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-!ARY 

This report pr sents the r e s ult o f a portion o f a uali fi cation Ove !'­
s t re s s Test on Hamilton tandard Rocket En•ine As s emb ly , Mode l 1 - 10 , 
a no111 inal 0 .2 pound thrust monopropellant eng ine . The prupos e of the 
tests per fonne d was t o e .., tabli sh engine characteri t ics ove r extended 
li fe nnd t o establi sh performance parameters ov r a ran e o f ope rating 
condi t i ons . 

uri.r g t ie Overs t ress Life 'l'es t t he e n ine ac-: umulated t he followi n "' 
ope 1·ating hi s t ory : 

A wnulated Pulses 
1' Leady State 'l'ime 
Cwnulati ve Oper at i nr; 'l' i me 

IL I N' RODUC'l'lON 

375,000 
24 hour · 
30. 3 hours 

'l'l i - uo.li ication Ove r·s tress Te s t program was condu t e d pe r Depa r t ­
men t of t he Navy, Offi ce o f Na val Research, Cont r act Nw!ll.Je r NOOOl li- 7 _­
C- 0322 , fo r the Direc t or o f the Naval Re .,earch Lo.1lo r ator y (N RL). 

Th e Rocket Engi ne Assembly (REA) used i n this prog r am is Hamilton 
, ta r dard Model REA 10-16. Thi s eng ine is a componen t of the pr p l -

i on s ubsy t em of the NRL Multi i:)J atellite Dispenser (M D) . 'l'he 
en rine pr ovides thru .. t for a t t itude contr ol and .., t at.i on acquisiti on 

unearth or biti n satellite. 

The en ine wa s qualified as reported in Hamilton ·t and rd Rep Jrt 
Vl!SER 6 300. Overstress testing was performed on tw engines i n two 

t e t gr o ps. The quali fi e at ion t es t engine was used for d f ve ri f i ­
cation te s t s and cri t i al s oak back demonstrati on nd the res ul ts w r 
r e orte in VHSER 630!1 . A s econd en ine was fo r e xtended li " 
an perfo rmance mapping and t he reirnlts are e d her in. 

I I . OBJECTIVE 

The objective s o f this p rt i on o f the Qualific ation "ers tres s 'rest ~ 
were t o characterize the eng ine o ver extended 1i. f e and at vari us 
ope rating conditions. 

V. CONCLUSIONS . 

En _ ine p ulsing an s teady state characteri s ti ' S we r e e s t blishc ,: nt 
t he no rmal duty cyc l e fo r a cumul ati ve operating time of "'O. 3 l ,·ui-s 
in l uding 24 hours o steady state ope ration and 370 ,000 uulses . 
Characteristics at fo ur 1ther duty cycles were als dete rn1ined. 

l 



Hamilton ......... "" -••o M .... ca-,o••o. 

Standard As 
SVHSER 6305 

DISCU SION 

A. Engine Description 

~l'he engine qua i fied for the a val Research Laboratories Multiple 
Batellite Dispenser (NRL/MSD ) and used in this test prog ram is 
H'Ullil ton Standard Model REA 10-16. I t is a nominal 0, 2 pound thr s t 
rocket engine as sembly (REA), employing catalytic decompos ition of 
hydrazine t o produ e thrust. The Hami.lton tandard drawing nill.'lbe r 
is SV755437, with the flight configuration bein part number 

'1755437-1. 

The engine consi sts of a flow control valve and a thrust ham er 
assembly. The flow control valve is an axial solenoid esign usin 
AFE 102 material as the valve seat. The valve is manufactured by 
fright ornponents, Jn r:. , Cli ~on Sprin s, New York to their part 
number 156 6-2 . The Hamilt on Standard part number is SV7554 39- l . 
The requirements for the valve are defined by Hamilton Standard 
Procurement pecification VHS 6006. 

The thrust chamber assembly, manufactured by Hamil ton Standard , 
consists of an injector system, thermal standoffs, pressure and 
reaction chamber, catalyst bed, and a conical nozzlr: having an 
area ratio of 55:1. 1he catalyst used is Shell 405 , procured under 
Hamilton Standard drawing SV725250. The injector 1·onsists of a 
single ,010 diameter tube. The thrust chamber ass~nbly is gold 
plated for pas s ive thermal control. 

The specific engine sed in this test program was Hamilton Stan ar 
part number SV75 5 37-1, erial Number 00003. The engine is i ent ical 
t o the f l ight confi gurati on in function, but differs phys ically 
from t he flight confi uration as listed below: 

'1'ABLE I 

Qualification /Flight Configuration 

Feature 

Valve 

B. Test nesults 

P"!r formance 

Flight Configuration 
(SV755437-2) 

HS P/N SV7 55439-l 

Qual Configuration 
(SV755437-2) 

G.F.E. 

Engine performance was monito red usin manual, analog and digital 
techniques. Digital data •·as reduced using a Hamilton Standard 
Reduct.i on Pr ram defined by specification SVHS 51~30. The 
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,, b . ~ st Re u ts - ~ontln e 

t e l ! i que .· use t o determine thrus t and i mpuls e cha r a ct e r i s ti cs 
were omp _iant with HRL speci fi cation, Th i s pr ogram s pecifi ca­
t ion • s a ilable f or r e vi ew by the NRL Sc i ent ific Offi er at 
Eamil t on t an ar . 

1.:ombine Li f 

The per fo rt ance in ex o f t1e engi ne was m nitored duri ng c mbin d 
life te ing y perio ic bas . o i ts , The dat a from t hese base oint '" 
is pres ente i Ap pen ix o i this repor t , Where appli r:: a le spe -
i 'ice.t i ll l imits re shown ove r the r equired cumul ati ve opera 

ime o 1 . 2 hom•<• . 

·l'he ·m1 peci fication requires t ha t the delivered thrust l evel i e: 
betwe n the l i mit o f 0 , 20 and 0 , 24 lbf at a nomi nal s up_ l y pres s ur e 
an f el t ern_ e rature o f 250 ps i a and 70°F r espectively , Fi g re l C' 
shows .,ati faction 'J f th i s requi r ement over 15 1;1 hour of engine 
cumul t i ve operat i ng t i me . De livered thrus t a fter 1 5!2 hour s of 

umulat ive operat ing t i me f al l s be low the s pe c i fi ation rr ' nimum 
o f 0 , 20 l b!' , 'I'he pecifi cation also requires t hat the engi ne 
pe r form ti sfact rily ver a thrus t range o f 0 , 10 t o 0 , 22 l bf , 
Fi g ur 2C hows calculated t hrust a s a f un ci.; i cn of cumulati ve 
ope r ati n ime a t a s upply pressure of 125 ps ia , tart of l i fe 
ca.lci..J.ate t h r ust is 0 . 11 lb f and end of life calc ulated thrust 
i s 0 , 103 l b f, 'l'his represents a de gradati on in thrust l e vel o f 
6 ,1 % o ver a cum ative ope r ati ng t ime o f 30, 3 hours , ' l r ust e ­
gr a ation at a suppl y pressure o f 250 psi a i s 13. 8,. ver t he s a"!l 
c ulat i ve ope r ating time . I ncreased catal yst bed pre~s ure i r ~ 
as , r es t o f catalyst bed pa king during life i s t he cause o:· 
th i s phenomer on, 

r ssure 0scilli:. ~.i ons 

'he N1 L s pecification r e quires that the s t eady state chamber 
pr es s r e os ci l ations not exceed +10% o f nominal chamber pres sur e , 
Figures 3C an 4c s how steady state osci llat i ons as a fW1c tion f 
cumul at i ve operating t ime at s upply pressure s o f 250 and 1 5 psia 
r e· ec t i ve ly, I nspec t i on o f these f i gure s shows e1·ratic behavi or 
o f t hi s paramete r ove r li fe, teady s t a t e os ci l l ations range from 

1
j t o 40% at a s upply pressw·e o f 250 ps i a and fr om 2½ to 1311;'.; 

at a s upply pre ss ure o f 125 psia , The wide run- to-run variat i ns 
in steady state osci l a tions are characte ris t ic o f t hi s W1i t, 
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V. B. Test Res l ts - con inued 

Thrust Overshoo t 

The NR L specification requires that steady state and pulsii g first pulse thrust ve rshoot not exceed o. 57 1 at a no~1inal s upply pres s ure an d f uel temperature of 250 psia and 70° F' 
r espe ct ivel y . In ad iti on, pulsing thrust overshoot for pulse 
2-N sh 1 1ot exceed 0 . 44 l br for the srune set point co. itions . Table C preset ts thrust ove rshoot data for both s teacly s tate and pulsi o e rat ion as a f unction of cumulati e oper tin t ime . Also tabulate are the f u l tempe rature ran es for eac baseline run. i.)pe i ficati cn requirements were satis fie th r oughout the life test. 

teady State Specific Impulse 

The !IHL specification requires a steady state specific impulse of 215 lb r-sec/lbm minimum , over a supply pressure range of 125 t o 250 psia. Figures 5C and 6c show steady state speci f ic impulse fo r supply pressures of 250 ancl 125 psi a respectively. peci fi­cation requirements were met through 19.2 hours of cumulative operating time at a supply pressure o. 250 pzi a . At a supply pressure of 125 psia several baseline runs did not achieve a specific i mpulse value o f 215 lbr-sec/lbm. A tabulation of specific impulse f'o r the runs shown graphically on F:.gure 6 are listed below. 

Run 

2!185 
2489 
2493 
2497 
2501 
2505 
2509 
2513 
2522 
2526 
2530 
2534 
2539 
2542 
25 51 

23 Baseline Runs 

Cumulative 
Operatin 
Time (hrs) 

0.97000E- Ol 
0 . 112100 
0. 75700 
l. 0870 
l. 4170 
1.6470 
7. 6470 
7,9770 
8. 6370 
8, 9760 
9 . 1970 

15. 197 
15 . 5 7 
15. 857 
16 . 517 

4 

Pr = 125 psia 

Steady tate Isp 
( lb f / l bm-sec) 

211 . 95 
21 . 90 
215. 12 
216 . 37 
214. 12 
214. 89 
2 3. 90 
1 . 09 

218. 67 
217, 53 
21 . 21 

l ' , 4" 
21!3 . 62 
2"0 . 08 
22 . h5 



Test Res ults - continued 

Cumulative 
Operating 

I un Time (hr£ 

555 6 . 747 
559 2 . 747 
563 23 .077 

2567 23.407 
2571 23 . 737 
257 5 24 . o6·r 
2579 24 . 297 

58 30 . 297 

SVHSE 6305 

Steady tate Isp 
(1 r/ l bm- ec ) 

219.85 
210. 77 
216. 96 
212 .34 
212 .65 
215.01 
217.40 
214 . 55 

'l'he ave rage valt:.e f speci fi e i mpulse fo r the 23 b as eline runs 
is 216 . . lbf- Sec / l m and the s tandar d de vi ation (one s i gma ) is 
2 .5 1 f - s ec/l mb (1. 16%) . 

Pulsing Speci f ic Impulse 

The II L s peci fi cat i on requires a pulsing speci fie impulse of 170 
l bf- sec /lbm minimum, a t a nominal supply pres s ure and fuel temper­
ature of 50 ps i a and 700F re spectively. Th i s requirement appJ ies 
t o pulse t rain len rt hs of 100 at a duty cycle of . 060 s ec on an 
. 940 s ec o f. Figure 7C shows compliance with this r e quiremen 
over 19 . hours of cumulative operating time. Figures 8C and 9 
..,how pulsin specific impulse at suppl/ pressures of 170 and 1 5 
ps ia respectively. The !oe f i gure s are shown f or informat i on onlr . 
Speci f i e impul s e values are no t presented a t a supply pre ssure ::, f 
60 ps ia due t o ano .alous now measurements. 

Impulse Repeatability 

The HRL specification require that pulse-to-pulse i mpul s e bi t s 
vary by no more than :_10% t'r om the me an impulse bit for pulses 
20 through 100 fo r pulse t rai n l engths of 100. Fi.gurP s 1.0C, lJ , 
12 and 13C s how impulse bit variation as a functi on of cumulat ive 
operating time at supply pres s ure s o f 250, 170 , 125 and 60 psi a 
respectivel y. Speci f icati on requirements over 19. 2 hours o f 
cumulat i ve ope rating time a re ,,atisfied at all supply press ure s 
except 125 and 60 ps ia. The m· xi mum value of i mpul se b it vari-
at i on over 19 . 2 hour s o f cwnul a t i ve opera ting time at t h is supply 
pressure i s :.n . 6% . Figures 1 i1 , 15C , 16 an 17C sh w averag' 
imp ulse bit as a function of umulati ve opera ting t ime at supp]~• 
pres s ure s of 50, 170, 125 an ·o rsia respectively. I mpul s e bit 
values degrade ove r 1 i fe due t o _atalyst bed packing . Thes e r· gure s 
a re shown f or informat i on onl y . 

5 
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v. B, Tes t Res ults - continued 

Centroid Repeatability 

The NRL specification requires that pul se-to-pulse time o centroid 
vary by no more than !,15 ms from the mean centroi d time fo r pulses 
11 through 100 for pulse train lengths of 100 . Figures 18C ,19C, 
20C an 21C show time t o cen troid variation a a fun cti on o f 
cumulati ve operating time at supply pres sures of 250 , 170 , 125 an 
0 psia r espec ti vely. Specification r equirement s over 1 . 2 luurs 

o f cumulative operating time are satis fied at all supply pres ures 
except 125 and 60 psia. 'fhe maximtmi value of cen oid time v ri ­
at i on over 19,2 hours of cumulative operatin ime at t his su ply 
pres sure is .!:_21 ms. Figures 22C , 23C, 24C and 25 show ave r e 
centroid time as a functi on cf cumulative operati ng time at s u ly 
pres sures of 250, 170, 1 5 and 60 psia respect i el y . These 
figures are shown for in formation only. 

tartup Response 

The IRL specifica~ion requires that the maximum t i me t o 90% of 
pulse average chamber press ure not exceed 50 ms for pul ses 11 - 100 
fo r pulse train lengths of 100. Figures 26C, 27C , 28C and 29 
show time to 90% of pulse average chamber pressure as a funct i on 
o f cumulative operating time at supply pres sures of 250 , 170 , 125 
and 60 psia respectively. Spe cification requi rements over 19 , 2 
hours of cumulati ve operating time are satfr ied at all supp J' 
pressures . 

Shutdown Response 

The IIRL specification requires that the maximum time t 10% of 
pulse average chamber pressure not exceed 130 ms fo r pulses 11 - l CO 
f or pulse train lengths of 100. Figures 30C, 31C, 32C and 33 
show time to 10% of average ch amber pressure as a func ti n of 
cumulative operating time at supply pressures o f 250, 170 , 125 , 
and 60 psia respectively. Specification requi rements over 19 . 2 
hours o f cumulative operating time are satisfi ed except at a uuply 
pressure of 60 psia. At this supply pressure the maximum time 
to 10% o f average chamber pressure over 19 . 2 hours o f cUMulat i ·e 
operating time is 203 ms. 

teady State Operating Life 

The steady state operating life of REA 10-12 is required y IJRL 
upecificution to be up to 15 hours total. The combined l i fe t est 
series accumulated 211 hours o f steady state fi r i ng and pres s ur e 
levels of 250, 210, 170 and 125 psia. 

6 
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B. Test Re su ts - ontinue 

Pul s ing Operating Li fe 

' he pulsing i fe r equirement for REA 10- 12 is 250 , 000 
duty cycle. o f , 060 sec on ru1 . 940 sec off . The combine 
test seri es dem ns trate d a capabi l ity of 375,000 pul s es . 

Per t'ur maw.:e ~lap Da t a 

s e s .t a 
li fe 

The performan .e map data pr esented i n t hi s report cons i s t s of 
pulsing r uns f pulse train lengths o f 100 , performe d a t uppl y 
pr essures o f 250 , 170 , 125 an 60 psi a. Average i mptlse bit , 
imp lse bit va r i ation , ave r age specifi c i mpulse, s tart r e sponse , 
average cent r oi time , cent r c i time vari ation and s hu own 
res_ onse a re pr esented as a func t i on of supply p re ssure i n 
Figure' J4 C through 61c fo r th e ollowing duty cyc l e s : 

On Time 

. 045 

. 060 

. 060 
, 07 5 

Off Time 

, 955 
1.19 

,690 
. 925 

This cl ta i s preser.ted t o show engine performance at dut y cycl "' s 
the r t h· the nominal . 060 s ec on and . 940 sec off. 

Pr ooe 1 1 t 

A was con ucte usi ng particulate cl ean propel l ant , per 
t ' .c .- ecifi<.:at i on. I n addition, a non-flight t ophat type 12 
mi cr r absolute cr een me h f ilt e r was instal led t h r ougho t t i e 

Ifo probl ems were e ncountered as a r esult o f th i 

As noted , the engi ne was tested at supply pre s sures r angi ng fror~ 
250 t o 60 ps ia . The engir.e pe rformance at h i gh pr es s Tes was 
et t e r t han at l m.- pre s sures, t ypical of the relat i ve per f orn: nee 

o f t he o l rad X engines. 

·/ •ight . Envelope and Alignment 

The se il:1ensional parameters were measured at the s tart o f 
;\c eptan e Test i ng , Appendix A. The weight, well with in t he spec­
ifi cati o1 limi o f O. 80 lb i ncluding the inlet adapter and tes t 
"ilte r, w· s 0 . 396 lL . '1'he nozzle alignment was veri ied with in 
tie 1 a I wa le . The e1, ve l ope was i nspected agains t Hami lton 

7 
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V. Test Results - continued 

Standard Installation Drawing SVJ!S755437, which reflects the NR 
specification envelope requirements. 

Vacuum 

The engine is required t o operate in pres sures from sea l eve l t o 
10- ll t n n· ; a l pel'i' rmance testing was c.: ond ·teJ 11 vul.: u l e ' t s 
o f 3. 3 x 10- 2 t orr ( . 063 psia ) maximum. All other no: - perform r e 
testing, except external leakage was performe at atmos pheri c 
pressure, 

Vibration 

The engi.ne was exposed to Acceptance and Qualification l eve s o 
vibration, Vibration test data are given in Appendix D. The re 
were no performance or leakage anomalies attributable o vibra­
tion environments in either phase of testing . There was no 
apparent structural damage. 

Leakage 

The engine was leak tested during both Accept ance an .. ualifi cation 
phases of the test program. The maximum sea l eakage measured 
was 3.7 x 10-7 s ec He/sec against a speci f ic ation l i mit of 1.0 x 
10-6. External leakage was 3.2 x 10-5 sec H / s ec maxi mum against 
a speci f'i cation limit of 1. 0 x 10-4 

Proof Pressure 

The engine was tested for Proo f Pressure, 600 ps ig, duri ng ac cept­
tan .::e testing . There was no visible damage and the engine passed 
its subsequent leakage and performance tests. 

8 
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1.0 SCUPE 

1. 1 ULjecti vc of this procedure is to lie fine Acceptance Test inR of :mL- t).:? lb. thrust - rocket engine. Controllin~ specification is S\111S 6007. 

1. 2 

2.0 

2.1 

2.2 

2.2.1 

2.2.2 

2.2.2.1 

2.2.2.2 

2.3 

2.3.l 

2.3.2 

2.3.3 

Purpose i s to define in clear J c tail tests, test Methods, equip~ent to be used, data to be recorded, data to l,e reduced and parameter limits to meet S\'IIS 6007. 

GL:, lJ~L :-~OTlS (Unless otherwise spedfied) 

llanJlin~ 

I !H{L engine shall b~ handled only by personnel wearing lint-free gloves. 

Cleanliness 

RF.A 

Precautions shall be taken to insure maintenance of 
It shall be protected at all times when out of test 
nylon film securely in place over all openings and 
polyethylene film . 

Test IUg 

cleanliness of REA. 
rigs by taping clean 

bag&ing using 

All test rigs used for testing NRL REA's shall be sampled for cleanliness and certified clean per SVP 114, 129, 130, and 133 as applicable. lnsp.:ct ion to verify current status of rig cleanliness prior to performing tests. 

An 18 micron or less absolute filter shall be installed directly upstream of the NRL engine for all tests during which fluids are introduced to this unit. Removal of filter shall be accomplished in a (Class 10,000) clean work station only. ·n,is filter is an integral part of. Thrust Control Valve Assembly. 
Failures 

In event of a failure, malfunction, or out-of-tolerance condition, test shall be discontinued. 

All deficiencies shall be recorded on the Unit History Fonn (t!SF-454) as well as recorded per Hamilton Standard Reliability 0ata Report (RDR). 

Lleficiency shall be investi~ated, analyzed and corrected and REA retested in accordance with Acceptance Test rrocedures or authorized deviation . 

rl 
• ._ ______________ ..,""!"'---..... ~~~----~ ........ ---------------c. _\;___ SIZE CODI IDINT NO. t1!m'!!la~Jl~•M~ ·---~ • ~••nA•; .. ·--··- A 73030 
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Suustitution of equipment listed herein may be accomplished if ran~e. 
accurac ~-, e tc. aro.' CC]Ual to or better than the item to be replaced. 

\"al\·e cr c l c s sha ll be re co rded i n each applicable test and SI.Jf,lma ri:ed 
in appropri .1te table. (Table ~) 

Te s t Sequc ce 

Tests mus t be con lucted in
1
the sequence specified uelow: 

, 
A. Examination of Product 

~. Proof Pressure 

c. Le akage 

IJ. Vibrati n 
, . 

E. Leakage (internal.) 
F. Performance 
G. Leakage 

H. Post Test Inspection 

Test Fixtures 

r\. l' roof Pressure 

Holding/Firing Fixture SVSK 77657-T-001 

ii. Leak age 
Holding/Firing Fixture SVSK 77657-T-001 

C. Uandom Vibration 
Vibration Fixt re SVSI\ 7788t, 

u. Performance Test 
1. llolding/FirinJ!. Fixture SVSK 77657-T-001 

Tt.~T dl.:1110US 

Paragrazh 
4 .1 

4.2 

4.5 

A. TI1e foll01~i11g tests !hall L,e conducted in the sequence listed auove. 
AJJitional copies of the Jata sheet~ r.1ay be made for repetitive lc ;.ika~c 
tests. 

4.4 

B. Points .1t which acceptant:mce by Inspection is required arc in ,licated on the l l' '.: 
sheets l>y an aster · sk at the det ai led step and in the "inspel·ti on" bl ock at : h,' 
Jol-."er ri •~ht h,1n<l co rner. Other !"'n rti on~ of the test a rc sub_ic-ct to sur­
veillance l> y Inspection on a non- ma nd a tor:,, bas:s . 

CODI IDINT NO. 

73030 AT-tmt.-u . ".! 
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';:r. :! : .. t ,:~: ~ •; ,._•"~·:\ .!~!':! -:.r., f .' ~c:.: -t} :•~ ~-~q,..:i~f!~~t i~.s "~t')i:­
._. .. _!1 '.: L-,7. :.:~ .. 1 •:.~•a.iific::: tioa n -, ! ra:r: rl:::fl 1~r:d 1.~ tt.~ 

Ira::,d J.1 r. 1 

.. "' . ~..,,, . . 

T!1e handling of tl':e REA shall be in such a manner tc p•.·~,ren: ~u!'!:.!:_:e to ex':e!y:::: '­b"'t1t·fC1.c~s. The ?:..:r,. s· all only be handled by t,-ersonnel '7earing ,. ::i :~, l~ r. : f':::•~e .. c! 'le ron, ray or. ; c, .!.' cot ton g lo\•e s . 

l. An 18 rnicron or l ess !ibsolute filter i:; !.nstalle:i dire:ctl:i u:-;;. t~·2!i:.i ::..:· the REA val•r<? i nlE: t as ~!\rt of final assf!mbly. T~is .:'iltcr :::-,.:?. l l :· r : .E.:!. :-: inotnlled f oe E! ll testini; described her:::in. Rer.:cval of t: ~ ~.:.l't'=:- s: .s. :;.. :. be accomplished only in n Cla.;s 10,000 clean l.or~ btt.ti c :1. 

2. In addition to the filt".!r, the REA shall be prctected :.~ all t:!.r::E'!.:: ·-·~-= r. out of the tect rig by ta.ping _::lean nylon fil!!: secmely in p!e.ce ,:,v"' -: all openings ~ :1:1 rlouble-bagging t h~ un:.t. 

3. P.ie; clee.nlin'?S f.; shall setisty the rcqui -:-en:;mta of ~v P 114, 129, l ~'J . 133. In~rection shall verify the curre1t otat us cf rig clee~line~~ to perforr.:1nce tests. 

In th~ event,:· a. failure, 'l:P.lf'J.nction or c-1t of tol::. ".:c-? cor,dition c:·w:. ·.· or after a tet -. , the teet f equence sr.all b, · iiscontirr.,~.l and -c, !1~ de :':.c::. -:•: •. • shall be docurr :-.1ted on a ·.Hit :ii ::; t o:-y forr.. The defic~ .ncy s r.'3.ll :-:e :: ;.:.:-:::_. ·-::.:: and the REA sr 111 be reteot,"?d with the app~-..: •ral of I:n.::t1 •eerir:; a:.·1 ~uc.:. : ~-­Assurance. 

Inctallation c ·,eck 

Prior to f'irir,'- tests the f ,Jllov1ng checks Jl'lSt be pei.•f', ,::.med: 

1. Valve Volt.:i.-e and C'.lrr:o-:1t - tnstall a 210 ohl:I (a"Cr:11xil!'.:1te) resistc~ :. · 1 the test c.::11 a~ the i:1:'.t\val-le driv~r .-".tput. A=. t~ute the nl,re dri ·r.- • in pulse mode and verit~· tt,.at valve vo:.t,ge end et•.r• ·ent tracE:s are cl.; -tained on the visicorder. . . , Meas~re the , Jltage supr,lied to t he · va: ·. c .- o. a voltage divider usin~ a d.iffe:-entis.l ·-mltrneter, 'l."r.::. le toe ·,;3.l,:e d.r:. ·:a-"!: is actuated in stearly s t c. ~.e mode. Eet \·J.lve supply volta:;e to 26 -= .:? ; vdc. Record power supply voltage using Fluke Voltmeter en::l Vahe St,;- ;: :..y Voltage on Log Sheet. 

NOTE : USE UD2 RIG DRIVER. 
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A3.0 

.. ~· - - .. ... . •-· · - ·•- ..... , . .. 

2. F:SA r~' !! ... t:~~ 
imnEc ~ .:·: _r,_r_c_~-, 5--u-l'E-,:) / .;:~·i ' ' .. ti:::t ti'.c· ·: . 0d i1,3 ~or :: '~') .:. ·,::· :--•:· E•:;.- :.; r - · -~3 

0 :!. 5 p .. ic.. t:Ge a c.i i :i.'f0:·.:: n~ir.l ·10lt.:e tc1: tr; :::::a;;·1 ::-•~ ~:-.'::! t r !lr.: ::·.1.c ': : · 

output. 

3. Inlet P!.·•:'.! ::rn re - Pd.or :o ench steady :::tatc ru:1 n?corri :5 nle:. pre: s· :r~ 
transuucc·:· •~u-:put en uig j t a.1. clut :a. l cz . IJ:::e ti tiL~:eren V ·t l v,;h-~.:::~r to 
measure the transduce r output (must be ±3 psi from 2,a t.;~ r ca :i:: nc). 

4. Tan}: Pr e? :-"" 1::-e - Pri o!· t o each pu:!.s ::. n !"'11-:. !"eco::-·l ';an'.: ~!·es sur'.1 tr2:c :::'.:!.1.: c~ :: 
output rm •iG • t al ,::,~t a lo" . usfc! e. ;.:i.!':'~r ent ial volt rr.et -:? r to n:cr.!::-:.:.::--= -:. :: <:> 
t::-ensducer output ( trrJ.st b;

1 

±3 p::;i :::·rom ga ;:;;e readi ng ). 

5. Excita ti 01. ·1 l t • r:e - !-'.::a zure excitcttic:i !:up;Jly ·roltage fer cell i:':".·:: 1·c 
data is i:;.c u i r e · fro□ t he :record on di.,.i t sl da t a k-6 once '[ : ':' c·::l: 
setup. 

6. Fu.P.l Inle t Te:-::::~:.·n. ·- - P.cad f\1el ter.ipe r a+;ure usine d.i ~r~rent.:..o.: ·:c-.2.~ ­
meter and record on r-lisital da t a leg for cac':1 -:-un. 

7. Chambe r r.e~::Deratnre - F.e 9.j cha!!:Cer t emr;e rat ,1re on dif:'erential -.,o_·.:::~te:-. 
Verify re!la.i ng is accept able prior to each run. 

Testing s r:all ~ conduct ed on t;.· o engines; r:-e Qua:ificdtio:1 eng:.ne e,.~ ~ '.c: 
R-?liabi l ity en.:.·.r.e. 'l'r.e p ·og:?:a::i c.e~' C!'ioed 1 ::> lo•.; :!.s s:i,-~ n i :i dat~ sc:ee: 
Figure i.; t.' I :-·.1ter t h,~ !-'Q !".; nu::il.Jer e.nd !:'el'",•.l nWt~e r o : the engine e.t i: ~-

top of the app: )priate s ecr,Bnce. Ir,specticr shall ver-. ; y t:-.'lt prereqt::'..::- , .e 
testing i s co:rr; :.ete. 

Qualificat i n Enci ne s ~au encc 

The engine -pr e·-: .ously ha.v::.,1g completed the t.2. sic Qualif'i. ce:ti0n !?rogra:: s:·.1 ~l 
be subjected t 1 these furt t.e r overs't r ess te~ ts in the seque:1ce indic~;;ecl . 

Test 

Thrust ca:i:l.bration 
Critical ~.u:ikback 

Reference Par!'l . 

A4.2.l 
A4.2.2 

NC1l'E: Before soak back but af'ter t:n·ust, the engine shall be gold plated. 
per separate instructions. 

Reliability Engine Seouence 

'l'he reliability engine shall h9vc successfnlly completed Acceptance '!'ests -;:s? r 
SVHS 6001. Tr.e engine shall then be subjected to the followil".g ov~rst-r :'.!s s 
tests in the sequt!nce indicated. 

. ' 

·------------------·-···--
i H~~~ ~=- ' : n ~t-~-=-!~:-d ·· - ·' .. 
• "ti :-.._ .. . ., ~ , .. . .. . \.:" ...... . .. \,;,, ....... , • • , -

.. 

,~·. - ,; i. ,:n : .=1. , 
• • ""'' .. "JI\ .... ~ ' '-

. ·, • , I • . • • '-- .. ~'-' ·~$ 
QT-Gr.17 
Appen,ii;: .'. 
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A3-.'3 

A3.4 

'l'cst 
Qual Vi bra tiOI! 
~-~rr'N'!;,snce !--'ap 
Baseline 
Combine1 Life 

!nsnectio!'l 

,J,!. . ~ . • 3 
Ai•.~ /I 

4.2.4 
A4 .2 .'j 

l. For each test list e.i abc·, ~, reco::-d nu."llber of va l vc c:,cles i :, te.t. le Et en::. of this ;,rcced.ure . 

2, Points at .,,h:i. ch !:l.CCe!r ~e:1r:c' l:Jy T:,spection is req_u:.'."."ed 8'."."e :!. r.1 .'... c:;::- ~i en 
the log sr.eet::; b~· an u:::terisk ( l'-) i:: t. ~e clet ::.:.lr•.'. ~t ep ?.td b :: ':'.::: 
"inspection" b1ock at the l uw~r r ~ 1f1t t.e.!:1i co1·n::r. C•t!~e ~ }:Or t: c:1:. r::~ 
the test are subject to a:.u-,eill.unce by Ins1iecticn on a nc.n -?::ancis. tc.:;: basis. 

Reproduced lrom 
best available copy. 
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PERFORMANCE ti.AP TEST CONDITIONS 

Run Pin 
Ident. osia ± 5 

N 
Pulses 

Pulse Pend 
Seconds 

0 J 

315 

315 

250 

250 

250 

250 

170 

170 

170 

170 

125 

125 

125 

125 

95 

9'i 

60 

60 
60 
60 

Note: 

o.o6 

60.0 

o.o6 

o.o6 

0.075 

.o45 

o.o6 

J.o6 

c;.06 

• o.o6 

0.075 

o.o45 

Cl.06 

60.°" 

o.o6 

o.o6 
0.075 
o.o45 

1.19 

0.69 

0.925 

0.955 

1.19 

0.69 

0.925 

0.955 

1.19 

0.69 

0.925 

0.9~5 

0.94 

1.19 

0.69 
0.925 
0.955 

100 

1 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

l 

100 

100 
100 
100 

Initial chamber temperature shall be 

1.00 

1.25 

0.75 

1.00 

1.00 

1.25 

0.75 

1.00 

1.00 

1.25 

0.75 

1.00 

1.00 

1.00 

1.25 

0.75 
1.00 
1.00 

90° ~ 100 F. Artific 'sl cooli~ is permissible 
after chamber reaches 600° max. 

Taoe ::;,es 
(1rrt1-i.r,: 
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3 

10 

11 

12 

13 
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11 

12 

13 

10 

11 

12 

13 
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13 
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Hamilton u 
VJ! 'ER 6305 

O,W-.C,!11 0IJ '-""'•lo a 111C■a,-, CQINIOIIA TO,, Standard Ae 

TABLE IC 

Thrust Ove rshoot 
/N 00003 

Inlet Pressur·i = 250 psia 

Cu!.!ulati ve Thrust Overshoot (lbr) Operating 
Fuel R 'l'ime 1. tea y 2. Pulse 1 3. Pulses Temperat re umbe r (hours) tate 2 - 100 {OF) 

2483 . 097 0.22 o. 41 0. 21 68 . 5 - 70 . 2 2 87 . "7 0. 22 o. 41 0, 2'-1 8 . 7 - 70 . 2 2 91 , 757 0. 22 0, 41 0, 27 68 . 6 - 70. 3 2 95 1.087 0, 23 '1 . 41 0. 25 68.8 - 70 , 5 2 99 1.1117 0. 22 0. 37 0. 22 68. 1 - 6 . 5 2503 1.647 0 . 22 o. 37 0 , 23 68.!1 - 10. 6 2507 7, 647 0. 22 0, 38 0, 24 74 . o - 75. 6 511 7, 977 0. 21 o. 3'{ 0. 25 77. 6 - 78 . 2 2516 8. 307 0. 21 o. 37 0, 23 76 . o - 11 . 2 2520 8 ,637 0. 21 o. 37 0. 22 75 , l - 76 . 1 524 8,967 0. 23 o. 37 0, 25 75 . - 76 . 5 0 528 9, 197 0. 23 o. 36 0. 25 75 . - 76 . 4 5 15 . 197 0. 22 o. 37 0. 24 75 . - 77 . 2 25 6 15 . 527 0. 21 o. 37 0, 23 75 . 3 - 76 , !1 5) 0 15 .857 0, 21 o. 37 0. 22 711 , 9 - 79 . 7 2544 16.187 0. 20 0, 37 o. 32 76 . 5 - (7.6 2548- 9 16,517 0. 22 o. 37 0.26 75 . 6 - 76. 5 25'.:>3 16. 747 0. 20 0, 37 0. 24 75 . 7 .. 7 . 3 2557 22 . 747 0. 20 0 . 25 0. 28 75 , 7 - 77 . 2561 23 ,077 0. 20 0. 30 0, 25 75 . 5 - 7 . 2565 23 . 407 0. 20 0. 32 0. 21 76 , 1; - 77 . 2569 23.737 0. 20 • • 75 . 5 - 77 . " 573 24 .067 0. 21 0. 35 0. 25 76 . 3 - 77 . _ 2577 24 . 297 0. 20 o. 37 0.23 75 . o - n . o 2582 30 . 297 0,20 o. o 0, 23 75 . 5 - 77. 0 

1. pecification requires t hat steady state thrust ov •rshoot not exceed O. 57 lbr , 
2. pecificA.tion req ires that first pulse thrust oversho t not exceed 0,57 lbf, 
3. Specification requires that thrust overshoot for pul ses 2- J not excee o. 44 lbr, 

* Digital data not available , 

c-1-a,,,, 
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r.boratory Operation■ Bnaineering 

TEST ~UIPMENT 

It• Manufacturer ACCUJ'&C1 

Accelel"OMter EndeTCO ~ 

Accelerometer EndeffO ~ 

Acceleroaeter l.nde"VOO t~ 
Aceelero•ter Endeveo t.21, 

Accelvaaeter EndeTCO t.21-
Accelermeter Endeveo ~ 
AccelercJMter Endewo a.2% 
Acoel81'C1Mter Endevco ~ 

AcceleN111eter Endevco ,~ 
Accelerometer !ndevco ~ 

Standard calibraUoa period 1■ 2 ■onthe • 

. \ • Uaed for th1■ t.e■t. 

Model 

2222 

2222 

2222 

2222 

2222 

2222 

2222 

2226 

2226 

2226 

S/N Calibrated 

AC13 5-28-73 A 

AC26 o-28-73 A 

BJ30 5-28-73 

BJ66 5-28-73 A 

BJ69 5-28-73 A 

BJ70 5-28-73 A 

BJ72 5-28-73 A 

PC37 5-28-73 A 

TD35 5-28-73 A 

TD36 5-28-73 A 



1 'r}l 

~:ult.i - ,,, ve l 
l ' l'OG , .,, mmC' r 

M,,nu:11 Scl cto r 
...i wi tch 

Low Fre l1uency 
!::quali zc r 

Control an e l 

nnr el Mode 
..; e le tor 

Cl ·inn 1 ~;orie 
-.: elector 

.;pec trum 
i-'11ual i.1.e r 

.;p t rum 
Equ,li:-. r 

~;C'te r ih n , 
;,elector 

;>ict r Hn 111;e 
.ic ] c t or 

f'ow r 
Uis t r ibution 

Hea t ,xchan e r 

Power Amplifier 

Con"ole 

,\ uto Tapf' 
De~a usse r 

Hemote Cont rol 

Random Console 

Slip Table 

:·:~..>1' .::. LU I!'~;t 'I' 
,I 91 LI. \ j 'i40 ( .:ontinuC'cl) 

Li r:, · ~l e ..: t r on i :; 

Li. nr: , l ect r onic 

Lin t~ l t r on i c r, 

Li nr; :..1 d r on i c s 

Lin • ,; l ee: t. r c,1 i cs 

L i ·:i .c t. ronic . 

Li n,; ::1 c tronic c. 

Lin r ~l c tr n ics 

Linr r:lect r onic s 

Linr · l ectr n i c s 

Lin r; E:l e c r onic s 

Linr, ;:;1ectronic s 

Lin r; Zlectronics 

Hewlett -PRc ka r 

Li nc i::lectronic s 

Linr ,,lectronics 

Llnp, Electronic s 

hODi::L 

HLP- lCH - :,iA 

!.iSM-lOOA 

5LF-80,\ 

CP-108 

SE-80D 

MR-4013 

PBlO 

40 

279 

P70/120VC 

RC-120 

~6o3A 

RCP-100 

ASDE-80 

11 '348-DS-8 

11? 

17_; 

17 

116 

176 

12 

13 

12 

644-00195 

164 

34 

:2) .. 7 



I Tl:)1 

uri vc-r 
,\mpl i i,, r 

Du-,1 loisf' 
··f' ner:1 tor 

pectrum 
Ana lyze r 

.,r,ect.rum 
Analy~e r 

J'ower !:iu ply 

ow r !.:upply 

l\, ,.. r ,uppl,v 

Powf' r Su p ly 

'l'--ipc :<cco rder 

Li n,, ,\ rnpli fier 

X-Y Re-c order 

Lor, onvPrt•r 

Lor, Conv rt r 

Tracking Filter 

Trackinp; Filter 

•Voltmeter 

Charg Amplifier 

Oscilloscope 

•counter 

f •Produced fro,n 
est available copy. 

L ,· 1:iUH 'I I~\' OP l•:R,\TION:-, •, I • i _.;~;1rn; ' 
1'::..iT ~UIPMENT 

RIG Ql LING 'i40 

Linr. Ll ectronic n 

Lin , El ectronic s 

L.inr, -:1e..:t ronic n 

Linr, 1::lcctronic r. 

Linr, Elect ronic s 

Linr; !-.: l ectronic r 

Lin• ~l ct ron ics 

Arr,pcx 

Li111~ 1-:lcc t ronic s 

Hewlett-Packard 

Hew]et t-Pack'l rd 

Hewlett-Pack-'lrd 

upectral Dynamics 

Spectra l Dyn'lmics 

B&K 

Unhol tz-Dickie 

Hewlett-Packard 

Anadex 

,iCCii R. CY 

±1% F.S. 

!l count 

,\-10 

aRN -iooa 

'A l OO 

SAlOO 

APS102 

APSlOA 

APSlUO 

SC0-1 00 

FRV OO 

LA-102 

7030A 

7561A 

7561A 

SDlOl-13-1 

SDlOl-B-1 

VTVM-Z 

8PMCUA 

l22AR 

CF6ooR 

172 

164 

.\- 295-66 

37 

175 

114 

27 

18 

L23-D1?67 

825-00940 

,-:!5- 00944 

1 

242 

186525 

405 

30952 
SLanua rd ca libration period - Sntirc system 2 months and alao ite■ • are 4 month~. 
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RANIX.tt VIBRATluN ANALYSIS 

Mli!'l'HuD A 

IIUOIIT .NO , 

The power •pect.rwa demit, anal,wer conai1te ot one, eight.1-th• (BS) 
chamel tilter e,at.ea - Lt."I !lectron1c• Model ASDE-80. 

1. P'ILTER BANIMTDTHS 

P'Nquencl Ra~ Bandwidth 

10-20 cpa lOc,pa 
20.)1 11 
31-la) 12 
43~6 lJ 
S6-10 lJa 
70-e4 lJa 
84-99 lS 
99-llS 16 
llS-132 17 
132-lSO 18 
1so-11S 2s 
11s-202s 2S cpa each 

2. DfflCTOR TIMr. OONSTANT 

RC• S eeconde <•••rap ot cClllbined operating llodee) 

3. SW!IP RA'!T.S 

The BVNP rate ie ••riable. 

Minillua Sweep Tiae - 36 Hcond• 
Manaua SwNp TiM - Intinttr 

4. DD!IS OP P'R!IDCllf 

I• b I (Ill) I (RC) 

10 ope Ill I I • 200 Mini- Herap 
2S cpa Ill I N • SOO Maxiaa • .. rap 

s. OONFID!NCF. L'"-L 

At 2S ope Ill 1 Confidence leftl • 9S• 
Error • 2°' 

"' ...... ,, .. 
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X - Axis 
A) 

e) 

Sect ion 11 

~ i.ne Data 

Random Data 
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