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PREFACE

This technical report summarizes the work which culminated in the

7 April 1977 AFRPL In-House hydrostatic burst test of a TE-M-364-19 motor

case. No previous technical reports have been published on this program. The

author wishes to acknowledge those peop le who proved invaluable in conducting

this test at the AFRPL. Mr. H. C. Butera was responsible for the design of

the AFRPL fabricated test apparatus. iLt Joseph Hildreth consulted on the

desi gn. Mr. Attilio Bassoni was test eng ineer and coordinated all activities at

the test area. Significant managerial guidance was provided by Mr. Donald Wian.

Technical support and test particular hardware supp lied by Mr. James Pletz

of the Thiokol Corporation/Elkton Division and Mr. George Zaiser of the

Defense and Space Systems Group of TRW , Inc. , made a significant contribution

to the success of this program.

SUMMARY

To obtain more energy) the FLTSATCOM SPO is contemp lating adding more

propellant to the TE-M-364-19 apogee kick motor, dep icted in Figure 1. This

in turn would raise the MEOP of the motor.  The increased MEOP would reduce

the safety facto r , thus necessitating a test  to determine if an adequat e safety

factor  existed. To demonstrate the required 1. 25 safety factor , the case had to

withstand an internal pressure of 942 psi concurrent with an applied external

axial load of 20, 000 lbf.

On 7 April 1977, the AFRPL successful ly conducted a hydrostat ic burst

test of a fired TE-M-364-19 motor case. A titanium flight attach ring, provided

by TRW , FLTSATCOM prime contractor , was used to attach the motor to the

tes t  stand. This  allowed the motor to expand under tes t  pressur izat ion in

much the same manner as it would during an actual f i r i ng .  The case failed

at an internal  p r e s s u r e  of approximately 1000 psi g with an app lied external

axial load of approximately 20 , 615 lb1. The case demonstrated a safety

C
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~~~ factor greater than 1. 3, well in excess of the minimum acceptable safety

factor of 1. 25. This technical report summarizes how thi s task was accomplished.

F
I

Fi gure 1. TE-M-364-19  Apogee Kick Motor for  FLTSATCOM
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HYDROTEST FOR FLTSATCOM

INTRODUCTION

To adequately simulate the forces a motor is subjected to during launch, it

was necessary to apply internal chamber (case) pressure and external axial

load while const ra in ing the motor in such a way that its growth would be similar

to that experienced d .ring an actual f i r ing .  The in te rna l  p r e s s ur e  a motor is

subjected to during f i r ing  was simulated by pump ing water  into the sealed case.

The t h r u s t  load due to accelerat ion du r ing  f i r ing  was simulated by using a

h ydraul ic  ram to apply an externa l  axial f o r ce  against  the aft c losure.  A

fli ghtwei ght t i tanium fli ght attach ri  ~g was used to attach the motor to the tes t

stand.  This piece of fli ght hardware  constrained the motor ’ s growth much as

it would dur ing an actual launch.

A diaph r a g m  type hydrostat ic  pump was used to p r e s s u r i z e  the motor case.

• The pump was driven by GN 2 at a constant  back p r e s s u re  of 150 psi . No GN 2

was injected into the case by the pump. B e f or e  beg inning p r e s s u r iz a t i o n , the

• case was f i l led with wa te r , removing all t rapped air .

A h ydraul ic  ram was used to app ly an externa l  axial fo rce  agains t  the  aft

closure of the case . The ram was ac tua ted  b y a p is ton type hand pump. A

ce r t a in  amount of i nc reased  externa l  axial loading was induced dur ing

p r e ss u r i z a t i o n  as t l e  case a t t e m p t e d  to expand downward  aca i i ~st the hydraul ic

ram. This condit ion became more pronounced as case p r e s s ur e  inc reased, as

can be seen in F ig ur e  B-9.  The ram sys tem contained a re l ief  valve which

tended  to m i n i m iz e  this  e f f e c t  at loads above 16 , 000 lb f .  Ideall y, the ex te rna l

axial load was to be m a i n t a i n e d  at 20 , 000 lb : du r ing  t h e  final s tage of case

p ie s s ur i z a t i o r i  leadinIz to burs t , as shown in Fig u r e  2 .

PREPARATION AND TESTING

The motor case was prepared for testing according to procedures in

Appendix A. Set-up was accomplished over a per iod  of soy - al days. Si g n i f  cantl y ,

the motor  case was f i l led  with wate r  app roxima te l y 24 hours before the test.

This measure  allowed suf f i c i en t  t i m e  fo r  case , n s u l a t  i o i ~ to become saturated so
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it cou -1 not absorb  water dur ing  the tes t  and thus inval idate  v o l u m e t r i c  computa-

tion. Once the “Z”  cal of the Test  P r o c e d u r e , A ppendix A , was pe r fo rmed , it

took approximately 30 minutes to fail the case.

Case p r e s s u r e  and externa l  axial load were  app lied in s t a i r - s te n  inc rements,

as shown in Figure  2 , until reachi-~ig 1. 05 ur ean  e f f ec t i ve  ope ra t ing  p r e s s u r e

i M i ~OP). It was determined that s imultaneous app lication of axial f o r c e  and

increas ing  case p r e s s u r e  were  not n e c e s s a r y  dur ing  this portion of the t es t .

The h ydrosta t ic  pump, used for  case p r e s s u r i z a t i on . ao l  the t e chu ic ian  who

opera ted  the pump were  located in a p ro tec ted  area immediately adjacent  to

the motor  case . A Heise  gage leading f rom the i g n i U e r  c losure  gave the pump

technician a continuous reading of case p r e s s u r e . - he p ro jec t  eng ineer

r e c e i v e d  a d i r ec t  readout  f rom one of the p r e s s u r e  t ran ~du c e r s  mounted on

the igniter  c losure  and passed this data ove r the voice line to the pump

technician . If t h e r e  were  a d iscrepancy between the I w o  readings , the p r e s s u r e

tr a n s d u c e r  reading  was considered the more accura t e . During the p r sssu r i z a t i o n

por t ion  of the initial s t a i r - s t e p ,  the case s v o l u m e t r i c  rate  of change was

approximate ly 0 . 6 g a l / mm . In the f ina l  p r e s s ur i z a t i o n  step leadin g to b u r s t ,

the pump cont inuous ly de l ivered  its maximum output  of approx imate ly 1. 1 g a l / m m ,

(see Figure B - i ) .

The hand pump for  the h ydrau l ic  ram and t h e  t echn ic ian  who opera ted  it w e r e

loca ted  in a p r o t e c t e d  a rea  immediately adjacent  to the m o t o r  case . A H e ise

gage c o n ne c t e d  to the hand pump gave the ram technic ian  a cons t an t  reading of

ram p r e s s u r e , wi ich he could t r a n s l a t e  into ram f o r c e . The pro jec t  eng in e e r

receit’ed a d i r e c t  readout f r o m  the h ydr au l i c  ram load cell and passed this data

• over  the voice line to the ram technic ian . If there  w e r e  a discrepancy between

the two readings , the  load cell read ing  was c o n s i d e r e d  the more  accura te .

Dur ing  the f inal  stage of case p r e s s u ri z a t i o n  leading up to burst, the relief valve

was unable to keep pace w i t h  the i nc rea sed  f o r c e  caused by case expansion as

i ts  y ie ld ing  moved  into the plast ic  r e g i o n . At b ur s t  the e x t e r n a l  axial  load was

approx imate l y 3 pe rcen t  ah ve t b .  d e s i  red  value , Fi g u r e  B_ 0.

9
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Volumetr ic  change during p r e s s u r i z a t i o n  was de termined  from the mass of

water  pumped into the case. A cont inuous  reading was made of the wei ght of

the s torage tank f rom which water  was pumped to p r e s s u r i z e  the case.  From

this reading the mass of water which had been  pumped into the case at any time

could be determined.  Using a constant  c o n ver s i o n  fac tor  of 8. 333 lbm/ga l  the

volumetr ic  change was calculated. This assumed that the water a l read y in the

case was the same temperature  as th~ water  in the s torage tank and the water

in the storage tank remained at a constant  t e m p e r a t u r e .  The maximum e r r o r

assoc ia ted  with us ing  the average  t empera tu re, 64°F, as the constant temper-

ature of water in the storage tank was less than 0. 03 percent , and the maximum

er ro r  associated with assuming water  to be incompress ib le  was less  than 0. 3

percent.  No provisions were made for determining the  t empera tu re  of water  in

the case. Ambient air tempera ture  at the time of the test was 82°F.

Data from the water  s torage tank load cel l  did not give readings  as consistently

as expected. Data points w e r e  somewhat e r r a t i c .  This  problem was probabl y

due pr imar i ly to pump su r ,r e .  In o rde r  to obtain more  meaningfu l  p lots , an

averag ing techni que was pe r fo rmed  on vo lume t r i c  data onl y. An - u t l i ne  of thi s

technique is found in Appendix B. It was used on the  po r t i ons  of the p lots in

Appendix B which contain vo lumet r ic  data.

Redundant data readings we r e  taken f ur  both load ce l l s  and for  case

— pr e s s u r e .  Both load cel ls  contained two independent  load measuring devices.

While the readings were  close , sli ght d i f f e r e n c e s  in ca l ibra t ion r e s u l t e d  in

sli ghtl y d i f fe ren t  data points.  Two comp le te l y independent  pr e s s u r e  l r ansducer s

were  mounted on the i gni ter  closure.  While data f rom these  t r a n s d u c e r s  agreed

closel y, a slig ht d i f f e rence  did exist .  Plots of all combinat ions  of redundant

data are  contained in Appendices  B and C.

Data were recorded  on a di gital system at a rate  of ei ght samples p er

second. This system is capable of r eco rd ing  data with an unce r t a in ty  of less

than 1 percent.
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- CONCLUSIONS
- The TE-M-364-  19 motor case demonstrated a sa fe ty  fac tor  g r e a t e r  than

the 1 . 25  minimum. Assuming the  case was at 70 °F du ru ~~ test ing ,  i n t e r n a l

p r e ss u r e  \cas 1. 32 MEOP,and external  axial loading was 1. ~.9 m ax i m u l i

expected instantaneous th rus t .
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APPENDIX A

HYDROTEST FOR FLTSATCOM SETUP PROCEDURES ,
TEST PROCEDURES , AND SUPPLEMENTAL INFORMATION

~1

S

13/14

- . ~~~~~~~~ ~~~~~~~~~~ - 



~-~~~— 

I

HYDROTEST FOR FLTSATCOM
SETUP PROCEDURE

1. Receive the FLTSATCOM motor case and inspect  for  damage. Report

findings to  Mr .  A. Bassoni or Lt R. Brown .

NOTE 1: Representatives of TRW, Inc., or Thiokol Corpora t ion , a r e to be

present when the motor case is uncra ted .

NOTE 2: Take special care  not to damage s t ra in  gages and s t ra in gage leads .

2 . Clean nozzle  and igni te r  opening areas  of the case and check igni ter  c losure

(AFRPL drawing X77 12020)  threads  fo r  damage .

3. Install Fli ght Attach Ring (TRW , part  LX37 1) ,  “Z” - r ing,  on aft side of

motor case mounting f lange . Insert  bolts (TRW-SP7121V4-7TF)  and secure

using washers  (TRW -NAS620A4 16)  and nuts (TRW-MS2 1O43-4) .  Torque to

132 in. -lb.

NOTE: Leave three  (3) bolts out , 120 ° apart , for l i f t ing eyes .

4 . Coat aft  c losure  “0 - r i n g  (Thiokol drawing E l l 8 4 3 )  with D C - i l  and instal l

on aft c losure  (AFRPL drawing X77 12019A) .

5. Place h ydraul ic  ram on base on h ydro tes t  f i x t u r e  (AFRPL drawing

X77 120 14A) .  Place hand pump, a t t ached  to h y d r a u l i c  ram , behind ba r r i cade .

6. Instal l  load cell #1 ( 0 - n O , 000 Ib ) on aft c losure .

7. Install  h ydraul ic  ram adap te r  (AFRPL d rawing  X 7 7 12 0 2 1 )  on bot tom of

load cell.

8. Place aft closure , load cell combination on h y d rau l i c  ram .

NOTE: This combination mus t  be s i tuated low en oue ~h in the  t e s t  f i x t u r e  so it

will not contact the case when it is lowered into the f i x t u r e  d u r i n g  step 9.

‘

~~

. Install motor case in tes t  f i x t u r e , remove l i f t i ng  e v e s , and i n s e r t  the

th r ee  (3)  remaining bolts , (TRW-SP71ZIV4-7TF), washers ( T R\ V - N A S 6 2 OA 4 1 6 ) ,

and nuts  (TRW -MS2 1 043-4)  a t t ach ing  the ‘ Z ’ -ring to motor case f l a n g e . Torque

bolt to 132 in. - l b .  
5
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10. Align the ‘Z”~~ring bolt holes with the holes in the test f ixture . Inse r t  bolts

(AFRPL Grade 5) through the “Z” -ring into the test fixture. Use a washer and

nut to secu re bolt . Torque bolts to 95 in. -lb.

11. Use hydraulic ram to ra ise  aft c losure  to mate with aft  end of case. Align

bolt holes and insert  washers  (Thiokol-AN960516) and bolts (Thiokol SK505 1).

Torque bolts to 150 in. -lb. Hydraulicall y lower ram unti l  it is clear of the

closure .

12 . Install load cell #2 (0-500 lb) on t r i pod.

13 . Have ins t rumenta t ion connect to data acquisi t ion sys tems:

a. Load cell #1, 0-60, 000 lb

b. Load cell #2, 0-500 lb

c. Pressure transducers (strain gage type), 2 each, 0-1500 psi 
—

d. Thermocouple ( C r - A l )  water  t empera ture

e. Strain gages (supplied and installed b y Thiokol Corporat ion) ,  20 each

14. Use 1/2 inch stainless steel tubing to connect outlet of hydrostat ic  pump

to nozzle adapter plate.

15 . Place water  tank upr i ght  on ground near  load cell #2 . Use  3 /4  inch plastic

tubing to connect  outlet of wa t e r  tank to inlet of h ydrostat ic  pump.

16
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HYDROTEST FOR FLTSATCOM
TEST PROCEDURE

1. Comply with all parts of Setup Procedures.

2. Place spacer under water tank so there is no load on load cell #2.

3. Instrumentation perform “Z” cal.

4. Hydraulically raise the thrust  ram until it contacts the hydraulic ram

• adapter.

5. Remove spacer so that water  tank hangs f r o m  load cell #2 .

6. Ins t rumentat ion record offse t  on load cell #1 (0-60, 000 Ib) and load cell

#2 (0-500 ib).

7. Fili th&~ case with water through the ignite r port .

8. Load the water  container  with f i f t een  (15)  gallons of w a t e r .

•. Coat the igniter “O” -ring (Thiokol drawing E-l1878) with DC-l i and install

it on the ign i te r  closure .

10. Ins ta l l  the ig n i t e r  c losure  on the i-rotor .

11 . Ti~zh t e n  the  i gni ter  c losure  with a special spanner  wrench ( f a b r i c a te d  at

RPL) .  Torque  to 400 in. -lb.

12. Connect p r e s s u r e  t r a n s d u c e r s  and t r ansduce r  tubing  to the igni te r  c losure .

13. Take p r e — t e s t  photo (s t i l l ) .

14. Use the hydrostatic pump (1-lasicel A0-35) to complete filling the case with

water , allowing any trapped air  to escape through the igni ter  c l o s u r e  overf low

valves.

NOTE: Should p r e s s u r e  gage #2 read more than 500 psi g r e at e r  than p r e s s u r e  gace

# 1 or  should p r e s su r e  gage #2 read m o r e  than 2500 psi ,the tes t  wil l  be d i scon t inued .

See Figure A-i. Remove the axial loading and deprossurize the case . When

obstruction has been cleaned f r o m  p r e s s u r e  line , beg in t e s t  procedure a g a i n

f rom step I.
17
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15 . When all a i r  has been purged  f rom the  case , close the  igni te r  c l o s u re  over 1 o~ -

valve s and then tu rn  off the hydros ta t ic  pump.

16 . Slightl y open one of the igni ter  c losure  overf low valves , a l lowing t h e  case

p r e s s u r e  to s t ab i l i ze  at ambient p r e s su r  . Close the overf low valve .

17. S tar t  cont inuous  i n s t rumen ta t ion  ( d ig i t a l , osci l lograp h , and s t r i p c h a r t ) .

Obtain i n s t rumen ta t i on  of fse t  on load cell # 1 ( 0 - 6 0 , 000 lb) and load cell

‘/2 (0-500 lb) .

18. Beg in app lication of axial fo rce  and case p r e s s u r i z a t i o n  accordin r t o  do :

curve in Fi gure  A-2 . Continue until reaching  point A (4040 lbf beyond

ins t rumenta t ion  offse t  and 200 psi g ) .

NOTE 1: P r e s s u r e  gage #3 will be used to determine axial fo rce .  P re s su re

gage # 1 will  be used to de t e rmine  case p r e s s u r e .  See Fi g u r e  A - I .

NOTE 2: Should p r e s s u r e  gage #2 read more  than 500 psi g r ea t e r  than p r e s s u r e

gage #1 or should p r e s s u re  ga ge  #2 read more  than 2500 psi , the tes t  will be

discontinued.  See Figure  A - i .  Remove the axial loading and dep r e s s u r i z e  the

case. When obs t ruc t ion  has been cleaned f r o m  p r e s s ur e  l ine , beg in t e s t

• p rocedure  again f r o m  step 1 .

19. Hold axial f o r c e  and case p r e s s u r e  at point A of Fi gu r e  A -2  for  two ( 2 )

m inu te s .  Remotely inspect  sys tem for  leaks  and v e r i f y  t h a t  the t r a n s d u cer s ,

load cells , and s t ra in  gages  are  ope ra t ing  p roper l y.

NOTE: If no leaks or i n s t r u m e n t a t i o n / m e c h a n i c a l  p roblems a re  detected

continue the t e s t  with step 20 . If t h e r e  is a leak ( indicated b y a 20 psi loss of

case p r e s s u r e )  a n d / o r  an i n s t r u m e n t a t i o n / m e c h a n i c a l  problem , the t e s t  will  be

discontinued. Remove the axial loading and d e p r e s s ur i z e  the case. When the

prob lem(s)  is ( a r e)  c o r r e c t e d , beg in the  tes t  p r o c e d u r e  ag a i n  f r o m  s tep  1 .

20 . Resume the application of axial fo rce  and case p r e s s u r i z a t i o n ’ along i-he

cu rve  in Figure A -2 .

1
The rate of case pressurization will be g rea te r  than 100 p s i / r u in .

L ~~•• - •~~~~~~ _ —- - ~~~•• ~~~~~ 
- - 

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~ •~~~~



~~—~~
• -..—•—S,.-- --, --,-7---— -•----

~~~
-,, .-— - 

~~~~~~~
,
~~~~~

- --S-—-.---- ..-
~~~

—.- - • - - -  — -- --U -

LU UI

—C...’

dv

•1~ C.’J

~ 1L)

-~~~~~~ 0’
I’,

U,
‘0C’,

C’, I, —

C’,

~.1C/) -J
_J

LU o
,— z

\ 5)
—J

~~ 
.
~

~~ z
a, 

LU U

\

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 
U,

U, ~~
. 

~~
. ,~~~0. ~~

~~ ~~ e.’ ~~ ~~ it) c’.,
~~ r—. in ~ ~~ (~ U~ C) ~~ r—. ,— ~~~ C’) ,— C)
~~ C~ in C’) I~- ~~ ~~ ~~~ — in CD r- - N.

• e.’ en Co ~-. ~ a~ ~ c~ ~~ ~~ en

\

1 1 ~~~~~~~~~~~~~~~~~

0 0 0 0
0 0 0
0 CC

(6i sd ) 3HflSS 38d 3SV3 1VNH3INI

~~~~~~~
•---

~~~~
- - -

~~~
-- ~~~~~~~~~~~~~~~~~~~~~~ -Ui._~~_ 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



•W~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - 

______________

NOTE 1: Should p r e s s u r e  gage #2 read more  than  500 psi g r e a t e r  than p r e s s u r e

gage # 1 or should p r e s s u r e  gage #2 read more  than 2500 psi the tes t  will be

discontinued. See Figure A-I . Unloading will be r e v e r s e  of loading c ur v e  in

Figure  A - 2 . When obs t ruc t ion  has been cleaned f rom p r e s s u r e  l ine oe~~i~1

p rocedu re  again f rom step 1 .

NOTE 2: Should the case break p r e m a t ur e l y, immedia te ly s top h yd r o s t a t ic

pump and go to s tep 29.

21 . As axial f o r c e  and case p r e s s u r e  reach point 12 (13 , 010 lb f beyond

i n s t r u m e n t a t i o n  offse t  and 644 psi g) in Fi gure  A -2 , s t a r t  documentat ion cameras

I\ l i l l i gans @- 24 f ps) .

22 . Cont inue  with application of axial f o r c e  and case p ressu r i za t ion 1 until
+10

reaching point 13 (16 , 000 lbf beyond ins t rumen ta t ion  o f f s e t  and 792 psi g -0 psi~~)

in Fi g u r e  A-. 2 .

23. Hold axial fo rce  and case p r e s s u r e  at point B for  one ( 1 )  m inu te . Check

i n s t r u m e n t a t i o n  for  indicat ion of problems.

NOTE: If no problems were  detec ted  dur ing  the hold , continue the test with step - -

24 . If a p rob lem developed where  the  case fa i led  to maintain p r e s s u r e  (20 psi

loss )  d u r i n g  the hold , the t e s t  will be discontinued.  Unloading will be r e v e r s e  -

of loading c u r v e  in Fi g u r e  A - 2 . When the  p rob l em(s )  is ( a r e )  c o r r e c t e d, beg in the

t e s t  p r o c e d u r e  again f r o m  step 1.

24. I n c r e a s e  axial f o r c e  while holding case p r e s s u r e  constant  until r each ing

point  C in F ig u r e  A- 2 (2 0 , 000 lb1 beyond ins t rumenta t ion  o f f se t  and 792 ps ig) .

25. Hold axial  f o r c e  cons tan t  at 20 , 000 lb f beyond i n s t rumen ta t i on  o f f se t  and
2i n c r e a s e  case p r e s s u r i z a t i o n.

‘The rate  of case p r e s s u r i z a t i o n  will he grea ter  than 100 p s i / m m .

2
Th e  rate  of case  p r e s s u r i z a t i o n  will he the maximum the  Hask el  A0-35  pump can

deliver.  (The pum p is rated to d e l i v e r  water at a rate  of ~45 in~~/min when case
p r e s s u r e  is 1000 ps i g. I

21
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NOTE : Should pres sure gage #2 read more than 500 psi greater than pressure

gage # 1 or should pressure gage #2 read more than 2500 psi , the test will be

discontinued. See Figure A-i. Unloading will be r e v e r s e  of loading curve in

Figure 2. When obstruct ion has been cleaned f rom p r e s s u r e  line , beg in pro-

cedure again f rom step 1.

26. As case p re s su re  reaches 850 ps ig ,  sta rt hi gh speed camera  (H ycarns @

400 fps) .

27. Continue case p res su r i za t ion
2 until  burs t

3
.

NOTE: Should pressure  gage tf2 read more  than 500 psi g rea te r  than p r e s s u r e

gage #1 or should p r e s s u r e  gage #2 read m o r e  than 2500 psi the tes t  will be

discontinued. See Figure  A - i .  Unloading will be r e v e r s e  of loading curve  in

Figure A-2 . When obs t ruc t ion  has been cleaned f rom p r e s s u r e  line , beg in

procedure again from step I .

28. When the case burs t , immediately stop the hydros ta t ic  pump.

29. Stop continuous i n s t r u m e n t a t i o n .

30. Stop all motion p ic ture  cameras .

31. Take pos t - t e s t  photo ( s t i l l )  and unload motion p ic ture  cameras .

NOTE: The fa i led  case will be re leased to Thiokol  (E lk ton  Division) for

t ranspor ta t ion to their  f a c i l i t y .  Thiokol wi l l  p e r f o r m  a p o s t - t e s t  analysis

on the case.

2
The rate of case p re s su r i za t i on  will be the  maximum the Haskel A0-35 pump can

deliver. (The pump is rated to del iver  water at a rate of 345 in~~/min when case
pres sure is 1000 psi g . )

3Burst  is expected to occur at an in te rna l  case p r e s s u r e  of about 1050 psi g when
ambient t empera tu re  is 70°F and ambient p r e s su re  is that of sea level.

22

- -- - -~~~ - -~~~~-~~~~~~~ - m_-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - — - ‘ • --—.~~~~ -U— -~~~~~~~~~~



U-., ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 
—

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
,
~
-.,- .-—---

F r :  -
~~~~~~~ 

- -—

SUPPLEMENTAL INFORMATION FOR FLTSATCOM HYDROTEST PROCEDURE
PROJECT 92OBOONC

OBJECTIVE

The FLTSATCOM Ultimate P r e s s u r e/L o a d  test  as planne d by the Air Fo rc e

has the specific objective of establishing fa i lure  p r e s s u r e  fo r  a typ ical L red

product ion case , compar ing  the fa i lure  value obtained d i r ec t l y to the speci f ica t ion -
-

r equ i remen t  to a sce r t a in  comp liance . To permi t  a more ri gorous evalua t ion  of

the s t r u c t u r a l  capabilit y of the case , and to compare the t e s t  r e su l t s  to the

desi gn anal ysis , it is n e c e s s a r y  to acqui re  data relat ive to s t r e s s  state and

volumetr ic  change as a func t ion  of p r e s s u r e  in cr i t ica l  locations on the p r e s s u r e

vessel . To ach ieve  th is  r e su l t  the tes t  a r t ic le  has been ins t rumented  with n ine

biaxial s t r a in  gages . The s t rain gages , e lectr ical  c i r c u i t r y ,  method of app li-

ca t ion , data r equ i r emen t s, and h a r d w a r e  disposition are  desc r ibed  in subsequent

s e c t i o n s .

STRAI”:  GAGES

These a r e  self t e m p e r a t u r e  compensat ing  gages  - M i c r o - M e a s u r e m e n t s

type E A O 5 - O 6 Z T T - l 2 0  - matched for  use on t i tanium . The two elements of the

gage are  or iented  90 0 to each othe r and are  e lec t r ica l ly independent .  Each

e lemen t  has a nominal r e s i s t ance  of 120 ohms and a gage fac tor  of 2 . 04 . The

gage length is . 062 inches.

CIRCUITRY

Each s t r a in  g ag e  e lement  f o r m s  the active a rm of a convent ional  4 - a r m  -

Wheats tone  br id ge c i rcu i t , the other three  a rms  are  comprised  of f ixed p rec i s ion

r e s i s t o r s  (120  ohm , . 0 2  percent ) mounted on phenolic te rminal  boards located in

close proximity to the ac t ive  s train gage. Fi gure  A-3 a t tached shows the circuit

schematic  r ep re sen t a t i ve  of each channel , including the color code . F i f t e e n  ( 1 5 )

f ee t  of 4 conductor  shie lded cable is provided to i n t e r f ace  with RPL s ins t rumenta-

tion s y s t e m .  The cable  shield is not connected at the gage . The phenolic t e r m i n a l

board layout  typical  of a s t r a i n  gage location is a lso shown .

23
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TYPICAL GAGE INSTALLATION

Fi gure  A -3 . Strain Gage Schematics .

24
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ADHESIVES AND COATINGS

The s t r a i n  gages are  bonded to the case in the locat ions shown on F i g u r e  A -4

with M i c r o - M e a s u r e me n t s  M-Bond Z OO adhesive ( se l ec t ed  Lot Eas tman  9 1 0 )  f r o m

Lot No . 489. Shelf life expiration is Augus t , 1977.

The phenol ic  t e rmina l  boards  a re  at tached to the case with pads of

• ‘Mi rac le- Sea l ’t  sealant (essential ly uncured but yl rubbe r )  which produce a

s t r a i n - f r e e , r e s i l i e n t  but very  tenacious bond.

The strain gage elements a r e  covered with two (2 )  coats of Gagekote  # 1

( 1V . T. Bean , Inc . ) ,  a solvent - thinned synthetic r e s in  compound which p ro du c e s

neg li gible r e i n f o r c e m e n t .  The en t i re  installation is covered  with Gagekote #5 ,

a t w o - c o m p o n e n t  f lexible epoxy res in , fo r  mechanical  as well as mois tu re  pro tec t ion .

CALIBRATION

Ei ghteen (18)  ca l ibra t ion r e s i s to r s  a re  provided . These r e s i s t o r s  a r e

comprised of two 5880 ohm r e s i st o r s  connected in paral le l  to f o r m  a 2940 ohm

res i s to r .  When placed in shunt ac ross  the Black and Green leadwires (active

- p a g e ) ,  this  will produce  a si gnal output equivalent to a s t r a in  level of -20 , 000

mic ro inches  per  inch ( c imp r e s s i o n) .  Al te rna te ly, if p laced ac ross  the Black

and White  l eadwi res  (RI r e s i s t o r ) ,  the equivalent  s t r a in  output will be +2 0 , 000

mic ro inches  per inch ( t ens ion).

All s t ra in  gages were  checked fo r  balance and response  to  a small compres-

sive s t ra in  applied at each gage location .

DATA REQUIRED

a. Plot data of s t ra in  (axial and hoop) ve r sus  p r e s s u r e . One biaxial  g a g e

per p lot (9 plots r e q u i r e d ) .  Strain to be in mic ro  in. / in .

b . Plot of p r e s s u r e  v e r s u s  t ime

c~ Plot of change- in-volume ve r sus  p r e s s u r e

d. Plot of change- in-volume versus  t ime

25
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ST R A IN  GAGE RESPONSE VERIFICATION

D u r i n g  the  hold descr ibed  in the pr o c e d u r e  fo r  the  v e r i f i c a t i o n  of sys tem

_____ 
l eak  i n t e g r i t y ,  ( R e f e r e n c e  Step 19 of Hy d r o t e s t P r o c e d u r e )  ver i f y s t r a i n g ag e

- 

- r e sponse .  The approximate values f o r  each s t r a in  gage  unde r  an imposed

- 
p r e s s u r e  load of 200 psi a re  as fo l lows.

• Gage No . St ra in  (p in. / i n . ) Gage No . Strain (p in. R n . )

1A 1300 6A 1700
iH 1200 6H 1600
2A 500 7A 1500
2 1 1 1800 7H 1450
3A 1700 8A 300
314 1600 8H 1200
4A 1500 9A 1000
41-1 1450 9H 1600
5A 1300
5H 1300

A Axial Direc t ion
H Hoop Direc t ion

HARDWARE DISPOSITION

R e t u r n  f r a c t u r e d  case and i n s t r u m e n t a t i o n  to Thiok ol/E lk ton  for  ~i e

fo l lowing  reasons :

1. Establ ish f r a c t u r e  o r i g in

J 

2 . Determine  th ickness  in f r a c t u r e  zone

3. To normal ize  data to minimum desi gn condit ions

i

2 7/ 2 8
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APPENDI X B

PLOTS INVOLVING VOLUME , CASE PRESSURE, T I M E , A N T )  AXIAL F O R C E

I

29/30



- 
—,

~~~
—•‘ --.•—••—-,---• ~~~~~~~ -U•~~~~ • •~•_,.~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ _ U S~~~ —- ‘ — P  • •~ ________________________________________________________

FOR VOLUME PLOTS ONLY:

Data smoothing was accomplished b y a v e r a g ing ove r N equally spaced data

points , w h e r e  N is an odd in teger  ( 1 , 3, 5 . . . ), and rep lacing the :-~--i  t~• d at a

point with  a calculated average . For N = 3 then,

Y. = Y . -l  + Y. + Y. + 1
1 1 1 1

3

It should be noted that  for any N , N- 1 data points will be lost at  each end of
2

the data , since no a v e r a g e  values can be calculated fo r  t h o s e  po in t s .

An N of 101 was selected to smooth the volume plo ts .  Without  sm oo th ing ,

7809 points  would have been plotted .

31
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