
https://ntrs.nasa.gov/search.jsp?R=19780005422 2020-03-22T05:38:33+00:00Z



P r e p a r ~ d  For r NASA 
Georye C .  Marshall Space F l i g h t  Center 
H u n t s v i l l e ,  Alabama 

Prepared !3y t SECO-DYN INC.  
158 San Lorenzo Street 
Pomona, C a l i f o r n i a  91766 

subjec t  r F ina l  Report 
Contract N o .  r NAS8-31945 
Water Impact Shock Test System 

November 10 ,  1977 



Table of Contents 

Section I : Introduction 

Section I1 t Principles of Operation 

Section 111: Operating Procedures 

Section 1 V : r  Maintenance 

Section V t Assembly Procedures 

Section VI : Parts List and Recommended 
Spare Parts 

Section VIII Performance Determination and 
~nalysis 

Page 1 

6 

27 

35 

41 

6 3  



section T t  Introduction 

The basic objectiv~ involved was to desiqn, manufacture 

and install a shock test system which, in part, would have 

the ability to subject test articles weiqhinq up to 1,000 

~ C J O ~ ~ S  to both half sine and/or full sine pulses having 

peak levels of up to 50 G ' s  with half sine pulse durations 

of 100 milliseconds or full sine period duration of 200 

milliseconds. 

The tolerances associated with the aforementioned 

pulses was 420% and -10% for the peak levels and %lo% for 

the pulse durations. 

The subject shock test system was to be capable of 

acceptinq test article sizes of up to 4 feet by 4 feet 

mountinq surface by 4 feet in length. 

&hen producinq half sine or any "half wave" shock 

pulses the neqative or deceleration level was to be no 

ar~ater than 20% of the positive or acceleration levei. 

After considerinq various techniques employed for 

introducinq shock environments and when considering the 

rather unusual requirement of producinq full sine waves it 



was decided that the best technique was to employ a horizon- 

tally oriented system wherein a special actuator assembly 

would im~act the shock envoirocm~nt to a carriage to which 

the test article was attached. The actuator assembly must 

therefore have the ability to control both the initial 

positive acceleration environment plus control the immedi- 

ately followinq neqative deceleration environment. 

The carriage is located on and guided by a track 

system such that when full (sine) wave tests are conducted 

the carriaqe is rigidly attached to the actuator output 

column so as to experience the full wave environment being 

effected by the actuator and when half (sine) wave tests 

are conducted the aforementioned attachment is removed and 

the actuator output column simply forces against the 

carriaae to impact the positive acceleration environment. 

Followinq this acceleration environment the carriaqe sep- 

arates from the actuator output column due to the fact that 

the deceleration level effected to the column is greater 

than effected to the carriaqe and the carriage travels along 

the quid9 track syst~rn. The carriage contains pneumatic 

operat-ed friction brakes which are employed to decelerate 

the carriaqe within the track system allowable travel. 



The a c t u a t o r  assembly;  which h a s  a n  o v e r a l l  l e n g t h  

of 32 f t .  S 1/8 in.:  employs h i g h  p r e s s u r e  g a s  of  up to 

2,000 p s i  a c t i n g  ovpr  t h e  a f t  s u r f a c e  o f  a p i s t o n ;  which 

h a s  a  d i ame te r  of 15.220 i n c h e s ;  t o  produce  a p o s i t i v e  

o u t p u t  f o r c e .  A f l u i d  chamber is l o c a t e d  forward  o f  s a i d  

p i s t o n  w i t h  a  s p e c i a l l y  shaped me te r inq  column and f l u i d  

orifice p l a t e  p o s i t i o n e d  such  t h a t  t h e  f l u i d  p r e s s u r e  

a c t i n q  o v e r  t h e  forward surface of  t h e  a forement ioned  

p i s t o n  c a n  be c o n t r o l l e d  t o  t h e r e b y  p e r m i t  t h e  n e t  p o s i t i v e  

and n e q a t i v e  o u t p u t  force t o  be c o n t r o l l e d  t o  produce  t h e  

desired " f u l l  wave'' shock p u l s e .  The f l u i d  employed is 

wa te r .  

The a forement ioned  p u l s e  waveform c o n t r o l l i n g  me te r ing  

coiumn is des igned  t o  produce  a s p e c i f i c  " f u l l  wave" shock 

p u l s e .  The q a s  p r e s s u r e  employed can be i n c r e a s e d  and de- 

c r e a s e d  t o  t h e r e b y  a l t e r  t h e  shock p u l s e  produced. When 

t h e  qas p r e s s u r e  is i n c r e a s e j  t h e  shock l e v e l s  w i l l  i n -  

c r e a s e  and t h e  p u l s e  d u r a t i o n  w i l l  d ec rease .  When t h e  gas 

n r e s s u r e  is dec reased  t h e  shock l e v e l s  w i l l  d e c r e a s e  and 

t h e  p u l s e  d u r a t i o n  w i l l  i n c r e a s e .  I t  is found t h a t  a  

s i n q l e  me te r inq  column c a n  produce a r anqe  of shock p u l s e s  

while s t i l l  s t a y i n q  w i t h i n  t h e  a l l o w a b l e  shock l e v e l  and 



d u r a t i o n  t o l e r a n c e s  p r e v i o u s l y  s t a t e d .  When it is d e s i r e d  

t o  produce shock p u l s e s  which have  a  d i f f e r e n t  waveform 

and/or  have l e v e l s  and d u r a t i o n s  which a r e  beyond t h e  

a forement ioned  r anqe  t h ~ n  a n o t h e r  meter ing  column must 

be i n s t a l l e d  i n  t h e  a c t u a t o r  assembly which is des iqned  

f o r  t h e  d e s i r e d  p u l s e ( s ) .  

A s  p r e v i o u s l y  s t a t e d ,  when producing  h a l f  s i n e  and/or 

h a l f  wave shock p u l s e s  t h e  a c t u a t o r  assembly i n t r o d u c e s  t h e  

r e q u i r e d  a c c e l e r a t i o n  shock p u l s e .  The c a r r i a g e  assembly 

t h e n  s e w a r a t e s  from t h e  a c t u a t o r  column and moves a long  

t h e  t r a c k  system. The c a r r i a g e  and test a r t i c l e  Aeceler- 

a t i o n  is accomplished by pneumatic  o p e r a t e d  f r i c t i o n  b r a k e s  

l o c a t e d  on t h e  c a r r i a q e  which f o r c e  au tomot ive  t y p e  b r a k e  

l i n i n q  p a d s a g a i n s t  t h e  t r a c k  s u r f a c e s .  T h i s  pneumatic  

b r a k e  p r e s s u r e  is i n t r o d u c e d  and t h e  b r a k e s  a r e  a p p l i e d  

p r i o r  t o  i n i t i a t i o n  o f  t h e  shock p u l s e .  The p r e s s u r e  l e v e l  

employed c o n t r o l s  t h e  d e c e l e r a t i o n  or  n e g a t i v e  l e v e l  e f f e c t e d  

t o  t h e  c a r r i a q e  and test a r t i c l e .  The o v e r a l l  l e n g t h  of  t h e  

t r a c k  system is 50 f e e t .  The t o t a l  u s e a b l e  t r a c k  d i s t a n c e  

i s  approximete ly  41  feet.. 

A steel h o u s i ~ q  is l o c a t e d  a t  t h e  end of  t h e  t r a c k  

o p p o s i t e  t h e  a c t u a t o r  assembly and s a i d  housinq is f i l l e d  



with foam blocks. The t o t a l  depth of foam is 8 f e e t  wi th  

4 f e e t  located i n  t h e  t r a c k  system and t h e  balance of 4 

f e e t  located beyond t h e  end of t h e  t r a c k  system. The pur- 

pose of t h i s  foam b a r r i e r  is t o  s a fe ly  s top  t h e  c a r r i a g e  

and/or test a r t i c l e  i n  t h e  event t h a t  both t h e  primary 

and redundant c a r r i a g e  brake systems f a i l .  

The ac tua to r  assembly is at tached t o  a forward mounting 

sur face  of a steel veldment reac t ion  s t r u c t u r e  t h a t  is 

secured t o  two ( 2 )  "hiqh load points"  pads loca ted  wi thin  

t h e  bui lding f l o o r  and foundation. This s t r u c t u r e  and its 

attachment is sa fe ly  capable of t ransmi t t ing  and reac t ing  

t h e  maximum output fo rce  c a p a b i l i t y  of t h e  acu taor  assembly. 

A cont ro l  console is employed t o  allow t h e  operator  

t o  perform a l l  funcfions required t o  opera te  and perform 

tests with t h e  sub jec t  system. 



s e c t i o n  11: P r i n c i p l e s  of  Operat ion 

The drawing number 611-4A p r e s e n t s  t h e  a c t u a t o r  

assembly which i s  b a s i c a l l y  a t h r e e  ( 3 )  chamber u n i t  con- 

s i s t i n q  of t h e  611-4-12 Rear c y l i n d e r ;  t h e  611-4-28 F l u i d  

Chamber Cyl inder ;  and t h e  611-4-34 Forward Cylinder .  

The 611-4-12 Rear Cyl inder  chamber is enclosed a t  t h e  

a f t  end by t h e  611-4-10 Rear Cover which is secured by 

socket  head cap  screws which p a s s  through t h e  611-4-11 

Rear c y l i n d e r  Flange and i n t o  t h e  Rear Cover. The Rear 

Cyl inder  chamber is enclosed a t  t h e  forward end by t h e  

611-4-26 O r i f i c e  P l a t e  and t h e  "8 inch  Valve" which 

i n i t i a l l y  c o n f i n e s  t h e  h igh p r e s s u r e  gas t o  t h e  Rear Cyl- 

i n d e r  chamber by s e a l i n q  t h e  8 i n c h  diameter  passageway 

conta ined w i t h i n  t h e  o r i f i c e  P l a t e .  

The movinq element assembly of t h e  "8 inch  Valve" 

c o n s i s t s  of  t h e  611-4-22 Valve P i s ton :  t h e  611-4-20 Valve 

Connectinq Rod: t h e  611-4-25 Valve Flow ~ e s t r i c t o r t  t h e  

611-4-17 Valve Sea l  P i s t o n ;  and t h e  611-4-16 Valve Lock 

Nut. The b a s i c  manner of o p e r a t i o n  of t h e  s u b j e c t  Valve 

is a s  fo l lows t  



1. ~elatively low pressure gas, which is termed as 

"Valve Close Pressure", is introduced into the chamber 

between the 611-4-17 Valve Seal Piston and the 

611-4-13 Valve Rear Cover which then forces the 

valve moving element assembly forward to "place" 

the Valve in its closed position. 

This action causes the peripheral seal ring con- 

toured on the 611-4-22 Valve Piston to sngage the 

611-4-26 orifice Plate passageway and causes the 

face seal rl'.nq contained on the 611-4017 Valve Seal 

Piston to make contact with the aft surface of the 

611-4-18 Valve Orif ice. 

2. Relatively high fluid pressure is then effected, 

by means of an accumulator/solenoid valves assembly 

located in the control console, in the chamber be- 

tween the 611-4-22 Valve Piston and the 611-4-17 

Valve Seal Piston. 

This fluid pressure acts over the aft surface of the 

611-4-22 Valve Piston from the outer diameter of said 

Piston to the diameter of the 611-4-20 Valve Connecting 

Rod 



This f l u i d  pressure a l s o  a c t s  over t h e  forward 

sur face  of t h e  611-4-17 Valve Seal  P i s ton  from t h e  

s ea l ing  point  of t h e  face seal r i ng  t o  t h e  diameter 

of t h e  611-4-20 Valve Connecting Rod. 

The ne t  f l u i d  pressure  fo rce  is a  forward ac t ing  

force which tends  t o  help  t h e  valve i n  its closed 

pos i t ion .  

3.  Due t o  t h e  fact t h a t  t h e  fluid pressure  causes a 

valve  c lo su re  fo rce  t h e  low pressure  Valve Close 

Pressure  gas  can and is exhausted. 

4. Gas pressure ,  which is termed Valve Open Pressure ,  

is  introduced i n t o  t h e  chamber between t h e  611-4-23 

Separator P l a t e  and t h e  611-4-22 Valve Pis ton.  

T h i s  p ressure  causes a fo rce  which tends  t o  open 

t h e  valve and ncrna l ly  t h e  r a t i o  between t h e  Valve 

Fluid Pressure  and Valve Open Pressure  should be 1.5 

t o  1 ( i . e . r  i f  t h e  Valve Open Pressure is t o  be 

500 p s i  then t h e  F l u i d  Pressure  employed should be 

750 p s i  ).  



5. Wk.en it is d e s i r e d  t o  open t h e  v a l v e , a  s w i t c h  is 

dep res sed  a t  t h e  c o n s o l e  which opens a s o l e n o i d  v a l v e  

s o  a s  t o  a l l o w  t h e  f l u i d  t o  f low i n t o  t h e  c o n s o l e  

accumula tor  t o  t h e r e b y  a l l o w  t h e  v a l v e  moving ele- 

ment assembly t o  move toward an  open p o s i t i o n .  

A f t e r  s l i g h t  motion h a s  o c c u r r e d  t h e  f a c e  s e a l  r i n g  

on t h e  611-4-17 Valve S e a l  P i s t o n  b r e a k s  c o n t a c t  w i t h  

t h e  a f t  s u r f a c e  o f  t h e  611-4-18 Valve O r i f i c e  t o  

t h e r e b y  a l low any remaining f l u i d  p r e s s u r e  t o  a c t  o v e r  

e q u a l  a r e a s  o f  t h e  611-4-22 Valve P i s t o n  and t h e  

611-4-17 Valve Seal P i s t o n  t h e r e b y  c a u s i n q  a n e t  

zerc f o r c e .  

6. The Valve Open P r e s s u r e  g a s  f o r c e  t h e n  moves t h e  

v a l v e  t o  i ts  open p o s i t i o n  which c a u s e s  t h e  p e r i -  

p h e r a l  s e a l  r i l g  on t h e  611-4-22 Valve P i s t o n  t o  be 

removed from t h e  611-4-26 O r i f i c e  P l a t e  passageway 

t h e r e b y  a l lowing  t h e  g a s  p r e s s u r e  c o n t a i n e d  i n  t h e  

Rear  C y l i n d e r  chamber, which is termed ~ c r ? l e r a t i o n  

P r e s s u r e ,  to f low throuqh t h e  p o r t s  l o c a t e d  i n  t h e  

611-4-24 Valve P o r t  C y l i n d e r  and th rough  t h e  O r i f i c e  

P l a t e  passaqeway t o  t h e n  a c t  o v e r  the a f t  s u r f a c e  of  

t h e  611-4-27 P i s t o n .  



7. The purpose of t h e  611-4-25 Valve Flow R e s t r i c t o r  

is t o  cause  t h e  i n i t i a l  v a l v e  openinq phase t o  occur 

r a t h e r  slowly by g r e a t l y  r e s t r i c t i n q  t h e  flow of t h e  

f l u i d  from t h e  charnber forward of t h e  611-4-18 

Valve o r i f i c e  t o  t h e  chamber a f t  of t h e  Valve O r i f i c e  

f o r  the f i r s t  1 .25 inches  of va lve  motion. 

Following c h i s  phase  t h e  f l u i d  flow a r e a  is g r e a t l y  

inzreased t o  the reby  permit  very r a p i d  va lve  opening. 

The n e c e s s i t y  of t h i s  "two p\aseW v a l v e  o,;eninq 

a c t i o n  w i l l  be d i s c r ~ s s e d  f u r t h e r  on i n  t h ~ ,  s e c t i o n .  

8. ~ e c e l e r a t i o n  of t h e  va lve  moving element assembly 

is accomplished by  the s p e c i a l l y  contoured "pluc~", 

l o c ~ t e d  a t  t h e  a f t .  end of the 611-4-22 Valve P i s t o n ,  

e n t e r i n g  t h e  611-4-18 Valve O r i f i c e  passageway t o  

thereby produce a c o n t r o l l e d  f l u i d  p r e s s u r e  f o r c e  

a g a i n s t  t h e  a f t  s u r f a c e  of t h e  Valve P i so tn .  

The approximate g a s  pressure volume of t h ~  Hear Cyl inder  

chamber is 20 ,204  c u b i c  inches.  



The ac tua to r  assembly middle chamber is enclosed by 

t h e  611-4-28 Fluid Chamber Cylinder and is closed a t  t h e  

ends by t h e  flanged a t tached 611-4-26 O r i f i c e  P l a t e  a t  t h e  

a f t  end and by t h e  flanged a t tached 611-4-30 Fluid  O r i f i c e  

P l a t e  a t  t h e  forward end. This chamber js f i l l e d  with 

f l u i d ;  which is water wi th  an appropr ia te  amount of r u s t  

inh ib i to r .  

The 611-4-27 P is ton  is connected to t h e  611-4-97 

Separator Column by means of the 611-4-45 P is ton  Stud. The 

611-4-96 Support P i s ton  is f lange  connected t o  t h e  Separa- 

tor Column with socket head cap screws employed. The 

611-4-95 Metering Column is male thread connected t o  t h e  

Support P i s ton  a t  t h e  a f t  end and male thread connected 

to t h e  611-4-32 Separator P i s ton  a t  t h e  forward end. The 

bore of t h e  611-4-28 Fluid  Chamber Cylinder is 15.220 inches  

anti is hard chrome pla ted.  

When t h e  "8 inch Valve" is opened t h e  Accelerat ion 

Pressure  gas  is allowed t o  a c t  over t h e  a f t  su r f ace  of t h e  

611-4-27 Pis ton t o  thereby produce a p o s i t i v e  output  forc, 

which w\en appl ied t o  a "free moving" mass w i l l  r e s u l t  i n  

acce le ra t ion ,  ve loc i ty ,  and displacement be achieved. 



The 611-4-95 Meterinq Column h a s  a contour  which is 

s p e c i a l l y  desiqned t o  permit  a s p e c i f i c  f l u i d  flow a r e a  

t o  occur a t  a q iven displacement and/or a t  a g iven p o i n t  

i n  t i m e .  The f l u i d  p r e s s u r e  drop a c r o s s  t h e  611-4-30 

F lu id  O r i f i c e  P l a t e  and t h e r e f o r e  t h e  f l u i d  p r e s s u r e  

a c t i n q  on t h e  forward s u r f a c e  of t h e  611-4-96 Support 

P i s t o n  is beinq c o n t r o l l e d  by t h e  Metering Column es- 

t a b l i s h i n g  a n  e f f e c t i v e  f l u i d  flow a r e a  a t  a g iven  "pis ton"  

v e l o c i t y .  ny one knowing the i n s t a n t a i n e o u s  g a s  p r e s s u r e  

a c t i n q  on t h e  a f t  s u r f a c e  of  t h e  611-4-27 P i s t o n  and by 

e f f e c t i n g  a s p e c i f i c  f l u i d  p r e s s u r e  a c t i n g  on t h e  forward 

s u r f a c e  of  t h e  611-4-96 Support P i s t o n  then t h e  n e t  

output  f o r c e  can be c o n t r o l l e d  for both p o s i t i v e  l e v e l s  

t o  apply a c c e l e r a t i o n  and/or n e g a t i v e  l e v e l s  t o  apply 

qece le ra t ion .  

The  a c t u a t o r  forward chamber is enclosed by t h e  

~11-4-34 Forward Cylinder  and is c losed  a t  t h e  ends  by 

t h e  f l a n g e  a t t a c h e d  611-4-30 F lu id  O r i f i c e  P l a t e  a t  t h e  

a f t  end and by the f l a n q e  a t t a c h e d  611-4-40 Forward Cover 

a t  t h e  forward end. The forward end of t h e  611-4-95 

Meterinq Column is male th read  connected t o  t h e  611-4-32 

Separa tor  P i s t o n  and t h e  611-4-42 Main Column is f langed 

connected t o  t h e  forward s u r f a c e  o f  t h e  611-4-32 Separa to r  



Pis ton .  The 611-4-39 ~ u s h i n g ,  l o c a t e d  w i t h i n  t h e  Forward 

Cover, is made from b r a s s  and is employed t o  gu ide  t h e  

Main Column. 

The Forward c y l i n d e r  chamber, i n  p a r t ,  a c t s  simply 

a s  3 r e c e i v e r  to accept  t h e  f l u i d  be ina  d i sp laced  from t h e  

611-4-28 F l u i d  Chamber Cyl inder  a s  t h e  shock environment 

is being produced. 

There a r e  two ( 2 )  ~ e l i e f  Valves a t t a c h e d  t o  t h e  o u t e r  

pe r iphery  of  t h e  Forward Cyl inder  a t  t h e  extreme forward 

end of  s a i d  chamber. These R e l i e f  Valves a r e  employed to  

exhaust t h e  atmospheric  p r e s s u r e  g a s  l o c a t e d  i n  t h e  chamber 

forward of  t h e  611-4-32 Separa to r  P i s t o n  a s  s a i d  P i s t o n  is 

beina  d i sp laced  dur ing  t h e  shock environment. It is found 

t h a t  for r e l a t i v e l y  long s t r o k e  shock p u l s e s  t h a t  when 

t h e  s u b j e c t  chamber h a s  an  i n i t i a l  p r e s s u r e  of 14.7 p s i  

t h a t  a t  t h e  conclus ion  of s a i d  s t r o k e  t h e  p r e s s u r e  w i l l  

i n c r e a s e  t o  s e v e r a l  hundred p s i  and the reby  t h i s  g a s  must 

be  permi t ted  t o  exhaust  dur ing  t h e  shock s t roke .  

When it is d e s i r e d  t o  move t h e  a c t u a t o r  assembly 

movinq elements  t o  t h e i r  i n i t i a l  r e t r a c t e d  p o s i t i o n  r e l a -  

t i v e l y  low p r e s s u r e  g a s  i s  in t roduced through t h e  611-4-40 



Forward Cover and i n t o  t h e  chamber forward of t h e  611-4-32 

Separa to r  P i s ton .  A t  t h i s  t i m e  t h e  same g a s  p r e s s u r e  is 

in t roduced i n t o  t h e  611-4-35 Exhaust Valve Cyl inders  t o  

a c t  on t h e  aft s u r f a c e  ~f t h e  611-4-37 Valve S e a l  P i s t o n  

to  thereby force t h e  f a c e  s e a l i n g  r i n g ,  Zocated on t h e  

forward s u r f a c e  of t h e  Valve Sea l  P i s t o n s ,  a g a i n s t  t h e  

p o r t  s e a l i n q  s u r f a c e  on t h e  611-4-34 Forward Cyl inder ,  

Th i s  a c t i o n  c o n f i n e s  t h e  aforementioned low p r e s s u r e  gas ,  

termed R e t r a c t  P ressure ,  t o  t h e  forward chamber. The 

pneumatic c o n t r o l  c i r c u i t  a s s o c i a t e d  w i t h  t h e  R e t r a c t  Pres-  

s u r e  i n t o r d u c t i o n  is ar ranqed to exhaust  t h e  s u b j e c t  g a s  

Dressure from only  t h e  t w o  ( 2 )  611-4-35 Exhaust Valve 

Cyl inder  chambers such t h a t  t h e  p r e s s u r e  remaining i n  t h e  

Forward Cyl inder  chamber w i l l  f o r c e  the 611-4-37 Vat-. 

S e a l  P i s t o n s  t o  an  open p o s i t i o n  to  the reby  t o t a l l y  ex- 

haus t  a l l  R e t r a c t  P r e s s u r e  p r i o r  t o  conducting t h e  tests 

and w i l l  r e s u l t  i n  t h e  ~ e l i e f  Valves ke ing i n  an open 

p o s i t i o n  so a s  t o  a l low t h e  g a s  i n  t h e  Forward Cyl inder  

chamber t o  be exhausted a s  Separa to r  P i s t o n  displacement  

occu rs . 

Two ( 2 )  p o r t s  e x i s t  i n  t h e  611-4-34 Forward Cyl inder  

a t  d i a m e t r i c a l l y  o p p o s i t e  l o c a t i o n s .  This  c y l i n d e r  should 



b1- p o s i t i o n e d  so a s  t o  have  one  p o r t  a t  t h e  t o p  and one  

1: ,rt a t  t h e  bottom o f  t h e  a c t u a t o r  assembly.  These p o r t s  

cre employed t o  f i l l  and pu rge  t h e  a c t u a t o r  assembly 

l ' lu id  chamber. The e n t i r e  movinq e l e m e n t s  assembly shou ld  

be moved f u l l y  outward so a s  t o  f u l l y  ex t end  t h e  Main 

C ~ l u m n  by i n t r o d u c i n q  l o w  p r e s s u r e  g a s  behind  t h e  611-4-27 

F i s t o n .  The f l u i d  ( w a t e r )  shou ld  be i n t r o d u c e d  th rough  

t h e  bottom p o r t  and t h e  g a s  shou ld  be removed th rough  t h e  

t o p  p o r t .  When a l l  g a s  h a s  been removed and a  p u r e  f l u i d  

s t r eam d i s c h a r g e s  from t h e  t o p  p o r t  t h e  chamber is f i l l e d  

and purged. The t w o  p o r t s  shou ld  be shu t -o f f  and t h e  

wovinq e l e m e n t s  assembly r e t r a c t e d  by i n t r o d u c t i o n  of 

R e t r a c t  P r e s s u r e .  

Immediately p r i o r  t o  conduc t ing  a  shock test t h e  

a c t u a t o r  assembly moving e l e m e n t s  a r e  p o s i t i o n e d  a s  shown 

by drawinq number 611-4-A. A t  t h i s  t i m e  t h e  f l u i d ,  con- 

t a i n ~ - d  betweel.; t h e  611-4-30 F l u i d  O r i f i c e  P l a t e  and t h e  

611-4-96 "?:pDort P i s t o n ,  is a t  a tmosphe r i c  p r e s s u r e .  When 

t h e  " 8  i n c h  Valve" is opened and t h e  A c c e l e r a t i o n  P r e s s u r e  

i- a l l owed  t o  a c t  o v e r  t h e  aft s u r f a c e  o f  t h e  611-4-27 

,Jistm a n e t  p o s i t i v e  o u t p u t  f o r c e  is a t t m p t e d .  However, 

a t  t h e  i n i t i a t i o n  of t h e  shock p u l s e  t h e  n e t  o u t p u t  f o r c e  



must s t a r t  a t  z e r o  so a s  t o  s t a r t  a t  z e r o  a c c e l e r a t i o n .  

T h e r e f o r e  t h e  f l u i d  chamber p r e s s u r e  must be i n c r e a s e d  t o  

a  lmel which w i l l  produce a f o r c e  on t h e  forward s u ~  f a c e  

o f  the 611-4-96 Support  P i s t o n  which e q u a l s  t h e  f o r c e  on 

t h e  a f t  s u r f a c e  o f  t h e  611-4-27 P i s t o n .  T h i s  is accomp- 

l i s h e d  by t h e  e n t i r e  moving e lement  assembly moving 

forward and due  t o  t h e  e x i s t e n c e  of t h e  r e l a t i v e l y  l o n g  

s h o u l d e r  on t h e  forward  end o f  t h e  611-4-95 ~ e t e r i n g  

Column t h e  compressed f l u i d  e s s e n t i a l l y  is not p e r m i t t e d  

t o  d i s c h a r g e  th rough  t h e  611-4-30 F l u i d  O r i f i c e  P l a t e .  

R e l a t i v e  t o  s p e c i f i c  f i g u r e s  t h e  a r e a  of t h e  611-4-27 

P i s t o n  a f t  s u r f a c e  is 181.844 s q u a r e  i n c h e s ;  t h e  e f f e c -  

t i v e  a r e a  of t h e  611-4-96 Support  P i s t o n  forward  s u r f a c e  

is 120.01 s q u a r e  i n c h e s ;  and t h e  approximate  f l u i d  

volume is 11,500 c u b i c  inches .  With s a y  1,000 p s i  A c c e l -  

e r a t i o n  P r e s s u r e  a p p l i e d  t o  t h e  a f t  s u r f a c e  o f  the 611-4-27 

P i s t o r ,  d f l u i d  p r e s s L r e  o f  1515 psi must b e  e f f e c t e d  t o  

c a u s e  e q u a l  o p p o s i t e  f o r c e s .  The f l u i d  chamber must be 

"shor tened"  t o  a c h i e v e  t h e  above and t h e  a c t u a l  amount can  

be determined i n  t h e  fo l lowinq  manner: 

E = b u l k  modulas of 300,000 p s i  

= f l u i d  p r e s s u r e  

4 2 f l u i d  chamber s t r a i n  



1515 - .00505 in./in. = 3m300 - 
d v  (volume chanqe) = .00505 (11.500) = 58.075 cu. in. 

58.075 Piston ~isplac~ment required = -- 120.01 - - .484 - inches - 

 his piston displacement and fluid chamber compression 

will occur immediately upon application of the Acceleration 

Pressure to the 611-4-27 Piston. It is desireable that 

this action occur over a sufficient time per503 so that a 

"pre-test shock" will - not be imparted to the test article. 

It is for this reason that the 611-4-25 Valve Flow Restrictor 

exists within the "8  inch Valve" such that the initial valve 

openinq phase occurs "slowly" while the fluid compression 

is beinq accomplished which is then followed by a rapid 

valve openinq phase when producing the shock pulse. 

The shock forces are transmitted through the 611-4-42 

~ a i n  Column which contains the 611-4-41 Column Forward 

Flange. The 611-3 Column Guide assembly is attached to the 

forward end of the Main Column and is intended to support 

the static weiqht of the Main Column as outward motion 

occurs as well as to distribute the shock force over a rei- 

atively larqe area of the carriage aft surface. When c c n -  

ductinq full (sine) wave shock pulses the actuator moving 

element assembly is rigidly attached to the carriage and 



f o r  such  c a s e s  the ~ a i n  Column c o u l d  be d i r e c t l y  connec ted  

t o  t h e  c a r r i a g e ,  However, f o r  h a l f  ( s i n e )  wave shock 

p u l s e s  t h e  a c t u a t o r  moving elament  assembly s imply  f o r c e s  

a g a i n s t  t h e  c a r r i a g e  and s e p a r a t i o n  o c c u r s  a t  the i n i t i a t i o n  

o f  t h e  d e c e l e r a t i o n  or  n e g a t i v e  phase  w i t h  t h e  c a r r i a g e  

moving away from the a c t u a t o r  movicg element  assembly.  

For  s u c h  tests t h e  611-3 Column ~ u i d e  assembly is r e q u i r e d  

and therefore is employed f o r  a l l  tests. 

The "shoulder"  e x i s t i n g  a t  t h e  o u t p u t  end o f  t h e  

611-4-42 Main Column engages  a  " c l o s e - f i t t i n g "  c o u n t e r b o r e  

c o n t a i n e d  w i t h i n  the Column Guide a f t  s u r f a c e  and t h e  

611-4-41 Column Forward F lanqe  is connec ted ,  by means o f  

cap screws, t o  t h e  th readed  i n s e r t  b o l t  p a t t e r n  e x i s t i n g  

a t  t h e  Column ~ u i d e  a f t  s u r f a c e .  

The Column Guide is i n s t r u c t e d  to  "enc lose"  three 

s i d e s  nf e a c h  ~ u i d e  Track  be ing  t h e  i n s i d e ;  t o p ;  and bottom 

s u r f a c e s .  The 611-3-13 Guide I n s e r t s  a r e  mads from b r a s s  

p l a t e  and are p o s i t i o n e d  w i t h i n  t h e  a p p r o p r i a t e  Column Guide 

members s o  a s  t o  c o n t a c t  t h e  a forement ioned  G u i d e  Track  

s u r f a c e s  w i t h  set screws "behind" each  Guide I n s e r t  employed 

fo r  a d j u s t i n g  t h e  d e s i r e d  c l e a r a n c e  and for a d j u s t i n g  means 

a s  wear occu r s .  



The forward plate of the 611-3-10 Center Member makes 

contact with the aft ~brface of the carriage and contains 

clearance holes :or employinq cap screws to secure to in- 

serts contained within the carriaqe aft surface when con- 

ductinq full (sine) wave shock pulses. When half (sine) 

wave shock pulses are to be produced these attachment cap 

screws are removed. 

The drawing number 611-2.presents the Carriage and 

~ u i d e  Track system. The Carriaqe is basically a 6061 

aluminumweldment with a "bolt-on" rear plate. The 1.00 

inch thick forward test article mounting   late is 48.00 

inches by 48.00 inches and contains threaded inserts for 

fixture attachment. The overall depth of the carriage 

is 36.00 inches. 

The 611-2-18 Guide Bodies are attached to the carriage 

side surfaces by means of socket head shoulder bolts with 

four (4) located above and four ( 4 )  located below the 

Guide Tracks. These Guide Bodies contain the brass 611- 

2-19 Guide Plates which are contained within "close-fitting" 

rectanqular shaped counterbores. The Guide Plates are 

su~ported by set screws to permit establishment of desired 

clearance and to provide adjustment for wear. 



The c a r r i a g e  s i d e  s u r f a c e s  c o n t a i n  r e c t a n g u l a r  shaped 

c o u n t e r b o r e s  f o r  a c c e p t a n c e  o f  t h e  b r a s s  611-2-25 Guide 

P l a t e s  w i t h  f o u r  ( 4 )  Guide P l a t e s  on e a c h  s i d e  o f  the 

c a r r i a q e .  These Guide P l a t e s  a r e  suppor t ed  by set screws 

t o  permi t  e s t a b l i s h m e n t  of d e s i r e d  c l e a r a n c e  and t o  p r o v i d e  

ad jus tment  for  wear. The 611-2-23 c a r r i a g e  Rear P l a t e  

must be removed t o  p r o v i d e  a c c e s s  t o  t h e s e  set screws. 

When conduc t ina  h a l f  (sine) wave shock p u l s e s  c a r r i a g e  

b r a k e s  must be employed t o  produce  the r e l a t i v e l y  l o w  l e v e l  

d e c e l e r a t i o n  or n e q a t i v e  p u l s e  which w i l l  r educe  t h e  

v e l o c i t y  t o  zero a s  t h e  c a r r i a g e  moves "down" t h e  g u i d e  

track system.  is is accomplished by e i g h t  (8)  pneumatic  

o p e r a t e d  f r i c t i o n  b r a k e  a s s e m b l i e s  t h a t  a r e  a t t a c h e d  t o  

t h e  c a r r i a g e  s i d e  s u r f a c e s  by means of s o c k e t  head s h o u l d e r  

bol ts  w i t h  t w o  ( 2 )  a s s e m b l i e s  l o c a t e d  above and below t h e  

~ u i d e  Tracks  on each side of t h e  c a r r i a g e .  Each 611-2-12 

Rrake Body c o n t a i n s  a  pr imary  pneumatic  a c t u a t o r  and a  re- 

dun tan t  pneumatic  a c t u a t o r  w i t h  t w o  ( 2 )  611-2-17 Brake 

P r e s s u r e  Tanks employed w i t h  one  ( 1 )  t a n k  supp ly ing  t h e  

pr imary b r a k e  c i r c u i t  and one  (1) t a n k  supp ly ing  t h e  re- 

dun tan t  b rake  c i r c u i t .  A common gas p r e s s u r e  s o u r c e  pro- 

vides the b r a k e  p r e s s u r e  t o  e a c h  t ank .  T h e r e f o r e  t h e  pr imary 

and redundant  b r a k e  pressures are t h e  same and are d i r e c t e d  

t o  t h e  b r a k e  a c t u a t o r s  a t  t h e  same t i m e .  The pr imary  



brake  p r e s s u r e  is in t roduced i n t o  t h e  611-2-12 Brake Body 

p o r t  t o  thereby a c t  over  t h e  t o p  s u r f a c e  of t h e  611-2013 

Lower P i s t o n  which then  f o r c e s  t h e  611-2-15 Lining H o l d e r  

downward and f o r c e s  t h e  611-2-16 Brake Lining a g a i n s t  t h e  

qu ide  t r a c k  su r face .  Th i s  primary brake  p r e s s u r e  a l s o  a c t s  

a q a i n s t  t h e  lower s u r f a c e  of t h e  611-2-11 Upper P i s t o n  

t o  f o r c e  s a i d  p i s t o n  upward a q a i n s t  t h e  "shoulder" c r e a t e d  

by t h e  611-2-10 Brake Cover. The redundant brake  p r e s s u r e  

is in t rodvced i n t o  t h e  611-2-10 Brake Cover p o r t  t o  thereby 

a c t  over  t h e  t o p  s u r f a c e  of t h e  611-2-11 Upper P i s t o n .  

T h i s  t o p  s u r f a c e  a r e a  is s l i q h t l y  smal le r  than  t h e  lower 

sur-face a r e a  and t h e r e f o r e  t h e  611-2-11 Upper P i s t o n  re- 

mains i n  its upward p o s i t i o n .  I n  t h e  event  t h a t  t h e  

primary b rake  p r e s s u r e  is **lost* '  t h e  redundant brake  pres-  

s u r e  w i l l  f o r c e  t h e  611-2-11 Upper P i s t o n  downward, s i n c e  

t h e  p r e s s u r e  a c t i n q  over  t h e  lower a r e a  of s a i d  p i s t o n  is 

" l o s t " ,  and t r ansmi t  s a i d  requ i red  f o r c e  through t h e  

611-2-13 Lower P i s t o n  t o  t h e  brake  l i n i n g .  The compression 

s p r i n q  l o c a t e d  i n  t h e  chamber below t h e  611-2-13 Lower 

P i s t o n  r e t r a c t s  t h e  brake  l i n j n g  away from t h e  gu ide  t r a c k  

s u r f a c e  upon removal of t h e  brake p r e s s u r e ( s ) .  

The d e c e l e r a t i o n  o r  n e g a t i v e  l e v e l  is c o n t r o l l e d  by 

t h e  brake  p r e s s u r e  employed and g e n e r a l l y  should be of such 



a  l e v e l  s o  a s  t o  a l low c a r r i a q e  t r a v e l  "over" t h e  major i ty  

of t h e  gu ide  t r a c k  l e n q t h  s o  a s  t o  minimize the d e c e l e r a t i o n  

phase e f f e c t  on t h e  test a r t i c l e .  

The guide  t r a c k  system b a s i c a l l y  c o n s i s t s  of  two ( 2 )  

t r a c k s  l o c a t e d  a t  each  s i d e  of t h e  c a r r i a g e  with each t r a c k  

composed of  f i v e  ( 5 )  611-2-20 Guide Track S e c t i o n s  being 

"joined" a t  t h e  ends s o  a s  t o  r e s u l t  i n  a 50 f t .  long 

t r a c k  system. The 611-2-20 Guide Track S e c t i o n s  a r e  made 

from steel rec tangu la r  tub ing  wi th  a l l  f o u r  ( 4 )  s i d e s  

s u r f a c e  qround s o  a s  t o  have t h e  same s i z e ,  shape and sur-  

f a c e  f i n i s h .  There a r e  twelve (12)  Support S ~ a n d s  wi th  

s i x  (6 )  a lonq each t r a c k  l o c a t e d  wi th  one (1) a t  each end 

of the  t r a c k  and one ( 1 )  3t  each t r a c k  s e c t i o n  " jo in t " .  

The in te rmedia te  S tands  e q u a l l y  span a  " j o i n t "  and con ta in  

at tachment  b o l t  a s  w e l l  a s  r e g i s t e r i n g  p ins .  

With an  o v e r a l l  t r a c k  l e n g t h  of 50 f t .  t h e  "useable" 

t r a c k  l e n q t h  f o r  both  t h e  a c c e l e r a t i o n  and d e c e l e r a t i o n  

environments is  approximately 41  f t .  when cons ide r ing  t h a t  

t h e  foam b a r r i e r  a t  the track end consumes 4 f t .  of  t r a c k  

l enq th  and t h e  c a r r i a q e ;  co1um-1 guide;  and i n i t i a l  a c t u a t o r  

column ex tens ion  consume approxirnately 5 f t .  of t r a c k  l eng th .  



The aforementioned available track length is only required 

when producinq half (sine) wave shock pulses and the carriage 

travel experienced during the deceleration phase can be 

determined and/or controlled by the following analysis: 

1. netermine the maximum velocity achieved during 

the acceleration phase. 

For half sine pulses the formula employed for 

said determination is 

K = peak acceleration level in G ' s  

G = 386 in/sec./sec. 

iJ = 2 ;/3- - and tfr pulse duration in seccnds 
2 tc 

As an example - for a 30 G, 100 ms, half sine the 
maximum velocity is 

2. The formula employed to determine the deceleration 

travel for the trapezoidal waveform produced by 



the carriaqe brake system is 
', 

pl= deceleration level in G ' s  

If one employes a brake pressure which will pro- 

duce a deceleration level which is 19% of the 

acceler .tion level or 3.0 G *  s the resulting tra- el 

e..,jerienced during the deceleration phase is 

X =  - 2 ( 3 ) 3 8 6  (73L - ' 2.35 inches or 19.6 ft. 

3. The displacement experienced durinq the acceleration 

phase for a half sine shock pulqe is determined 

by the following formula 

For a 30 G, 1 " ms, half sine pulse the -ncelexation 

displacement is 

x = 30( 386) 
31.4 ( . l o )  = 36.88 inches 

4. Therefore when producing a 30 G, 100 ms, half sine 

acceleration *.se followed by a 3G decelerat ioc 

phase the total displacement experienced is 

271.88 inches or 22.66 it.. 



5. If one desires to minimize the deceleration level 

by reducing the brake pressure employed and to 

consume more of the available track length the 

above equations can be used in the following 

manner z 

Track lenqth to be consumed of say 36 feet or 

43: inches. 

The available deceleration travel is then 432 

inches less the acceleration displacement of 

36.88 inches or, say, 395 inches. 

The resulting deceleration level to be produced 

6. The specific brake pressure required should be 

selected on an experience basis but a close 

approximation can be determined as follows: 

The total carriage weiqht is aprroximately 1384 

counds an3 if one employes a total test article 

weiqht of say 500 pounds then the weight to be 

decelerated by the c r 'age brakes is 1884 pounds. 



If the deceleration level is to be 3 G ' s  then the 

required deceleration force is 3 X 1884 = 5652 

pounds which is applied by eight (8) brake actuator 

or then 707 pounds deceleration force per brake 

actuator. 

It can generally be considered that the coefficient 

of friction of the automtiwtype brake lining 

against the steel track surface at the velocities 

experienced is approximately 0.30. 

Consequently the required normal force per brake 

actuator is 

Fd = FN X Cf 

707 = FN (0.30) 

F~ = 2357 pounds 

The diameter of the brake actuator piston(s) is 

4.00 inches and the resulting effective area is 

12.56 sq. in.. 

Therefore the theoretical brake pressure required 

2 357 - = 188 psi 
12.56 - 



S e c t i o n  111: Opera t ing  P rocedures  

A. F u l l  Wave Shock P u l s e s  

1. I n s t a l l  t h e  twelve ( 1 2 )  s o c k e t  head c a p  screws 

so a s  t o  a t t a c h  t h e  c a r r i a g e  assembly t o  t h e  

a c t u a t o r  colrimn guide assembly.  

2. I n t r o d u c e  e l e c t r i c a l  power and s u p p l y  p r e s s u r e  

of no  less t h a n  500 p s i  more t h a n  t h e  maximum 

c o n t r o l  c i r c u i t  p r e s s u r e  t o  be used  for a 

g i v e n  test and no  g r e a t e r  t h a n  3000 ps i  t o  t h e  

c o n t r o l  conso le .  

3. Depress  t h e  c o n s o l e  Power switch ( l i g h t  o n ) .  

4. ~ s t a b l i s h  t h e  r e q u i r e d  ~ c c e l e r a t i o n  P r e s s u r e  

by means of  t h e  r e g u l a t o r  on t h e  c o n s o l e  

f r o n t  pane l .  

5. Check t o  make c e r t a i n  t h a t  t h e  correct p r e s -  

s u r e s  e x i s t  a t  t h e  R e t r a c t  P r e s s u r e ,  Valve 

Open P r e s s u r e ,  V ~ l v e  Close P r e s s u r e  and Valve 

Fluid P r e s s u r e  gauges  l o c a t e d  on t h e  c o n s o l e  

f r o n t  panel. 



6. Depress t h e  R e t r a c t  swi tch  ( l i g h t  on)  and wai t  

u n t i l  t h e  a c t u a t o r  moving element is f u l l y  

r e t r a c t e d  and u n t i l  t h e  r e t r a c t  p r e s s u r e  gzuqe 

"reads" t h e  o r i g i n a l  pzessure  s e t t i n q .  

7. Depress t h e  Valve C l o s e  swi tch  ( l i g h t  on)  and 

wa i t  f o r  a  pe r iod  of 10 seconds and/or u n t i l  

t h e  va lve  c l o s e  p r e s s u r e  gauge "reads" t h e  

o r i g i n a l  p r e s s u r e  s e t t i n g .  

8. Depress t h e  Valve F l u i d  P r e s s u r e  swi tch  

( l i q h t  on)  and wa i t  f o r  a  pe r iod  of 1 0  seconds 

and/or u n t i l  the va lve  f l u i d  p r e s s u r e  gauge 

"reads" t h e  o r i q i n a l  p r e s s u r e  s e t t i n g .  

9. Depress t h e  Valve Open P r e s s u r e  swi tch  ( l i g h t  

on)  and wa i t  for a p e r i o d  of 10 seconds and/or 

u n t i l  t h e  v a l v e  open p r e s s u r e  gauge "reads" 

the o r i g i n a l  p r e s s u r e  s e t t i n g .  

10. With no p r e s s u r e  wi th in  t h e  brak? p r e s s u r e  

c i r c u i t  ( a s  i n d i c a t e d  on t h e  f r o n t  panel  d i s -  

p l a y )  depress  t h e  Rrake P r e s s u r e  and t h e  Rrake 



Connector Bypass switches (lights on) and 

no minimum time period is required. 

11. With the proper acceleration pressure indi- 

cated on the front @anel display - depress 
the ~cceleration Pressure switch (light on) 

and wait for a period of 3 minutes (180 

seconds) and/or until the acceleration 

pressure display "reads" the original pres- 

sure settinq and until all retract pressure 

has been exhausted. 

12. When all systems are ready - depress the 
System Ready switch (light on) to place 

the machine in a "ready-to-fire" condition 

and wait for a period of no less than 10 

seconds. 

13. To conduct the test depress the Test Initiate 

switch (liqht on) and continue to depress until 

the test has been conducted. 

14. Following the test and when it is desired to 

return the carriage to its original position - 



depress  t h e  System R e s e t  switch.  The l e f t  

l i g h t  i n d i c a t e s  t h e  f i r s t  phase  of  reset; 

t h e  r i q h t  l i g h t  i n d i c a t e s  t h e  f i n a l  phase of 

reset; and when both  l i g h t s  a r e  o f f  and t h e  

a c t u a t o r  moving element is f u l l y  r e t r a c t e d  

t h e  reset phase is completed. 

15. Depress t h e  Power swi tch  ( l i g h t  o f f )  t o  

remove power from t h e  c o n t r o l  c i r c u i t s .  

16. Exhaust t h e  supply p r e s s u r e  inpu t  t o  t h e  

c o n t r o l  console .  

R. Half Wave Shock P u l s e s  

1. Remove t h e  twelve ( 1 2 )  socket  head cap  screws 

s o  a s  t o  r e l e a s e  t h e  c a r r i a g e  assembly from 

t h e  column guide assembly. 

2. In t roduce  e l e c t r i c a l  power and supply p r e s s u r e  

of no less than  500 p s i  more than  t h e  maximum 

c o n t r o l  circdit p r e s s u r e  t o  be  used f o r  a given 

test and no g r e a t e r  than  3,000 p s i  t o  t h e  

c o n t r o l  console .  



3. Connect t h e  brake  p r e s s u r e  d i sconnec t s  and 

t h e  e l e c t r i c a l  connector  t o  t h e  c a r r i a g e  

assembly. 

4. Depress t h e  conso le  Power swi tch  ( l i g h t  on)  

5 .  E s t a b l i s h  t h e  r e q u i r e d  ~ c c e l e r a t i o n  P r e s s u r e  

by means of  t h e  r e g u l a t o r  on t h o  conso le  

f r o n t  panel .  

6 .  E s t a b l i s h  t h e  r e q u i r e d  Brake P r e s s u r e  by 

means of t h e  r e g u l a t o r  on t h e  conso le  f r o n t  

panel .  

7. Check t o  make c e r t a i n  t h a t  t h e  c o r r e c t  

p r e s s u r e s  e x i s t  a t  t h e  R e t r a c t  P ressure ,  Valve 

Open P r e s s u r e ,  Valve Close  P r e s s u r e  and Valve 

F l u i d  P r e s s u r e  gauges l o c a t e d  on t h e  conso le  

f r o n t  panel .  

8 .  Depress t h e  R e t r a c t  swi tch  ( l i g h t  on)  and 

wai t  u n t i l  t h e  a c t u a t o r  moving element i s  f u l l y  

r e t r a c t e d  and u n t i l  t h e  r e t r a c t  p r e s s u r e  gauge 

"reads" t h e  o r i g i n a l  p r e s s u r e  s e t t i n g .  



9. Depress t h e  Valve Close switch ( l i g h t  on) 

and wait f o r  a period of 10 seconds and/or 

u n t i l  t h e  valve c l o s e  pressure  gauge "reads" 

t h e  o r i g i n a l  pressure .  s e t t i n g .  

10. Depress t h e  Valve F lu id  Pressure  switch 

( l i g h t  on) and wait f o r  a period of 10 

seconds and/or u n t i l  t h e  valve f l u i d  pressure  

gauge "reads" t h e  o r i g i n a l  p ressure  s e t t i n g .  

11. Depress the Valve Open Pressure  switch ( l i g h t  

o n )  and wai t  f o r  a period of 10 seconds and/ 

or  u n t i l  t h e  valve open pressure  gauge "reads" 

t h e  o r i g i n a l  p ressure  s e t t i n g .  

12. Depress t h e  Rrake Pressure  switch ( l i g h t  on) 

and wait f o r  a period of 10 seconds and/or 

u n t i l  t h e  f r o n t  panel d i sp lay  "reads" t h e  

o r i g i n a l  s e t t i n g .  

13. Make c e r t a i n  t h a t  t h e  Brake Connector switch 

is in  t h e  off pos i t ion .  



24. With t h e  p r o p e r  a c c e l e r a t i o n  p r e s s u r e  i n -  

d i c a t e d  on t h e  f r o n t  p a n e l  d i s p l a y  - d e p r e s s  

t h e  ~ c c e l e r a t i o n  P r e s s u r e  s w i t c t .  ( I f q h t  o n )  

and w a i t  for a  p e r i o d  of 3 minutes  (180 

seconds )  and/or u n t i l  t h e  a c c e l e r a t i o n  

p r e s s u r e  d i s p l a y  "reads"  t h e  o r i g i n a l  s e t t i n g  

and u n t i l  a l l  r e t r a c t  p r e s s u r e  h a s  been 

exhaus t ed .  

15. When a l l  sys tems  a r e  r e a d y  - d e p r e s s  t h e  

System Ready s w i t c h  ( , iqht o n )  t o  p l a c e  the 

machine i n  a  " ready- to- f i re"  c o n d i t i o n  and 

w a i t  f o r  a  p e r i o d  o f  no  less t h a n  10 seconds.  

16.  To conduct  t h e  test d e p r e s s  t h e  T e s t  I n i t i a t e  

s w i t c h  ( l i q h t  o n )  and c o n t i n u e  to  d e p r e s s  

u n t i l  t h e  test h a s  been conducted.  

17.  Fol lowing  the test and when it is d e s i r e d  t o  

r e t u r n  t h e  a c t u a t o r  cmlumn t o  i ts o r i g i n a l  

p o s i t i o n  - d e p r e s s  t h e  System Reset swi t cn .  

rhe 1 e f t . l i g h t  i n d i c a t e s  t h e  f i r s t  p h a s e  of 

reset; t h e  r i g h t  l i g h t  i n d i c a t e s  t h e  f i n a l  

phase  o f  reset: and when botli l i g h t s  a r e  off 



and t h e  a c t u a t o r  moving element  is f u l l y  

r e t r a c t e d  t h e  reset phase  is completed.  

18. Exhaust t h e  supp ly  p r e s s u r e  i n p u t  t o  t i  e c o n t r o l  

conso le .  

19. Exhaust t h e  b r a k e  p r e s s u r e  from t h e  c a r r i a g e  

c i r c u i t s  so a s  t o  r e l e a s e  t h e  b rakes .  

20. Depress  t h e  "out"  s w i t c h  on t h e  winch c o n t r o l  

switch s t a t i o n  and connec t  t h e  winch c a b l e  

"o t h e  c a r r i a g e .  

21. E i t h e r  d e p r e s s  t h e  " in"  s w i t c h  on t h e  winch 

c o n t r o l  s w i t c h  s t a t i o n  or t h e  c a r r i a g e  Return 

s w i t c h  on t h e  c o n s o l e  f r o n t  p a n e l  t o  "draw" 

t h e  c a r r i a g e  back t o  its o r i g i n a l  p o s i t i o n .  

22. Remove t h e  winch c a b l e  from t h e  c a r r i a g e .  

23. Depress t h e  Power swikch ( l i g h t  o f f )  t o  

remove power from t h e  co f i t ro i  circuits. 



~ e c t i a n  IVt Maintenance 

With t h e  s u b j e c t  machine t h e r e  is b a s i c a l l y  none o f  

t h e  normally  r m s i d e r e d  maintenance;  such  a s  g r e a s i n g ,  

o i l i n g ,  etc.; r e q u i r e d  s i n c e  t h e  machine i s  a ' rc losed system" 

and one  which does  n o t  o p e r a t e  con t inuous ly .  

However, it is recommended t h a t  t h e  p r o c e d u r e s  l i s t e d  

below be made a s  a p r e v e n t i o n  toward system ma l func t ion  

t h a t  may c a u s e  un-t imely "shut-down". 

The f requency  o f  e f f e c t i n g  t h e s e  p rocedures  depends 

on t h e  machine useage  r a t e  and shou ld  b e  s e l e c t e d  by t h e  

customer.  It is sugges t ed  t h a t  i f  the useage  r a t e  is "highw 

t h e n  s a i d  p r o c e d u r e s  should  be accomplished e v e r y  o n e  (1) 

month and if t h e  useage  r a t e  i s  " low** t h e n  s a i d  p r o c e d u r e s  

should  be accomplished e v e r y  six ( 6 )  months. 

1. The f l u i d  ( w a t e r )  chamber c o n t a i n e d  w i t h i n  t h e  a c t u a t o r  

611-4-28 F l u i d  Chamber (midd le )  C y l i n d e r  should  he 

purqed and f i l l e d  t o  e n s u r e  minimal a i r  entrapment .  

The a c t u a t o r  moving element  should  be  moved outward ly  

and f u l l y  extended so a s  t o  cause c o n t a c t  between t h e  



611-4-96 Support  P i s t o n  and t h e  611-4-30 F l u i d  o r i f i c e  

P l a t e .  T h i s  can  be accomplished by t h e  i n t r o d u c t i o n  o f  

100 p s i  " p l a n t  a i r "  i n t o  t h e  p o r t  c o n t a i n e d  w i t h i n  the 

611-4-26 O r i f i c e  P l a t e  which is d i r e c t e d  toward t h e  

forward s u r f a c e  of s a i d  o r i f i c e  p l a t e .  The a c t u a t o r  

v a l v e  should  be c ? o s e d  a t  t h i s  t i m e  by t h e  i n t r o d u c t i o n  

of a  va?-ve close p r e s s u r e  which is e q u a l  t o  or g r e a t e r  

t h a n  t h e  a forement ionqd  " p l a n t  a i r "  i 3 p u t  p r e s s u r e .  

The re  a r e  t w o  ( 2 )  p o r t s  c o n t a i n e d  w i t h i n  the a f t  end 

o f  t h e  611-4-34 Forward C y l i n d e r  w i t h  s a i d  p o r t s  be ing  

a t  t h e  t o p  and bot tom o f  s a i d  c y l i n d e r .  

With t h e  t o p  p o r t  c l o s e d  - connec t  t h e  f l u i d  ( w a t e r )  

i n p u t  l i o e  to  t h e  bottom p o r t .  @en t h e  top p o r t  and 

in t rod l i ce  f1:li.d u n t i l  a  " c l e a r "  p u r e  f l u i d  s t r eam 

d i s c h a r q e s  from t h e  top p o r t .  Shut-off t h e  f l v i d  

supp ly ;  close t h e  t o p  p o r t ;  and remove the  f l u i d  i n -  

~ u t  l i n e .  

An a p p r o p r i a t e  amount of r u s t  i n h i b i t o r  shou ld  e x i s t  

i n  t h e  f l u i d  chamber. 



2. The fluid (water) chamber within the actuator valve: 

the associated accumulator which exists within the con- 

trol console; and the inter-connecting line should be 

purged and filled to ensure minimal air entrapment. 

The valve should be placed in a fuily open position 

by the introduction of no less than 100 psi and no 

greater than 500 psi valve open pressure. This pres- 

sure can be introduced through the control console 

valve open pressure circuit or can be introduced into 

the port located in the 611-4-26 Orifice Plate which 

is identified by the metdl stamp "VOP". 

The fluid source line, which can be from a plant 

water source, should be connected to the fitting pro- 

vided at the console outlet located between the solenoid 

valve at the accumulator fluid end and the actuator 

valve. 

The port located in the 611-4-26 Orifice Plate which 

is identified by the metal stamp "AB" should be opened 

to the atmosphere. 



The wa te r  should  be in t roduced  u n t i l  a " c l e a r "  p u r e  

f l u i d  s t r eam d i s c h a r q e s  from the "HB" p o r t .  Close 

t h e  water  i npu t  l i n e  and close the "AB" p o r t .  

Remove t h e  t u b i n g  l i n e  and f i t t i n g  from t1:e g a s  end 

of t h e  c o n t ~ o t  c o n s o l e  accumulator .  

Remove a l l  q a s  p r e s s u r e  t o  t h e  c o n s o l e  c i r c u i t s  by 

s e t t i n g  a l l  c i r c x i t s  r e g u l a t o r s  f o r  z e r o  c i r c u i t  

p r e s s u r e .  

Open t h e  wa te r  s o u r c e  l i n e  and d e p r e s s  t h e  c o n s o l e  

s w i t c h e s  i n  t h e  normal o p e r a t i n g  sequence so a s  t o  

alLow power t o  t h e  T e s t  I n i t i a t e  switch. 

Remove t h e  f i t t i n g  caD l o c a t e d  a t  t h e  t o p  o f  t h e  

accumulator  aL the f l u i d  end. 

WDress  t h e  T e s t  I n i t i a t e  switch u n t i l  3 " c l e a r "  p u r e  

f l u i d  s t r eam d i s c h a r g e s  f r o m - t h e  accumula tor  fitting 

montisned above. 

With the Test I n i t i a t e  s r l t c h  de-energized r e p l a c e  the 

a c c u r n ~ ~ l a t o r  f  itt inq  cap .  



Wpress t h e  Tes t  r n i t i a t e  swi tch  to  a l low water  t o  

en t - r  the accumulator u n t i l  t h c  accumulator p i s t o n  has 

been moved completely t o  the gas end which can  be 

n seen" throuqh t h e  open end port. 

C l o s e  an? remove t h e  water  source  input  l i n e .  

Re-connect t h e  accumulator g a s  end f i t t i q g  and tubing.  

De-energize a11 consg le  swi tches  by depress ing  t h e  

R e s e t  switch.  

In t roduce  q a s  supply p r e s s u r e  t o  t h e  conso le  and set 

t n e  Valve F l u i d  Pressure r e g u l a t o r  a t  100 psi  c i r c u i t  

pl =ssur O. 

Open t h e  "AR" p o r t  a t  t h e  611-4-26 o r i f i c e  P l a t e  and 

p repare  t o  meter k lter i n t o  a  measured c o n t a i n e r .  

Depress t h e  conso le  swi tches  i n  a normal o p e r a t i n g  

mancer ~ l n t i l  t h e  Valve F lu id  Apply switch is energized.  

A t  t h e  "AR" p o r t  remove between $ p i n t  and 1 p i n t  of 

water.  



Close the "AB" port; rembve the valve fluid pressure; 

and de-energize all switches. 

3. It is recommended that a liberal coating of either 

Lithium base or Graphite base grease be applied to 

the extended 611-4-42 Main Column following a test 

and prior to initiating the reset and retract operations 

as determin~d necessary upon visual inspection of the 

column surface. 



5ect ion V t Assembly Procedures 

Th i s  s e c t i o n  is devoted t o  d e s c r i b i n q  t h e  assembly 

and dis-assembly procedures  p e r t a i n i n g  t o  changing t h e  

Ypterinq Column e m ~ l o y e d  and to  i n s t a l l a t i o n  of  s p a r e  s e a l s  

wi th in  t h e  a c t u a t o r  v a l v e  s i n c e  t h e s e  a r e  t h e  only  a r e a s  of 

t h e  s u b j e c t  system which normally should r e q u i r e  such 

a c t i v i t y  . 

A.  The fo l lowing procedures  should be employzd f o r  

changinq t h e  Meterinq Columnr 

1. Remove t h e  forward end suppor t  s t r u c t u r e  from t h e  

611-4-40 Forward Cover and move s a i d  s t r u c t u r e  

away from t h e  Foruard Cover a " f e w  f e e t "  t o  

a l low "workinq room". 

2. Remove t h e  suppor t  s t r u c t u r e  "band" which surrounds  

t h e  611-4-30 F l u i d  O r i f i c e  P l a t e .  

3. Make c e r t a i n  t h a t  t h e  requ i red  "alignment r e f e r e n c e  

po in t s"  a r e  known s o  as t o  a s s u r e  t h a t  t h e  a c t u a t o r  

forward and middle chambers assembly can and w i l l  

be replaced i n  e x a c t l y  t h e  e x i s t i n g  p o s i t i o n .  



4. Remove t h e  twe lve  (12 )  1 $ - 6 ~ ~  by 5 i n c h  lonq c a p  

screws which a t t a c h  t h e  611-4-28 F l u i d  Chamber 

C y l i n d e r  a f t  f l a n g e  t o  t h e  611-4-26 O r i f i c e  P l a t e .  

5. With " l i f t i n q  s l i n g s "  a round the 611-4-34 Forward 

C y l i n d e r  and around t h e  611-4-28 F l u i d  Chamber 

C y l i n d e r  a t t a c h e d  t o  an  overhead  c r a n e  or s i m i l a r  

dev ice ,  which a r e  a l ,  c a p a b l e  o f  s a f e l y  l i f t i n g  

approximate ly  10,000 pounds,  move t h e  611-4-28 

F l u i d  Chamber C y l i n d e r  away from and dis-enqage t h e  

611 - O r i f i c e  P l a t e .  

6. 1 is e n t i r e  c y l i n d e r  assembly i n  a verticle 

p o s i t i o n  w i t h  t h e  611-4-28 F l u i d  Chamber C y l i n d e r  

a f t  f l a n g e  downward and on  t h e  " f loor" .  

7. E i t h e r  a t t a c h  the F l u i d  Chamber C y l i n d e r  a f t  f l a n g e  

t o  t h e  " f l o o r "  and/or employ c a b l e s  or c h a i n s  

from t h e  forward end o f  t h e  611-4-28 F l u i d  Chamber 

C y l i n d e r  t o  t h e  " f loo r "  t o  make c e r t a i n  t h a t  t h i s  

c y l i n d e r  assembly is s e c u r e d  v e r t i c a l l y  and is 

"safe" .  



8. Remove t h e  611-4-41 Column Forward F lange  from 

t h e  611-4-42 Main Column. 

9. Remove t h e  twe lve  ( 1 2 )  16-~NC by 5+ i n .  l ong  c a p  

screws which a t t a c h  t h e  611-4-40 Forward Cover 

t o  t h e  611-4-38 Flange.  

10. Remove t h e  611-4-40 Forward Cover from t h e  6X1-4- 

42 Main Column and t h e  611-4-34 Forward Cy l inde r .  

11. A t t a c h  a l i f t i n g  "mechanismn t o  t h e  611-4-38 F lange  

and remove a l l  "slackn. 

12.  Remove t h e  t w e l v e  ( 1 2 )  1 & - 7 ~ ~  by 5 i n c h  long  c a p  

screws which a t t a c h  t h e  611-4-31 F lange  t o  t h e  611- 

4-30 F l u i d  O r i f i c e  P l a t e .  

13. L i f t  t h e  611-4-34 Forward C y l i n d e r  away from and 

dis-enqage t h e  611-4-30 ~ l u i d  O r i f i c e  P l a t e ;  t h e  

611-4-32 S e p a r a t o r  P i s t o n ;  and t h e  611-4-42 Mair 

Column. 

14. Replace t h e  611-4-41 Column Forward F lange  on t h e  

611-4-42 Main Column f o r  f u l l  t h r e a d  engagement. 



15. Attach a lifting "mechanism" to the 611-4-41 

Column Forward Flange and remove all "slack". 

16. Connect a flexible hose to the port that exists 

in the 611-4-30 Fluid Orifice Plate which is 

directed toward the fluid (water) chamber. 

17. Apply an upward liftinq load to the 611-4-42 

Main Column so as to raise the entire actuator 

moving element and discharge the water through 

the flexible hose into an appropriate "reservoir". 

18. When the 611-4-96 Support Piston has made or is 

about to make contact with the 611-4-30 Fluid 

orifice Plate discontinue all upward lifting 

action and hold that position. 

19. Remove the twelve (12) 1 $ - 6 ~ ~  by 5 in. long cap 

screws which attach the 611-4-29 Flange to the 

611-4-30 Fluid Orifice Plate. 

20. Continue the upward lifting action so as t-o dis- 

enqage the 611-4-30 Fluid Orifice Plate from the 

611-4-28 Fluid Chamber cylinder and to dis-enqage 

the 611-4-27 Piston from the 611-4-28 Fluid Chamber 

cylinder. 



21. Place the actuator moving element assembly in a 

convenient and clean working area. 

22, Loosen the set screw contained in the 611-4-32 

Separator Piston and remove the Separator Piston 

and the Main Column assembly from the Metering 

Column by un-threading counter-clockwise. 

23. Loosen the set screw contained in the 611-4-96 

Support Piston and remove the Metering Column from 

the Support Piston by un-threading counter-clock- 

wise with a "strap wrench" employed on the Metering 

Column. 

24. Remove the cap screws which attach the 611-4-98 

Flange to the 611-4-96 Support Piston and remove 

the Support Piston from the 611-4-97 Separator 

Column. 

25. Remove the 611-4-97 Separator Column from the 

611-4-45 Piston Stud by un-threading counter- 

clockwise with a "strap-wrench" on the Separiitor 

Column. 



26. After s e l e c t i o n  of  t h e  a p p r o p r i a t e  and d e s i r e d  

Meter inq  ~ o l u m n / ~ e p a r a t o r  Column assembly and 

when it is d e s i r e d  to  re-assemble the a c t u a t o r  

remove t h e  p i p e  p l u q  which e x i s t s  a t  t h e  a f t  

s u r f a c e  of t h e  611-4-27 P i s t o n  and make c e r t a i n  

t h a t  t h e  611-4-45 P i s t o n  S tud  is f u l l y  "bottomed" 

i n  the  P i s t o n .  

If f u r t h e r  engagement is r e q u i r e d  t h e n  l o o s e n  

t h e  set screw i n  the P i s t o n  and t h r e a d  t h e  S tud  

inward a s  r e q u i r e d  by means o f  p i n s  and a  b a r  i n  

t h e  end h o l e s  provided .  Then t i q h t e n  t h e  P i s t o n  

set screw. 

P l a c e  t e f l o n  t a p e  on t h e  p i p e  p l u g  and r e p l a c e  

i n  t h e  P i s t o n  a f t  s u r f a c e  p o r t .  

27. Wher assembl inq  t h e  S e p a r a t o r  Column t o  t h e  P i s t o n  

S tud  it w i l l  b e  n e c e s s a r y  t o  make c e r t a i n  t h a t  

t h e  S e p a r a t o r  Column is f u l l y  bottomed i n  t h e  

611-4-27 P i s t o n .  T h e r e f o r e  measure t h e  dep th  o f  

t h e  P i s t o n  '0' r i n g  c o u n t e r b o r e  an3 p l a c e  a  scribe 

mark qn t h e  S ~ p a r a t o r  Colv~mn a t  t h i s  neasured  

d i s t a n c e  from i ts  a f t  F ? I I ~ .  



P l a c e  a smal l  amount o f  g r e a s e  on t-he P i s t o n  *O '  

r i n q  and o i l  on t h e  S e p a r a t o r  Column a f t  end. 

P l a c e  o i l  on t h e  611-4-45 P i s t o n  S tud  t h r e a d s .  

Thread t h e  S ~ p a r a t o r  Column o n t o  t h e  P i s t o n  S tud  

s lowly  s i n c e  bo th  p o r t s  a r e  aluminum and f u l l y  

engaqe t h e  611-4-27 P i s t o n  '0' r i n g  and c o u n t e r b o r e  

u n t i l  "bottom is f e l t "  and/or u n t i l  t h e  a f o r e -  

mentioned scribz mark a l i q n s  w i t h  t h e  P i s t o n  

~ O D  s u r f a c e .  

28. Clean  a l l  s u r f a c e s  o f  t h e  Suppor t  P i s t o n  and t h e  

Meter ing  Column. 

P l a c e  a s m a l l  amonnt of g r e a s e  on t h e  '0' r i n q  

c o n t a i n e d  w i t h i n  t h e  Support  P i s t o n  c o u n t e r b o r e ;  

p l a c e  o i l  on t h e  Meter ing Column t h r e a d s ;  make 

c e r t a i n  t h a t  t h e  P i s t o n  set screw is loosened ;  and 

remove t h e  p i p e  p l u g  which e x i s t s  a t  r h e  Support  

P i s t o n  a f t  s u r f a c e  coun to rbo re .  

Thread t h e  Meter ing  Column s lowly  i n t o  1-';e Support  

P i s t o n  u n t i l  "bottom" is fe l t  and/or u n t i l  i t  can  



be seen ,  t h rough  t h e  p i p e  p l u g  h o l e ,  t h a t  t h e  

Ne te r inq  Cclumn t h r e a d  end is f u l l y  bottomed 

i n  t h e  Support  P i s t o n .  

P l a c e  t e f l o n  t a p e  on t h e  r i p e  p lug  and i n s t a l l  

i n  t h c  Suppor t  P i s t o n  a f t  s u r f a c e  making c e r t a i n  

:hat t h e  p i p e  p luq  f i n i s h c s  be:l)w t h e  Suppor t  

P i s t o n  c o u n t e r b o r e  s u r f a c e .  

T igh ten  t h e  S v . l p ~ o r t  P i s t o n  sc!t screw. 

29. Place o i l  on t h e  too end of t h e  S e p a r a t o r  Column 

and w i t h i n  t h ~  Support  P i s t o n  coun te rbo re .  

I n s t a l l  t h e  Suppor t  P i s t o n  a f t  s u r f a c e  c o u n t e r b o r e  

on t h e  S e ~ a r a t o r  Column shou lde r .  

The 611-4-96 F lanqe  shou ld  be p o s i t i o n e d  on t h e  

S e p a r a t o r  Column such  t h a t  when t h e  p o r t s  a r e  

f u l l y  enqaged approximate ly  1/16 i n .  s p a c e  e x i s t s  

between t h e  F lange  and t h e  Support  P i s t o n .  

I n s t a l l  t h e  c a p  screws and t i g h t e n  even ly  ~ n t i l  

f u l l  enqaqement is achieved  w i t h  l ock  washers  a n d  

s a f e t y  wires employed. 



30 .  Clean t h e  6i1-4-30 F l u i d  O r i f i c e  P l a t e ;  check  

'0' r i n g s  and r e p l a c e  a s  r e q u i r e d ;  and p l a c e  t h e  

o r i f i c e  P l a t e ,  w i t h  Seve led  s u r f a c e  downward, 

o v e r  t h e  Meter inq Column and o n t q  t h c  Support  

P i s t o n .  

31. Measure t h e  depth  of t h e  '0' r i n g  c o u n t e r b o r e  

i n  t h e  a f t  s u r f a c e  of  t h e  611-4-32 S e p a r a t o r  

P i s t o n  and p l a c e  a scribe mark on t h e  t o p  end 

of t h e  Meter ing  Column a t  s a i d  measured d i s t a n c e .  

O i l  t h e  P i s t o n  c o u n t e r b o r e  '0' r i n g  and t h e  end 

o f  t h e  Meter ing  Column. Make c e r t a i n  t h a t  the 

P istor1 set screw is loosened .  

Thread t h e  S e p a r a t o r  P i s o c n  s lowly  ont.0 t h e  

~ e t e r i n g  Column u n t i i  f u l l y  bottomed and/or  

u n t i l  t h e  aforer,ient;oned scribe mark a l i g n s  w i t h  

t h e  a f t  s u r f a c e  of  the S q z r a t o r  P i s t o n .  

T iqh ten  t h e  P i s t o n  set screw. 

32. Clean a l l  s u r f a c e s  of t h e  assembly;  make c e r t a i n  

t h a t  a l l  exposed s e a l  r i n q s  a r e  p r o p e r ;  c o a t  t h e  



o u t e r  s u r f a c e s  o f  t h e  p i s t o n s  w i t h  q r e a s e i  and 

c o a t  t h e  ~ a i n  Column s u r f a c e  w i t h  o i l .  

Make c e r t a i n  t h a t  the b o r e  o f  t h e  611-4-28 F l u i d  

Chamber C y l i n d e r  is c l e a n  and c o a t  w i t h  o i l  by 

pour inq  around s i d e s  o f  b o r e  upper  end. 

33. Ry l i f t i n g  w i t h  t h e  611-4-41 Column Forward 

F lange  p l a c e  t h e  611-4-27 P i s t o n ;  t h e  611-4-96 

Support  P i s t o n ;  and t h e  611-4-30 F l u i d  O r i f i c e  

P l a t e  i n t o  t h e  611-4-28 F l u i d  Chamber Cy l inde r .  

Make c e r t a i n  t h a t  t h e  F l u i d  O r i f i c e  is p o s i t i o n e d  

t o  p r o p e r l y  l o c a t e  t h e  t h readed  h o l e s .  

34, Replace  t h e  cap  screws which a t t a c h  t h e  611-4-29 

F lange  t o  t h e  611 4-30 F l u i d  O r i f i c e  P l a t e .  

35. Make c e r t a i n  t h a t  t h e  b o r e  o f  t h e  611-4-34 

Forward c y l i n d e r  is c l e a n ;  l i b e r a l l y  c o a t  w i t h  

o i l  by pour ing  around t h e  t o p  o f  t h e  b o r e ;  and 

f i l l  t h e  i n s i d e  of t h e  t w o  ( 2 )  lower end p i p e  

p o r t s  w i t h  q r e a s e .  



36. By l i f t i n g  w i t h  t h e  611-4-38 F lange  p l a c e  t h e  

611-4-34 Forward C y l i n d e r  ove r  the Main Column; 

t h e  S e p a r a t o r  P i s t o n ;  and o n t o  t h e  F l u i d  O r i f i c e  

P l a t e .  

Make c e r t a i n  t h a t  t h e  Forward C y l i n d e r  is posi- 

t i o n e d  s o  a s  t o  have t h e  a forement ioned  pipe 

p o r t s  a t  t h e  t o p  and bottom of  t h e  a c t u a t o r  

when p l a c e d  h o r i z o n t a l l y  i n  p o s i t o i n .  

37. Replace  t h e  cap screws which a t t a c h  t h e  611-4-31 

F lanqe  t o  t h e  611-4-30 F l u i d  O r i f i c e  P l a t e .  

38. Remove t h e  611-4-41 Column Forward F lange  from 

t h e  611-4-42 Main Column. 

39. Make c e r t a i n  t h a t  a l l  s u r f a c e s  of  t h e  611-4-40 

Forward Cover a r e  c l e a n ;  t h a t  a l l  '3' r i n g s  a r e  

p rope r s  l i b e r a l l y  c o a t  t h e  i n n e r  '0' r i n q  and 

t h e  611-4-39 Rushing w i t h  q r e a s e ;  and c o a t  t h e  

o u t e r  '0' r i n q  w i t h  q r e a s e .  

40. Place t h e  Forward Cover o n t o  t h e  Main Column 

and i n t o  t h e  611-4-34 Forward Cy l inde r .  



Make certain that correct orientation exists for 

proper port alignment. 

41. Replace the cap screws which attach the Forward 

Cover t.0 t h ~  611-4-38 Flange. 

42. Replace the 611-4-41 Column Forward Flange 

onto the Main Column. 

43. Place the eratire assembly horizontally. 

44. Mak+ certain that the 611-4-26 orifice Plate 

is clean on all surfaces and place grease on 

the exposed '0' rinq. 

45. Engage the 611-4-20 Fluid Chamber Cylinder 

onto the 611-4-26 Crifice Plate and replace 

the cap screws which attach these parts. 

Make certain that the entire assembly is in 

its proppr and oriqinal aliqnment before final 

tiqhteninq of the cap screds be'wecn Lhp Cylinder 

and t.he Orifire Plate. 



46. Replace  a l l  remaining components to  t h e i r  

o r i g i n a l  c o n d i t i o n .  

B. The Zallcwing p rocedures  shou ld  be employed f o r  

r e p l a c i n q  any a c t u a t o r  v a l v e  components: 

1.   is connect t h e  forward end suppor t  s t r u c t u r e  from 

o n l y  t h e  f l o o r  b a s e  s t r u c t u r e  and t h e  t w o  ( 2 )  

q u i d e  t r a c k s .  

2.   is connect t h e  611-4-30 F l u i d  O r i f i c e  P l a t e  

s u p p o r t  s t r u c t u r e  from t h e  floor. 

3. Make c e r t a i n  t h a t  t h e  r e q u i r e d  "al ignment  

r e f e r e n c e  p o i n t s "  a r e  known so a s  t o  a s s u r e  t h a t  

t h e  e n t i r e  a c t u a t o r  assembly c a n  and w i l l  be 

r e p l a c e d  i n  e x a c t l y  the e x i s t i n g  p o s i t i o n .  

4. Remove t h e  twelve (12)  1 $ - 6 ~ ~  by 5 i n c h  lonq  c a p  

screws which a t t a c h  t h e  611-4-28 F l u i d  Chamber 

C y l i n d e r  a f t  f l a n g e  t o  t h e  611-4-26 O r i f  ice P l a t e .  

5. With " l i f t i n g  s l i n g s "  around t h e  611-4-34 Forward 

cylinder and around t h e  611-4-26 F l u i d  Chamber 



Cyl inder  a t t a c h e d  t o  a n  overhead c r a n e  o r  s i m i l a r  

device ,  which a r e  a l l  capab le  of  s a f e l y  l i f t i n q  

approximately 10,000 pounds, move t h e  611-4-28 

F l u i d  Chamber Cyl inder  away from and dis-erqaqo 

t h e  611-4-26 o r i f i c e  P l a t e  on ly  a "few inches" 

and move t h e  two :2)  suppor t  s t r u c t *  res along 

w i t h  t h i s  assembly. 

P l a c e  a support  under t h e  611-4-28 F l u i d  Chamber 

Cyl inder  a f t  end and r e l e a s e  t h i s  assembly from 

t h e  l i f t i n g  u n i t .  

6. P l a c e  l i f t  inq s t r a p s  around t h e  611-4-12 Rear 

Cvl inder  and connect  t o  a l i f t i n g  "un i t "  which 

a l l  have a s a f e  l i f t i n g  c a p a c i t y  of approximately 

8,000 pounds. 

7. Remove the 1 + - 6 ~ ~  cap screw which connect through 

t h e  r e a c t i o n  s t r u c t u r e  i n t o  t h e  611-4-10 Rear 

Cover from t h e  r e a r  of t h e  r e a c t i o n  s t r u c t u r e .  

8.  Lj f t  t h e  enti re r e a r  chamber assembly upward and 

away from t h e  reac t ion  s t r u c t u r e .  



9. Place this assembly with the 611-4-26 Orifice 

Plate downward on a wood support surface. 

10. Remove the twenty-four (24) 1 $ - 6 ~ ~  by 6 in. long 

cap screus which attach the 611-4-11 Rear Cylinder 

F l a n ~ e  to the 611-4-26 orifice Plate. 

1 .  Lift the Rear Cylinder and Rear Cover upward 

and away from the actuator valve assembly. 

12. Remove the tubes connected to the 611-4-15 Valve 

Rear Cylinder, the 611-4-13 Valve Rear Cover 

and the 611-4-18 Valve Orifice. 

13. Remove the twelve (12) 1-8NC by 5 3/4 in. long 

cap screws which attach the 611-4-14 Valve Flange 

to the 611-4-19 Valve Flanqe. 

14. Lift the 611-4-15 Valve Rear Cylinder and the 

611-4-13 Valve Rear Cover away from the 611-4-18 

Valve Orifice and the valve moving element assembly. 

15. Withdraw the valve moving e l e ~ n t  assembly; which 



consists of the Valve Lock Nut, the Valve Seal 

Piston, the Valve Connecting Rod, the Valve Flow 

~estrictor and the Valve Piston; from the 611-4- 

21 Valve Forward Cylinder and allow the 611-4-18 

Valve Orifice to move with this assembly. 

When performing this operation take particular 

care to lift the assembly straight upward and in- 

line with the cylinder so as to not damage the 

bonded rubber seal on the forward end of the 

Valve Piston. 

16. Loosen the set screw in the 611-4-16 Valve Lock 

Nut and un-screw the Lock Nut from the 611-4-20 

Valve Connecting Rod. 

17. Un-screw the 611-4-17 Valve Seal Piston from 

the Valve Connecting Rod. 

18. Remove the 611-4-25 Valve Flow Restrictor, which 

is a sliding fit, from the Valve Connecting Rod. 

19. Remove the 611-4-18 Valve Orifice. 



20. Loosen t h e  set screw i n  t h e  611-4-22 Valve P i s t o n  

and remove t h e  611-*-20 Valve Connecting Rod 

from t h e  Valve P i s t o n .  

21. Clean a l l  v a l v e  p a r t s  thoroughly. 

22. If t h e  s p a r e  Valve P i s t o n  and t h e  s p a r e  Valve 

Seal P i s t o n  a r e  to  be i n s t a l l e d  then p l a c e  new 

'0' r i n q s  on and i n  t h e  611-4-22 Valve P i s t o n .  

P l a c e  a  l i q h t  f i l m  of g r e a s e  on t h e  '0' r i n g  which 

s e a l s  t o  t h e  Valve connect ing  Rod. 

Remove t h e  t e f l o n  p lug  and set screw from t h e  

o r i g i n a l  V a l v e  P i s t o n  and i n s t a l l  i n  t h e  s p a r e  

P i s ton .  

23. The Valve connect ing  Rod h a s  t h e  same s i z e  

t h r e a d s  a t  each end but  t h e  th read  l e n g t h s  a r e  

d i f f e r e n t .  The longer  t h r e a d  l e n q t h  end engages 

t h e  611-4-22 Valve P i s t o n .  

P lace  a f i l m  of o i l  on t h e  Valve Connectinq Rod 

end and  o i l  on t h e  lonqer  threaded end. 



Thread rhe Valve Connecting Rod into the Valve 

Piston fully by clamping the Rod in vise soft 

jaws and using a strap wrench on the Piston. 

Tighten the Piston set screw. 

24. The 611-4-18 Valve orifice has two pipe ports 

wherein one (1) port is straight and one (1) 

is directed toward an end surface. This port 

end surface should be away from the Valve Piston. 

Place the Valve Orifice over the connecting Rod 

and onto the Valve Piston with the pressure port 

away from the Valve Piston. 

25. Place a film of oil on the Connecting Rod surface 

and place the Valve Flow ~estrictor over the 

connecting Rod with the smaller diameter end 

toward the V a l v e  Piston. 

26. Place a liqht film of grease on the 611-4-17 

Valve Seal piston inner '0' rinq which engages 

the Connecting Rod and oil on the Connecting Rod 

and threads. 



Screw the 611-4-17 Valve Seal Piston onto the 

Connectinq Rod fully until "contact" is made 

between the Valve Piston, Flow Restrictor and 

Seal Piston. 

27. Place oil on the Connecting Rod threads and 

screw the 611-4-16 Valve Lock Nut onto the 

Connectinq Rod and "firmly" against the Seal 

Piston. 

Tiqhten the Lock Nut set screw. 

28. ~iberally coat all inner surfaces of the 611-4-23 

Separator Plate and the 61 -A-21 Valve Forward 

cylinder with oil. 

~iberally coat the outer surfaces of the Valve 

Piston with qrease. 

Install the Valve Pi~ton into the Valve Forward 

Cylinder and the Separator Plate making certain 

to move the Piston in-line with the engaging 

surfaces and take particular care not to damage 

the bonded seal ring in the Valve Piston. 



29. Engage t h e  611-4-18 Valve O r i f i c e  evenly i n t o  

t h e  Valve Forward Cyl inder  and a l i g n  t h e  two ( 2 )  

f i t t i n q s  t o  p r o p e r l y  enqaqe  he t u b e s  from t h e  

611-4-26 O r i f i c e  P l a t e .  

Engage t h e s e  t u b e s  on t h e  f i t t i n g s  and t i g h t e n  

t h e  f i t t i n q  n u t s  f i rmly .  

The p o r t  which is s t r a i g h t  i n  t h e  Valve O r i f i c e  

i s  connected t o  t h e  VFP f i t t i n g  i n  t h e  611-4-26 

O r i f i c e  P l a t e  and t h e  p o r t  which d i r e c t e d  toward 

t h e  Valve Sea l  P i s t o n  is connected t o  t h e  VB 

f i t t i n q  i n  t h e  o r i f i c e  P l a t e .  

30. L i b e r a l l y  c o a t  t h e  o u t e r  s u r f a c e  of  t h e  Valve 

Sea l  P i s t o n  wi th  g r e a s e  and p a r t i c u l a r l y  f i l l  t h e  

o u t e r  '0' r i n g  groove w i t h  g r e a s e  around t h e  

'0' r ing .  

L i b e r a l l y  c o a t  t h e  bore  of t h e  611-4-15 Valve 

Rear Cyl inder  wi th  q r e a s e  and p a r t i c u l a r l y  f i l l  

t h e  i v s i d e  s u r f a c e  of t h e  c y l i n d e r  wa l l  p o r t  h o l e  

wi th  g rease .  



Place the Valve Rear Cylinder down and over the 

Valve Orifice. 

Make certain to align the fittings with the 

tubes from the 611-4-26 orifice Plate, The fitting 

in the Valve Rear Cylinder should be connected 

to the VP (or possibly termed AB) fitting in the 

611-4-26 Orifice Plate and the fitting in the 

Valve Rear Cover should be connected to the VCP 

fitting in the Orifice Plate. 

Enqage these tubes --, r.? fittings and tighten 

the fitting nuts fl1,mly. 

31. Install the Tap screws which attach the 611-4-14 

Valve Flange to the 611-4-19 Valve Flanqe and 

tjqhren evenly. 

2 .  ilean a ? l  remaining surfaces and replace the 

'0' rjng on the 611-4-26 Orifice Plate if required. 

Coat this '0' ring with qrease. 

33. Coat the lower end of the 611-4-12 Rear Cylinder 

bore with qrease and replace the Rear ~ylinder/~ear 

Cover assembly over the valve and engage the 



Orifice Plate making certain that proper 

orientation exists. 

34. Replace the cap screws which a t t a c h  the 611-4-11 

Rear Cylinder Flanqe to t h e  Orifice Plate. 

35. Finish assembly of the actuator by simply 

xeversinq the dis-assembly procedures taking 

care to ensure original alignment. 



Section V I I  P a r t s  L i s t  and Recommended S p a r e  P a r t s  

A.  Actua to r  Manufactured P a r t s  

D e s c r i p t i o n  

611-4-10 Rear Cover 

611-4-11 Rear C y l i n d e r  Flang? 

611-4-12 Rear C y l i n d e r  

611-4-13 Valve Rear  Cover 

611-4-14 Valve F lange  

611-4-15 Valve Rear  C y l i n d e r  

611-4-16 Valve Lock Nut 

611-4-17 Valve S e a l  P i s t o n  

611-4-18 Valve O r i f i c e  

611-4-19 Valve F lange  

611-4-20 Valve ~ o n n e c t i n q  Rod 

611-4-21 Valve Forward C y l i n d e r  

611-4-22 Valve P i s t o n  

611-4-23 S e p a r a t o r  P l a t e  

611-4-24 Valve P o r t  C y l i n d e r  

611-4-25 Valve Flow ~ e s t i r c t o r  

611-4-26 Or i f  ice P l a t e  

611-4-27 P i s t o n  

611-4-28 F l u i d  Chamber c y l i n d e r  

611-4-29 F lange  



I t e m  

2 1 

22 

23  

2 4 

25 

26 

27 

28 

29 

3 f-l 

31 

32 

33 

34 

35 

3 6 

37 

38 

Q t y e  

1 

1 

1 

1 

1 

2 

1 6  

2 

1 

1 

1 

1 

2 

1 

v a r i o u s  

1 

v a r i o u s  

1 

611-4-30 F l u i d  O r i f i c e  P l a t e  

611-4-31 F l ange  

6 1 1 - 4 - 3 2 ~ e p a r a t o r P i s t o n  

611-4-33 Column F l a n g e  

611-4-34 Forward C y l i n d e r  

611-4-35 Exhaust  Valve  C y l i n d e r  

611-4-36 Shou lde r  S t u d  

611-4-37 Valve S e a l  P i s t o n  

611-4-38 F l ange  

611 -4-39 ~ u s h i n g  

611-4-40 Forward Cover 

611-4-41 Column Forward F l ange  

611-4-43 Act- .-stor Suppor t  S t and  

611-4-42 Main Column 

611-4-95 Me te r ing  Column 

611-4-96 Suppor t  P i s t o n  

611-4-97 S e p a r a t o r  Column 

611-4-98 F l ange  

R.  A c t u a t o r  Pu rchased  P a r t s  

R e f e r  t o  drawinq number 611-4 



C.  C a r r i a g e  and Track  System Manufactured P a r t s  

I t e m  -- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

~ e s c r i p t i o n  - 
611-2-10 B r a k e  Cover 

611-2-11 Upper P i s t o n  

611-2-12 Brake Body 

611-2-13 Lower P i s t o n  

611-2-14 Cover P l a t e  

611-2-15 L i n i n g  Holder  

611-2-16 Brake  L i n i n g  

611-2-17 Brake P r e s s u r e  Tank 

611-2-18 Guide Bcdy 

611-2-19 Guide P l a t e  

611-2-20 Guide Track S e c t i o n  

611-2-21 Suppor t  S t and  

611-2-23 C a r r i a g e  2 e a r  P l a t e  

611-2-24 C a r r i a g e  Body 

611-2-25 Guide P l a t e  

n. C a r r i a g e  and Track  System Purchased  Parts 

R e f e r  t o  Arawinq number 611-2 



E .  Column Guide Yanufactured P a r t s  

Item -- =a --.- DescripA lo11 

1 1 611-3-10 Censer Member 

2 2 611-3-11 Guide S i d e  P l a t e  

3 4 611-3-12 Guide P l a t e  

4 6 611-3-13 Guide I n s e r t  

F .  Column Guide Purchase? P a r t s  

Refer  to drawing number 611-3 

G. M i s c e l l a i n e o u s  Manufactured P a r t s  

Item - !&'. -- Descr ipt  -.- -..- inn 

1 1 611-6 Actuator Mountinq and 

React i on  S truc ture  

2 1 611-7 Foam Barr i er  Housing 



H o  Con t ro l  System Purchased P a r t s  

Refer  t o  drawing number 611-5 f o r  t h e  system schematic .  

Re fe r  t o  drawinq number 611-9 f o r  t h e  system w i r i n q  

deamram. 

Refer  t o  drawinq number 611-5-10 f o r  t h e  c o n t r o l  

c o n s o l e  pane l .  

I t e m  Q t Y  D e s c r i p t i o n  

1 l o t  Console  c a b i n e t  c o n s i s t i n g  o f  t h e  

f o l l o w i n g  p a r t s  manufactured by 

G.F. Bus ines s  Equipment Tnc. ( f o r -  

merly  I n g e r s a l l  P r o d u c t s  - Emcor), 

Roches te r ,  Minnesotat  

(1) SFR-272X Frame 

(1) SSP-70A-FL-LH P a n e l  

( 1 )  SSP-70A-FL-Ri Pane l  

( 2 )  SSP-62A-FL P a n e l  

( 2 )  SSP-1OSA Pane l  

( 1 )  PN-14-24 P a n e l  

( 1 )  PN-19-24 P a n e l  

(1) PN-7F-24 Pane 

. . ) set HW-484 C a s t e r s  

( 2 )  D021D-24-LH Door 



I t e m  -- a* ~ e s c r i p t i o n  - 
Note: A l l  p a r t s  except  PN-7F-24 

a r e  EN-2BU Blue and t h e  Table  

Panel  PN-7F-24 is 1480-N White 

P/N 50 PM3-152G-2 ~ i g i t a l  Panel  

P r e s s u r e  I n d i c a t o r  wi th  P/N 406- 

150OG-37 P r e s s u r e  Transducer - 
Cons i l ida ted  C o n t r o l s  Corp. 

Bethel ,  ~ o n n e c t i c u t  

P/N 50PM3-302G-2 ~ i g i t a l  Panel  

P r e s s u r e  I n d i c a t o r  wi th  P/N 406- 

300G-37 P r e s s u r e  Transducer - 
conso l ida ted  C o n t r o l s  Corp. 

Bethel ,  Connect icut  

Grcve Regulator  Co. Model 9 4 - ~ / ~  

11486F2A " ~ i t y - M i t e "  Dome Regulator  

( DR) 

Standard Pneumatic Engineering Co. ,  

H e m e t ,  C a l i f .  - P/N LC350-98 

R e q ~ l a t o r  (R1 b R2) 



Item - - 
6 

~escription 

Standard Pneumatic Engineering Co., 

Hemet, Calif. - P/N LC 100-98 

Regulator (R4 & R 5 )  

Standard Pneumatic Enqineerinq Co., 

Hemet, Calif. - P/N LC 20C0-98 

Regulator (R3) 

Standard Pneumatic Engineering Co., 

Hemet, Calif. - P/N LC 3000-98 
Regulator ( ~ 6 )  

Circle Seal Corp., Anaheim, Calif.- 

PA M 5159B - 2M-286-345 Relief Valve 

circle Seal Corp., - P/N M 51598- 

2M-1401-190Q Relief Valve 

Circle Seal Corp. - P/N M 5159B- 
2M-1000-1200 Relief Valve 

Circle Seal Corp. - P/N M 51598- 

2M-1901-2400 Relief Valve 



I t e m  - Qty. - Description 

2 U.S. Gauge Co. - P/N P844U, Spec. 

t138018, 2$ in.,  0-400 p s i  Gauge 

U.S. Gauge Co. - P/N P500, Spec. 

846994, 24 in . ,  0-3000 psi Gauge 

U.S. Gauge Co. - P/N P844U, Spec. 

4138020, 2+ in. ,  0-1000 p s i  Gauge 

U.S. Gauge Co. - PA P844U, Spec. 

#138021, 2+ i n . ,  0-2000 p s i  Gauge 

circle Seal  Corp. Anaheim, Ca l i f .  

P/N SV31A2NC4P Solenoid Valve 

(NCSv14 ) 

Atkomatic Valve Co . ,  Indianapol is ,  

Indiana - P/N 15420 Solenoid Valve 

(NCSV2 & NCSV12) 

Atkomatic Solenoid Valve P/N 521 

(NOSV1) 



Item -- - 
20 

Description 

~tkomatic Solenoid Valve P/N 15400 

(NCSV3) 

Atkomatic Solenoid Valve P/N 3001 

(NOSV6 & NOSV13) 

~tkomatic Solenoid Valve P , ~ N  6100 

(NCSV4, iJCSV5, NCSV7, NCSVlO & NCsV11) 

Atkomatic Solenoid Valve P/N 6101 

( NOSV8 ) 

Atkomatic solenoid Valve P f i  8104 

(NCSV9 ) 

DeLaval-Barksdale Controls, Los 

Angeles, Calif. - P/N C9612-2 
Pressure Switch (PS) 

~llied-Witan Co., North Royalton, 

Ohio. - PA P07PH Muffler 

Parker-Hannifan Co., ,leveland, 

Ohio - P/N A4A0058BIK Accumulator 



I t e m  
- -- 

28 

Description -- 
Parker-Hannifan Co., Cleveland, 

Ohio - P/N A2A0010AIK Accumulator 

Master Specialties Co., Costa Mesa, 

Calif. - PA 12-51 Switches 

Master specialties Co. PA 90EAlC2J 

lRLlNlR Switches 

Potter-~rurnfield Latching Relay 

P/N KBP17AG 

General Time P/N 2111-IPF-160 Timer 

Thern Winch Co. P/N 453A5 Winch 

Allen-Bradley P/N 705-AAA Starter 



I.  Recommended Spare P a r t s .  

Item -- Oty. 

1 1 

2 1 

3 1 

4 1 

5 8 

6 3 

Descr ipt ion  --- 
Ph611-4-17 Valve S e a l  P i s t o n  

P/N 611-4-22 Valve P i s t o n  

P/N 511-4-39 Bushing 

P/N 611-4-42 Main Column 

P h  611-2-16 Brake Lining 

Complete set of s e a l  r i n g s  



~ection: VIIt Performance ~etermination and Analysis 

The subject Shock System has the ability to produce 

either half wave shock pulses and/or full wave shock pulses. 

The half wave shock pulses consist of a primary acceleration 

shock pulse followed by a low level deceleration phase 

which has a level which normally is 10% of the peak accel- 

eration level with the deceleration waveform being trap- 

ezoidal or ?latively constant level. The half wave accel- 

eration phase can be of any waveform desired which is within 

the response ~apability of the fluid meterinq system. The 

full wave shock pulses simply consist of an ecceleration 

phase immediately followed by a deceleration phase with 

either the same waveform or with different wave -9rms which 

"fit within" the force, velocity-change, and t ~ k e  cap- 

abilities of the machine. 

The maximum stroke capability of the machine is 136.00 

inches. A portion of this stroke is consummed by a "pulse 

endinq shoulderw and therefore it should be considered that 

the useable maximum stroke capability for full wave shock 

pulses is approximately 123.09 inches and the useable max- 

imum stroke capability for half wave shock pulses is 

approxirnatoly 80.00 inches. 



The machine was o r i q i n a l l y  c o n s t r u c t e d  t o  produce  b o t h  

h a l f  s i n e  and f u l l  s i n e  wave shock p u l s e s .  The e q u a t i o n s  

of motion for  s a i d  waveforms a r e  a s  fo l lows:  

1. Hal f  s i n e  
/r 
X ( a c c e l e r a t i o n )  = KG s i n e  ~ ' t  

K = peak l e v e l  i n  G ' s  

T = f u l l  s i n e  wave p e r i o d  i n  seconds  

t = t i m e  i n  seconds  a t  which a c c e l e r a t i o n  

is to  be determined 

/ 
KG (1 x ( v e l o c i t y )  = -; I - c o s i n e  W t) 

KG I X (d i sp l acemen t )  r 5 (t - s i n e  w t )  
Id 

2. F u l l  S i n e  

The f u n c t i o n s  d u r i n g  t h e  f i r s t  h a l f  s i n e  

wave a r e  determined by 1. above. 

T h e  f u n c t i o n s  dur.inq the second o r  f i n a l  

h a l f  s i n e  wave a r e  determined by: 



I /  
t 

X (deceleration) = K2G sine W t2 

K2 = peak deceleration level in G's 

t2 = time within the deceleration phase at 

which level is to be determined 

I I 

x = & - -  R2G (1 - cosine w ' t 2 ) 
I 

W 

Xo = velocity at end of acceleration phase 
/ 

x = Xot* - P2G I 

w (t2 - sine W t2) 

The effective area of the main piston aft surface is 

181.844 square inches and the normal maximum acceleration 

(gas) pressure employed is 2,000 psi. Therefore the normal 

maximum static output force capability is 363,688 pounds. 

The dynamic force capability and therefore the shock 

level capability are a function of the pulse stroke, the 

pulse velocity, and the total mass or weiqht involved. 

The system "tare weight" or weight excludinq the test 

article is approximately 3,400 pounds. The actual effective 

weiqbt is qoverned by the Netering Column contour and the 

quantity of fluid envolved. 



The diameter of the cylinder bores is 15.220 inches. 

The primary diameter of the fluid metering orifice passage- 

way is 8.875 inches. The diameter of the gas input pass- 

aqeway is 8.000 inches. The gas volume of the acceleration 

pressure chamber is 20,204 cubic inches. 

When determining the instantaineous effective gas 

pressure the expansion process is adiabatic and therefore 

the expression of PIVl 1.4 = P2V2 lm4 must be employed. 

When the valve, contained within the acceleration 

pressure chamber, is opened to release the high pressure 

qas a volume chanqe occurs which increases the aforementioned 

20,204 cubic inches by 590 cubic inches. 

When the acceleration shock pulse initiates the fluid 

chamber pressure must be of a level which produces a neg- 

ative force which equals the acceleration pressure positive 

force. During this phase the fluid pressure effective 

piston area is 120.01 square inches. This condition is 

effectej by the actuator moving element assembly moving for- 

ward and thereby compressinq the fluid chamber from zero 

Dressure to that required. The amount of piston motion 

involved is a function of the fluid pressure required and the 



fluid quantity. The piston motion . An r , e  detern ined in 

the followinq manner: 

Example t 

Initial ~cceleration Pressure = 1200 psi 

Fluid Quantity = 11,500 cubic inches 

Acceleration Pressure when valve is opezed: 

1200 (20,204) 1.4 P2 = 
- ( 2 0 , 7 9 4 ) ~ ~ ~  

= 1153 psi 

Resulting positive force: 

1153 (181.844) = 209,666 pounds 

Resultinq required fluid pressure: 

-- 209p666 - 1747 psi 
120.01 - 

~esultinq fluid strain: 

1747 - -00582 in./in. 
4 =30a;i00 psi - 

~esultinq fluid volume changer 

.00582 (11500) = 66.97 cu. in. 

~esulting piston motion: 

66.97 
t 0.558 inches. 120.01 - 



In most cases the Metering Column will contain an 

initial shoulder lenqth of 2.375 inches and the shock pulse 

will initiate following said displacement. Therefore the 

initjal ~ccel~ration Pressure must be determined on the 

basis of an additional volume increase of 181.844 (2.375) 

= 432 cu. in.. 

One must then determine the shock level, velocity, 

and displacement for the pulse to be produced. 

The ~cceleration Pressure must be selected and the 

instantaineous pressures determined at specific time periods 

within the shock pulse. This instantaineous pressure times 

the piston area of 181.844 sq. in. then gives the instan- 

taineous posit2*re force. 

With the corresponding instantaineous accelention and/ 

or fleceloration levels known and the total weight known 

one then knows the required instantaineous output force - 
either positive or negative. 

From tk. '-s one can then determine the required I 

instantaineous fluid pressure based on an initial effective 



fluid pressure area of 120.01 sq. in.. 

The fgllowinq equation can be ~~nployed to determine 

the required instantaineous fluid flow areat 

A P = fluid pressure (psi) 
I 

X = piston veleocity (in./sec.) 

A,, = piston area (sq. in.) 

A~ = fluid flow area (sq. in.) 

It is important to realize that the fluid pressure 

instantaineous effective area is the area from the diameter 

of the ~eterinq Column, which is determined by solvinq for 

Af above, tc the cylinder bore of 1c.200 inches. Thprefore 

once an initial Af is determined and the resultinq Metering 

Column diameter determined by knowing that the fluid orifice 

passaqeway diameter is 8.87 inches, the piston area ( A p )  

must be corrected; the required fluid presslire ( P) must 

be corrected; and a revised or corrected fluid flow area 

( A ~ )  determin~d. This correction process must be continued 

until the resultinq Meterinq Column diamettar is within 

normal machininq tolerances during the last ,wo (2) cerrpc. A:ln 
i 

processes. 



When a Metering Column contour is known it must be 

determined if the minimum dianeter is capable of trans- 

mitting the applieo positive ani/or neqative shock force. 

The Meterinq Column is normally made from 6051-T6 Aluminum 

and it is cvnsidered thht the ~ormal maximum desired com- 

pressive and/or tensile stress induced is 9,000 psi. If 

it is determined that the induced stress is greater than 

9,000 psi then the Metering Column diameters must be 

increased by incre3=;mq the Acceleration Pressure employed. 

l r r  nost cases the Acceleration Pressurt gas pressure - 
arc? through the- 8,000 inch diameter passaqeway is a 

neqliqible amount. However, it is advised that this be 

c h ~  :Xed at the ma::imlim shock pv~lse velocity by using the 

P1 = instantaineous ~cceleration Pressure 
I 
x = piston velocity 

Ap = pistan area = 181.844 sq. in. 

Af = aas flow area = 50.24 sq. in. 



The oriqinal tests conducted with the su~ject Shock 

System resulted in the following conclusions: 

1. The acceleration shock waveform was as desired 

B ?n employinq the equations stated herein. 

2. When conductinq 30s - 100 ms half sine duration 
tests the deceleration waveform level exceeded 

that desired with a resulting time period being 

less than desired. 

This condition was and is contributed to the 

fact that the fluid condition changes betwee*: 

acceleratinq and decelerating the fllvid body 

such that the formulas stated herein are not 

perfectly correct for determininq the F!eterinq 

column contour for the deceleration phjse. 

3. Transients, in the form of both high and low 

frquencv vibrations, were experi~nced primarily 

durinq the deceleration phase which are the 

result of both cavitation and traveling waves 

beinq experienced within the fluid body. 
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