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SUMMARY 

With t h e  development of t h e  Saturn launch veh ic l e ,  i t  became mandatory 
t o  develop a system f o r  r e s t r a in ing  the  vehic le  u n t i l  a f t e r  a l l  checks and 
engine t h r u s t  buildup were completed. 
cons t ra ins  t h e  veh ic l e  by clamping it  between a fixed support and a movable 
jaw.  
vehicle.  There are th ree  l i n k s  i n  t h e  jaw ( re s t r a in ing )  system arranged so 
t h a t  with a small fo rce  provided by a pneumatic s epa ra to r  mechanism, t h e  
l a r g e  loads of the  veh ic l e  can be res t ra ined .  Design d e t a i l s  discussed are 
the  l i n k  system, the  separa tor ,  adjustments, and t h e  energy absorber,  The 
func t ion  of preloading i s  discussed. 
F ina l ly ,  t he  design d i f fe rences  between the Saturn I and the Saturn V arm are 
described. 

The b a s i c  Saturn I holddown arm 

The j a w  is on a l i n k  pinned t o  r o t a t e  s u f f i c i e n t l y  t o  release t h e  

The secondary release system is described. 

INTRODUCTION 

The f i r s t  large-scale rocket propelled ve r t i ca l - f i r ed  missiles developed 
Upon i g n i t i o n  of t h e  engines and i n  t h e  1940's and 1950's were freestanding. 

t h r u s t  buildup, launch w a s  achieved when th rus t  exceeded missile weight. 
Overturning moments due t o  winds were countered by wind locks or  clamps around 
the  base of t h e  missile. Any 
increase  i n  winds approaching r ed l ine  values (loads where vehic le  would not 
f rees tand)  required personnel t o  r e t u r n  t o  t h e  pad t o  r e i n s t a l l  t hese  wind locks. 
Obviously, propulsion system f a u l t s  t h a t  resu l ted  i n  decayed t h r u s t  were 
ca t a s t roph ic .  

The clamps required removal p r i o r  t o  f l i g h t .  

For t h e  extremely l a r g e  and expensive Saturn,  i t  w a s  mandatory t h a t  a 
system be  developed t h a t  would s a f e l y  support and r e s t r a i n  t h e , v e h i c l e  on the  
pad u n t i l  a l l  checks, including engine s t a r t  and t h r u s t  buildup, w e r e  com- 
pleted.  
is described i n  t h i s  paper. 

The holddown a r m  system w a s  designed t o  f u l f i l l  t h i s  func t ion ,  and 
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NOTE: I n  general ,  t h i s  paper describes the Saturn I holddown system. 
The Saturn V holddown system i s  q u i t e  similar - di f fe rences  w i l l  be pointed 
out a t  the end of the  paper. 
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BASIC ARM 

The basic Saturn I arm, as shown i n  Figure 1,is e s s e n t i a l l y  i n  the  shape 
of a pyramid and weighs approximately 3,765 kilograms (8300 pounds). 
t o  t he  front ( d i r e c t l y  under the  vehic le )  is a plunger t h a t  supports t h e  
vehic le .  
inc l ined  plane machined i n t o  the  housing. 
plunger with approximately 5.08 centimeters (2 inches) of v e r t i c a l  adjustment 
t o  level and a l ign  t h e  vehicle.  
use of a 3-to-1 multiplying gear box t h a t  is  bolted t o  t h e  housing. 

Attached 

The plunger is  supported on a wedge t h a t  is  moved up o r  down an 
See Figure 2. This provides t h e  

The screw t h a t  moves the  wedge is  turned by 

The main p in ,  which is  approximately 6.98 centimeters (2.75 inches) i n  
diameter, is  a f t  of and s l i g h t l y  above t h e  plunger. The main p in  a t t aches  the  
upper l i n k  t o  t h e  holddown base at a poin t  approximately one-fourth back from 
the  f r o n t  of the upper l i n k .  
the  upper l i n k  and t o  t h e  forward end of the lower l i n k  by p ins  approximately 
6.35 centimeters (2.5 inches) i n  diameter. The lower end of t h e  lower l i n k  is 
fastened to the  base with a p in  a l s o  6.35 centimeters (2.5 inches) i n  diameter. 
This arrangement of th ree  l i n k s  pinned t o  each o ther  and t o  the  base a t  two 
points allows the  a f t  end of t h e  upper l i n k  t o  r o t a t e  through approximately 
90 degrees. 

The cen te r  l i n k  i s  attached t o  the  a f t  e n d o f  

Looking a t  Figure 1, i t  can be seen t h a t  i f  t he  lower and center  l i n k s  are 
held i n  a v e r t i c a l  pos i t ion  such t h a t  a s t r a i g h t  l i n e  would pass through t h e  
three  pins,  any load applied i n  the  up d i r e c t i o n  a t  the  plunger end of t h e  
upper l i n k  would be reacted through the center and lower l i n k  and would have a 
magnitude equal t o  the  r a t i o  of t he  moment arms about t h e  upper l i n k  main pin. 
This condition, however, is  unstable,  because the  center/lower l i n k  p in  could 
move i n  e i t h e r  d i r e c t i o n  ( fore  o r  a f t ) .  

S t a b i l i t y  can be gained f o r  t he  l inkage by moving t h e  center/lower p in  
point a small d i s t ance  f o r e  o r  a f t .  By keeping t h e  d is tance  t h a t  t he  p in  is 
moved forward s m a l l ,  a l a r g e  load through t h e  l i n k s  can be r e s t r a ined  with a 
small hor izonta l  load. 
I f  t he  angle cy t h a t  t he  lowerlcenter l i n k  p in  subtends is  set a t  3 degrees, 
and t h e  length b is  set a t  3 t i m e s  t he  length  a ,  the  r e l a t ionsh ip  of fo rce  F 
t o  fo rce  F"' i s  defined as follows: 

Figure 3 is a r ep resen ta t ion  of t h e  three-link system. 

M about p in  = o  

FA = F'b 



F" = Tan a 
F' 
- 

Subs t i t u t ing  i n t o  (1) above 

F" = Fa 
Tans 
- 
F" = Fa t a n a  - 

b 

Subs t i t u t ing  a = 30; b - 3a 

F = 57.2F" (2) 

To r e s t r a i n  t h e  veh ic l e  u n t i l  after t h r u s t  buildup r equ i r e s  t h a t  t h e  
holddown arms r e s t r a i n  a vertical up-load equal t o  t h e  veh ic l e  t h r u s t  minus 
w e i g h t  of t he  vehic le ,  plus the  overturning moment due t o  wind. This value 
of up-load is then preloaded i n t o  t h e  linkage t o  assure  no separa t ion  of t he  
veh ic l e  from the  holddown arm plunger during engine start .  
t h e  va lue  of t h i s  load is 444,822 newtons (100,000 pounds) per holddown arm. 

For t h e  Saturn I, 

NOTE: Additional allowances must be made f o r  t h r u s t  overshoot, hardover 
engines, and unknowns, i.e., wind gust, misaligned engines, etc. 

For a load on a holddown arm of 444,822 newtons (100,000 pounds), t h e  
sepa ra to r  is required t o  provide a r e s t r a in ing  fo rce  of approximately 7,784 
newtons (1750 pounds) i n  tension (using equation 2 above). 

SEPARATOR 

The separa tor  (Figure 4) is es sen t i a l ly  a cylinder with a p is ton  t h a t  
includes a rod having a groove o r  b a l l  race machined near i t s  end. 
bearings t h a t  are seated i n  the  cylinder protrude through the  cylinder w a l l ;  
and i n  the  holddown pos i t i on  rest on t h e  outer end of t he  p i s ton  rod and i n  
a machined race i n  the  separa t ion  l i n k  of the separa tor ,  which is e s s e n t i a l l y  
a continuation of t h e  cylinder.  I n  the  holddown pos i t ion ,  the  p is ton  is held 
a f t  i n  t h e  cy l inder  by spring ac t ion  so tha t  the  b a l l s  protrude outs ide  the  
cy l inder  w a l l  i n t o  the  machined r ace  on the separa t ion  l i nk .  Tention loads 
can then be ca r r i ed  from the  separation l ink  (which is bolted t o  the  lower l i n k  
of t h e  holddown arm) through the  b a l l s  and through t h e  cylinder t o  the  holddown 
arm base. 

Ball 
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To operate t h e  separa tor ,  pneumatic pressure  pushes t h e  p i s ton  forward, 

When the  b a l l s  are forced i n t o  t h e  
allowing the  b a l l s  t o  be pressed i n t o  the  p is ton  groove by the  load being 
transmitted through the  separa t ion  l i nk .  
p i s ton  groove, t he  separa t ion  l i n k  is  no longer attached t o  t h e  separa tor  
cylinder and i s  free t o  move with t h e  lower l i nk .  

PRELOADING 

To assure a t i g h t  connection between t h e  veh ic l e  and t h e  holddown am, 
the  arm i s  clamped with a preload l a rge  enough t o  assure  no separa t ion  between 
the  vehic le  and the  arm plunger u n t i l  release. 
bending i n  the  upper l i n k  and any to le rance  i n  t h e  l inkage system. To preload 
the  arm, t h e  vehic le  i s  placed on the  plunger blocks and leveled. Then t h e  
holddown arm linkage i s  erec ted ,  using a demountable winch. The separa t ion  l i n k  
i s  connected to  the  separa tor ,  and t h e  separa tor  rear swivel nut (Figure 1) 
is tightened t o  develop the necessary preload. 
nut versus preload o r  clamping fo rce  on t h e  veh ic l e  have been developed. 
preload value se l ec t ed  must be a t t a ined  with the  l inkage i n  a p a r t i c u l a r  geometry. 
For the  Saturn I arm, the  center/lower l i n k  p in  must be loca ted  forward of a 
s t r a i g h t  l i n e  between p ins  by approximately 3 degrees. 
alignment gage on the  arm base. 
(74.7 joules) 
the linkage i s  lowered and shims are added t o  o r  removed from the  upper ann 
sec t ion  pad and the  torqueing procedure is  repeated. 
and ready fo r  f i r i n g .  
tension load small and a s su re  the center/lower l i n k  p in  would always be forward 
of the  unstable point ( s t r a i g h t  l i n e  between p ins) .  

This preload takes care of 

Curves of torque of t h e  swivel 
The 

This is measured by an 

(55 f t - lbs )  is not a t t a ined  o r  t he  p in  geometry is not  obtained, 

The arm is now preloaded 

I f  e i t h e r  t h e  proper preload torque va lue  

The 3 degrees mentioned w a s  s e l ec t ed  t o  keep sepa ra to r  

ENERGY ABSORBER 

When released under load, t h e  l inkage has k i n e t i c  energy equal t o  g rav i ty  
p lus  t h e  preload reac t ion .  
l inkage t r ave l s  with g rea t  speed and must be a r r e s t ed  without damage t o  t h e  
linkage. For the Saturn I a r m ,  a shear module (Figure 5 )  i s  used t o  absorb 
t h i s  energy. 
such t h a t  as t he  lower l i n k  f a l l s ,  a s t r i k i n g  p l a t e  mounted on t h e  bottom of 
the  lower l i n k  breaks each rod i n  succession, absorbing the  energy. 

Obviously, because of t h e  l a r g e  preload, t h e  

The module is  e s s e n t i a l l y  a housing with fou r  shear rods staggered 



ZERO MOMENT 

To a s su re  synchronization of the  r e l ease  of a l l  e igh t  arms, a pneumatic 
c i r c u i t  (Figure 7) w a s  designed t h a t  provided t h e  same length pneumatic l i n e  
t o  each sepa ra to r  from t h e  pressure  source. 
l i n e  removed the  $ioblem of o r i f i c e  design t h a t  would be required because of 
t h e  loca t ion  of t he  source. 
each sepa ra to r ,  as shown i n  Figure 7. 

This concept of equal lengths of 

For r e l i a b i l i t y ,  two c i r c u i t s  were provided t o  

Redundancy w a s  a l s o  provided i n  the  f i r i n g  panel by i n s t a l l i n g  an accu- 
mulator with s u f f i c i e n t  gas t o  f i r e  t he  complete c i r c u i t .  
i t s e l f  is  made up of two solenoid-operated 3-way valves i n s t a l l e d  i n  a p a r a l l e l  
c i r c u i t .  With a h i s t o r y  of several hundred f i r i n g s  during tests and launch, 
t h e  f i r i n g  panel has never f i r e d  prematurely o r  f a i l e d  t o  f i r e  on command, and 
a sepa ra to r  has  never f a i l e d  t o  release. Looking a t  the  pure numbers of reli- 
a b i l i t y ,  however, a s i n g l e  f a i l u r e  point e x i s t s  i n  the  separator.  R e l i a b i l i t y  
numbers obtained by t e s t i n g  cannot match the confidence provided by a second 
o r  redundant system. 

The f i r i n g  panel 

Therefore, a second system f o r  holddown release w a s  
I developed. 

Because machining of a pe r fec t ly  f l a t  plane on t h e  base of a vehic le  such 
as t h e  Saturn i s  impossible, means must be provided t o  assure  t h a t  moments 
about t h e  plane of t h e  linkage are not introduced. This would not only be 
detrimental  t o  t h e  l inkage, but would add unnecessary loads t o  the  vehic le  as w e l l .  
To assure  t h a t  moments are not introduced, t he  a t t a c h  poin t  on the  vehic le  
contains a sphe r i ca l  surface.  Likewise, t h e  forward end of t h e  upper l i n k  
a l s o  contains a sphe r i ca l  sur face  (Figure 6 ) .  
a s t r a i g h t  tension p u l l .  
separa tor  b a l l s .  To prevent bending i n  the separa tor  mechanism, sphe r i ca l  
washers are incorporated between the  separator r e a r  swivel nu t  and t h e  hold- 
down base (Figure 1). 

The s e p a r a t o r  i s  designed f o r  
Bending would apply unsymmetrical loads t o  t h e  

SYNCHRONIZATION/RELIABILITY 

SECONDARY RELEASE SYSTEM 

The secondary release system cons is t s  of an explosive nut a t t ach ing  one 
end of t h e  pneumatic separa tor  t o  t h e  l ink.  
the sepa ra to r ,  explosive nut ,  and the  separation l i n k .  
separa t ion  l i n k  t o  t h e  lower l i n k .  
s epa ra t ion  l i n k  is  s l o t t e d  and is  s u f f i c i e n t l y  long t o  allow attachment of an 
explosive charge t h a t  has enough power t o  s p l i t  t h e  nut. 

Figure 8 shows an exploded view of 
An eyebolt  connects t h e  

The nut t h a t  holds t h i s  eyebolt  t o  t he  

339 



Figure 9 is  a schematic of the c i r c u i t  t h a t  fires the explosives. The 
c i r c u i t  contains three  re lays  such t h a t  p r i o r  t o  s tar t  of countdown the  power 
supply is shorted. Upon receiving the s igna l  t o  release, which f o r  both the  
pneumatic and the explosive system is t h e  same s igna l  and is furnished by 
vehic le  ground equipment, re lay  contacts PK 1 close and re lay  contacts PK 2B 
open. 
contac ts  PK 2 a f t e r  an appropriate  t i m e  - 130 mill iseconds i n  t h e  case of t h e  
Saturn I. I f  the separator  has operated pneumatically, t h e  movement of t he  
separat ion l i n k  forward w i l l  break the lead w i r e s  t o  t he  explosive nut ,  and 
therefore  the redundant explosive system w i l l  no t  operate.  I f  the pnematic 
separa tor  has  not operated, the nut w i l l  blow it f r e e  and allow operation 
of t he  arm. 

This arms the c i r c u i t .  This same s i g n a l  starts a t i m e r  t h a t  c loses  r e l ay  

T I M I N G  

It has been found during t e s t i n g  t h a t  helium under a pressure of 5.17 X lo6 
newtons per square meter (750 ps i )  w i l l  operate  t h e  separa tor  i n  20 mil l iseconds 
with a length of tubing containing approximately 819 cubic centimeters (50 cubic 
inches) volume (Saturn I ) .  
approximately 69 mill iseconds.  
have not  been invest igated,  because helium is t h e  l i g h t e s t  gas ava i l ab le ,  and 
therefore  should be the  f a s t e s t .  

Gaseous ni t rogen,  on the  other  hand, requi res  
Other gases possibly would be s a t i s f a c t o r y ,  bu t  

A normal t i m e  f o r  release shows f i r s t  arm release is approximately 130 
milliseconds a f t e r  s igna l ,  and the  l as t  of the e igh t  must release i n  a maximum 
of 180 milliseconds a f t e r  s igna l .  The t i m e  f o r  t h e  secondary release system 
explosion is s e t  such t h a t  a l l  separa tors  have a f u l l  chance to  operate  pneu- 
mat ical ly .  I f  t he  sys t em were being designed today, i t  i s  possible  t h a t  t he  
explosive re lease  method would be considered primary, but  because of such a 
long h is tory  of s a t i s f a c t o r y  use (over 13 yea r s ) ,  t h e  pneumatic separa tor  is 
considered primary. 
The uni t  can be t e s t ed  i n  configuration as late i n  the countdown as des i red ,  
while the explosive system cannot be t e s t ed .  

There i s  one important advantage t o  the  pneumatic separator :  

TEST PROGRAM 

Because of such high loads and the absolu te  necess i ty  of su re  operat ions,  
each arm i s  loaded i n  a test f i x t u r e  t o  the design load. For the Saturn I, 
the down-load applied is  1.8 X 106 newtons (400,000 pounds) and the  up-load 
appl ied is  1.1 X 106 newtons (250,000 pounds). 
a l l  arms are f i r e d  as a system t o  check l inkage release timing. 
c r i t i ca l ,  because the t i m e  span between f i r s t  arm release and last arm release 
must not  exceed 50 mill iseconds.  

I n  addi t ion ,  once ins ta l led ,  
Timing is  
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LAUNCH ENVIRONMENT PROTECTION 

The launch environment subjec ts  t he  arm and system t o  not only t h e  loads 
mentioned above but engine exhaust gases having a temperature of approximately 
1649OC (3000OF) and a ve loc i ty  of approximately Mach 3. 
d i t i o n  exists f o r  only a few seconds a t  the most. For pro tec t ion ,  t he  mass of 
materials must be l a r g e  t o  serve as a heat s ink ,  and sharp points must be 
eliminated o r  provided with protection. 
s h o r t  time a f t e r  l i f t o f f  t o  absorb the  heat and prevent heat-soaking de ter iora-  
t ion .  
170 dec ibe ls  and generate a v ib ra t ion  l e v e l  of 24g maximum a t  a l l  frequencies 
up t o  1500 Hz. 
with a n a t u r a l  frequency t h a t  i s  not i n  resonance with these v ibra t ions .  

Fortunately,  t h i s  con- 

Water i s  a l s o  sprayed on t h e  arms a 

I n  addi t ion ,  t h e  rocket engines generate a sound l e v e l  of approximately 

A l l  moving p a r t s ,  such as the  separa tor  p i s ton ,  must be  designed 

DESIGN POINTS OF INTEREST 

In  a paper i t  i s  d i f f i c u l t  t o  t i e  all po in t s  of i n t e r e s t  i n t o  a n a r r a t i v e  
discussion, but there  are a few points of i n t e r e s t  i n  t h e  design and operating 
experience of these  arms t h a t  should be shared. It is not intended t o  explain 
the reason o r  theory behind each, bu t  simply t o  provide the  information i n  hope 
t h a t  it may be  of use. 

1. It has beeri our experience t h a t  an odd number of b a l l s  i n  the  separa tor ,  
such as 3 o r  5 ,  w i l l  give unsa t i s fac tory  r e s u l t s ,  while an even number w i l l  r e s u l t  
i n  s a t i s f a c t o r y  operation. 

2. The point loading of t he  b a l l s  on the  separa t ion  l i n k  groove has always 
r e su l t ed  i n  b r i n e l l i n g  no matter how hard the  material. Cutting a groove a t  t h e  
edge of the groove provides a place f o r  mater ia l  t o  flow. Then t h e  only d e t r i -  
mental e f f e c t  due t o  b r i n e l l i n g  i s  the necessity of remachining the  f ace  of t he  
groove a f t e r  several operations. 

3 .  P r e c i p i t a t i o n  hardening steels, such as 17-4 PH, have been used very 
s a t i s f a c t o r i l y  when a close-tolerance pa r t ,  such as t h e  main p ins ,  w a s  required.  
This allows machining t o  c lose  tolerances a f t e r  f i n a l  heat treatment. 

4. Stress risers i n  the  form of sharp corners are t o  be avoided under a l l  
conditions. They will invar iab ly  r e s u l t  i n  a crack. 

5. Sand cas t ings  f o r  t he  base s t ruc tu res  have proven very s a t i s f a c t o r y ,  
provided ca re  i s  taken i n  inspecting f o r  cracks, voids, and inc lus ions  i n  the  
areas of stress - primarily around the main pins. B e  prepared, however, t o  
explain the  su r face  cracks t h a t  are v i s i b l e  everywhere under magnetic p a r t i c l e  
o r  zyeglow inspec t ion  t o  t h e  operating engineer. 
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6 .  I f  a heavily loaded s t r u c t u r a l  component must be th i cke r  than 5.08 or  
7.62 centimeters (2 o r  3 inches) ,  forgings o f f e r  advantages i n  gra in  growth and 
eliminate t h e  hea t - t rea t ing  d i f f i c u l t i e s  of castings.  

SATURN V HOLDDOWN ARMS 

I n  t h e  preliminary engineering s tages  of t h e  Saturn V vehic le ,  it w a s  
apparent t ha t  t o  save f l i g h t  weight, t he  number of supports should be four ,  
r a t h e r  than e i g h t  as used on the  Saturn I. 
would have a th rus t  and weight of f i v e  t i m e s  t h e  Saturn I, led  the  ground 
equipment engineers t o  re-examine the  holddown scheme i n  d e t a i l .  This examiaa- 
t i o n  r e i t e r a t e d  the bas i c  s impl i c i ty  and load-carrying proper t ies  of t h e  Saturn 
I arms. 
V, as shown i n  Figure 10. 
design has been followed very c lose ly .  

This, and the  f a c t  t h a t  t h e  Saturn V 

The decision was made t o  maintain the  same bas i c  designs f o r  t h e  Saturn 
Obviously, a l l  components are l a r g e r ,  but t h e  bas i c  

DETAIL DIFFERENCES 

6 With such a l a rge  v e r t i c a l  down load (13.34 X 10 newtons) (3000 k ips ) ,  i t  
was  decided to abandon t h e  inc l ined  plane and s l i d i n g  wedge t o  achieve ver t ical  
adjustment and use shims instead. F i g u r e l l ,  d e t a i l  A ,  shows the  shims between 
the  ad jus tab le  head and the  base. For t h e  Saturn V ,  t h e  s p h e r i c a l  sur face  t o  
assure  zero moment t r a n s f e r  is  incorporated i n t o  the ad jus t ab le  head of t he  
holddown r a t h e r  than i n t o  t h e  vehic le ,  as with the  Saturn I. This saves f l i g h t  
weight with no real hardship on the  ground design. 

The shock absorber w a s  a l s o  changed t o  a block of wood i n  t h e  Saturn V 
program. During the  test program, a piece of oak wood 20.32 by 14.61 by 63.50 
centimeters (8 by 5.75 by 25 inches) was subs t i t u t ed  f o r  t h e  b o l t  shock absorber 
t o  save costs, and t h i s  wood worked so  w e l l  i t  w a s  decided t o  adopt i t  f o r  a l l  
operations. 

The remaining paragraphs descr ibe  added systems f o r  Saturn V. 

CONTROLLED RELEASE SYSTEM 

The holddown arm upper l i n k  system w i l l  r e s t r a i n  the  Saturn V vehic le  u n t i l  
launch commit and programmed release of holddown linkage. 
l i n k  i s  pivoted rap id ly  away, r e l eas ing  the  r e s t r a i n i n g  fo rce  at a rate which, 

A t  launch, the upper 
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without design refinement, could create  unallowable stresses i n  the vehicle 
structures.  
release devices were designed. 

To provide a smooth, controlled release of the vehicle, control 

The controlled release mechanism consists basically of a bracket, which is 
bolted to  the holddown arm base,  and a draw pin, which is  connected t o  the 
bracket and t o  the vehicle through a die. 
and a t  launch the pin is drawn through t h e  d i e  fo r  the first 15.2 centimeters 
( s ix  inches) of vehicle travel.  See Figure 12.  

The d i e  is  fastened t o  the vehicle, 

As the pin is  drawn through the d i e  a t  launch, the force decreases from 
3.3 X 105 newtons (75,000 pounds) t o  zero after 15.2 centimeters (six inches) 
of travel. 

PROTECTIVE HOOD 

Due t o  increased exhaust plume character is t ics  f o r  the  Saturn V, a protec- 
t ive  hood was designed to  protect the holddown arm linkage and components inside 
the arm. The hood is  actuated with a lanyard as the vehicle rises. See Figure 13. 

Listed below a re  a few s t a t i s t i c s  and f ac t s  of the Saturn I and Saturn V 
holddown arms and the i r  components. 

ITEM 

Load Carrying Capability 

UP 

DOWN 

Weight Complete Arm 

B a s e  Material (Cast) 

Upper Link Material 

s-I 

1.1 X lo6 N 
(250,000 lb) 

1.8 X lo6 N 
(400,000 lb)  

3765 kg 

8300 l b  

ASTM A27 

ASTM A487 

Grade 70 

Cas t ing 

s-v 
6.7 X lo6 N 
(1,500,000 lb) 

13.34 X lo6 N 
(3,000,000 lb) 

20,412 kg 

45,000 l b  

ASTM A27 

4340 Electric 

Furnace Steel 

Forging 
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ITEM 

Main Pin  Material  

Link Pin  Material 

Pneumatic Separator Tension 
Load Capabili ty 

P in  Lubricant 

Separator Lubricant 

s-I S-V 

17-4 PH 17-4 PH 

Type 431  Cres ASTM A36 

22,240 N 
(5000 lb )  

222,411 N 
(50,000 lb) 

25: 1 Halocarbon and Molykote 
(Used because of LOX compat- 
i b i l i t y  requirement .) 

Dow-Corning Si l icone  DC-510-500-C-S 
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PLUNGER--\ 

Figure 2. Adjustment Assembly 
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LENGTHS AND ANGLE 
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PNEUMATIC 

LOWER LINK 

SEPARATOR LINK 

PNEUMATIC 
SEPARATOR 

EXPLOSIVE BOLT 
c d” 

-SEPARATOR 
SPRING 

LINK 

CY LlNDER 

Figure 4. Pnaumatfc Separator bsaembly 
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i 

YOOULE STOP 

COVERrLATE 

WEAR MoDUL€ ASSEMBLY 

SHEARMODULE 

Figure 5 .  Shear Module Assembly 

349 



VEHICLE FlH 
SHOE ASSEMBLY 

WLDDOWN ARM 

Figure 6 .  Spherical Surfaces a t  Arm Pad 



VEHICLE - FURNISHED 
ELECTRICAL SIGNAL 

r R EDUN DAN T 
- 

I 
PNEUMATIC CIRCUIT 

--1 
I 
I 

K R E S S U R E  SWITCHES PRIMARY PNEUMATIC CIRCUIT 
CONNECTED IN PARALLEL 
SERIES 

ti---- 1 
-.I I--, --- 

--- 
I 

J L I 
8 I I I 

1 .,L . I 1 1 r-- I 1 I ! 5  I I I I I I 

I 
I 

tl I3 
HOLDDOWN ARM SEPARATORS 

Figure 7. PneumatlC System Schematic 
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SEPARATOR LINK 

UNARMED ARMED READYFORRELEASE AFTER DETONATION 

Figure 8. Pnematlc Separator Explosive Release 



POWER 
SUPPLY 

PK1 T 1 
-L PK2B 

PK1 PK2 1 

SEPARATOR 
EXPLOSIVE BOLT (TY P 8 PLACES) 

ZT PK2B 

1. CONTACTS SHOWN JUST AFTER VEHICLE RELEASE SIGNAL. 

PKl AND OPENS PK2B. 

2. TIMER FURNISHES SIGNAL 130 MS AFTER PNEUMATIC RELEASE 
SIGNAL TO CLOSE PK2. 

VEHiCLE - FURNISHED RELEASE SIGNAL CLOSES 

Figure 9. Explosive Release Systems Schematic 
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/ 
6'4" 

23.75" 
CANTILEVER 

Figure 10. Saturn V Holddown Arm 
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VEHICLE 

/-UPPER LINK 
ADJUSTAB L L 

WOOD 
SHOCK 

\RETAINING RING 
SPH ERIC AL SUR FACE 

I 
HEAD 

SHIMS 
PROVIDE f I"_f 
ADJUSTMENT 

DETAIL A 

Figure 11. Holddown Am Features 
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HEAT SHIELD (REF) 

HOLDDOWN ARM 

--d 
DETAIL A 

Figure 12. Controlled Release Mechanism, 
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HOOD LANYARD s 
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Figure 13. Protective Hood 
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