l  receptac les  for  two headset /microphone cables.  
These  receptac les  a r e  enabled at the "warhead p re se t  and verification" point in the 
countdown sequence and provide acces s  to both "a l l  phones" and "d i sc re t e t t  c i rcu i t s  up 
to  the r emote  t r ans fe r  point, and "d i sc re t e t '  only f rom remote  t r ans fe r  to the end of the 
countdown. The RFB has  2 ring button which enables i t  to r ing e i ther  the PTS  o r  ECC 
depending on the communication network hookup. It  a lso has individual volume controls  
for  each of the receptac les .  

The console provides the controls  and indicators  by which the opera tor  controls  and 
moni tors  the operation of the PTS (F igu re  4-3).  F r o m  the console, the opera tor  con- 
t ro l s  the application of power to the adapter  and the computer ,  e n t e r s  data, and obse rves  
indicators  that display the s ta tus  and condition of the f i r e  sequence. The console contains 
the azimuth laying control  panel assembly ,  voltage-phone monitor  panel assembly,  main-  
tenance panel  assembly,  tape r eade r ,  countdown c o n t r ~ l  panel assembly ,  utility panel 
assembly,  te lepr in ter ,  and launch control  panel assembly.  



T h e  azimuth laying control  panel assembly  (Figure  4-3) contains controls  and indica- 
t o r s  f o r  performing azimuth layigg procedures f rom inside the P T S  if the azimuth laying 
control  box o r  i t s  cable i s  defective. An indicator on the panel informs the opera tor  
when the azimuth laying procedures a r e  to be performed from inside the PTS. 

The  upper portion of the voltage-phone monitor panel assembly  (F igu re  4-3) contains 
a m e t e r  fo r  monitoring a l l  internal  PTS power supply voltages and an  indicator for  moni- 
tor ing  the p r i m a r y  a c  and dc power. The lower portion of the panel contains a headset 
connection point for  establishing intercommunications with a l l  s tat ions o r  d i sc re t e  s ta -  
tion-to- s tat ion contact between the PTS, BCC, and r emote  f i r ing box only. 

The maintenance panel assembly  (F igu re  4-3) contains controls  and indicators  for  
troubleshooting the computer. A th ree -cha rac t e r  readout indicator  displays data f rom 
a punched tape o r  f rom the computer  program. Indicators  inform the opera tor  when the 
computer  power supply is malfunctioning, when the cen t r a l  data p rocesso r  (CDP) is 
operat ing under program control,  when a computer  timing e r r o r  ex is t s ,  o r  when an in-  
put pari ty e r r o r  f rom the tape o r  keyboards exis t s .  

The  tape r eade r  (F igure  4-3) contains controls  and indicators  for  entering the tape 
programs into the computer. Operation of the tape r e a d e r  can be controlled automati- 
cal ly by signals  generated through use of the tape r e a d e r  controls.  The tape r e a d e r  
uses  t h ree  types of circui t  network modules (CNM) of the same  basic design a s  those 
in the computer ,  and they a r e  identified in a like manner .  Eight CNM1s a r e  used in  the 
tape r eade r .  

The  countdown control panel assembly  (F igu re  4-3) contains controls  and indicators  
f o r  manual  entering data into the computer ,  and sequencing the firing sequence. Con- 
t r o l s  a r e  a l so  included for  applying power to the adapter ,  computer ,  and miss i le ,  and 
for  t ransfer r ing  control  of the firing sequence to the remote  firing box. The assembly  
uses  seven types of CNM's of the s a m e  basic design a s  those in the computer ,  and they 
a r e  identified in a like manner.  Fif ty s ix CNM's a r e  used in  the countdown control  
panel assembly.  

The  utility panel assembly  (Figure  4-31 contains controls  for  regulating the bright-  
nes s  of the PTS she l t e r  lights and the console panel lights. The panel contains an 8-day 
clock, three  elapsed t ime m e t e r s ,  a s ignal  horn switch, switches for  turning the she l t e r  
lights on and off, and indicators  that signify a requi rement  for  she l t e r  heating, a l o s s  of 
airflow through the equipment, and computer  overheating. The assembly  a l so  contains 
a f i r e  warning horn that sounds in the event of a f i re  in the power station. 



The te lepr in ter  F igure  4-3) supplies a permanent record  of the calculated firing 
data,  It  cons is t s  o a pr in ter  unit and a paper takeup unit. The pr in ter  unit contains 
cont ro ls  for  applying power and for  manually advancing the t a  e .  The paper takeup 
unit contains a paper takeup r e e l  and paper t r anspor t  mechanism. The te lepr in ter  is 
capable of printing at  the r a t e  of 30 cha rac t e r s  per  second. 

The launch control  panel assembly  Figure  4-3) provides an additional s a fe -a rm 
feature that enables the Persh ing  l a  sys tem to  meet  nuclear  safety requi rements .  The 
sa fe -a rm feature cen te r s  around a mechanical  s a f e l a r m  switch that in ter rupts  three  
c r i t i ca l  a rming and firing signals .  These  signals  a r e  " f i r s t  s tage ignition a r m  com- 
mand, f i r s t  s tage ignition f i re  plus (+I,  and mis s i l e  bat tery activate command". A safe 
condition is in effect when the switch i s  s e t  to the safe  position. An a r m  condition is in 
effect when the switch is s e t  to the a r m  position. The  panel provides the necessa ry  
hardware  for  securing the sa fe -a rm switch in a safe condition by means  of a combination 
lock, which prevents  unauthorized operation of the switch to the a r m  position. T o  p re -  
vent unauthorized removal  of the launch control  panel assembly,  the hardware  that s e -  
c u r e s  the assembly  to the console i s  bound by safety wire  and secured  with metal l ic  
sea ls .  



The power station F igu res  5-1 through 5-3) is a self contained multipurpose unit of 
the Persh ing  sys tem,  capable of delivering e l ec t r i ca l  power, pneumatic power and con- 
ditioned a i r  for  the miss i le  and launch s i t e  ground support  equipment. It is c a r r i e d  
aboard the s a m e  vehicle a s  the PTS. 

The  power station i s  contained in a skid mounted aluminum housing lined with sound 
absorbing m a t e r i a l  to  reduce the noise level  produced by the gas  turbine engine. The 
power station is comprised of the following m a j o r  functional components: 

1 Gas  turbine engine - 

Z A i r  compresso r  and purification sys t em - 

3 Alternator  (with voltage regulator  and exci ter)  - 

4 DC genera tor  and regula tor  ( 2 )  - 

5 Air cycle conditioning sys t em - 

6 Miscel laneous-electr ical  dis tr ibut ion center. and control  cubicle - 
7 Fuel  sys tem - 

8 Cranking sys tem - 

9 Battery charging sys t em - 
10 Unit protection - 
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The g a s  turbine engine is a lightweight, compact  sou rce  of shaft power and b leed-a i r  
pneumatic power. Shaft power f rom the engine i s  del ivered through a gearbox to dr ive  
the a c  genera tor ,  two dc  gene ra to r s ,  and an a i r  c o m p r e s s o r  (F igure  5-4) .  Turbine bleed 
a i r  is del ivered to the a i r  conditioner. The  engine, which has  two centr i fugal  c o m p r e s -  
s ion s t ages  and a s ingle turbine s tage,  runs  a t  a constant speed of 42,000 rpm.  Speed 
is automatical ly controlled by a governor ;  however, fine speed adjustment  is ope ra to r  
controlled by a switch on the cont ro l  cubicle panel. Engine s ta r t ing  power i s  derived 
f rom a 24-volt dc  ba t te ry  supply o r  f rom an ex terna l  auxil iary power source .  



Figure 5-4.  Engine Powered Assemblies 

The gearbox and engine a r e  coupled together by a turbine-gearbox coupling. The 
coupling cons is t s  of two coupling halves clamped together by a V-type clamping r ing,  
with a s ingle locating s h e a r  pin to prevent rotation by torquing effects.  The engine and 
gearbox can be quickly separated by releasing the clamping ring. The  two coupling 
halves fo rm a matched s e t  and must  be retained together. A 6-inch floating splined 
shaft in the coupling provides the dr ive  connection f rom the engine to the gearbox.  The 
gearbox d r ives  the three  gene ra to r s  at  6,000 rpm,  and the a i r  compresso r  at  3,064 
rpm.  

The  power s tat ion has  two sepa ra t e  h igh-pressure  a i r  sys t ems  (Figure  5-5). The 
p r i m a r y  sys t em is comprised of an a i r  compresso r  that supplies h igh-pressure  a i r  to 
an a i r  purification unit, which in turn  supplies  purified h igh-pressure  a i r  to  the mis s i l e  
through a network of hoses and valves. The  a i r  compresso r  de l ivers  a i r  a t  a p r e s s u r e  
of 3000 f 200 psig at  a flow r a t e  of 9 s tandard cfm minimum. The  secondary h igh-pres-  
s u r e  a i r  sys tem,  r e fe r r ed  to  a s  the instant  a i r  sys t em (Figure  5-6) ,  u se s  a pressur ized  
a i r  cylinder to provide a limited supply of h igh-pressure  a i r  to the a i r  purification unit 
fo r  use by the miss i le  until the p r i m a r y  high-pressure a i r  sys t em i s  fully activated. 
The instant a i r  system is provided so le ly  a s  support  for  the p r imary  sys tem.  



, , 

I 

GEARBOX 

/ PUR'IFIED 
AIR SUPPLY AIR PURIFICATION HIGH~PRESSURE 

UNIT AIR 



The a i r  cycle conditioning sys tem cons is t s  of: 

1 Pane l  control  assembly  - 

2 Tempera tu re  senso r  assembly - 

3 Air cycle assembly  - 

4 Tempera tu re  selection assembly  - 
Pre launch cooling and heating to the miss i le  during ground t e s t  and checkout a r e  pro-  

vided by this  sys t em (F igu re  5-5). 

Operating in conjunction with the miss i le  a i r  cycle conditioning system, the t empera -  
t u re  control  sys t em i s  energized by a sensing element  located in the miss i le  ins t rument  
compartment ,  Tempera tu re  control  i s  provided by a modulating valve which t emper s  
the a i r  to  maintain a miss i le  compartment  tempera ture  within f l ° F .  At a l l  stabilized 
tempera ture  points (40' i 5OF, 77O t l ° F ,  and 160' i 5OF) the conditioned a i r  flow i s  
25 pounds of a i r  per  minute under s e a  level  operating conditions. 

The power station dc  power sys t em cons is t s  of two dc  gene ra to r s ,  each  with a voltage 
regulator  and output wiring. Each dc  genera tor  is compound wound and self ventilated 
with a rating of 300 amperes  a t  30 volts  and a nominal speed of GO00 rprn. All windings 
of the genera tor  a r e  ungrounded and isolated e lec t r ica l ly  f rom each other  and, with the 
voltage regulator  disconnected, can be used a s  a s ta r t ing  motor.  After s ta r tup ,  a t r a n s -  
f e r  re lay  converts  the s ta r t ing  motor t o  a genera tor .  

With the genera tor  under control  of i t s  voltage regulator  and driven at any constant 
speed of 6000 i. 120 rpm,  and adjusted to deliver- any voltage within the specified range 
(25-35) at  any load between no load and rated load, the voltage remains  within 2 0.5 p e r -  
cent of the average  no load and full load voltage. A t  any constant load, the genera tor  
te rminal  voltage i s  within 0.5 percent  of i t s  average  value. 

The voltage regulator  i s  used for  e i ther  remote  o r  local  sensing, and is equipped with 
compensating provisions which l imit  to l e s s  than 1 percent  the voltage drif t  caused by 
warm-up of the shunt field and voltage regulator ,  and changes in ambient tempera ture .  

The power station ac  power sys t em cons is t s  an ac  genera tor  o r  a l te rna tor  with voltage 
regulation and excitation, and output wiring. 

The a l te rna tor  i s  self ventilated and has a rotating field synchronous a l te rna tor  rated 
a t  40 kVA, 0.75 power fac tor  lagging, 1201208 volts ,  400 Hz, 3-phase, four w i re  con- 
nected. 

The voltage regulator  and excitation sys t em a r e  completely s ta t ic  devices.  P a r t  of 
the a l te rna tor  output is fed back into the a l te rna tor  field for  excitation; the amount of 



the feedback is dependent on the power factor  of the load and i s  approximately equal to 
the field excitation to support  that load. 

Both the average  and highest phase voltage a r e  sensed by the sensing circui t .  In nor-  
m a l  operation, the average sensing provides the signal to the re ference  circui t ,  With 
unbalanced loads, highest phase sensing takes  over .  Regulator compensation minimizes 
dr i f t  in the regulated voltage caused by warm-up of the a l te rna tor  field, exc i te r ,  and 
regula tor ,  o r  changes in ambient tempera ture .  Voltage drif t  does  not exceed 1 percent  
when the equipment i s  installed in  the power station, 

Using a manual  s tep less  rheostat ,  i t  is possible to adjust the regulated line-to-line 
voltage at any value between 200 and 218 volts,  at any load f rom no load to full load, at  
any ambient tempera ture  within the specified tempera ture  range,  and at  any frequency 
between 380 and 420 Hz. 

Other power station subsys tems a r e  the fuel sys tem,  cranking sys tem,  bat tery charg-  
ing sys tem,  and unit protection system. 

The  fuel sys t em includes a fuel f i l te r ,  engine driven high p re s su re  fuel pump, fuel 
flow regulating provisions in tegra l  with the engine control  sys tem,  and the required 
tubing and fittings. 

The cranking sys t em s t a r t s  the power station engine and becomes  inoperative when 
the engine i s  running. The cranking sys t em has a bat tery,  one of the dc genera tors  used 
as a s ta r t ing  motor,  and a s tar t ing r e l ay  assembly,  After the cranking period i s  over ,  
the dc gene ra to r s  a r e  e lec t r ica l ly  isolated from the bat tery.  

The  ba t te ry  charging sys t em cons is t s  of a t r ickle cha rge r  fed from the a l te rna tor ,  
with a charging indicator  provided on the control  cubicle. Independent of the a l te rna tor  
output voltage, the charging r a t e  i s  adjustable, with a cur rent  limiting device to prevent 
overcharging. The sys tem maintains the ba t te r ies  in a s ta te  of full charge through a 
readi ly  access ib le  waterproof receptacle mounted on the power station so  the ba t te r ies  
can be charged,  in place, f rom an externa l  source.  

Engine, gearbox, and a i r  compresso r  low oil  p re s su re ,  a i r  compresso r  high-stage 
p re s su re ,  and engine overspeed malfunctions will automatically produce station engine 
shut down. The  protection devices which per form this  automatic shutdown make up the 
unit protection sys tem.  Power  is disconnected by a c  o r  dc  shor t  c i rcu i t ,  ac and dc  
overvoltage, and a c  undervoltage malfunctions. With the protection switch in the bypass 
position, the power s tat ion will  continue operating unless the malfunction is engine ove r -  
speed o r  an a c  o r  dc sho r t  circui t .  



T h e  az imuth  laying s e t  p r o v i d e s  the m e a n s  for,  la>-ing tile Pers t l ing  m i s s i l e  on i t s  
f i r ing  a z i m u t h  by es tab l i sh ing  the  gu idance  p la t fo rm heading. T h e  equ ipment  inc ludes  
s t a n d a r d  op t i ca l  s u r v e y  i n s t r u m e n t s  mounted on l a the  bed t r i p o d s .  T h e  p a r t i c u l a r  
method t o  be employed ( h o r i z o n t a l  o r  v e r t i c a l  laying) is d e t e r m i n e d  by i n i t i a l  er ,ector , -  
l a u n c h e r  a l ignment  with r e s p e c t  t o  the f i r ing  a z i m u t ! ~  laying equ ipment  and the  m i s s i l e  
f o r  both a l ignment  s c h e m e s  is ind ica ted  in F i g u r e  6-1. A p o r r o  p r i s m  a t t ached  t o  the  

r e f e r  t o  F i g u r e  2 - 1 9 )  is viewed th rough  a  window on the  m i s s i l e  s k i n  and is 
used a s  a  r e f e r e n c e  i n  placing the  ST-120 on the  d e s i r e d  heading.  T h e  p o r r o  p r i s m  is 
d i sp laced  to the d e s i r e d  !leading by i n s e r t i n g  an e l e c t r i c a l  b ias ing  s i g n a l  i n t o  the  pla t -  
f o r m  a z i m u t h  a l ignment  loop. 

T h e  azimilth laying s e t  c o n s i s t s  of three r e f e r e n c e  theodo l i t e s  ( theodol i te  ' I ' Z  with m i l  
s c a l e s ) ,  two wood t r i p o d s  t r ipod  T2),  two m e t a l  theodol i te  t r i p o d s ?  two theodol i te  bed 
a s s e m b l i e s ,  one s u r v e y i n g  t a r g e l  se t ,  tht e e  sunsi i ie ld  t e c t s ,  one i l lumina ted  sunsihade 
a s s e m b l y ,  t h e e  s u r v e y o r ' s  unhhrcl ias ,  s i x  headset-rnicrop!hone a s s e m b l i e s ,  t h r e e  e y e -  
p iece  a d a p t e r  a s s e m b l i e s ,  and t h r e e  win te r i za t ion  k i t s .  T w o  a z i m u t h  laying s e t s  ar.e 
a ss igned  t o  the  f i r ing  sec t ion .  T v o  shipping and s t o r a g e  c o n t a i n e r s  p e r  azimutih laying 
s e t  a r e  fu rn i shed  f o r  c a r r y i n g  the  laying equ ipment ,  An a z i m u t h  laying c o n t r o l  box 
(AT,CB), s t o r e d  in the  P'rS, and cab le  a s s e m b l i e s ,  s t o r e d  i n  the a u x i l i a r y  equ ipment  
veh ic le ,  a r e  used in  conjunct ion witil the  a z i m u t h  ?a,ying s e t .  





- 7 1 he horizontal  laying iiieocio!ite (H1,T) 
and vel.t ica1 laying theoclolite (V1,T) a r e  
ident ical .  T!le I11,T o r  V L T  cons is t s  of a 
ti:eodolit,e, bed a s sembly ,  an6 me ta l  t r i -  
pod (Figui ,e  ( i - 2 ) .  One controi  box i s  used 
with both the li1,'i' and VL'I'. The I I I ,T  i s  
used it: aligning the ST-120 platform on 
the firirlg ;izirnutti when tile m i s s i l e  h e x -  
ing i s  ivil!liii ? is :?  m i l s  (7.5') of the firir:g 
;lzimuti:; ii is  ;iiso used lo :ic~ter~rnir:e the 
heaciitiq of tile S'T-120 p1atfor.m wiieti ttie 
m i s s i l e  h~ac i ing  i s  not within +-I33 mi l s  
but within ~ 1 5 8 2  m i l s  (Si? d e g ~ , e e s )  of the 
fii,ing :~z imu th .  The  V1,T i s  used in aiign- 
iiig tile ST - 1 I70 pltitfoim on tile f i r ing az i -  
ini~tii  ;tftcli t i le  miss i l e  i s  r,otntec! to a nrw 
f i r i ~ l g  ; t z imu~h.  

The  or ient ing s tat ion theodolite 
cons i s t s  of a theodolite rnountecl on a t r i -  
pod T2 (Figure ( i - 3 ) .  ' rhe  OST i s  used to  
tr,;msfer d i rec t iona l  cont ro l  to a l l  of tihe 
o the r  i n s t rumen t s  used in laying the m i s -  
s i l e .  Direct ional  cont.rai i s  transfer.r,eti 
using tile pr ,ocess  of i~ee ip roca l  collirna- 
tion (commonly r e f e r r ed  to a s  r.eciproc;il 
laying),  a f te r  the OST has  been or ien ted .  



Orienting rge 

The orienting line ta rge t  (OLT) con- 
s i s t s  of a ta rge t ,  t r ibrach ,  bat tery box, 
and tripod T2 (F igu re  6-4). A night light 
attachment i s  mounted on the back of the 
t a rge t  for  d a r k  days  and night operation. 
The  OLT is used to obtain direct ional  
orientation. 

Figure 6-4. Orienting Line Target 
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F u n c t i o n  

;hen on, i n d i c a t e s  t h a t  ST- 
123 cap be  r o t a t e d .  tihen 
flashing, i n d i c a t e s  t h d t  
51-120 can  be r o t a t e d  aqd 
t n a t  l l 0 I i i iOP ssii t c h  can be 
p ressed.  

3 r o v l d e s  i l ~ u r i n d t i o r i  f o r  
p m e 1  

1ni: iates moni t o r i n g  se-  
quence a f t e r  ST-120 i s  
a l i g c e d  on f i r i n g  az imuth .  

,hen on, i n d i c a t e s  t h d t  ST- 
1?0 1s t o  be  observed, b u t  
n o t  r o t a t e d .  

C o n t r o l s  i n t e n s i  t y  o f  theodo- 
l i t e  i i q h t .  

C o n t r o l s  i n t e n s i t y  o f  pane l  
l l g i i t s ,  

Extends f i riri,; sequence t o  
a l l o w  f u r t t i e r  d l i j n l l e n t  o f  
ST-120. 

I n i t i d t e s  t h e  n e x t  s y i t a :  
i e r j u c n c r  when e l  t i l e r  h o r i -  
r o n t r i i  o r  v e r t i c a l  d z i - u t h  
l a y i n i l  f u n c t i o n  i s  c o w  
~ l e t e c .  

C o n t r o l s  s i g n a l  s t r e n g t n  t o  
t h e  headset  earphones .  

C o n t r o l s  s i g n a l  f o r  r o t a t i n g  
t h e  ST-120 

Figure 6-5. A z i ~ u t h  Laying Control Box 

The azimuth laying control  box (Figure  ve r t i ca l  laying theodolite. If the control  
6 - 5 )  is a rectangular  m e t a l  box containing box o r  i t s  cable is defective, azimuth lay-  
e l ec t r i ca l  c i rcu i t s  which a r e  connected ing procedures  may  be performed inside 
(by cable) t o  and powered by the p rog ram-  the PTS, using the azimuth laying control  
m e r - t e s t  station. These  c i rcu i t s  provide panel assembly.  
illumination for  the theodolite and the 
control  box panel indica tors ,  bias volt- 
ages for  controlling the ST-120 iner t ia l  
guidance platform, and switches for  con- 
trolling the application of power to the 
PTS monitor ,  r e se t ,  and complete r e l ay  
c i rcui t s ,  When the mis s i l e  i s  horizontal,  
the control  box i s  used with the horizontal  
laying theodolite. When the mis s i l e  i s  
ver t ica l ,  the control  box i s  used with the 



The azimuth laying control  box signal  flow diagram i s  shown in Figure  6 - 6  and a 
descript ion of the signal function i s  given below. 

The  azimuth positioning signal is de- 
veloped in the platform control circui t  
in the control box f rom a 28 Vdc posi- 
tion excitation signal  received f rom 
the  power distr ibut ion assembly  in the 
PTS. This  s ignal  is sent t o  the plat- 
f o r m  alignment circui t  in the PTS and 
is used for  rotatin,: the ST-120, 

The  monitor command initiate s ignal  
is generated in the control box monitor 
switch circui t  when the control box 
MONITOR switch is pressed .  This  
s ignal  i s  sent  t o  the  platform alignment 
c i rcu i t  in the PTS and is used for  ini- 
t ia t ing an  optical monitoring period. 

The  lay platform command signal 
is sent  f r o m  the platform alignment 
circui t  in the PTS  to  thc lay platform 
indicator circui t  in  the control  box. 
This  signal is used for  lighting thc 
control  box LAY PLATF indicator. 
A steady o r  flashing LAY P L A T F  indi- 
cator  signifies that  the ST-120 may be 
rotated. The steady indication i s  used 
for  informing the theodolite opera tor  
when azimuth laying procedures  a r e  
t o  be s ta r ted  and when fas t  s l r w  (rough 
alignment) of the ST- 120 can be pe r -  
formed. The flashing indication is 
used to  inform the opera tor  when fine 
s lew (fine alignment) of the  ST- 120 
can be performed.  

AZI W T H  LAY 1:IG 
CONThnL BOX 

PROGRAMHE R- 1 TEST STATION 

LAY I'l.ATFOCI1 CO?!III1ND 

l i I P 1  CATOK 

I 

Figurn 6-6. Azimuth Laying Control Box 

The lay r e s e t  command signal  i s  generated in the control  box r e s e t  switch c i rcui t  
when the control box RESET switch i s  p re s sed .  This  s ignal  i s  sent  to the platform align- 
ment circui t  in the PTS, and i s  used for  informing the computer  pr,ogr,am that fur ther  
positioning of the ST-120 is required.  

The monitor command i s  s en t  from the platform alignment c i rcu i t  in the PTS  to the 
monitor  indicator circui t  in the control box. This  s ignal  i s  used for  lighting the control  
box MONITOR indicator ,  indicating that the ST-120 stabilized platform should be moni- 
tored but not rotated.  

The complete command s ignal  i s  generated in the control  box complete switch c i rcui t  
when the control  box COMPLETE switch i s  pressed .  Th i s  s ignal  i s  sent  to the platform 



alignment circuit  i n  the PTS and i s  used for terminating the horizontal o r  vert ical  laying 
verification phase. 

The major items of equipment which support azimuth laying o p e r a t i o n s  a r e  illustrated 
i n  Figure 6-7 .  



With the equipment arranged a s  i l lustrated in F igure  6 - 8 ,  the miss i le  i s  oriented in 
azimuth by using e i ther  the erect-and-fire  mode (standard o r  quick count) o r  the ver t ica l  
laying mode of azimuth laying. The erec t -and-f i re  mode i s  used when the miss i le  head- 
ing is within 133 mi l s  (7 .5  degrees)  of the firing azimuth (FA). The ver t ica l  laying mode 
is used when a new targe t  is selected and the miss i le  heading i s  not within 133 mi l s  (7 .5  
degrees)  of the FA. Azimuth laying procedures performed during ;I confidence count a r e  
identical  with those performed during a standard count. 

This  mode r e f e r s  to the operation performed to align the ST-120 on the F-4 while the 
mis s i l e  i s  in the horizontal position. The  mis s i l e  i s  then erec ted  and fired and ro l l s  to 
the F A  immedia te ly  following liftoff. During this operation, the OST i s  used to t ransfer  
direct ional  control  to the HLT. The ALCB, in conjunction with the HLT, is used to 
torque the ST-120 until i t  is accurately aligned on the FA, and to observe,  maintain, 
and monitor  the alignment of the ST-120 until the COMPLETE switch on the ALCB i s  
pressed .  In the confidence and standard counts, the HLT opera tor  torques the ST-120 
platform into rough alignment and fine alignment. During the confidence count, a  volt- 
age equivalent to the angular relat ionship between the miss i le  longitudinal axis  and the 
f i r ing azimuth of the ST-120 i s  s tored  in the PTS computer  memory  for  use in the quick 
count. During the quick count, the fast  slewing of the ST-120 platform to rough align- 
ment  i s  automatic, and the azimuth laying sequence following the optical monitoring 
period is g rea t ly  reduced a s  compared with the confidence and standard counts. 

This  mode r e fe r s  to the operation per formed when a new targe t  i s  selected af te r  the 
EL,  with mis s i l e ,  has been emplaced and the FA of the new targe t  is not within &I33 
mi l s  (7.5 deg rees )  but within +I582 m i l s  (89  degrees)  of the ini t ial  miss i le  heading. (If 
the FA of the new target  i s  within 'r133 mi l s  of the initial miss i le  heading, the laying 
procedures  prescr ibed  for the erect-and f i re  mode a r e  performed.) The HLT, in con- 
junction with the ALCB, is used to de termine  and monitor  the heading of the ST-120 until 
the COMP1,ETE switch on the ALCB i s  pressed .  The position of the ST-120 i s  determined 
while the mis s i l e  i s  horizontal.  'The mis s i l e  i s  then erec ted  and manually rotated until 
i t  i s  roughly aligned on the FA. During this  operation, the OST i s  used to t r ans fe r  d i r e c -  
tional control to the HLT and VLT. After the mis s i l e  i s  e rec ted  and rotated to within 5 
m i l s  of the FA,  the ALCB, in conjunction with the VLT, is used to torque the ST-120 
until i t  i s  accurately aligned on the FA.  The VLT is then used to monitor  and maintain 
the alignment of the ST-120 until the COMPLETE switch on the ALCB i s  pressed .  



ORIENTING 
LINE 

TARGET 

30 TO 50M 
(98 TO 164 FT) 

ORIENTING 
STATION 

THEODOLITE 

GUIDANCE 
SECTION 
WINDOW 

HORIZONTAL 
LAYING 

THEODOLITE 

THEODO 
SUNSHIELD 

TENT 
/ 

2 0 M  
16.6 FT) 

MINIMUM 

APPROX 16M *--- - 
' 152 FTI 

VERTICAL 
LAYING 

THEODOLITE 
(IF REQUIRED) / 

I MISSILE HEADING 

/ 2 1 3 3  MILS 17.501 MAXIMUM 
I FIRING AZIMUTH 
I 
I 
I 

MISSILE 
ERECTED 

20 to 30M 
\65 to 98 FTJ 
(SEE NOTE) 

i? 

NOTE. 
IF DISTANCE IS GREATER THAN 
24M (79 FT), AN ADDITIONAL 
60W43 MUST BE USED. 



The bat tery  control centra! (RCCJ  i s  a t r anspor tab l t  unit that provides  the fir ing 
ba t t e ry  commander  o r  duty- officer a c ~ n i r a l i z e t i  facil i ty fo r  exprcis ing a i l  bat tery  
command and control functions and a c c e s s  to  a!: external  anti i n t ~ r n a !  communications.  
It contains the n e c e s s a r y  communications,  display boards ,  and opera to r  work stations 
t o  pe rmi t  the bat tery  commander  o r  his representat ive  to l n o ~ i t o r  the fir ing platoon 
activit ies,  and external  communications f rom one iocaiiot? on a 2 4  hour basis .  -4 block 
d iagram of the BCC equipment is shown in I:igure 7-1. 

The BCC provides iandline communication with the l"i'S!s in the th ree  f i r ing platoons,  
allo-wing the bat tery  commander  or. duty officer to maintain control and monitor the 
f i r ing platoon act ivi t ies  f r o m  a centra l ized location (F igure  7-2). In addition, !3CC t e r -  
minations for- a local field switchboard and an a r e a  a l e r t  s y s t e m  a r e  provided. 

The BCC enables f i r ing platoon control by  means of the bat tery  intercom, s ta tus  
dispiay facility, r emote  f i r e  boxes, and 7'-1300 control lers .  The intercom permi t s  the 
ba t t e ry  commander  to receive platoon s ta tus  information: initiate and monitor c o ~ ~ n t -  
downs, and change t a rge t  ass ignments .  The  s t a tus  display facility p e r m i t s  a cur ren t  
display of platoon s ta tus .  Th i s  information i s  continuou.sly available f o r  upline s t a tus  
repor t ing and fo r  use in scheduling and controll ing platoon activit ies.  The remote  f i r e  
box (RFB) and p resc r ibed  action iink (PAL) controi ler  (1'-1500) provide the commander  
with the final authority to  control  miss i l e  launch and warhead enablement.  The "good'" 
light on the T-1500 a s s u r e s  the bat tery  commander  that the warhead has  been enabied 
while the "ready" light on the i iFB provides an indicatior, that the countdown has  
p rogressed  to  the point where  the miss i l e  may  be f i red.  These indications and the HF'B 
f i r e  buttons pe rmi t  the ba t t e ry  commander  to  positively coordinate and control  mu-itipie 
launches a s  required.  

Three  T-1500's and t h r e e  HFB's a r e  located in the RCC?. These  units a r e  hardwired 
direct ly  to  the miss i l e  launchers  and PTS, respect ively ,  and the EF'R's a r e  provided a 
two-lock cover.  During t r a n s i t  the T-i5OO's and RFB's  a r e  c a r r i e d  on "Le I'TS vehicle 
to provide autonomous f i r e  platoon capability. 
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The  BCC is housed in an M-4 expansible van mounted on a modified M656 vehicle 
(F igu re s  7 - 3  and 7-41. P r i m a r y  power fo r  operat ing the RCC is normally supplied by 

Hz, 120/208 volt, 3-phase t ra i le r -mounted  genera tor  which is towed behind 
the  BCC. Emergency  power is supplied by ba t te r ies  on the  1VI656 vehicle. 

ree rior Vie 



The BCC expands to approximately twice the volume it encioses when retracted.  To 
expand the BCC the side panels a r e  expanded and the counterbalanced hinged roof and 
floor sections a r e  unfolded. The BCC is sealed against the entrance of water and the 
escape of light in both the expanded and retracted positions. An entrance door near  the 
r e a r  on each side of the RCC provides access  when the BCC is  expanded. Two entrance 
doors in the r e a r  of the BCC provide access  when the BCC is ei ther expanded o r  r e -  
tracted.  Two ladders,  stored on the r e a r  doors, provide access  to the RCC floor level. 
A signal entrance panel is mounted in the r e a r  of the BCC next to the r e a r  door on the 
left side. A 36, 000-Btu a i r  conditioning unit and t.wo 60,  000-Btu heating units a r e  in- 
stalled in a bonnet extending from the front of the BCC. The units provide heating and 
cooling for personnel. and environmental protection for equipment in the BCC, Two fm 
antennas a r e  mounted oil the BCC' with quick-disconnect fasteners. One of the fm an- 
tencas is located on the left front of the bonnet, and the other fm ante?nna is  located on 
the right r e a r  of the RCC.  Feedthrough for  the antennas is  through a receptacle panel 
located below each antenna mount. The arltenna matching units may Se left in the mounts 
and the whip sections tied down to cleats on the BCG dwing travel  in a reas  f ree  of ob- 
structions. A remote antenna can be used instead of an fm antenna mounted on the BCC. 
When the remote antenna is  used, it i s  connected to the receptacle panel. One antenna; 
used fo r  am and fm receiving, i s  m~untecl  directly above and through the signal en- 
trance panei a t  the left r e a r  of the BCC. 

The interior of the BCC i s  divided into two functional a reas :  the command and con- 
t ro l  a r e a  on the right side, and t'ne recording a r e a  on the left side. The command and 
control area  contains the equipment required for conducting tactical command and con- 
t ro l  functions. The equipment in the recording a rea  is used for administrative and r e -  
cording functions ir? support of the command and control ope-rations. Figures 7-5  and 
1-5 show the equipment locations for the left and right sides of the BCC. 

The trailer-mounted 15 kiV gerierator supplies ac  power for operation of "Le a i r  con- 
ditioner, heaters ,  and lights, and supplies i20 volt, 60  Hz power for  operation of 
equipment in the S C C .  Five circuit  breaker  switches distribute ac power to the BCC 
equipment. TIC power required for operation of the equipment is  normally obtained 
f rom two 25  Vdc power supplies and one 9 Vdc power supply. Two telephones r i 'A-s IZ/  
PT and two telephone switchboards 13-221PT contain an internal 3V battery power 
source.  Electrical  power o r  signal voltage for  operation of the rerno-ce firing boxes o r  
remote speaker console is  supplied by the equipment to which it i s  connected outside 
the BCC. The two radio se tcon t ro i s ,  connected to the remote frn transceivers,  con- 
tain an internal battery power source.  

During emergency power operation, dc power, which is normally supplied by the i\1.70 

2 3  Vdc power supplies and the 9 Vdc power supply, is  obtained f rom the vehicle battery. 
Emergency power is x e d  only for selective e q u i p ~ e n t  and emergency lights. The 
vehicle battery power is  applied through the emergency power entrance panei to the 
power panei. 



19 i 

LEFT SIDE 
18 

3 - IS0 Vac convenience 
- Telephone switchboard SB-22/PT (3) 

5 - Headset H-167j)/U storage bin ( 3 )  
5 - Recorder's control box (3)  

d i o  s e t  control C-2328/GRA-39 ( 3 )  
g n e t i  c chal kboard 
per t r ans f e r  s l o t  

10 - Clock 
1;  - Ghal k t ray 
a 2  - FM trafisceiver noise suppression 

cover (2) 
13 - Blower un i t  
14 - Typewriter storage area 
15 - Ground cable ( 2 )  

16 - Klaxon ( 3 )  and storage f i x tu r e  
17  - Emergency lantern (2) and storage 

Fixture 

25 - Antenna storage box 
26 - Securi ty  sa fe  
27 - Fi le  cabinet (two-drawer) 
28 - Chair 
29 - Klaxon t r i p e  
30 - Typewriter 



i 6MT  SIDE 

emote f i r i n g  box housing ( 3 )  
2 - PAL un i t  T-1560 mount (3 )  22 - (Deleted) 

- PAL un i t  i-I500 connector ( 3 )  
- Remote f i r i n g  box connector ( 3 )  

15 - Radio s e t  control C-2328/GRA-39 ( 3 )  
76 - Paper transfer s l o t  
I7 - TRC-80 pane? 
18 - C h a l k  t ray  



The Pershing  sys tem uses rad io  and wire  communications to per form command and 
control ,  logist ics ,  and administrat ive functions. F igure  8- 1 shows the communications 
network utilized for  quick react ion a l e r t  RA) operat ions.  For- these operations the 
AWiTRC-133-4, radio te rminal  s e t  single s ide  band o r  SSE in 

QK-4 r e l ease  message  communications means.  The A N j  
ROFO in F igure  8-11 is used a s  backup for  the QR-A r e i e a  sage  and for bat- 

talion logist ics  and administrat ive functions, Short range F M  /URC-4f i9  AN/ 
CRC-47,  etc.), indicated a s  FM in  F igure  8-1, and wire communications a r e  provided 
for  additional Sack up for  the . A W / T R C - ~ ~ ~ A  and A N i T R G - 8 0 .  

The  communications within the firing bat tery,  whidh inciude icterflices with the BCC, 
a r e  shown in F i g w e  8-2, 

The . A N ~ ' I ' R C - ~ O  Figure  8-3) functions p r imar i ly  a s  a radio circbi t  te rminal ,  c a p -  
ble of t ransmit t ing d receiving speech and voice frequency radio-teletypewriter  

s ignals  simultaneously, using the tropospher- s c a t t e r  method of prgpagation. 
urn operat ing distance of up to approximately 0 m i l e s  is dependent on the 

horizon angle and on the degree  of rel iabi l i ty des i red ,  

The AN/TRC-BO shel te r  houses the communications equipment, antenna, and engine 
gene ra to r  and is t ranspor ted  by an MGSG vehicle. 

The  ma;or  equipment of the AN'TRC-80 cons is t s  of the following: 

1 Circui t  control  and operating equipment - 

2 Frequency generat ion equipment - 
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4 Radio frequency amplif ier  - 

5 Antenna - 

6 Radio r ece ive r  - 

ower  equipment - 

8 Air  conditioning equipment - 
The circui t  control  group of equipment i s  comprised of the power distribution p m e l ,  

communications control  pxiei ,  teletype switch panel, te legraph te rminal ,  and a de-  
multiplexer-multiflexer, 

Frequency generat ion equipment consists  of tnree  synthesizer  units which supply 
local  osci l lator  s ignals  t o  the two conver ters  i n  the r ece ive r  znd the c a r r i e r  s ignal  tc 
the t r ansmi t t e r  conver ter ,  

The  exci ter  cons is t s  of a modulator-mult ipl ier  and an amplifier-converter. ,  The 
modulator-mult ipl ier  receives and converts  a modulating signal  f rom the multiplexer 
and provides a moduiated signai  to the amplif ier  converter .  

The  amplif ier-converter  rece ives  a modulated signal  f rom the modulator-multi  
and a c a r r i e r  s ignal  from a synthesizer ,  and de l ivers  output -frequency driving power 
to the output power amplif ier ,  

r - 7  t 

I ~ r ~ e  radio frequency amplif ier  accepts  a frequency modulated signal  f rom the ampii-  
f ie r -conver ter  and amplif ies  the  s ignal  to an output power of 1. 

The  A N / T R C  -8 antenna assembly  cons is t s  of an inflatable fabric  bag having one 
metalized inner  sur face  that fo rms  a parabolic  ref lector  when the bag i s  inflated. 

Bag infiation i s  maintained by a blower. The  blower and the compresso r  a r e  
mounted on the antenna platform on one s ide  of the lower support  platform. 

BE azimuth m a r k e r  s t r i p ,  cal ibrated in hundreds of mi l s ,  i s  located wound the base 
of the azimuth platform, The antenna azimuth may be changed manually i;i I 
crernents .  Fine azirnath adjustment i s  controlled f rom inside the she l t e r .  

The  1,adio rece iver  cons is t s  of an amplif ier-converter  ( rece ive  , an intermediate 
frequency amplif ier ,  and two power supplies. Two complete r ece ive r s  a r e  used. 

P r i m a r y  power for  the AN/TRC-80 i s  supplied by a gasoline engine genera tor  s e t .  
The engine genera tor  i s  mounted on slide [ .a i l s  and i s  pulled out for operation and 
servicing,  



The ~ ~ / ' r ~ C - 1 3 3 - !  is a s ingle sideband voice radio t e rmina l  mounted in an 5-141/6 
type she l t e r  with rad io  equipment instal led.  A 2 - 1 1 2  ton t ruck  is used t o  t r anspo r t  the 
she l t e r  and pull the pourer- unit t r a i l e r .  

The A N I T R C - I ~ ~ A  she l t e r  contains five radio positions, each using a. rad io  r e c e i v e r -  
t r ansmi t t e r  ( T R - 7  8 /FRC-93) ,  with radio se t  cont ro l  power supply 
P P - ~ W O / F R C - ~ ~  quartz  c rys t a l  anit s e t  (CK-31/F  
~ - 1 2 1 7 / ~ R G - 9 3 ) .  Each of the five radio equipmenis  can be connected to  a s epa ra t e  

doublet anzenna provided a s  par t  of the she l t e r  equipment, Posi t ion 5 is a l so  capable 
of operat ing with a 15-foot whip antenna when the radio t e rmina l  s e t  i s  mobile. The 
five rad io  eqiiipments a r e  powered f rom !15V, 60 Hz, s ingle-phase ac power when the 
t e rmina l  is in a fixed o r  semifixed position. Posi t ion 5 rad io  equipment i s  powered By 
the 2 8  Vdc vehicular  e l ec t r i ca l  sy s t em dc  power supply, P P - 4 1 5 1 , / F ~ C - 9 2 )  d a r -  
ing mobile operat ion.  Radio frequency T N - ~ ~ ~ / G R )  is used for  ope ration of tine 
mobile rad io  t e rmina l  s e t  (position 5) on frequencies  below 20 M H z ,  

Provis ions  a r e  made  fo r  mounting the tiedown of a 15-foot whip antenna on the out- 
s ide front  wail  of the she l te r .  

Nine s tandard antenna m a s t s  ( A I 3 - 1 5 5 / ~ ) ,  antenna wire ,  coaxial  cable and associated 
hardware  a r e  provided to e r e c t  five doublet antennas for  connection to the ac-powered 
rad io  s e t s  when "Ie rad io  t e rmina l  s e t  is used in a fixed o r  semifixed position, Th ree  

AB- 1 5 5 / ~ ' )  support  each  of the doublet antennas. 

A r emote  speaker  console is provided to allox$- operat ion a"; remote  s i t e ,  The  audio 
ou-cput f r o m  the four mor~mally ac-powere2 rad io  s e t s  (posi t ions 3 through 4) can be 
switched to  either of two spcakc r s  in  t b r  r cmotc  speaker  console ( speake r s  1 and 2). 
The  audio output of position 5 i s  connected d i rec t ly  to  speake r  position 5 of the remote  
speake r  console,  -4 jack i s  provided for  each remote  speaker position to permi t  head- 
s e t  monitoring. The  r emote  eonsoie controls  the s igca l  volume to  each  speake r  o r  head- 
set ,  



The Pershing ground networks consist of e lec t r ica l  cables, high pressure  air. lines, 
and air conditioning ducts. The cables,  lines and ducts a re  constructed in such away as 
to  provide protection against the weather and hostile E P environments, Table 9-1 i s  
a listing of the cables /a i r  l ines used in a tactical s i te  layout. 

Ground networks interconnections a r e  shown in Figures  9 - 1  and 9 -2 ,  F igure  9-1 
shows the f ir ing position for  one miss i le ;  Figure 9-2  shows the firing position for three 
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-8 shows the exterior of the forward siorage compartment while  Figure I 
shows the interior and the eqiliprnent it contains, 

1 - 3 i s t r i  b u t i o n  zonso ie  3 - S u l t h e a d  aoor  
2 - Cond: t i m e d - a i r  d u c t  6 - h c r s i o p  
3 - Cab le  s t o r a g e  c a b i n e t  7 - 3ocr h a n a i e  
4 - Tape s t o r a g e  c a b i n e t  3 - R e t d r n - a i r  ~ r i i i e  



1  - L i g h t  s w i t c h  11 - C i r c u i t  b r e a k e r  
2 - Leve l  sensor  ! e v e l i n g  f i x t u r e  12 - S to rage  box 
3  - I n v e r t e r  case 13 - Hea te r  ( 3 )  
4 - L i g h t  f i x t u r e  14 - S to rage  compartment 
5 - B r a c k e t  and f a s t e n e r  ( 3 )  1 5  - I n v e r t e r  f i x t u r e  
6 - I n d o o r  r e t u r n - a i r  damper c o n t r o l  ( 3 )  16  - Te rm ina l  box 
7 - O u t d o o r - a i r  damper c o n t r o l  ( 3 )  17 - Te rm ina l  board 
8 - R e t u r n - a i r  r e g i s t e r  ( 3 )  18 - Z o n d u i t  
9  - The rmos ta t  ( 3 )  19 - i n v e r t e r  

10 - S e l e c t o r  s w i t c h  ( 3 )  



utioa console, bulkhead door s ,  cable s torage  cabinet, axi t a  
fo rm the acces s  a r e a  to the forward s torage  compartment ,  Bu head doors  contain two 
r e t u r n - a i r  g r i l l e s ,  hen the doors a r e  closed, the air Inside the SCTS van is pu 
through the g r i l l e s  a d  the i r  f i l te rs  and into the r e tu rn -a i r  r eg i s t e r s  cf the th ree  air 
condit ioner-heaters ,  where the a i r  is recycled. The conditioned-air duet  which extends 
three-fourths the length of the SCTS van, c a r r i e s  conditioned air to the working a r e a  of 
the van, 

The  in t e r io r  of the forward storage compartment  contains equ merit associated with 
the a i r  condit ioner-heaters ,  portable hea ters ,  the r o t a r y  inverte  t e s t  f ix tures ,  a 
fight, a switch, a s torage box, and a t e rmina l  Sox, inputpower  for  the a i r  conditioner- 
hea t e r s  e n t e r s  the forward s torage  compartment  t  h a t e rmina l  box, into e lec t r ica l  

nduit, and to  th ree  circui t  b r e a k e r s  that supply to the a i r  condit ioner-heaters .  
s e l ec to r  switch controls  the operation of the a i r  i t ioner -hea ters ,  s o  that cooling 

o r  heating can be provided, depending u on weather  conditions, Three  thermosta ts  r e -  
gulate the tempera ture  of the a i r  and maintain the conditioned air between 7 I 5 F  and 
83'F, Three  r e tu rn -a i r  r e g i s t e r s  for  the a i r  condit ioner-heaters  a r e  attached to the 
inside wall  of the SCTS van, They each contain an indoor r e tu rn -a i r  damper  control  
and outdoor-air  damper  control ,  Access to the outside-air  damper  control  is gained by 
opening the r e tu rn -a i r  r eg i s t e r  fas tener .  Three  3 ,  -waxt portable e lec t r ic  hea t e r s  
a r e  s tored  in the forward s torage  compartment .  

A s torage  box mounted in  the lower right-hand c o r n e r  of the forward s torage  compar t -  
ment contains 14 eye-bolts that s e r v e  a s  tiedown r ings  when secur ing  the van for  t r a n s -  
portation, The  s torage  compartment  contains guidance section t e s t  cables,  A ro t a ry  in- 

motor  genera tor )  supplies  11 5V, 3 ower to the assembly  t e s t e r  for  
purposes  of UUT test ing and a l so  a s  p r imary  power to cer ta in  assembl ies  of the a s s e m -  
bly t e s t e r ,  Access to the r o t a r y  inve r t e r  I s  gained by removing the ro t a ry  inve r t e r  case .  
When an inve r t e r  is tested a s  a UUT on the a s sembly  t e s t e r ,  the  i nve r t e r  fixture s u p -  
por ts  and es tabl i shes  a s table platfdrm for  the inver te r .  The irrterior of the forward 
s torage  compartment  is illuminated by f luorescent  light, The ;eve1 senso r  leveling fix- 
ture ,  which i s  used in  testing the level s enso r  a s  a U U T ,  is also located in the forward 
s torage  compartment ,  

The  r e a r  i n t e r io r  of the SCTS van contains equipment such a s  a hand lantern,  a door-  
post with associated hardware ,  two cover  plates ,  and two equipment doors  with assoc i -  
ated inter lock switches. Equipment doors  provide a means  of x c e s s  for  al l  equipment 
that is tested inside the SCTS van, When ihe guidance section is t a ~ e n  into the SCTS van 
fo r  checkc~lt  o r  r epa i r ,  the equipment door s  a r e  opened and the doo:yost is removed,  
Two inter lock switches above the equipment doors  turn  off the eight white f luorescent  
Light assembl ies  whenever the eqwipment doors  a r e  opened, A hand lantern,  which is 
used at night in the assembly  a rea ,  is rnoanted on the s torage  shelf on the r ight  r e a r  
wall of the SGTS van,  



The ac /dc  different ial  vol tmeter  (F igu re  10-10) is a precision voltmeter used during 
LUT test ing and during troubleshooting of the equipment within the SCTS. During a UUT 
t es t ,  if the programmable  voltage comparator  ( P V C  of the adapter  cannot measu re  a 
criticalrvoltage, the a c l d c  differential  vol tmeter  can be used since i t s  sensi t ivi ty 1s 
g r e a t e r  than that of the PVC. Measurement jacks on the m a s t e r  control  panel of the a s -  
sembly  t e s t e r  a r e  provided for  this purpose,  Convenience outlets ,  on the assembly  
t e s t e r ,  supply source  power to  the t e s t  equipment. An isolation t r ans fo rmer  provides 
the means  f o r  making floating ac  measurements .  

The osci l loscope (Figure  10-11) displdys waveshapes of adjustments  made during 
UUT test ing and i s  a l so  used during troublesiiooting of the equipment in the SCTS. It i s  
equipped with an attenuatoi probe that i s  s tored in the oscilloscope cover.  



The automatic  r e f e r ence  s y s t e m  RS) and the  sequential  launch adapter  (SLA) a r e  
improvements  i n  ground support  eq ment for  the  P I a  Weapon System, Under engineer-  
ing development a t  th i s  writing, t h i s  improved equipment will e l iminate su rvey  r equ i r e -  
men t s  and reduce  personnel  functions during countdowns thus  improving P fa  launch 
reac t ion  t ime.  

The  ARS concept offers  a number of dis t inct  advantages t o  the  P I a  Weapon System. 
It employs an az imuth  r e f e r ence  unit (ARU) which in te r faces  e lec t r ica l ly  with t he  PTS 
and optically with the  p o r r o  p r i s m  on the ST-120 iner t ia l  platform, The  PTS controls  
platform slewing t o  f o r m  the  complete s>-stem. The  ARTS contains a nor th  seeking gyro 
which es tab l i shes  the  azimuth r e f e r ence  l ine t r u e  north)  neces sa ry  t o  align the  ST-120 
platform t o  the f i r ing  azimuth and el iminates  the  need f o r  presurveyed  azimuth lines. 
Also contained in t he  ARU is an automatic  opt ical  link (AOL) which u s e s  a low-level 
helium-neon l a s e r  t o  maintain the optical interface with the p o r r o  p r i sm,  E r r o r  s igna is  
neces sa ry  t o  cause  PTS-controlled slewing of the p la t form a r e  developed in the  AOL, 
After initial manual  optical acquisition of t he  platform by the AOL, the  countdown i s  
automatical ly controlied by the  PTS. 

Deployment of tile i iRS will e l iminate t h e  need for  the  p re sen t  az imuth  equipment 
# 

laying se t .  

The S L A  will provide the  PIa  platoon commander  with a capability t o  sequentially 
countdown and launch up t o  t h r e e  mi s s i l e s  with a s ingle PTS  and PS without recabl ing  
between individuai f i r ings (F igu re  I l -1 ) .  The  SLA cons is t s  of the S L A  box; cables ,  a i r  
ducts ,  and a i r  hoses ;  and a t r anspo r t  vehicle, One port ion of the S L A  box houses the 
sys t em signal  interface e l ec t r i ca l  connectors ,  e l ec t r i ca l  switches, relab-s, and neces-  
s a r y  c i rcu i t s .  T h e  other  pa r t  of the b6x houses the  high p r e s s u r e  and conditioned a i r  
interface couplings, valves,  and ducts  a s  well a s  the s y s t e m  power interface connectors  
and re lays .  Pane l s  on both s ides  of the box can be removed t o  p e r f o r m  maintenance on 
the  in te rna l  pa r t s .  



The ARS is co:mprised of the ARU, the P r o g r a m m e r - T e s t  Station, and the  ST-120 
platform. Thi- .!lL%U in te r faces  ~ l e c t r i c a l l y  with the  PTS  and optically with tiie ST-129 
iner t ia l  platform. The  P T S  cont ro ls  platform motion t o  f o r m  the  complete  sys tem.  
After se tup  and initial manual  a l ignrncntcf  the ARU, the s y s t e m  is controlled by the 
PTS computer  for  fully-automatic sys t em operat ion through completion of platform 
alignment. 

The  ARU is composed of a r e f e r r n c c  assembly  iRAj ,  an e lec t ronics  unit (EU) ,  a 
A L L  -_, anslat ing a s sembly  ( T A J ,  a t r ipod,  a i n a ~ ~ u a ?  corrtrol unit, and four  fntra-connecting 

cables  (F igu re  11-21. T h r e e  t ranspor ta t ion  containers a r e  requi red  - one fo r  the RA, 
.one fo r  the  TA and tr ipod,  and the  th i rd  for  t he  ELJ, manual control  unit, and intra-  
connecting cables. 

In the  RA a nor th  seeking gy ro  es tab l i shes  geographic nor th  (true north)  t o  requi red  
sys t em accuracy ,  an automatic  opt ical  l ink containing a low-outputhhelium-neon l a s e r  
and de tec tors  optically zcqui res  and t r a c k s  a p o r r o  p r i s m  located on the  ST- 
fo rm,  and a digital encoder  provides a binary indication t o  the PTS computer  cf the 
azimuth angle between geographic nor th  and tiie AOL optical axis ,  

Under p r o g r a m  control  the PTS d r ives  the opt ical  axis  of t he  AOL toward the f i r ing 
azimuth perpendicular ,  causing e r r o r  s ignals  t o  be generated in t h e  A0L. These  e r r o r  
s ignals  a r e  used t o  control  the s lewing of the  iner t ia l  platform towu-d the  f i r ing azimuth 



and to  t r ans l a t e  the  AOL a s  neces sa ry  t o  maintain acquisition of "ce platform p o r r o  
p r i s m .  Thus, the iner t ia l  p la t form t r a c k s  the  AOL until it is aligned along the  f i r ing 
azimuth, where i t s  or ientat ion i s  maintained automatical ly until the  PTS inhibits fu r the r  
ST-120 p la t form slewing just p r i o r  t o  m i s s i l e  erect ion,  

In a typical  p l a b o n  deployment configuration, the ARU (F igu re  11- 3) is positioned 
opposite tbc e rec tor - launcher  and the mi s s i l e  center l ine.  P r e c i s e  emplacement  is 
achieved Sy using a tripod-locating roc! at tached t o  the  e rec tor - launcher  (an  ARS- 
requi red  E L  modification). 

The ARU is connected b>- a single 61-conducter cable t o  the PTS through the  sequ-en- 
t i a l  launch adapter  (SL,?) in  a typical  t h r ee -mis s i l e  launch configuration, o r  it may  be 
connected d i rec t ly  (with the  s a m e  c t o  the  PTS f o r  a s ing le-miss i le  configuration. 
Initial optical in te r face  i s  made bet the  ARU and the  ST-120 iner t ia l  p la t form by 
varying the AOL9 s heading/position t o  cause  the  l a s e r  beam t ransmi t ted  through the  

t u r e  t o  re f lec t  d i rec t ly  back into the  AOL t e lescope  f r o m  the  p o r r o  p r i s m  
platform. The  low-level l a s e r  light re turned  through the  30): AOL te lc -  

scope  i s  centered on the te lescope  r e t i c l e  when p rope r  alignment i s  ach iwcd ,  A f k r  
initial alignment, both the  ARU and the i ne r t i a l  p la t form a r e  automatically control led 
by the  PTS during az imuth  laying. 

The  mi s s i l e  center l ine  must  be oriented within 7 112 degrees  of t he  f i r ing  az imuth  
dur ing  horizontal laying because  of the  physical  l imitat ion on the angle through which 
t ! ~ e  iner t ia l  platform may be slewed. 

When the ARU has been emplaced and leveled t o  an  accuracy  of 
opt ical  acquisition of the  p la t form p o r r o  p r i s m  begins ( r e f e r  t o  F i g  
to the  application of ARU power, the ARU opera tor  manually ro t a t e s  t he  AOL and 
t r ans l a t e s  the r e f e r ence  a s sembly  t o  achieve approximate opt ical  alignment of "ce 



4OL on the ezged ST- 12 porro prism. At the time of a plication of ARU power, the 
AOL is enabled, turning on the helium-neon laser, and automatic AOL leveling begins. 
After AOL leveling, the ARU operator, using the remote control unit, completes the 
optical acquisition of the porro prism b:.- rotating tkle -4Oi and translating the RA as 
necessari- to center the low-level laser l ight returned from the porro prisni through 
the AOL telescope on the teles,cope rrticie, .Lit the beginning of the coarse nortii deter- 
rr~ination interirall the countdoivn program disables the manual control capabilitj-, per- 
mitti~g no further operator movement of the AOL and RA unless a recycle mode is 
initiated, All remaining ,4125 functions are  automatic. 
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The. ri>f<,rr,nci,  assc~rnbly (Figure, 11-51. 
cons is t s  of the gyroscopir  r c ~ f ~ ~ r c ~ n c c  unit 
(CIZt') portion of thi. north ac,c.iiing gyro 
(NSC). an automatic  opt ical  l ink, a digi tal  
c.nrodi)r (DF'), and an offsct correction 
unit (OCU).  In addition. thc  :10L, thc 
OCU, thc  Dl;: and t l i ~  azimuth rotat ion 
subrout in i~  in tiic PTS computc,r function 
in  combination t o  f o r m  thc rotat ion con- 
t r o l  s s  ~ t c m  

T:ic KSG-GKU mounting flangc is 
sc,cur-d t o  t h r  lowc r flange of thi, r c f r r -  
cnc c asqcmblx tiowing and thc  K ri i- 
supporti,d in thi t rans la t ing  a.;scrzihls - 
by th is  flangc combination 

The  AOL is mounted on " t h e  upper  flange of the  rotat ing top) port ion of the RA 
housing, which i s  dr iven  by a s tepper  motor  coupled t o  a worm az imuth  dr ive  gea r  
assembly ,  The  DE case  a l so  is secured  t o  the upper  R A  housing. Because  of t he  
lligh input /output gea r  r a t i o  (720 :  1) in t he  azimuth d r ive  mechanism and the r esui t ing 
low AOL rotat ion r a t e  (11 d e g r e e s  p e r  minute -maximum), provision is made f o r  
mechanically disengaging the  d r ive  mechanism f o r  manual  AOL ro ta t ion  during ini t ia l  
ARU setup and alignment. 



so - The north seeking gyro consists of the GRU and the elec 
control unit (ECU).  The E C U  is located in the ARU electronics unit, and the GRU i s  a 
major component of the reference assembly. 

The GRU consists of a pendulous gyroscope with its spin motor and associated sus- 
pensiofi system, ; servo-controlled fo i lowp assembly containing the output shaft 
(coupled to the digital encoder in the reference assembly) which t r acks  the pendulous 
gyroscope a s  it seeks the meridian, bias and damping torquer coils, pickoff coils, a 
pickoff preamplifier, three  level sensors ,  and a motoor-driven caging mechanism. 
The E C U  contains power supplies and electronics circuits  needed to accept and/or  
s tore  necessary data and commands, to control the GRU, and to provide indications 
of sys tem status o r  alignment. 

The NSG is  designed to  determine coarse north a-ith an accuracy of 5 a r c  minutes 
within 5 minutes and to determine fine north with an  accuracy of 25 a r c  seconds within 
9.75 minutes when initially positioned to within ~ 1 5  degrees of geographic north and 
between the iatitudes of 55 degrees north and 55 degrees south, 

- The AOL is  rigidly mounted atop the reference assembly 
housing. It contains a 30X telescope whose heading may be varied in elevation from 
- 10 degrees  to  i 4 5  degrees,  an automatic leveling loop, a low-output helium-neon l a se r  
whose output i s  projected through a 12X optical system and through the exit aperture 
of the telescope, an automatic elevation control loop which vertically centers the l a se r  
output beam on the ST-120 porro  pr ism,  and two detectors which provide al l  signals 
necessary  to control the ARS. Rotational stops in the R4 housing permit  370 degrees 
(&I85 degrees)  rotation of the AOL, 

The elevation control loop contains a permanent magnet stepper motor and control 
circuits  which, reacting to e r r o r  signals generated in a quadrant detector in the system, 
drive the telescope centerline either upward o r  downward to keep the l a s e r  output beam 
vertically centered on the ST-120 por ro  pr ism.  A slip clutch in the elevation drive per-  
mits  manual override of the drive mechanism using a tangent screw, The leveling loop 
contains a pendulum-type level sensor  and control circuits  which cause a second stepper 
motor to  maintain the AOL level during sys tem operation. 

The following functions a r e  performed by the AOL: 

Sensing azimuth position of the ST- 120 por ro  p r i sm and generating approximate 
azimuth e r r o r  signals; 

Sensing the horizontal po_sition of the miss i le  porro  p r i s m  wihh respect  to the 
AOL optical axis and generating the required translation signals; 

Sensing and automatically centering the ver t ica l  position of the AOL optical axis 
on the porro  p r i sm;  

Automatically maintaining the level of the AOL trunnion axis; 

Sensing the elevation angle of the AOL optical axis and generating a proportional 
elevation signal. 



I- - The digital encoder, rneehanically coupled t o  the output shaft of 
the NSG, provides a digital readout of the angular difference between the north heading 
establ ished by the  NSG and the  AOL line-of-sight. Th i s  angular readout is t ransmi t ted  
on command to  the  PTS via  the electronics unit a s  a natural,  c3-clic binary number in 
s e r i a l  f o r m a t  with the I a s t  significant bit f i r s t .  The  digital encoder is capable of 
operat ing over a full 36 degrees  with no ambiguities o r  discontinuities and with clock- 
wise rotat ion of the AOL line-of-sight causing the binary number to  increase  in value, 

A simplified sketch of the rotat ion detection principle is shown in Figure  1 
one t r a c k  is shown for  clar i ty,  but the s a m e  basic illumination and detection principle 
is used for  a l l  16 t r acks .  The  light f r o m  the precisely reg is te red  filament of a special  
incandescent lamp is focused upon the code d isk  ~ i t h  the photodetectors located direct13 
behind the  disk.  As the disk rotates ,  light emerging through a t ransparent  segment of 
the code d i sk  i l luminates a corresponding photodetector t o  produce an e lec t r ica l  output. 
TVhen illumination is cut off bg an opaque segment of the  code pat tern,  the photodetector 
output drops  to  nea r  z e r o  and r ema ins  t h e r e  until the next t ransparent  segment is opti- 
cally aligned. F o r  a l l  code t r a c k s  the photodetector output is a quas i -square  wave 
corresponding to  a s e r i e s  of rqual ly-s  aced consecutive t ransparent  and opaque seg- 
ments  

0 orgee - The offset cor rec t ion  unit (OCU) contains an  automatic  pro-  
grammable  device for  digital word storage.  The  OCU is programmed by the PTS and 
the OCU provides a digital readout  to the  PTS. Th i s  readout r ep resen t s  the mechanical  
alignment offset between the  units of the r e fe rence  assembl:, and is used by the  PTS to 
modify the f i r ing  azimuth perpendicular .  

The offset cor rec t ion  unit, located on a printed c i rcui t  board in tile r e f e rence  a s sem-  
bly, cons is t s  of control  logic, demult iplexer ,  latching re lays ,  and a multiplexer. 



r o g r a m s  the  OCU by f i r s t  set t ing K1 Figu re  11-'7)- Relay K2 is se t  
e s  t he  16 latching r e l ays ;  then K2 is ese t .  The  load r e s e t  command is 

given "i the control  logic c i rcu i t  which z e r o s  the mult iplexer  and demult iplexer ,  A 
s e  ini t ia tes  hit one. t he  bit is t o  be a binary 1, 3 is se t  and r e s e t  at clock 
h, Thi s  applies  28 V f r o m  the PTS t o  la tch  the  f i r s t  (hi t  one) re lay ,  F o r  a 
no act ion is taken  during the  clock p d s e .  Each  succeeding clock pulse ini t ia tes  

a bit, up through 16 bi t s  fo r  the  word. At the  end of the s ixteenth clock pulse, KI is re- 
s e t  completing the  procedure.  

El; 

TL38 

DEMULTIPLEXER 

LATCHING R i i P Y S  

To  s t a r k t h e  r e a d  procedure  b>- the  PTS, the  load r e s e t  command is given t o  the con- 
t r o l  logic. At each  clock pulse the  mult iplexer  provides an output based on the  condi- 
t ion of t he  appropriate  relay.  The word is clocked out s e r i a l l y  t o  the  P T S  and is used 
f o r  modification of the f i r ing az imuth  perprndicular  by tile PTS. 

The e lec t ronics  unit (E"J), F igu re  11-8, is the  so le  in te r face  point between the  A130 
and the PTS. During s>-stcm operat ions it i s  placed upon the  ground adjaccnt  t o  the 
ARU, f o r  interconnection betxveen the  ARU and the SLA/PTS. In the S L 4  configuration 
each  of t h r e e  ARU1 s ,  v i a  t he i r  respec t ive  E U P  s, may  be connected 57; a s ingle 130-foot 
cable t o  the  SLA, The SLA, in  t u rn ,  is connected to the I T S  by one 30-foot cable. In a 
s ingle-miss i le  launch s i t e  configuration, o r  in the eve& of SLA malfunction, the  E U  may  
be connected direct ly t o  the PTS  with the  130-foot cable. 
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The sys tem corn-pocents tes t  station (SCTS) is used in performing r e a r  a r e a  main-  
tenance of the P l a  sys tem.  A'is a housed mobile center ,  the SCTS utilizes a computer  
and tape p rog rams  for  testing mis s i l e  sect ions,  together with assembl ies ,  ca rds ,  r e -  
lays,  and modules from the guided miss i le  and associated ground support equipment. 
Diagnostic tape p rog rams  a r e  a l so  provided for  verification and troubleshooting of 
ma jo r  SCTS assembl ies .  The SCTS contains a dismounted P T S  and h a s  facilities where-  
by one mis s i l e  guidance section can be tested and another repaired simultaneously under 
controlled tempera ture  conditions. Power  for  the SCTS originates f rom the power s t a -  
tion equivalent (PSE) .  

The  SCTS equipment i s  housed in a modified semi t r a i l e r  van M373A2 
The significant ex t e r io r  fea tures  a r e  described below. 

personnel  door ,  located on the right s ide,  is the m'ain acces s  to the in t e r io r  of the 
SCTS van. 

T h r e e  a i r  condit ioner-heaters  mounted on the front of the SCTS van establ ish the in-  
t e rna l  environmental  conditions. A t empera ture  of 77' rt F ° F  is necessa ry  for  optimum 
operation of the SCTS equipment within the SCTS va.11. Each  a i r  conditioner-heater i s  
shock mounted and attached to the front wall of the SCTS van by corrugated neoprene 
bellows, t o  ensu re  a minimum amount of vibration and shock during t rave l .  Canvas 
cove r s  a r e  lowered and secured  when the a i r  condit ioner-heaters  a r e  not in use. 

T h r e e  connector panels, located d i rec t ly  below each air condit ioner-heater ,  a r e  
attached to the front wall of the SCTS van. Input power is supplied to the a i r  conditioner 
heater  controls .  



1  - Personnel  door  
1.1 - I d e n t i f i c a t i o n  p l a t e  

2  - A i r  c o n d i t i o n e r - h e a t e r  p r o t e c t i v e  cove r  ( 3 )  
3  - A i r  c o n d i t i o n e r - h e a t e r  
4  - Power c a b l e  ( 3 )  
5 - A i r  c o n d i t i o n e r - h e a t e r  connec to r  pane l  ( 3 )  
6 - A i r  c o n d i t i o n e r - h e a t e r  
7 - A i r  cond i  t i o n e r - h e a t e r  
8 - A i r  c o n d i t i o n e r - h e a t e r  moun t i ng  frame 
9 - Access l a d d e r  

20 - Sand pad ( 2 )  
11 - Landing g e a r  ( 2 )  
1 2  - Pe rsonne l  l a d d e r  ( 2 )  

13 - M o d i f i c a t i o n  moun t i ng  pane l  
14 - SCTS c a b l e  e n t r y  pane l  p r o t e c t i v e  cove r  
1 5  - Dooroost  
16 - ~ ~ u i b m e n t  e n t r a n c e  door  ( 2 )  
17 - A i r  v e n t  f i l t e r  
18 - H u m i d i t y  i n d i c a t o r  

18.1 - E v e b o l t  ( 3 )  
19 - i e v e l i n g ' j a c k  ( 2 )  
20 - T a r p a u l i n  s t o r a g e  compartment 
21 - PTS c a b l e  e n t r y  pane l  p r o t e c t i v e  cove r  
22 - PTS power c a b l e  e n t r y  pane l  
23 - S a f e t y  1anya.rd 
24 - SCTS ma in  c a b l e  e n t r y  pane l  

The SCTS n ~ a i n  cable en t ry  panel cons is t s  of four cable entr.y panels: tac t ica l  cable 
entry,  tes t  cable entry,  SCTS power ent ry ,  and communications cable entry.  The tac t i -  
c a l  and tes t  cable en t ry  panels connect t e s t  and response  signals  between the SCTS and 
the miss i le  sect ions when the mis s i l e  sect ions a r e  installed in conta iners ,  The SCTS 
power ent ry  panel connects power to all assembl ies  in the SCTS, except the PTS a s -  
semblies .  The communicat ions cable en t ry  panel contains the following: two phone 
jacks that provide communication between personnel  inside and outside the van; one 
phone jack and switch for  use with the instrumentat ion monitor;  SCTS grounding t e r m i -  
na l s  and a pneumatic quick-disconnect connector .  High-pressure  a i r  i s  supplied to the 
SCTS through the pneumatic quick-disconnect connector. 



;i.i access  ladder  is used to gain acces s  to the top of the SCTS van and to gain acces s  
t o  the a i r  condit ioner-heaters  for maintenance. 

The  sand pads a re  used to emplace the SCTS van and a r e  placed under the landing 
g e a r  t o  s tabi l ize the van on soft t e r r a in ,  

The larding g e a r s  a r e  ioivered when emplacing the SCTS van 2nd a r e  adjusted along 
with tile leveling jacks to  level the van .  

Two personnel  ladders  a r e  used to gain acces s  to the in ter ior  of the SCTS v a  through 
e i ther  the personnel  door o r  the equipment doors .  

-4 humidity indicator  displays the relat ive humidity of the SCTS van through an ob- 
servat ion port. 

?%G leveling jacks a r e  used fo r  leveling the SCTS van at an attitude of not m o r e  than 
G degrees  (106 mils)  f rom the horizontal position. They a r e  lowered during van e 
rnent in  the field maintenance a rea .  The SCTS van must  be 
guidance seciion testing for  optimum checkout of tile ST-12 

The PTS power cable en-try pane? connects power f rom the power station equivalent 
to t!le PTS assembl ies  of the SCTS van.  

The  ma jo r  assembl ies  of the SCTS a r e  divided into two categories:  PTS assembl ies  
and SCTS assembl ies  (F igure  10-2)' 

The ma,ior PTS assembl ies  a r e  the adapter-, card and m-odule tes t  s e t ,  power. d i s t r i -  
bution cabinet,  console, computer ,  utility circui t  breaker  panel assembly,  and signal  
distribution box. The adapter ,  console and computer  a r e  discussed in Chapter  F o u r ,  
T!ie ma jo r  PTS assembl ies  a r e  used when testing miss i le  sect ions,  PTS circui t  c a r d s ,  
and P'rS modules. The ma jo r  P T S  assemblies of the SCTS van a r e  described below. 

The card and module tes t  s e t  functioinally t e s t s  the printed circui t  c a r d s ,  modules,  
and circui t  network modules used in  the adapter  and tile computer .  It a l so  t e s t s  i t s  own 
c a r d s  and modules. 

The power distribution cabinet contains the c.ircuits that control  the distribution of 
p r i m a r y  power to the console, adapter ,  computer ,  s ignal  distribution box, and ca rd  and 
module t e s t  s e t .  An inter lock switch actuated by the cabinet door removes  p r imary  
power from a l l  the PTS  as sembl i e s  whenever the door- i s  opened. 

The  utility c i rcu i t  breaker  panel assembly  controls  power to the console and adapter 
blowers.  

The  signal distribution box i s  the distribution center  for  the s ignals  entering and 
leaving the SCTS, which a r e  gener,ated ciuring miss i le  section in-container t e s t s .  It is 
a l so  3 convenient sou rce  of eleetricril  t e s t  points. Tile t e s t  points a r e  access ib le  througih 
a hinged maintenance acces s  panel. An inter lock switch activated by the acces s  panel 
r emoves  power f rom a l l  PTS as sembl i e s  whenever the panel i s  opened. 
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S consoles  and a s sembl i e s  are the dis tr ibut ion cor%ole, p n e - ~ ~ a t i c  
t e s t  console,  and assembly  t e s t e r .  Significant a s sembl i e s  of the SCTS :iiso consist  of 
the cable and xape s;o:-:ige.cabir!eis, osci i loscope,  ant! ac/cic differert ial  vojlrnete:,. 
The m a j o r  SCTS :tsserni'?fes anu other- sigi~ificaiir a s sembl i e s  of ;he SCrS van are  ds- 
scr ibed  below. 

The disrribution console d i s t i . i bu tes  p r i m a r y  porzier. to all SCTS rnajor consoles  aiid 
-ass~rn .b! ies~~wi5!~h ti16 SCTS 17a!i, 111 addition, i t  rou tes  test  s igna ls  to and f r o m  the l n i s -  
s i i e  sec t ions  under  tes t .  The  dis tr ibut ion console contains 25 patchboard recepttzcle, ::, . . 
circu'it b r eake r  panel, a r e l ay  panel, rad io  frequency in te r fe rence  ( R F I  ff l ters,  apd 
s torage  a r e a  for  technics! m a n u a k .  



The  pneumatic tes t  console i s  used t o  tes t  and fault isolate  the mi s s i l e  guidance s e c -  
onents  and to  check guidance sect ion compartment  

a s sembly  t e s t e r  u se s  ograrnrned tapes t  m i s s i l e ,  PTS,  EL, and SCTS 
l i e s  by applying stirnu to the unit under t  and routing r e sponses  to the 

A work-table i s  provided on the a s semb  o support  the UUT, 

The r o t a r y  i nve r t e r  supplies  115 volt, 3-pnase, 401) Hz power to the assembly  t e s t e r  
and t o  the applicable U U T ' s  on the assembly  t e s t e r .  

The  air condit ioner-heater  control  panel i s  used to s e t  the a i r  t empera tu re  output of 
the zir condit ioner-heaters ,  which a r e  rated ax 20,00 Btu each for  cooling and 1 2 , 0 0 0  
Btu each  for  heating, The a i r  condit ioner-heaters  su  ly e i ther  cool o r  warm a i r ,  de -  
pending upon the outside tern 

The  ULJrI" cab les  and programmed tapes  used during assembly  t e s t e r  checkout of a  
TiUT a r e  s tored  in the s torage  cabiriets. A worktable i s  mounted on top of the tape s t o r -  
age cabinet,  When not in use,  the osci l loscope i s  s tored  on top of the worktable. 

The  osci i ioscope and ac!dc differentia! voltmeter a r e  supplemental  pieces of tes t  
equipment used during U U T  test ing when adjustments  and c r i t i c a l  voltage rrieasurernents 
a r e  required.  They  a r e  a l so  used for  fault isolating and troubleshooting the a s sembl i e s  
within the SCTS. 

A 
Tile assembly  tester.  (F igu re  10-3) provides the neces sa ry  s t imuli ,  loads, and switch-  

ing operat ions for. functional testing of cer ta in  assembl ies ,  printed c;--e A L L u i t  c a r d s ,  and 
r e l a y s  of the ?la  s - s t e r n .  P rog rammed  by row se lec t  and column d ~ i t a  s ignals  fr,orn the 
adapter ,  the c~ssembiy  t e s t e r  per forms essent ia l ly  three  fnnctions ihrough LI r e lay  rn3 t r . i~ :  
generat ion 3 f  xhe requi red  s t imul i  and loads,  routing of the s t imuli  and loads to n iiii'r, 
and routing of CUT r e sponses  for measu remen t  by the adapter .  

Tile zssernbly t e s t e r  bas ic  f r a m e  cons is t s  of welded structura!  alumirium ext:usions 
covered with outside sk ins  of aluminum shee t .  .A s tep  in the f r a m e  and a hinged work-  
table form a workbench su r f ace  on which LTUT's a r e  placed for testing. The rna<jor a s -  
sembl ies ,  c i rcu i t  c a r d s ,  and associated equipment of the assembly  t e s t e r  a r e  descr ibed  
below. 

Six interface r e l ay  c a r d s  connect I 5  signcil buses  to tiie assembly  t e s t e r  c i rcu i t s .  
When opened, a  !iinged panel on t h e  left front s ide of the assembly  t e s t e r  provides ac -  
c e s s  to the interface r e l ay  c a r d s .  

Various light f ix tures  provide additional lighting during operat ion of tiie a s sembly  
t e s t e r ,  provide lighting for  the interior- of the assembly  t e s t e r ,  and illuminate the s igna l  
buses ,  the back of the m a s t e r  cont ro l  panel, the back of the ca rd ' r e l ay  tes t  panel, and 
the inside wi r ing  of the two a c c e s s  doors  mounted on the r e a r  of the assembly  t e s t e r .  
Two other  ligiits a r e  mounted on tiie bottom of the worktable to i l luminate the equipment 
a r e a  under the worktable. Two ihinged door s ,  rnounted on the lower front of the a s s e m -  
bly t e s t e r ,  provide a c c e s s  to  this  a r ea .  

A thermosta t  switch ac tua tes  when the t empera tu re  is between 11 "F and i Z O ° F  and 
lights the TEMP indicaior  on the master-  cont ro l  panel, indicating tiixt the a s sembly  
t e s t e r  i s  overheating. 
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- I ~ t e ~ f x e  r e l a y  card  
2 - Light  f i ~ r b r e  
3 - T h e n o s t z t  s w i t c a  

3 . 1  - L i g h t  ; i ~ r u r e  
4 - '4aste'  COPT^?^ o a r e l  
5 - Card!relay : s t  oanel  

5.1 - Logic acal,jzer 
6 - UUT connector  oanel 
7 - T e m i n a l  board 
e - T e m i n a l  board 
3 - T e m n a l  board 

i O  - 12 idc power s ~ p ~ l y  
1' - 28 Ydc oawer supaiy  
12 - T e s t  p o i n t  panel 
- - 
I - Slatyer 

14  . - - C&:e access  ~ a e '  
- + i g h  poner i c a d s  

15 . .  - C a r a / r e l a y  t e s t  p a l e l  
15.2 - : a ra / re iay  t e s t  pzne; s a s e  

16 - ,rork'.able 
1 7  - Relay t - e e  c a r c  

Rear 'Iie~d 

18 - DC s t : n u l i  assembl j  31 - G r l i l e  
19 - 24 I g c  oower s ~ a o l ' ~  32 - F i l t e r  
20 - Ladder network c z r a  33 - Gr!lle 
21 - 5C j t i m u l i  r e g u l a t o r  c a r t  34 - S l e c ? a l  s t i r u i i  c2-a 
22 - C u ~ n t e r  ~ ~ e a s u r e n e n t s  card  25 - f icce-erometzr  i i m u i a % r  
23 - Pe;ay c a r a  36 - S - g ~ a l  buses 
24 - R-L measurements ~ 3 r d  37 - bawer r e l a y  c a w  
25 - Soecia!  l o a ~ s  capd 38 - Corrent  d r : ' ~ e r  c a w  
26 - S e t a  s i - n u l a t o r  card  39 - Reed r e l a y  card  
27 - ?elai c a r d  4C - 2 e s i s t c r  card  
26  - 4C s t i m u l i  41 - Diode card  
29 - Low oorier i m d s  42 - F i v e - u o i t  power sbpaly  
3C - rf1ow s d i  tch  

T i he m a s t e r  contro! panel contains ind ica tors ,  switches,  eont ro is ,  and t e s t j a c k  used 

during testing of a UUT, 

The c a r d / r e l a y  t e s t  panel contains connectors  for  UTjT test ing a i l  of the r e i ays  and 
priated c i rcu i t  c a r d s  of the a s sembly  t e s t e r  and pneumatic t e s t  console.  The  panel con- 
ta ins  two connectors  that supply poiwer and signal  inputs to the panel  during U G T  testing. 
An additional card / re1ay  t e s t  panel is s tored  in the t e s t  panel c a s e ,  -This ca rd / r e i ay -  
t e s t  panel t e s t s  cer ta in  r n i s s l k  a s sembly  printed c i r c a i t c a r d s  and r e l ays  a s  UUTfs .  

The  iogic analyzer  provides digi tal  logic c i r cu i t ry  within the a s sembly  t e s t e r  for  m i s -  
s i le  UUT test ing purposes.  The  added digi tal  iogic capability enables  the a s sembly  t e s t e r  
t o  check out the guidance and contro! computer  a s  a UU'I', 

The UUT connector panel supplies  s igna l  and input power to  the TcTUT's to  he tested 



The assembly  t e s t e r  contains seven t e rmina l  boards that d is t r ibute  power during 
operation. 

Two power supplies  in the assembly  t e s t e r  supply positive and negative 12 Vdc used 
i n  UUT testing. A 28 volt dc  power supply furnishes +28 Vdc to the a s sembl i e s  of the 
assembly  t e s t e r .  

The  t e s t  point panel contains tes t  points where a l l  row and column commands and 
other  s ignals  can be monitored. 

A blower c i rcu la tes  a i r  throughout the assembly  t e s t e r  for cooling purposes.  The 
two access  door s  on the back of the assembly  t e s t e r  a r e  louvered to dissipate heat 
generated by the components of the assembly  t e s t e r .  The blower maintains a steady 
airflow for  dissipating the heat.' 

Seven connectors  on the cable acces s  panel provide input power and the adapter  a s -  
sembly  t e s t e r  interface.  

High power loads a r e  located in  the lower portion of the equipment a r e a  in  the front 
of the assembly  t e s t e r .  The high power loads a r e  provided during UUT testing by this  
assembly ,  

A worktable suppor ts  the UUT1s during testing,  he hinged portion of the worktable 
can be ra ised  o r  lowered. During operation, the worktable usually supports  the osc i l lo-  
scope o r  ac /dc  different ial  vol tmeter .  

Seventy-eight r e l ay  t r e e  c a r d s  a r e  located on the left f ront  s ide of the assembly  t e s t e r .  
A hinged panel opens to provide acces s  t o  the r e l ay . t r ee  c a r d s .  The r e l ay  t r e e  c a r d s  in-  
te r face  a l l  c a r d s  and chass i s  to the UUT connector panel. Seventy-five of the re lay  t r e e  
c a r d s  fo rm a functional portion of the assembly  t e s t e r ;  this  functional portibn i s  the s ig-  
na l  mat r ix .  The remaining three  re lay  t r e e  c a r d s  a r e  used for  spec ia l  measuremeil ts .  
A l l  r e l ay  t r e e  c a r d s  a r e  identical  and interchangeable. 

Two.d.c s t imuli  assembl ies  in  the assembly  t e s t e r  supply dc voltages to the signal 
buses ,  The output of each assembly  can be varied from 0 to 40 Vdc in 
programming r e l ays  iil the ladder network ca rds .  Each dc st imuli  output may also be 
adjusted manually by controls  on the m a s t e r  cont.roi panel. 

Four 2 4  volt dc power supply c a r d s  supply 2 4  Vdc to the chass i s  of the assembly  
t e s t e r .  

Two ladder network c a r d s  contain re ference  network r e s i s t o r s  used in developing d c  
st imuli  s ignals .  

Two dc  st imuli  regulator  c a r d s  develop and regulate dc  s t imuli  s ignals  sent  to the 
UCT's .  

The  counter measu remen t s  ca rd  coiitains c i rcu i t s  that shape and space  pulses for  
frequency and. t ime  delay measurements .  

Twenty-five r e l ay  cards, e lec t r ica l ly  interface a l l  of the remaining ca rds ,  assemblies ' ,  
and chass i s  of the assembly  t e s t e r ,  Four  r e l ay  ca rds  have conventional re lays  and 2 1  
relay c a r d s  have latch-unlatch r e l ays .  Both types of r e l ays  per form the  same  function, 



The H - Z  measu remen t s  card  converts  res i s tance  and impedance values into r e p r e -  
sentative a c  and dc voltages that a r e  measured  by the programmable voltage compara tor  
PVC) of the adapter .  

The spec ia l  loads ca rd  contains r e s i s t o r s  that provide loads for  the beta s imula tor  
output, and provide res is t ive  values used in R-7, measurement  se l f - tes t ,  

The be ta  s imula tor  card  s imula tes  the angular displacement (beta) of the miss i le  a i r  
vanes  during UUT testing. 

The a c  s t imuli  assembly  provides variable ac  s ignals  for  UUT testing, 

The low power loads a s s e r h l y  firovides low power loads fo r  UUT test ing,  

An airflow switch moni tors  the operation of the assembly  t e s t e r  blower. If the blower 
malfunctions, the airflow switch actuates c i rcu i t s  that light the a i r  flow- indicator  on the 
m a s t e r  control  panel. 

The  lower g r i l l e  on the r e a r  panel i s  the a i r  intake for  the assembly  t e s t e r .  The  
g r i l l e  and i t s  f i l te r  mus t  be removed to provide acces s  to the blower during maintenance, 
The  upper gr i l le  i s  the ai'r exhaust of the assembly  t e s t e r .  Heat generated through ope r -  
ation of the assembly  t e s t e r  i s  dissipated through the exhaust by the combination of lou- 
v e r s  on the top of the assembly  t e s t e r  and on the r e a r  acces s  doors ,  

The spec ia l  s t imuli  card  provides an 300 Hz s ine  wave: a 4 0 Hz squa re  wave, and a 
120  Vdc s ignal  for  U U T  testing, 

An acce lerometer  s imula tor  provides s ignals  simulating the output of the miss l le  ac-  
ce l e rome te r s  durlng UUT testing, 

F ive  power re lay  c a r d s  route power to UUT's cisring assembly  t e s t e r  testing. 

The s ignal  buses'proiride s t imuli  and load inputs ", each .relay t r e e  and also route 
UUT response  signals  to tile assembly  t e s t e r  and adapter  measu remen t  c i rcu i t s .  

Seven cu r ren t  d r i v e r  c a r d s  .furnish row signals  grounds) f o r  each row of the re lay  
r;-,a",ix during operation of the assembly  t e s t e r .  

The reed  r e i ay  ca rd  connects colu.rnn signals  generated by t h e  adapter, to the re lay  
matr ix  of the assembly  t e s t e r .  

The r e s i s t o r  card  provides a s ta r t ing  current  for. cori?n~and :nodules in the adapter? 
and reduces  turn-on t ime of re iay  coi ls  of the rk lay  matr ix .  

Three  diode ca rds  a r e  used a s  blocking diodes during test ing of cur rent  d r i v e r  c a r d s  
and a s  noise suppres so r s  for  grounding plug-in r e l ays .  

The 5 volt de power s n  plies 5 Vdc to the digital illogic anzlyzer  
operation and to the UUT anel  during UU'P test ing of DL 



ic test console (Figure 
tests on the guidance 
air supply system 

when the guidance section is mounted 
on the test dolly inside the SGTS van, 
St also tests the ability of the guid- 
ance section to remain pressurized 

The replaceable items 
air supply system that 

can be tested are the pressure switches, 
air pressure regulator, healer, and 
heater thermostat. The high-pressure 
air supplied by the pneumatic test 
console is also used to orecharge 
the hydraulic actuators, if required, 
during their UUT testing, 

The distribution console contains 
a patch panel, a circui"creaker panel, 

T w o  cable entry panels provide to 
the equipment inside the SCTS .van. 
They are the SCTS main cable entry 
panel and the PTS power cable entry 
pane1 (Figure 

1 - Pressure t e s t  s e t  5 - Pneumatic t e s t  chass is  
2 - Pneumatic chamber 6 - Storage drawer 
3 - Hand pump 7 - Storage cab ine t  
4 - Pneumatic control  pane! 8 - Connector pane! 

- The SCTS main cable entry panel is divided into 
four separate panels, which are described below, 

The SCTS power entry panel routes 12 1 2 0 8 ~ ~  400 Hz, and 28 Vdc to the distribu- 
tion console in the van, and 120/208ii, 400 Hz to air conditio~~er-heaters. This input 
po-+;ier is supplied by tine PSE through the three connecto1.s mounted on the panel. 

The test cable entry panei contains eight connectors, used during first stage, 
second stage, and guidance section in-container tests, that electrically connect the 
SCTS and the  respective missile sections, 

The tactics? cable entry panel contains eight connectors that are used during mis- 
sile in-container tests, Both the test cable entry panel and tactical cable entry panei 
are used during checkout of the first stage in-container and the guidance section in-con- 
taker, The tactical cable entry panel is not used during the second stage in-coniainer 
tests, Jamper caps (dummy connectors) are installed on tile connectors of the test cable 
entry panel and tactical cable entry panei during self-test of the PTS equipment inside 
the SCTS, 



l - Pa tch  pane l  
2 - D i s t r i b u t i o n  conso le  
3 - S to rage  c m p a r t m e n t  

ROTATED 180" 

4 - RFI f i l t e r  
5 - Relay  pane l  
6 - C i r c u i t  b r e a k e r  pane l  



7 - SCIS power entry panel 
2 - Test cable entry panel 
3 - Tactical cable  entry panel 

6 - Jumper cap removal too l  

The  communicat ions cable  en t ry  panel contains  s i x  ground connec tors ,  t h r e e  com-  
municat ions panels ,  a s e l ec to r  switch,  a pneumatic quick-disconnect  connector ,  and a 
jumper c a p  r emova l  tool. All equipm-ent within the a s sembly  a r e a  is connected t o  the 
ground connec tors  or, th i s  panel to  e n s c r e  that no  d i f fe rence  of potential e x i s t s  between 
p ieces  of equipment.  Two communicat ions panels  provide a m e a n s  fo r  comrnuaicatiag 
with the In t e r i o r  of the van, One corrirnrrnications panel and the s e l ec to r  switch a r e  used 
when the instrumentat ion r e c o r d e r  is u s e d  with the SCTS, The pneumatic quick-discon-  
s e c t  connector  provides a means  fo r  connecting h igh -p re s su re  a i r  between the power 
station equi i -aknt  and the S 

208 Vac and 28 Vdc to t he  PTS asscrn- 
b i i e s  th rocgk  t i l e  ower c?istrib?-ition 
cablnet,  T h i s  p a n t i  contains t h r e e  con- 
m c t o r s ;  hon-evtr,  tbc Sottorn connector 
is nut used. 

Thcs SCTS is r q u i p p ~ d  ii-ith f c c r  s t o r age  
cabinets and a cable s t o r age  cornpartrr ;nt  
which ari? de sc r ibed  below, Figire 
shows the  location of equipment s t o r age  
a r e a  in t he  SCTS. 

CABLE STORAGE 

PNEUMATIC TEST CONSOLE 



TORS 

Contained in the  E U  a r e  two power supplies  (4-5. , -5.5> 4-15, - 15 Vdc) which provide 
dc  power for  the  ARU, a motor -dr ive  power r e s i s t o r  assembl3 ,  t he  electronic c i rcu i t s  
fo r  the  g ~ r o s c o p i c  r e f e r ence  unit, an E M P  f i l te r  package, and four  pr inted c i rcu i t  
boards.  Two of the  PCB1 s contain the interface built-in t e s t  equipment (BITE) and 
s igna l  conditioners, one board con.tains the  azimuth d r ive  circui ts ,  and the  fourth board 
contains the t rans la t ion  motor  dr ive  c i rcu i t s .  

Four  intraconnecting cables  a r e  used in the ARU. Two cables  connect the E U  t o  the  
r e fp rencc  a s s e m b l l  (one cable t o  the GRU and the o ther  t o  the AOL and DE), one cable 
connects the E U  t o  the stepping motor  in  t he  T A ,  and the  fourth cable connects the  E U  
t o  the  ARU manual  control  unit, 

The  El= housing i s  made of aluminum with cooling f ins  t o  d iss ipa te  the  approximate 
200 watt c i rcu i t  power l o s se s .  A single finned side cover  is used. Overa l l  dimensions 
a r e :  heiqht - 18.37 inches, width - 19.75 inches, and depth - 11-82 inches. 

The  t rans la t ing  a s s e m b l l ,  F igu re  11-9, is mounted on the  ARU tr ipod and is capable 
t rans la t ing  the RA through an  angle of lt67 d e g r e e s  with an effective a r m  length of 
inchcs A s tcppcr  motor ,  which can ro t a t e  in e i ther  d i r ~ c t i o n  at a stepping r a t e  of 

125 s t e p s / s e c  with an angular  rotat ion of 1.8 d e g r e e s / s t r p ,  is coupled t o  a harmonic  
dr ive  speed r educe r  having a 100: l  input/output gea r  ra t io .  The  speed r educe r  is 
coupled t o  a prec is ion  gea r  d r ive  a s sembly  in the  T A  which ro t a t e s  the  TA at a maxi- 
mum angular r a t e  of 2 . 2  d e g r e e s / s e c .  Counter-rotat ing g e a r s  in  the  T A  maintain the  
AOL line-of-sight or ientat ion constant within 3 a r c  minutes  a s  t h e  R-4 is t rans la ted .  



Because  of the  high value of iner t ia  loading on the  stepping motor  at the s t a r t  and 
stop of t rans la t ion ,  stepping pulses  r e c u r r i n g  at the  maximum s t ep  r a t e  a r e  not applied 
and removed instantaneously; r a the r ,  the  input t o  tile stepping motor  is ramped,  i.e,, 
s t ep  r a t e  i s  var ied  f r o m  z e r o  t o  the maximum r a t e  125  s teps /second)  at s t a r t  and f r o m  
the  maximum r a t e  t o  z e r o  at stop. 

The  RA support  r ing on the  TA contains t h r e e  snubbers  which ac t  a s  shock a b s o r b e r s  
should t he  RA be accidentall?, dropped during a s s e m b l ~  into the  TA, These  snubbers  
can withstand a drop  of 1 2  inches while preventing impact  damaqe  to  the RA, 

Thc  A R U  tripod (F igu re  11-10) has two 
hinged l ~ g s  which a r r  Locked in position 
during usage but fold back against the fixed 
leg for  container stowage. A I inch dfame- 
t e r  hole in the  fixed leg near  the  leveling 
jack and one in the  center  of the  t r ipod 
provide r e f e r ences  for  accura te ly  align- 
ing the  t r ipod opposite the  missi le .  
T h r e e  handcranked leveling jacks provide 
initial t r ipod leveling. A r ing  clamp on 
the  t r ipod pe rmi t s  installation of the 
t rans la t ing  assembly.  

ARU auxil iary equipment consis ts  of 
intraconnecting cables ,  an ARU manual  
control  unit, containers  fo r  t ranspor t ing  
ARTJ subsystems, a t r ipod emplacement  
d c v i c ~ ,  and locating chains. 

. - 
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T h r e e  containers  a r e  requi red  for  t ransport ing the ARU: one contains the RA and 
s e r v e s  both a s  a t ransportat ion container and a s  a ca r ry ing  case;  t he  second is a t r ans -  
portat ion container  for  the tripod, t rans la t ing  assembly  and locating chains; and the  
th i rd  is used t o  t r anspor t  the electronics unit, the ARU manual control  unit, and the  
intraconnecting cables. During ARU setup, the  RA containers  a r e  removed f r o m  the  
t ranspor ta t ion  vehicle and ca r r i ed  t o  the ARU emplacement location. The other  con- 
t a ine r  r ema ins  on the  t ransportat ion vehicle and i t s  contents a r e  hand-transported to  
the  ARU si te .  

The  th ree  containers  consist  of upper and lower halves with compartmented vibration 
and shock isolation ma te r i a l  and tie-down s t r a p s  for  securing the ARU subassemblies .  
The  containers  a r e  formed of aluminum sheeting and a r e  fitted with handles, environ- 
mental  s ea l s ,  hinges, clamps,  and p r e s s u r e  relief valves. 

The  four intraconnecting cables t ranspor ted  with the ARU a r e  those  which connect 
the  e lec t ronics  unit t o  the re ference  assembly  (21, t o  the t rans la t ing  assembly,  and t o  
the  ARU manual  control  unit. 

The  ARU manual  control  unit is a smal l ,  hand-held unit used by the ARU opera tor  
only during the ini t ial  autoreflection phase of the ARS alignment procedure.  This  box 
has four control  buttons, permit t ing AOL left-right and t rans la t ing  assembly  left-right 
motion, a white indicator lamp which is illuminated only when the opera tor  has control  
of t rans la t ion  and AOL azimuth rotation, and an amber  lamp which f iashes  when the 
l a s e r  is in operation. A lamp mounted within the box provides control  panel illumina- 
t ion for  night-time operations. No provision for  AOL elevation control  i s  made in the 
manual  control  unit: AOL elevation angle changes during autoreflection must  be made 
by manually varying the AOL heading. The ARU manual  control unit is shown in Figure  
11-11. 

LASER 0 



P r e c i s e  emplacement of the ARU tr ipod re la t ive  t o  the mis s i l e  platform is achieved 
by the sys t em shown in F igu re  11-12. A modification to  the erec tor - launcher  provides 
an  a r m  which is swung into position and accurately fixed. Two chains hang f r o m  th is  
a r m ,  and when the t r ipod is proper ly  placed these  chains p a s s  through a 1 inch hole on 
the  t r ipod'  s ve r t i ca l  rotat ional  axis  and through a 1-inch hole in the fixed tr ipod leg. 

GROUND LINE SECTiON A-A 
A 

TRiPOD LEG POSITION 

iRIPOD CENTER POSITION 
C 

The sequential launch adapter  (SLA) provides the Persh ing  platoon commander with 
a capability t o  sequentially count down and launch up t o  t h r e e  mis s i l e s  with a single PTS 
and PS without recabling between individual f i r ings.  

The sequential launch adapter  cons is t s  of the SLA box, cables, a i r  ducts, a i r  hoses, 
and a t r a i l e r  (F igu re  11- 13). 

The SLA functions within the platoon a s  a central ized interfacing and control switch- 
ing sys tem,  which s e r v e s  a s  an interface between the PTS /PS, the 45  kTV auxil iary power 
source ,  the bat tery control  cent ra l ,  and the  t h r e e  launch position sys t ems ;  miss i le ,  EL, 
and ARU. The SLA accomplishes sw-itching of a l l  applicable countdown functions f rom 

atoon in l e s s  than 3 seconds. Switching i s  independent of mi s s i l e  f i r ing 
the platoon. The S A pe rmi t s  t he  per formance  of confidence /s tandard o r  

ed) countdown operat ions sequentially on a s  many a s  t h r e e  mis s i l e s  with- 
out movement of the P T S / P S  vehicle o r  disconnection/connection of cables, a i r  ducts, 
and / o r  a i r  hoses. 

A representa t ive  SLA emplacement is shown in Figure  11-14. Using the SLA, each 
launch position sys t em may be placed in a countdown o r  standby mode, 

TVhen a countdown (confidence, s ~ a n d a r d ,  o r  quick) is per formed,  the S L A  switchcs 
r and s-witches in countdown power and signals ,  a s  well a s  a i r  condition- 
s u r e  a i r  t o  the miss i le  being counted. This  is accomplished by the 





PTS opera tor  se lec t ing  the  m i s s i l e  t o  be counted by enter ing it in the  keyboard on 
the  P T S  console, 

Standby power mus t  be maintained a t  the  other  mi s s i l e s ,  After a mi s s i l e  has been 
counted, countdown power and s igna ls  a r e  switched through the  SLA t o  the next mi s s i l e  
t o  be counted. The  SLA provides pourer t o  the  o ther  two E L ' S  s o  that  standby condition- 
ing, gyro  rundown, mi s s i l e  r ecap tu re ,  o r  EL evacuation operat ions rnay be per formed,  
All p r e sc r ibed  act ion l ink functions a r e  switched by S L A  t o  t he  mi s s i l e  being 
counted, The  SLA switchi  i l  functions re la ted  t o  the  selected operat ing mode will 

endent of the  selected launch position sys tem,  A visual  display of t he  se lec ted  
operat ing mode of each  launch position is incorporated on the SLA box s ta tus  panel, 

T h e  s y s t e m  a l so  r e t a in s  t he  capability of operat ing without the SLA box if the  SLA 
malfunctions. In th i s  case ,  the  cables  for  each  mi s s i l e -EL  combination t o  be counted 
a r e  connected (I set a t  a t ime)  d i rec t ly  t o  t he  PTS and PS. Standby power is provided 
v i a  45 icW genera tor  and power dis tr ibut ion box in a manner  s imi l a r  t o  operat ions p r io r  
t o  w a g e  of the  SLA, 

I.17henever the countdown mode has been selected for  a specif ic  launch position, the  
SL.4 switches the  following countdown functions t o  the selected launch position sys t em:  

I All countdown, communications, recapturing,  and f i r ing  operat ions requi red  for  - 
t he  per formance  of s tandardlconfidence o r  quick ( reduced)  counts initiating f r o m  
the  PTS/PS t o  the  appropr ia te  launch position sys tem;  

2 All conditioned and high p r e s s u r e  a i r  requi red  f r o m  the PS by the  guidance and - 
control  sect ion;  

3 All a c  and d c  power requi red  f r o m  the  PS  by the  launch position sys tems.  Powcr  - 
will be switched t o  the launch position a f te r  a l l  s ignal  channels have been 
connected; 

4 All PAL functions exchanged between the  BCC and the  warhead, - 

The  other  launch positions a r e  in the  standby mode. 

\%-henever a launch position has not been selected fo r  ccuntdown, that  launch position 
i s  in  t he  standby mode. The  following standby functions a r e  maintained a t ,  o r  indi- 
vidually switched by, S L A  t o  the  launch position sys t emjs ) :  

I G&G sec t ion  b l anke thea t e r  power - 

2 ST-120 s t r i p  hea ter  power, control,  and s ta tus  - 

4 Communications - 

5 Gyro rundown - 

3 Erec tor - launcher  power - 



:I addition, during standby operations when the power s tat ion is shut down, environ- 
mental  conditioning power is provided to the PTS. 

The  SLA pe rmi t s  simultaneous operation of the 45  k W  generator  standby) and PS 
counting) without de t r iment  t o  the weapon s ystern. 

The  SLA e lec t r ica l  sect ion cons is t s  of s ignal  and power entry paneis, s ignal  and 
power sw-itching, wiring, power supply, and s ta tus  panel, 

The signals  and commands processed  by the  SLA a r e  identical t o  those t ransmi t ted  
and received with a s ingle P Ia  mis s i l e  connected to  the PTS~PSIBCC,  Therefore ,  the 
Ledex switches used for  signal and command routing within the  SLA a r e  of p r i m e  
concern.  

The select ion of a mis s i l e  for  counting o r  standby is initiated by the PTS operator .  
This  i s  accompiished by an  entry on the PTS computer  control  panel 'vhere 0 "trough 3 
a r e  en tered  respect ively for  select ion of standby o r  EL positions one through th ree ,  
The  se lec t  command signal  through r e l ay  logic in the SLA se l ec t s  the selected position 
on the 31 Ledex switch. The S1 Ledex switch reachicg  i t s  selected position, which is 
monitored by a PTS monitor; in t u r n  sends  a s ignal  t o  switch 2 and the select ion methods 
cascade t o  switches 3 through 10. Switch 10 is then monitored by the PTS which, when 
a go condition i s  reached,  indicates that  a l l  the switches 1 through 1 have been se t  t o  
the prescr ibed  input by the PTS operator ,  

The selected positions a r e  monitored for  proper  position and constantly monitored 
to  a s s u r e  that the se lec t  enable is not react ivated and that once a position is reached 
the switch position does not change. If ei ther  of the foregoing occur the s y s t e m  i s  shut 
down by emergency in ter rupt  before the switch can r each  the  next position. 

The ten  Ledex switches in the SLA, used to  t r ans fe r  s ignals  bet-ween the  PTS/PS/BCC 
and mis s i l e s ,  a r e  stepping types that  a r e  actuated electro-mechically. They have 67 
poles t o  each  of the mis s i l e  positions, 

The input of each Ledex switch i s  connected to  a single command o r  s ignal  cable of 
the PTS, A t>-pical Ledex switch connection between the PTS and the mis s i l e  cable 
mas t  i s  shown in Figure  11-15. The concept of one Ledex switch connected to  a s ingle 
PTS input cable i s  used to  p r e s e r v e  the work per formed previously of select ing and 
analyzing s ignals lcommand wires for  specif ic  cables t o  el iminate problems of c ros s -  
talk o r  incompatibilit;;. 

The switch s i ze  i s  l a rge  enough sc?" that  the s ignal  density of the  cable connector is 
much g rea t e r  than the densi ty inside the switch. Each switch has  five 61 pin connectors, 
one for control,  one input, and t h r e e  outputs. 



The pneumatic  sect ion houses t he  high 
p r e s s u r e  and conditioned a i r  in te r face  
couplings, switches,  and ducts .  

The  high p r e s s u r e  a i r  schemat ic  i s  
shown in F igu re  11-16.  The  switches a r e  
e lec t r ica l ly  opera ted ,  normally closed, 
solenoid valves that  a r e  presen t ly  used 
and qualified in t he  Pe r sh ing  Ia sy s t em.  
A p r e s s u r e  gage and a manual  bleed valve 
a r e  located adjacent t o  each  of the  t h r e e  
k i s s i l r  supply outlet couplings t o  comply 
with thc. personnel  safety r e q u i r r m e n t s  f o r  
high p r e s s u r e  a i r  sy s t ems .  By m-onitor- 
ing t kc  gagr  and opcrat ing t he  blccd valve 
a s  rcqui rcd ,  t he  opera tor  wili  not conncrt  
o r  disconnect the miss i l e  supply hose 

I I 
I SELENCIO VALVE 
j NC (TYPICAL) 1 

NISSILE 
NO. 2 
OUTLET 

Air 

This  a i r  is fed and exi ts  f r o m  the  SLA via 114 inch flexible hoses.  Interface connec- 
t o r s  a r e  'itriggin types with automatic  s e a l s  on both mating sec t ions  of each  connector .  
All tubing inside t he  SLA i s  1 !4 inch s t a in l e s s  s t ee l  with f la i red  niit tubing connec- 
t o r s  and i s  an chore^ a t  given in te rva ls  t o  t he  inside of the  SLA s t r u c t u r e  to  r educe  t he  
possibi l i ty  of faulting due t o  vibration. All s t e e l  and f lex hoses a r e  initially proof- tested 
t o  6 ,000 psig and undergo per iod ic  tes t ing  at 4,500 psig with t he  t r anspo r t ab l e  mechani-  
c a l  shop s e t  maintenance she l te r .  In addition, protect ion t o  personnel  cons is t s  of cau- 
t ion  s igns  at e ach  input /output high p r e s s u r e  port ,  high p r e s s u r e  bleed va lves  and 
assoc ia ted  gauges. A l l  bleed valves a r e  exhausted ins ide  t h e  SLA box and a r e  d i rec ted  
away f r o m  a i l  a c c e s s  openings, A f inal  precaut ion is safety lanyards  which connrc t  t he  
flexible interface hoses mechanical ly  t o  the  SLA housing, thereby  prevent ing hoses  
whipping in ca se  an unbled hose becomes  disconnected and the  valve within t he  discon- 
nect  fa i l s  t o  seat .  



SLA BOX INLEI 

I 

MISSILE hi0. 2 
OUTLET 

T h r e e  high p r e s s u r e  a i r  hose a s s e m -  
bl ies  (one, each  p e r  mi s s i l e )  connect thc  
S L A  box to the  E L  cable mas t s .  These  
high p r e s s u r e  a i r  hose assembl ies  a r e  
120 fect long and a r c  made up of existing 
typc hosc a s scmbl i c~s  connected together  
in s e r i e s  by s tandard MS type hosc unions. 

Thc  conditioned a i r  schemat ic  i s  shown 
in F igure  11-17 Thc  switches a r c  elec-  
t r ica l ly  rnt,rgizcd, normally closed, mo to r  
dr ivcn,  butterfly typc valves The  valves 
arcx programmed s o  one va lv t  i s  always 
oprln to p r tvcn t  ~ , x c e s s i v c  back p r c s s u r e  
on thc  power s tat ion a i r  conditioner. 

T h r i . ~  conditioncd a i r  duct a s sembl i c s  
(onc each pc r  mi s s i l c )  connect the  S L A  
box t o  the F L  cablc mas t s .  Each  of t h e s e  
conditionrd a i r  duct a s scmbl i c s  i s  126 
fee t  long and made up of seven  sect ions 
of the  exist ing type a i r  ducts.  

Communicat ions a r e  distributi.d t o  t a c h  E L  position through the  SLA and t o  two 
phone posi t ions on the  aft S L A  p a w l .  \'i-hcn a l l  m i s s i l e s  a r e  on standby, a l l  FL" may  
t r ansmi t  and r i ~ c r ~ i v c  hot loop communications. \I.htn a mi s s i l e  i s  selected for  counting 
onl>-, that  EL position can  t r ansmi t  and r c c c i v t .  The  E L %  for the standby nmissiles in 
th i s  case. can r ece ive  but cannot t ransmi t .  
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