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Sandia Corporation Dgnamic Rig No. 11 was designed t o  f a c i l i t a t e  t h e  
dynamic s t a b i l i t y  t e s t i n g  of s t o r e  models i n  the  Sandia Corporation 
12" x 12" blow down wind-tunnel f a c i l i t y .  The r i g  was designed to provide 
a convenient and rapid  method f o r  s h i f t i n g  model center  of r o t a t i o n  with 
respect  t o  the  r i g  o s c i l l a t i n g  head, and t o  make it poss ib le  t o  e a s i l y  ad- 
j u s t  the  de f lec t ion  mechanism t o  d e f l e c t  and re lease  the  model a t  any an- 
g l e  des i red  within l i m i t a  of  the  model and mechaniem. Also, the  r i g  has  a 
looking u n i t  whiek allows a model t o  be 5uddanly ru leased from a zero an- 
g l e  o r i en ta t ion ,  and permits  an o s c i l l a t i n g  model to be brought t o  r e s t .  

The r i g  can accommodate models a s  small a s  1.187" O.D. We normally 
use models of about 1.375" O.D. With t h i s  diameter, the  r i g  w i l l  provide 
def lec t ion,  .angles up t o  a maximum of  approximately 1 0  1/2' f o r  c e r t a i n  
configurations. The r i g  i s  of  the  f r e e  o s c i l l a t i o n  type end u t i l i z e s  two 
miniature b a l l  bearings f o r  support. F ig  1 i l l u s t r a t e s  the  r i g  a t tached 
t o  a d i sp lay  stand. I n  a c t u a l  use, it i s  secured t o t h e  standard pi tching 
s t r u t  boom in the  tunnel  by means of a t a p e r - f i t  j o i n t  and locking screws. 

Fig 2 i s  an enlarged photo of  t h e  o s c i l l a t i n g  head, t h e  ac tua t ing  and 
locking mecha~fsms, and the  angular t ransducer.  The two dove ta i l  s l o t s  can 
be seen in t h e  head. These engage mating keys which a r e  at tached t o  the  
i n s i d e  surface of t h e  model by screws through the model skin. These keys 
a r e  s u f f i c i e n t l y  longer than the  heat3 s l o t s  so t h a t  the model can be axia l -  
l y  s h i f t e d  about 5/8" t o t a l  t r ave l .  This r epresen t s  a cen te r  o f  r o t a t i o n  
s h i f t  of  from 9-15% of  t o t a l  length f o r  t h e  models we have been t e s t i n ? .  
This i s  accomplished by loosenin5 t h e  s i x  key screws, s h i f t i n g  the  model, 
and re-t ightening t h e  screws. The des i red  loca t ion  of the  model on t h e  r i g  
i s  achieved by making a measurement from the  a f t  end of the  model to the  
reference  surface of a removable gage block which f i t s  on the  tapered por- 
t i o n  of t h e  r i g  stfng.  This surface provides a 5.000n reference  plane from 
t h e  c e n t e r  of ro ta t ion .  This method o f  model attachment, dependent on 
f r i c t i o n  only, permits  accura te  and quick model s h i f t .  

The zero locking device, a s  can be seen, c o n s i s t s  o f  two locking plung- . 
e r e  with conical  p o i n t s  which engage mating de ten t s  i n  a p l a t e  a t tached t o  
the  head. The plungers a r e  operated by a ' s i n g l e  compressed a i r  l i n e  a t  
50-100 p s i . '  The f i t  between plungers and cyl inder  i s  lapped i n ,  and no 
s e a l s  a r e  used. The plungers a r e  disengaged by t h e  two tension spr ings  when 
t h e  cy l inders  a r e  exhausted. The off-center design of the  plungers,permita 
the  model t o  be ree tored t o  zero while o s c i l l a t i n g .  

The anqular  t ransducer can be seen mounted underneath t h e  r i g  and head. 
It c o n s i s t s  of  a .012" th ick  b e r y l l i p  copper beam fixed t o  t h e  r i z - b o d y  a t  



one end, and a t t a c  ed by mane of a connecting r id .  to" the  ' center l ine  ,of the 
o sc i l l a t i ng  head. 7 It at taches  t o  the r i g  body by mean8 of a d o m t a i l  jo in t  
and ae t  ICS~W. 1t i s  inatrumentad with 4 bakel i te  type a t r a in  gages hooked- 
up a s  a 4 act ive arm bridge c i r cu i t .  Our normal recording device i s  a 
Minneapolis-Honeywell Bisicorder. The beam was placed beneath the easembly 
for  space saving reasons, and t h i s  necessitated the use of the  connecting 
rod. The res tor ing moment introduced i n t o  the system by the beam is ap- 
proximately 0.002 1b.-in. per degree of model deflection.  

Fig 2 a l so  i l l u e t r a t e a  the deflection linkage 'in a p a r t i a l l y  actuated 
.position. In operation, the linkage receives a th rus t  from the pneuma.tic 
car t r idge housed in the large a f t  end of the r i g .  The def lec t  bar ' t f p  con- 
t a c t s  the  inner periphery of the model a s  the bar i s  forced t o  ro ta te  due 
t o  the th rus t  rod motion t ransferred t o  it through the def lec t  l inks .  The 
model then i s  forced t o  def lec t  about the  r i g  osc i l l a t ion  axis. The'toggle 
ec,tion of the def lec t  linkage results i n  an increasing mechanical advantage 
a s  the model i s  defleoted. This permits high aerodynamic model momenta to 
be overcome wtth low a i r  pressure t o  the pneumatic cartridge.  Although 
this cylinder w i l l  withatand considerably higher pressure, it has been 
found t h a t  50 p s i  a i r  w i l l  s a t i s f ac to r i l y  operate the  deflection mechanism 
against  a dynamic pressure of 16,5 psi .  

Fig 3 i s  a p a r t i a l  cutaway view showing,the pneumatic cartridge u n i t  
and. deflectlon angle adjustment sy atem. The pneumatic car t r idge unit i s  
housed inside the a f t  end o f . t h e  r i g  body and incorporates an a i r  cylinder ' 

and piston plus  a quick re lease mechanism. This u n i t  permite the  selection 
of a desired de>qree of deflection followed autorsatdcally by a quj.ck r e l e a w  
which l a  m f f i c i e n t l y  rapid in return,  so a s  not  t o  dampen out model osci l -  
l a t i o n s  which follow the relea.se. The Vieicorder t race  of Fig 4: indicates  a 
typical  deflection and re lease  cycle. 

The operation of t h i s  u n i t  w i l l  be described in de t a i l .  Air is admitted 
through the a i r  f i t t i n g  from a 50 p s i  regulated pressure aource through a 
Skinner 3-way solenoid valve normally open to  exhaust. The valve. i s  ener- 
gized by a programming system which de f l ec t s  the model three times during a 
standard dynamic s t a b i l i t y  fast of 15-30 seconds duration., This causes the 
piston t o  move forward, compressing the pieton spring. The piston rod hag 8 
r a d i a l  holes which carry s t e e l  ba l l s .  When the piston rod and b a l l s  move 
forward, the b a l l s  shoulder on the t h rus t  bar and cause it t o  move forward 
while compressing the l i e a g e  re turn spring. Notice t h a t  the  b a l l s  cannot 
pop 'out of engagement because of the  posit ion of the re lease sleeve. The 
sleeve i s  held i n  this posit ion by the re lease sleeve spring'vhich forces  
the  re lease sleeve against  a re ta ining ring. In t h i s  posit ion,  the release 
sleeve shoulder on. the  1.D. i e  .OO5* past  eenter of the  ba l l s .  The p is ton . .  
th rus t  passea through the. 8 balls Into the th rus t  bar and on in to  the '  elumi- 
nup t h a t  rod, The th rus t  rod i s  equipped with a hardened s t e e l  button 
f i t t i n g  on the a f t  end and receive8 thrus t  through a f loa t ing  type connec- 
t ion  attached t o  the'forward end of the thruat bar* The forward end of the 
t h rus t  rod i s  f i t t e d  with a s t e e l  c l ev i s  which pins t o  the def lect  l inks .  
Near the a f t  end of the t h r u s t  rod i a  a cam surface which ectuates the  
'microdt t ih  shown. Trip adjusting sleeve has a thread engagement with .the 



t r i p .  Turning t h i s  graduated sleeve gives axial movement t o  the t r i p .  The 
l e f t  end of the t r i p  moves 'along a graduated scale attached t o  the r i g .  Mark- 
ingo are f r o m  0 to ,  10, Each mark represents a f u l l  turn of the sleeve and 
corresponds t o  .0625n movemnt.' The sleeve i s  inscribed with marks from 0-10, 
and each mark represents one tenth of a turn o r  .00625" t r i p  movement. The 
t r i p  c&n be adjusted .to within .0015n of a desired posit ion qu i te  easi ly .  
G h a ~ t s  such a s  that,shown i n . F i g  5 have been prepared which give the proper 
tu rns  s e t t i ng  required t o  result in a desired deflection and release angle f o r  
models of many ins ide  diameters and center of ro ta t ion  locations.  When the re- 
lease  sleeve s t r i k e s  the tang of the t r i p ,  forward motion of the t r i p  ceases 
and continued th rus t  of the piston compresses the release sleeve spring. An 
addi t ional  .02Sn of motion a f t e r  the re lease sleeve has contacted the t r i p  
tang causes the 8 b a l l s  t o  pop out of engagement with the t h rus t  bar i n to  the 
recess  i n  the  re lease sleeve. The thrus t  bar, th rus t  rod, def lec t  l inks ,  and 
def lec t  bar a r e t h e n  quickly returned t o  t h e i r  normal posit ion by the expan- 
sion of the linkage re turn spring. The energy of the returning wstem i s  ab- 
sorbed by the rubber bumper. During t h i s  operation, the piston rod and re- 
lease  sleeve a re  s t i l l  i n  the forward actuated position. .Short ly  thereaf ter ,  
the  +way valm i s  de-energized by a delayed s i g a l  from the microswitch, and 

' 
the  piston re turns  t o  i t s  normal posit ion hy expansion of the  piston spring, 
The 8 b a l l s  are  forced back i n t o  the groove of the th rus t  bar by action of .6 .. 
the  re lease sleeve spring upon the re lease sleeve. The un i t  i e  nov cocked - t . :. 
and ready f o r  another def lec t  and re lease cycle, t 

The air cylinder i s  retained i n  the r i g  body by the threaded posit ioning 
sleeve which i s  fixed i n  locat ion i n  the r i g  body by means o f  a re ta ining ring. ; 
When the positioning sleeve i s  rotated with the special  t oo l  provided, the  . .. , c 

e n t i r e  pneumatic car t r idge i s  moved axial ly .  This adjustment i s  provided f o r  r I 
the i n i t i a l  positioning of the  def lec t  bar such t h a t  the bar i s  ret racted f o r  .< . 
maximum model clearance. 

Actually, three def lec t  bars a re  provided, and the chQice ,of which one 
to i n s t a l l  depends.upon the model configuration and def lec t  angle desired. 
Each bar has i t s  own ca. l ibrat ion chart. 

Several addi t ional  components a re  provided with the rig f o r  ease of 
ca l ib ra t ion  and tes t ing .  A ca l ib ra t ion  device. clamps onto the r i g  and heqd, 
and permits rapid ca l ib ra t ion  of the  s t r a i n  beam transducer. A dunmry r i g  
allows s t a t i c  balancing of a model and osc i l l a t i ng  head a t  the desired center 
of ro ta t ion  before the model i s  placed onto the ac tua l  r i g .  An inser t ion 
too l  and d q  i n e r t i a  head permit the moment 'of inertia:' of model and head 
t o  be determined. on an. i n e r t i a  pendulum which i s  available.. 
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FIG. f i  - DEFLECTION ADJUSTMENT CHART 




