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INTRODUCTION

Under Marshall Space Flight Center Contract NAS8-34195, Unidynamics/
Phoenix, Inc. desiged, fabricated, and gqualified the hydrogen burn-
off igniter illustrated on the next page to MSFC-SPEC-541. This
item is5 a pyrotechnic device used to burn off excess hydrogen

gas near the Space Shuttle Main Engine (SSME) nozzle.

As set forth in the” statement of work, the program was to be
completed in four phases:

e Phase I -~ Material Study and Prototype Design

s Phase II - Prototype Fabrication, Development
Testing, and Final Design

e Phase III - Fabrication

e Phase IV - Qualification Testing

MSFC-SPEC-541 specified that the burnoff igniter was to have a
function time of 8 + 2 seconds, a minimum three-foot flame
length at maximum output, and hot particles projected 15 feet
when fired directly into or perpendicular to a 34.5-knot wind.
The three-foot flame requirement was considered to be of
guestionable importance, since the hot particles are the media
for igniting the hydrogen. Flame temperature was to ke greater
than 1500°F. As shown by the gualification report*, all of

these specifications were met.

Additional details are provided in subseguent sections.

*Unidynamics Document No. 5141151-QTR-03.
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PHASE I -~ MATERIAL STUDY

Since it was deemed desiiable to eliminate all corrosive halides
from the combustion products of the hydrogen burnoff igniter,
the most promising propellant composition was a composite of
potassium nitrate, a hydrocarbon fuel-binder, a high-combustion-
temperature metal powder of appropriate particle size, and
necessary ballistic additives to enhance ignition or modify

~
—

burn rates.

Potassium nitrate was selected as the best candidate because

of its relatively non-hygroscopic nature and established history
of use in halogen-free propellants and ignition ﬁaterials.

It was felt, however, that the most widely used solid propellant
oxidizers, such as ammonium perchlorate, should not be eliminated
from this program even though they do produce small amounts of
corrosive halides in the combustion process. Therefore, the
potassium nitrate formulations and the ammonium perchlorate
formulations were evaluated simultaneously.

The oxidizer/fuel binder/ballistic additive combination functions
as a propellant base to generate a controlled mass flow of hot
gases to form a high velocity jet in the exit plume of the nozzle.
This flow of high temperature, high velocity gases contains a
flux of entrained burning particles of the metal fuel additive.
These particles are ejected into the plume while still burning
and continue on their respective f£light paths for distances which
are determined principally by their initial velocity, particle
sizes, burning rates in air and the effects of wind velocities,.

The NASA requirements of 8.0 + 2 seconds burn time, spark pro-

jection of 15 feet minimum when fired directly into or perpendicular

to a 34.5-knot wind, and particle temperature of 1500°F were all
met under this program. Total cartridge burn time was controlled



by grain web thickness, length of grain and nozzle opening.
Several nozzle opening diameters and shapes were evaluated
during the program in an effort to control the particle plume.
The nozzle shaping configurations proved to be ineffective due
primarily to the fact that the resulting nozzle opening was
reiatively small. Two of the tested nozzle configurations are
illustrated on the next page.

Since it was still Qdesirable to be able to reduce or eliminate
exrant sparks which traveled above the 28-inch height as measured
from the centerline of the unit, a spark deflectlor which could
easily be attached to the noizle was designed. This deflector
effectively controlled the errant sparks.

A series of small laboratory-sjize batches of propellants using
various metals for the sparks were blended as a means of quickly
evaluating spark characteristics. Zirconium, aluminum, iron -
and magnesium were evaluated. Zirconium proved to be the best
candidate. Essentially two particle-size zirconiums were evaluated;
the finer particles produced undesirable anomalies. Coarser

grade zirconium, approximately 400-micron, produced good spark
characteristics and was selected for the final design.

The computer analysis reproduced on the following pages was
conducted for the final propellant system. The potassium nitrate
and the ammonium perchlorate compositions evaluated during

Phase I are discussed more thoroughly in the following sections.
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DH

COMPUSITION
AMMONIUM PERCHLORATE (AP)__ =602 ___1CL__

gi__ AN_.__40 N
HTIPB (SINCLAIR) 12 10sH 75C 10 ;
. ZIRCUNTIUM o 172R E
w__“,m_ﬁsaﬁlc_pxioEmiauﬂxuﬂnua}a =1230 30 2FF ;
INGRED DENSITIES (RHO) ARE |
INPUT PRESSURES (ATM) ;
3.4 100 |
INGRED ,WTS,8TOTAL/A GRAM ATUMS/ CHAMBER/ EXHAUST RESULTS/PERFORMANCE g
58,00000 18,00000 23,%0000 ,50000 100,00000 j
[_M“L_a_z_.uzs_a Mo 1.318447 C 493630 N 240019700 493630 CL_ A
006262 FE 257619 IR | ' ;
1
— o TAK) __T(F) __PCATM) _ P(PSI) ENTHALPY ENTROPRY __CP/CV___ _GAS RI/ZV..
[ 2674, 4354, 3,40 50,00 ~35,30 229,08 1.2648 3.773 901
e 30819990 M2 1298065 CO L4708 HCL . 25681 ZROZ2H
L2U677 N2 L 14845 H29 LU6615 H L01972 CO2
,01458 TL L00353 FECL2 00257 FE 00162 HO
_ T.REe08 7RCL2 1 ,2E=04 FECL _ S.5E=05_ZRCL3 5,4E=05 NO
n 0w o 1. 8E<05 FEO 1, 7E=0% CNH B,6E=06 CHD
7 4E=06 NH3 7.2E«06 CL2 4,2E-086 ZKO2 3,6L~06 ZRCLY !
1,9€=06_ 02 12 6E=06_NH 1.0E+006_ CH20 s .
. . !i
T(K) T(F) P(ATM)  P(PS1) EMTHALPY ENTROPY CP/CY  GAS  RT/V
2190, 3482, 1,00 14,70 =57.5¢ 229,08 1.,2499 %.738 268
1.52693 H 1,29474 CO 7894 HCL \25758 ZROZ3 Z
a28680 N2 _.1u454 H20 #2365 _CU2 —sQ12063 H !
5.8E=03 FECL2 2.,9E=03% CL 3.8E-08 FE 1.6E=00 HO :
2,0E=05 FECL 1,3E+05 ZRCL2 5.3E=06 CNY 3,9E~06 WH3 ;
e SedE=06 N0 2,9E=06 ZRCLZ 1.,16=06 FEQ 141E~06 CL2 3
| 0& 06 CHO Sl v "o . ..%
_IMPULSE__ 1S_EX T« PA___ CF__ 1SP% GPT EX D=IS8P  AxM, EX T |
137.7 1.2498 2378, 1,89  .970 1.19 259.2 2.838%96 2094, |
! 139.0__-),1999 _ 24493 1,92  ,962 179,02 1,20 2190,

26147 2,89089

..
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[ DN COMPOSITION ]

i AMMONIUM PERCHLORATE (AP) =602 _1CL___4H___IN 40 j
HTPB (SINCLAIR) ' 1371030 73C 10

ZIRCUNLUM ' 0 1ZR |

. EERRIC_OXIDE C(ANHYDROUS)* _____ =1230 30 2FE .

INGRED, DENSITIES (RHO) ARE 3

v 0704 003352 $2380 . ,1818 !

INPUT PRESSURES (ATM) , :

17,90 1,0 - . ..

INGRED (WTS,4TOTAL/ _GRAM ATOMS/ CHAMBER/ EXHAUST RESULTS/PERFORMANCE §

!

58,00000 18, ooooo 23,50000 50000 100,00000 3

|

Lo 3.,830792 H 1, 3184&7 c 493630 N 2,001970 0 (493630 CL f

.006262 FE LE5T619 IR ~ R - i

i

T(K)__TCF) _P(ATM) _ P(PS1) ENTHALPY_ ENTROPY _ CP/CV__ GAS _ RT/V |

ERETINTEL I T Y FU-E T R P T F0 O LU O LV A Y & X BN X3 E

1.51178 M2 1,29885 CO 47263 HCL 25637 ZR025

(20673 N2 T 15040 H2U 036537 ECIINE ;

8,0E=03 CL 5,1E=03 FECL2 1,1E=03 ZRCL2 1,0E=03 FL 1

Q”HF:"“ HO 1,5E-04_ZRCL3 ..9:ﬁE:QS"FEFL;__nw&a?ﬁfﬁﬁwﬁ“ﬁ,m.ﬂ__ ?

LTS 33BN TN 2. 2E=)S CHO 2, 0E~0% ZRCCY ;

1.5€=05 0 8.7E-06 CLZ TebEmnb FEOQ 5,1E=0& CHZO 5

3,0E~06 FECL3 2,2E=06 NH 1,7E=06 ZRU2 : !

TCK) - TCF) PCATM)  P(PSI) ENTHALPY ENTRUPY  CP/CV  GAS  RT/V ;

: ' i

1,54510 H2 1.28168 CO 48109 HCL 125760 ZRO2S i

s 21680 N2 213102 H2Q L 03671 02  ,006ed4 FECL2 4

1 2E-0UH 3.0E«05 CL 1, 2E~05 NH3 b, bE=06 Clii 3

3,9E~06 CHY 1,3E=06 FECL3 ' :

THAULSE TS EX T+ ¥ CF TSP OP T EX 0= I8P A¥NT T EY T ]

195,8 31,2580 2022, 9,42 1,373 3,04 36,6 ,57053 1538,

19706 102226 2463, 79 83T, 371 IV ST 3 0T 3719 T, 576647 1593,
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~ B TR TR =

e AMMON TUM  PERCHLQRATE (AR rbVe . JCL___dH. LN ag . ._MJ
HTPB (SINCLAIR) 13 103H 73C 10

ZIRCONHTUM 0 {ZR Jl

e EERR L C_ QX LOE (ANEHYDROUS ) A w1230 30 2Eh... i

INGRED, DENSITIES (RHU) ARE ?

. DI04 L 0432 2311 S ¥ 3 T —_— ;

i

[} INPUT PRESSURES (ATM): i

3,0 1,0 :

!

INGRED ,MTS,ETOTAL/-GRAM ATOMS/ CHAMUER/ EXHAUBT RESULTS/PERFURMANCE

N A L T e 2 T A P—" T e s &

58,00000 18,00000 23,50000 »20000 iO0.000UO

b 3,830792 M 1.318847.C____ 493630 N 2.001970.Q 493650 Cl
006262 FE  ,257619 ZR _

e TR TCFL PCATMY . PAPSL) _ENTHALPY. _ ENTROPY _ CP/CV___GAS__ RI/V __ _|

[:— 2747, Au8S, 30,01 500,00  ~35,30  211.88 1,2420 3.747 9,078 |

_ . 4

e 1eS1820 H2 129880 €0 L 0T322 _ HChL .. 25616 _ZRO2S

24668 N2 L15121 Hao ,02749 H T 01940 cu E

b 0Ew0)3 CL 5,5E«03 FECL2 [.2E~03 ZRCL2 7,3E=04 HO l

e B LEmOA FE 2, 3Ema IRCLI 1 T7E-04 CNH__ 8, 1E-~08 FECL______d
f"' 7.1En05 NH3 8,0bLwyy ZACLY 3.3E-05 CHO Z hE=~05 NU

1, 0E=05 CH2O 9.1k~06 CL2 8,5E-06 0 t,7E=06 FEU
[ 8 BE=06_FECL3 _ 3,0E=06 CHE __ ___ 2,00%06 NH__ 1 0E=06 ZR02

- - - b

— ———

T(K)  T(F) P(ATM)  P(PS1) ENTHALPY ENTROPY  CP/CV  GAS  RI/V
[__“,_"JSBRL_EQALL,_.WL,DQ__mmlﬂglpu_“:81¢§ﬂ__maAAJﬁﬁﬂmiaEbhé,qaqzaimw_Jakﬁ-__

1.554094 He 1.27163 €O LU4B111 HCL 25760 ZROZ2S

e e 2UBTO N2 JA2168 HeO . 08670 CO2 .. _.00624 FECL2
5.3E=05 CH4 2.3E~05 NH3 1,0E=05 H 7,8E~06 CNH j
2.6E06 CL 1.,56=06 FECL3 ;

 IMPULSE 18 EX T TBw T TCE T I8PR OFT EX D~ISP AN, TTEX T

212,48 1,2529 _ 2438, 18,86 1,484 _ . 4,89 399.5 ,28608 1348,

21%,9 1,2400 245%%, 18,94 1,491 179,4 0,97 02,5 ,20684 1389,
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_UNIDYNAMICS/PHOENIX VERLLON OF P, E, P, . ~9-

CHY MODY 10723780

DH  COMPOSTITION

INGRED. DENSITIES (RHO) ARE

0708 W03382 2311 L1818

_____AMMONTUM PERCHLORAIE (AP) 602 1CL__ 4R 1N 40
HTPB (STHCLAIR) 13 103H  73C 10
ZIRCONIUM 0 1ZR |
, —FERRIC_0X1Dk_(ANHYDROUS) ~1230 30 2FE E

INPUT PRESSURES (ATM)
68,0 1.0,

INGRED,wTS,8TOTAL/~GRAM ATOMS/ CHAMHBER/ EXHAUS[ RESULTS/PERFORMANCE

EFTG0000 TTEL 00000 T3ITE0600 750000 100,06000 :
3,830792 H__ 1.318447 C 493630 N 2,001970 0 493630 Cl,
000862 FETTL 257619 TZR .

TCRY T(F). PCATM)  P(PSI) ENTHALPY _EMTROPY cp/Cy GAS RT/V

2760, 4508, 68,027 (000,00 T-35,30 204, 721, 2u1s 3,742 18,180 |

:

1451760 H2 11,2986 CQ JU7355 HCL . 25592 ZR0RE
L 2leSs N2 L 15206 RADT 02038 H T L 01939 7oz
5,8E~«03 FECLZ 4.q9g-07 7\ 1,3E~03 ZRCLZ 5,5E~04 HO
_3.5E-00 FE 4.Dwde JROIR % 3E-04 CNH 1, 4E~0U NHS
B, 1E=05 ZRCTT FLan LT TLTLTT LV BE~05TCHO 2. 1E=05 CH2O
2.,0E~05 NOD fe1E=0% CH4 9.5E~06 CL& 6,8E~=06 FECL3S
4,7€-06 0 211§:Q§~EEU 2.6E=06 NH
T(K) T(F) F(ATM)  P(PSI) ENTHALPY EMTROPY  CP/CY  GAS  RT/V
1203. 170()‘ 1900 1”170 "‘9“»52 20‘6.?_2 102737 3!727 .2h8 ]
1.56660 H2 1,25499 CO LU8111 HCL (25760 ZRUZS
e28678 N2 10750 H20 .Ob 11 cag ___e00623 FECL2
1,36=03% CH4 B, 0E~05 NHs TG, 1E-08 CNH - I, 7E=06 FECL3
IMPULSE IS EX T P* CF____ISPx OPT EX D-ISP  AxM, EX T
225.5 1.,2558 2447, 37.68 1,578 7.98 424,5  ,14294 1189,

227,0 1,2449 2460, 37,81 .1,584  179,5 8,11 427,3% 14332 120%,.}

e
Ty Al doart. =
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POTASSIUM NITRATE COMPSITIONS EVALUATED IN PHASE T

~10~

Table I summarizes this series of evaluations, and the individual

compositions are discussed below.

Test No. 1 involved the following composition:

64.0% Potassium Nitrate

11.4% Hydroxyl-Terminated Polybutadiene (HTPB)
e 14.0% Zirconium (30-44 Micron)

6.0% Boron

¢« 2.5% Dimethyl Diisocyanate (DRI-141G)

2.0% Ferxric Oxide

0.1% Antioxidant {CAO-1l:)

B ]

This composition was pressed into a pellet at 1500 psi. The

pEilet was thzn inhibited with a mixture of Epon 828 (50 percent)

and Versamid 140 (50 percent). When fired, the propellant
overpressurized in the test unit using a nozzle diameter of
0.200-inch (Kn49}. The nozzle asssembly was expelled.

Test No. 2 used the following composition:

e 56.0% Potassium Nitrate

o 20.0% Powdered Sugar, commercial grade
e 16.0% Zirconium (-200/+325)

e 6.0% Polyester Resin

0 2.0% Ferric Oxide

This composition was pressed into a pellet at 10,000 psi and
inhibited with a mixture of 50 percent Epon 828 and 50 percent
Versamid 140. Overpressurization occurreq in the test unit
using a nozzle diameter of 0.200-inch (Kn49). The nozzle was
expelled.



TABLE I - POTASSIUM WITRATE PROPELLANT

. vain _Grain Ignition Kozzle Closure FITCO ¢ Burn [Spark [Flame .
. raln LengthjDiameter toose | Ignition I.D. Hozzle pisk Thi Dia. Time (Dist. Length (
“Test Ho. Comp,  Y{lnches)iinches)) © load Pellet  {fInches) | conflg. xn {Inches)}{Inchesdisec) ] {Feet) | [Feet) CONMENTS

1 prigeazn| - 1.40 50 me | B3¥000a | 0.200 1 <g 9.002 | 0,030 | oe-a ceee | coae | ERpelleg] nozale [assenniy

2 eLsaeyy | —-- — 50 mg (95078 V191 4, 200 (1 w0 0.001 § 0,090 | woue - | - | Expelled nozzle assesbly

[ etaBB43 ) 1.030 | 1.34¢ 59 ™9 by purrered 0,200 2) a5 0.001 | 0.030 23.35 [P e stable-tfew sparfs

10 ELARN4Y 1.032 1342 50 mg |'g huttored ©.200 {2) 45 ©.001 | 0.030 22.78 ——— —— Svables-ffeow apar,t
27 * LAL857 1.170 1.40 50 =g |\g butrered 0Q.260 2 1) 0.031 | 0.05% 5.85 | 40-45° 3-2% | Stable=-Fgood sparis

10 ELABEST 1.174 1.40 50 mg jl¢ burterad 0.150 2) &7 0.00) ( 0.055 .45 ) 45-5n-ﬁ 1-2% Stable-~tgood spatks

7 EL48HE) 1.90 1.1397 50 ™y [y burtercd 0,150 [¢] 87 0.001 | 0.05¢ —— ——— —— Expelledinozzie |assamhlyd

e EL4BB6L | 1.4 1.398 50 mq kg buttered 0,189 12} 55 0.001 | 0,055 7.20_|bunker® Stable--fgood =pafka

35 ELAHAGL 1.51 1.396 30 my 14 0,189 t2) 55 0.00) | 0.055 ~— ——— e | Bxprllesfuozzie  |assemsiy

8 EL40861 | 1.402 | 1.345 |. 50 mg | 400 mg a.250 ) 28 o001 | o.055 10.¢0 lbanker® Stable--tgood spaika E
4u ELEBBEL | 1.470  1.343 50 mg | 400 my ©.250 123 29 0.002 | 9.055 10.60 | 25-30° [ 1-2¢ | Stable--fquod spatss

£ ELADEGL 1.451 1.316 S50 mg 400 mg 0.350 12} 29 .03y | o0.055 10.60 | 25-30% 1-2* Stabin--fgocd spafks

A2 ElAgact 1.45D 1.334 25 g 200 g 0.238 2) 12 ©.001 0.055 106.50 | punker* stable—laece spalhs

43 presgsy | 1-45C 1 1.345 25 v | 400 mg 0.238 L2 32 0.0p1 | 0.055 10.60 |bunker® Etablee-bssod snibks

a5 cLseeer | l.400 | 1.342 25 mg | apo og 0.250 2) - 29 a.001 | 0,085 30.30 }15-20* | 1-2° len ophy wind--6-107 spark exfiection
46 rr4g861 | t.aor § 1-374 B mg | 200 wg 0.250 2 29 o.o091 | 0.055 10,36 §15-20° 12" {42 rph winde=6-17 spack dpfiecticn
50 eL<gAey | 2.447 | 1.344 25 23 | ac0 ng ©.250 4 29 o.00! | 0.055 16,60 |15-25 1-2* |18 pph wine-~6-10] spark dpfleccion
52 EL<BBAY | 1900 | 1,342 25 mg | 400 oy 0,250 21 29 0,001 | 0.055 10.00 |20-28* | 1-2* | 20 mph wlpde-2-5'|spark adttection
51 ©L4B8L1 1,482 4 1.252 25 mg | 400 wg 0,250 t2) 29 ©.001 | D.0S5 10.90 [ 20-25' 1-2' 20 eph wind ~-2-6] spack éhfiection
54 FL4BYGL 1.100 1.350 25 mg 400 g a.221 {2} 2? o.0p) | @-055 7.57 bunker*: Stablec-baced spaty

noTES; 1. S* SMAPED HOZILE GRENING.
2. O acunp mozzte opENING.
ALL GRAINS WEAE INHIBITED WISH 50 PERCENT EPON 828, 50 PERCENT Versamic 40,

ALL IGHITIOH MATERIAL WAS 107-PPR-DI.

3.
4.

*BUNEER = UNDERGROUND TEST BAY

S

~1T-
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Tests 8 and 10 employed the following composition:

e 54,0% Potassium Nitrate (15.4~micron)

e 24,0% Powdered Sugar, commercial grade

e 14,0% Zirconium (Type I, Class 1) (approximately 400 micron)
e 8.0% FPlucrel

Test Unit No. 8 was fabricated using a 0.200-inch diameter
nozzle, (Kn45), and it burned for 23.35 seconds. The burn
was stable, but spark output and preojection were poor.

Number 10 also had a 0.200-inch diameter nozzlc (Kn45). This
unit also produced poor sparks. Burn time was 22.78 seconds.

Tests 27 and 30 used the following comg~sition:

o 41,39% Potassium Nitrate (15.4 Micron)

¢ 31.03% Zirconium (Type I, Class 1) (approximately 400 micron})
*+ B.62% Magnesium .

e 8.62% Powdered Sugar, commercial grade

* B8.62% Fluorel (10% solution in MEK)

1.72% Boron

The propeliant was pressed at 10,000 psi and then inhibited
using a mixture of 50 percent Epon 828 and 50 percent Versamid
140, Test Unit No. 27 had a 0.200-inch diameter nozzle (K, 49).
A stabkle burn with good spark output was sustained for 6.89
seconds. Test Unit No. 30 had a 0.150-inch diameter nozzle
(Kn87). A 3.45«second stable burn produced good spark output.
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A totol of 14 tests were conducted using the following propellant
composition:

41.0% Potassium Nitrate
30.0% Zirconium (Type I, Class l)(approximately 400 micron)
9.0% Magnesium
9.0% Powdered Sugar, commercial grade, with 3.0% cornstarch
9.0% Fluorel
2.0% Boron

All propellants in this series were inhibited using a mixture
of 50 percent Epon 828 and 50 percent Versamid 140. Test No.
33 had a 0.150-inc¢h diameter nozzle, (Kn87), and the nozzle

assembly was expelled during functioning.

Test Units 34 and 35 had 0.189-inch diameter nozzles. Test
No. 34 had a 7.2-second burn with good spark outpuk. The

nozzle expelled on Unit 35 during functioning. As a result
of the expulsion of nozzles, a brief analysis of the cause

was conducted. It was felt that the reuse of hardware more
than twice resulted in thread fatigue, thus causing the nozzle

housing to blow out. This problem was eliminated when new
hardware was used exclusively for testing.

Tests 38, 40, 41, 45, 46, 50, 52, and 53 were conducted as
above but with 0.250-inch diameter nozzles. All units produced
good sparks with stable burns for the durations as listed below:

Burn Time Burn Time

Unit No. (seconds) Unit No. (seconds)
38 10.6 16 10.3
40 10.6 50 10.6
41 10.6 52 10.0

45 10.3 53 10.9
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On October 24, 1980, Unidynamics conducted a series of tests
for MSFC and Rockwell International. The tests were conducted
in cross winds of 40 miles per hour and 20 miles per hour to
evaluate the effects of the wind upon the sparks. Basically,
the units performed very well under the effects of the wind.
Units 45, 46, 50, 52 and 53 of the above group were fired into
a cross wind with the following results:

Unit No. Cross Wind Velocity Spark 6eflection
45 40 mph 6 to 10 feet
46 42 mph 6 to 12 feet
50 38 mph 8 to 10 feet
52 20 mph 2 to 6 feet
53 20 wph 2 to 10 feet

Although the cross wind did deflect the sparks, a significant
number passed through a target placed seven feet away. Spar’
projection was in excess of 15 feet.

Test Units 42 and 43 using the same propellant composition had
0.238-inch diameter nozzles and produced stable burns with good
spark output. Test Unit. No. 42 had a burn time of 10.5 seconds,
and Unit No. 43 burned for 10.6 seconds.

Test Unit No. 54 using the same propellant composition had a
0.221-inch diameter nozzle. It produced good spark output and
burned for 7.57 seconds.

Although the potassium nitrate units performed well under the
wind conditions, Unidynamics also tested the ammonium perchlorate
compositions under the same conditions. Both compositions per-
formed well with the potassium nitrate producing more smoké.
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Since it was felt that the small amount of corrosive halides
given off by the ammonium perchlorate compositions were
insignificant, a decision was made to concentrate on the more
widely used ammonium perchlorate system. In addition to the
potassium nitrate compositions, one unit was fabricated (Test
No. 28) using the following composition:

60.0% 47-PPR-01
42.0% Magnesium Powder
21.0% Halon
6.5% Fluorel
3.5% Red Lead Oxide
27.0% Tetranitrocarbazole
40.0% Zirconium (Type I, Class 1)

This unit had a 0.125-inch diameter nozzle (KanS). Burn time
was 3.91 seconds. The burn was stable but with poor spark ocutput.



-16G-

AMMONIUM PERCHLORATE COMPOSITIONS EVALUATED IN PHASE I

Table II summarizes this series of evaluations, and the individual
compositions are discussed below.

The ammonium perchlorate compositions evaluated were formulated
using a bi-modal particle distribution of ammonium perchlorate,

and a ground ammonium perchlorate system. Nozzle diameter varia-
tions were also evdluated. Test No. 3 had thé following compositiont

e 32.0% Ammonium Perchlorate

¢ 32.0% Ammonium Perchlorate {(approximately 1l micron)
e 13.1% R-45M '

e 19.0% Zirconium (-200/325 mesh)

¢ 2,8% DDI-1410 '

1.0% Ferric Oxide

0.1% CHO-14

This mixture was readily castable and burned vigorously with ‘good
sparks. However, Unit No. 3 with a 0.200-inch nozzle (Kn49)
expelled the nozzle. This phenomena was attributed to the
multiple uses of the hardware causing structural fatique.

Test No. 4 had the following composition:

e 32.0% Ammonium Perchlorate

¢ 32.0% Ammonium Perchlorate (approximately 11l micxron)
* 13.1% R~-45M

* 12.0% Aluminum (Reynolds No. 40 - 30 + 5 micron)
 7.0% Aluminum (Reynolds No. 1-842)

2.8% DDI-1410

1.0% Ferric Oxide

¢ 0.1% CAO-14



TABLE XII - AMMONIUM PERCHLORATE MIX PROPELLANT TESTS

Greln | Grain lygnieion Noxzzie Closure FITCO | BUZR | Gpark | fiame
Grain | Length |Diametel “raose | 1gnizfen I.D. bozzla [oinx Thk pia. Timo pist { Length
Test o, Coco, |LEnches) (Inches)| 1o.4 Pellet {Inchenl | Contin. rn (Inches] (Inches) (sec) {£t) ¢ {Feet) CONRENTS
048834 - 1.31 50 &g b-;ig-:-* 0,200 [&3) 43 o.col | 0.030 — ———— —— )
4 ELABRBIL 1.30 1.395 50 mq | hebzopes 0,200 2y 49 o.co) | 0.030 2.0 — —m=w | Stable Lien--poor hpazks
5 EL4EBID 0.930 | 1.32¢ 50 =g b-;é:::-ggL 0,207 123 as g.cor-l o010 | 3mogy | oo =——- | Stable Eyrn--go0d pparks
5 141230 -—— 17337 50 mg | butZered 0.2¢3 12) 4% ©.c0l | p.o3p 30,0+ | ——== --==_lchuffed ifeuw sparrhy
7 ELAun1E 1150 | 1.136 50 &g |Ig butzered 0,260 2 44 2.681] p.g3p | ?0-P = T e tres dfew spark
P L4894 1.20 1,156 50 mg }lg Luttered 0.202 2 36 2691 | g g 18.82 | —— === Jenuttes hood sperks
11 rLiRALY 1.19 1,339 59 rg_{lg burtered 0.207 2) 45 0.091 | 0,030 19.6 so' 1-2'" | srabre--J004 sparks
12 ELARAIG 1,18 1,150 50 r-'; lg hureered 0,200 {2} 45 06,001 0.010 21.27 A0-35" 1-2* Stahle-—-fjo0d nparks
13 E1LAHB15 1.08 1.959 50 ng_1q hurtere: Q.150 11} Bl 0.091 0.030 13.9 —— === {Stable~=-$iood sparfs
14 149841 1.18 1.325 59 pr l1g butrered 0.150 1} 79 n.001{ 0.030 7.2 -— ———= |Stable---100d sparis
1z LLIARS] 1.13 1.331% £9 =q {lq buttered 0.150 ¢ 3] 79 s.001| o.m10 2.99 50'+ 1-2" |stable—-tnod spars
16 ZLABBAY 1,15 1.350 50 mg |19 huztered 0.150 %) 79 o.c;1 | e.030 12.9 | 4o-50* 1-2" |Stanle-—Yio0d sparis
17 lrr48345 1.18 1.350 50 ;g |1g burtered  0.200 12) 45 o.c0t] ¢.o10 19.9 35-40" [L7=1%6% |y o ypemtood sgarls
18 TLARB6 1.18 1.350 50 g |lg buttered  0.150 {1} 81 0.col1 | 0.030 11.74 | 50° 1-2° tseabie---hoos s_paz s
19 140646 1.18 1,350 50 my {1y buzrered 0.200 13 25 o.cc1 | o.020 19,35 | 35-40° 1'-1'6" {stable---lood sparfs
20 b LABBES 1.20 1,359 £0 mg {1g bustered 0.150 (1 Bl c.co1| o.o20 9.5 50"+ 1-2' lenutfed--kood zpards
21 frLsendy ¢.70 1.350 50 m3 |lg buttersd 0.150 {2} g1 0.601] 0,055 10.66 | punxer® Chuffed--fefleczicy chield }i™)
2 ‘L2a852 9.70 1.350 50 » |l buteered  ©.150 (23 g1 a.o01 | 9953 11,4 | 25-30° |14t |Chuffed-—fellectiof shielad [471
23 14E852 0.10 1.340 50 g Hlg b»:t'.'ertj;D.ISO ) e o.co1l ¢ oss 10.3 | 30'35* 1-2* {Chuffed
24 b 1,4HE52 9.70 1.340 S0 #y l1g bortered  0.150 1) 81 0.021} g0.0%5 10.46 | 30-35" [1'-1'6" |Cruffed
25 hrepasz 2.70 1.340 50 5 l1g buztered 0,150 (1) a1~ 0.00: | o.05% 9.8 | 25-40' 1'-1'¢" |Defleczick shield 1 long
26 E1ABE55 .10 1.40 S0 mg |ig buttered 0.150 12} a1 0.¢01| 0,055 21.2 | 25-30' [1'-0' |Flutrerede-wesk sphris
29 1L48358 1.12 1,340" 50 ng |lg buttered 0.200 (2 46 o.e03| og.0s55 1.8 0%+ 2-3' |Stable---food spacks-
31 j-LABESS 1.16 1.340° 30 »ng |lg buttere 0.%50 #H] 29 0.091| p,05% B.l 4050 1-2* : Stable-—iveak sparks
32 1.1483%0 1.202 | 1.354* S0 »g |lg butrered  0.221 t2) 17 0.001) 0.055 —— 40-50° 1-2* - -
16 h:rABEES 1.20 1.353 50 g | 400 og 0.125 {23 117 o.001] e.os5 3.52 { bunker* Stable-——pood sparga
‘17 Fragaes 1.18 1.355 50 mg | 400 =g 0.125 12) 117 v.0o1| 6.055 4.25 |bunkar® Stable-=-f;00d Bparts
13 2AEBSE T 1.50 1.353 50 mg | 02 g 0,222 {2} 33 0,001 0.055 11.3) | bunker* Stable-—-jjood spargs
44 |LABESE 110 1,345 25 ng | 400 o 0.234 (2] a3 o.co1] o.055 8.2 |hunker* Stable-=--f;00d sparks
47 YT 1.10 1.370* 25 =g | 400 mg 0.234 2 33 o.ocyf 0-055 8.3 | 1s5-200 1-2¢ [%9 ®=ph vind B to 1f f=et
51 gL4Pa58 |, 1,100 1.370° 25 ng | 480 ng 0.214 123 23 0.001] 0.05% 8,87 15-320t | 1-3¢ {°0 =Fh wipd B to 1 feer |
| { l -
1OTTS: b i 1

¥
1. :{3- SHAPED HOTZLE OPENING.
2. MO NOZZLE OPENING.
3. ALL GRAINS WEFE INMISITED WITH S0 BERCENT EPON £28, 50 PERCENT VERSAMIDIZO.
4. ALL IGNITICH MATERIAL WAS 107-PPR-02.

"BUNKER - UNDERGKOUND TEST BAY.

...L"[...



TABLE II — AMMONIUM PERCHLORATE MIX PROPELLANT TESTS

TAUCKPER ~ UNOERGEGLND TEST BAY.

Grain| Grain |Ignrsion nozzZie Zlosure | FITCW  Barn” | Spazk™ Y rig=e
crain | Leagth [piameter| Loose | Igniticn I1.6. tiazzle Liisx oaxl pia. wire D25t | fenach .
fost Mo. | Ceeo. LlInchasi{Inches)i laead 2ellex | UInches)] gontia. | f2  Nirches)lInchas: feei | 1£6) | ireces :
55 raehef 1,102 1,249 25 =g 462 e3 0.201 {2} <5 0.C02 0.055 6.27 burker goa
55 ELsgads | 1.109 1.359 15 450 oy 0.150 (2} -} D.632 0.055% 3.10 burier s
57 e46565 8 .10 1.149 25 og 450 =g 0,221 123 17 0,002 g.c55.f .41 26330 [i-1re- e
cq zrie3ss | 1.20 I.350 25 g 27 ng €.221 20 | 27 0.Ca2 0,455 7.33 33-35° 7-2* Seatle-—iood ars
54 grzanesf 1.102 1,350 25 3 483 =y .21 23 37 0.002 0.055 7,14 35~35¢ i 12t : are
60 Liagags | 1.162 1.152 25 g 403 o 0.221 123 17 0.052 0.055 | B.01  |15-33° 1-2* spe
&1 ELagzes | 2,402 1.351 25 rg 400 =y 1.161 2) 79 0.C02 0.655 | =z.s2 j45-5or 1-2* z5a
62 gragncs | 2.40 1.3408 25 &y 507 | 0.160 '3 10 0.632 | 0.055 | a.25 |45-500 g o
5 rmegcs | 2101 ) 1.248 | 25 mg | 420=g | .20 (23 17 c.czz | 0.055 | 9.95 dag-sor | s-ae 83
(2 Er4eses | 2.261 1.350 25 =3 L %a.1581 123 kL] 0.6z ¢.e08 2.4 €q-£ P 2iedLs
[ cr4zeel | 1.185 1.3:8 25 oy 250 pa o.22% {23 17 L2 o.655 7.93 19-35¢ 12t -
2] ELALILD 1,182 1.351 25 ng 400 =g 0.221 23 17 0.002 0.0355 7.88 19-35° 1-2° are
67 ELSRLEB | 1.101 1.145 25 g 487 oy 0.221 [+ 17 c.052 0.055 .94 20-35+ 1-2¢ oot opm
wrrrs: t. 0D DUATED wO2IZLS CEENING,

2. () PLUND NLZRLE CRLNING.

3. ALL CFAINS WEIPE INWIDITED WITH 50 PEPCENT EPOY 828, 50 PERCENTVERSAMIGLA0.

4. ALL ICNITION MATERIAL WAS 107-FPA-02. .

4!

_8'1:-.
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This composition was readily castable, and stable burning, but
Spark output was poor. The unit had a 0.200-inch diamcter
nozzle and buxned foxr 2.0 scconds. Since the sparks produced
were poor, aluminum was eliminated from further development
activitiy.

Test Numbers 5, 12, 13, and 16 featured the following composition:

o 29.0% Ammonium Perchlorate

e 29.0% Ammonium Perchlorate (approximately 1l micron)
o 24.0% Zirconium (Type I, Class 1)

o 1li,8% R-45M

e 3.2% DDI-1410

This composition was readily castable. Unit No. 5 had a 0.200-
inch diameter nozzle (Kndé) and produced a stable burn and good
sparks for 18.41 seconds. Test Unit No. 12 also had a 0.200-
inch diameter nozzle (KHAS), and its burn‘time was 21.27 seconds
with good stability and output. Test Unit 13 had a 0.150-inch
diameter nozzle (KHSl), and its burn time was 13.9 seconds.

Test Unit 16 had a 0.150~inch diameter nozzle (Kn?g) and a burn
time of 12.9 seconds. Both units produced good sparks with a
stable burn.

Tests 6 and 7 evaluated the following composition:

¢ 58,0% Ammonium Perchlorate, ground approximately 11 micron)
e 24,0% Zirconium {-200/+325 mesh)

e 14.8% R-45M

s 3.2% DDI-1410

Both units had 0.200-inch diametexr nozzles (Kn44), and both
had burn times of 30 seconds plus. However, the units chu}fed
during burn, and few sparks were produced.
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Tests 9, 11, 14, and 15 were conducted with units incorporating
the following propellant composition:

¢ 32.0% Ammonium Perchlorate

e 32.0% Ammonium Perchlorate (11 micron)

e 20.0% Zirconium (Type I, Class 1)

o 13.2% R-45M

o 2.8% DDI-1410
Unit No. 9, with a 0.200-inch diameter nozzle (Kndﬁ), had a
burn time of 18.82 seconds. It chuffed during burn, but spark
output was good. Unit No. 1l also had a 0.200-inch diameter
nozzle (Kn45), and it burned for 19.6 seconds. The spark output
was good and the burn was stable.

Test Units 14 and 15 had 0.150-inch diameter nozzles (KDTS}.
Unit No. 14 had a burn time of 7.30 seconds, and Unit No. 15
had a burn time of 2.99 seconds. Both units burned stably with

good spark output.

The following propellant mix was used in Tests 17, 18, 19 and
20:

e 24.0% Ammonium Perchlorate

e 40.0% Ammonium Perchlorate {11 micron)
e 20.0% Zirconium (Type I, Class 1)

e 13.2% R-45M

¢ 2.8% DDI-1410

Units 17 and 19 had 0.200-inch diameter nozzles (Kn46) and
produced burn times of 19.90 and 19.35 seconds, respectively.
Both units had stable burns with good spark output. Unit No. 18
had a 0.150-inch diameter nozzle (Kn 81) and burned stably for
11.74 seconds with good spark output.
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Unit No. 19 had a 0.150-inch diameter nozzls (KnBl) and
produced a burn time of 9.50 seconds. This unit chuffed, but
spark output was good.

The following propellant composition was used for Tests 21, 22,
23, 24, and 25:

e 29,0% Ammcaium Perchloratd

e 29.0% Ammonium Perchlorate (1l micron)

© 24.0% Zirconium (Type I, Class 1) (approximately 400 micron)
e 14.7% R-45M

3.2% DDI-1410

0.1% Ca0-14

All five units had 0.150-inch diameter nozzles (Knal). With

the exception of Test No. 25, all units chuffed for approximately
two seconds after ignition and then burned stably for the
remainder of function. This indicated slight nozzle plugging.
Unit No. 25 had a stable burn throughout. All units had good
spark output, and burn times were 10.66, 11.40, 10.30, 10.46,

and 9.90 seconds, respectively.

Units 21 and 22 incorporated a four-inch long deflector shield
made from 0.010-inch thick stainless steel. This produced no
significant deflection in the spark pattern, because the 0,010-
inch thick stainless steel shield would not withstand the heat.
Unit 25 had a one-inch long deflector shield made from 0.010-
inch stainless steel. It also proved ineffective. A thicker
walled deflector was later fabricated which did significantly

resdduce the errant sparks.

At this point in the program, the bi-modal particle size
distribution of ammonium perchlorate was discontinued in
favor of the ground perchlorate for burn rate enhancement.



Considerable effort was expended in selection of the proper
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propellant composition, inhibitor material, nozzle configuration

and the addition of a small amount of ferric oxide to act as

a burn rate catalyst.

ingredients:

The final propellant composition developed
for this program was designated CH3 MOD 4 and has the following

58.0% Ammonium Perchlorate, (ground approximately 12 micron)

23.5%
14.8%
3.2%
0.5%

zirconium, Type I, Class 1
Hydroxy-terminated Polybutadiene
DDI-1410 Catalyst

Ferric Oxide

The f£inal nozzle diameter was 0.221-inch, (Kn37). All tests

produced stable burns and good spark projection. Additional

discussion of burn characteristics is provided in the next

section.

A total of 10 units were fabricated and shippeédl to Santa
Susana Field Laboratoxry and NSTL.
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PHASE II - PROTOTYPE FABRICATION AND DEVELOPMENT TESTING, AND
FINAL DESIGN

This phase encompassed preparation of final drawings, the
aceceptance test procedure, RIOS, and manufacturing process
proccdures. The documents were presented to MSFC in a design
review meeting on November 10 and 11, 1980. Recommended changes
were incorporated and these documents weic submitted for final
approval on Novembgf 19, 1980. Pinal approval‘was granted on
November 24, 1980.

As specified in MSFC-SPEC-541, the NGI igniter cartridge fifty-
percent fire point tests were conducted on November ll. Twenty units
functioned at a distance of 2.2 inches, whach is an increase

of one inch above normal. No further tests were conducted,

since all units functioned.

Kn motor testing was conducted on November 25. Internal/external
burning centrally perforated grains with both ends inhibited were
tested in the 30-3738 K motor. Results are tabulated below and
shown graphically on the next page.

Grain Max. Action Burn

Test OD x ID x Length K Pressure P Time Rate
No. (inches) n (psig) (psig) (sec) {in/sec)

1 0.935 x 0.250 x 0.904 193 728 583 0.345 0.50

2 0.945 x 0.250 x 0.505 109 312 224 0.46L 0.38

3 0,922 x 0.375 x 1.103 258 * 1230 963 0.242 0.57

Strand burning rate tests were also conducted on November 19.
The propellant strands were inhibited with two coats of 50/50
Epon 828/Versamid 140 with two percent carkon black added.
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Strands were burned under nitrogen in the low pressure bomb.
Results are tabhulated below and shown graphically on the previous
page.

Pressure Length Time Rate
(psig) “{in} {sec) (in/second)

1,000 1.90 3.157 0.602 50.61

1,000 1.80 . 3.094 0.614

500 JA.93 3.688 . 0.523
500 2.00 4.137 0.483 >0.51

500 2.00 3.802 0.526

250 2.00 5.147 0. 389
250 2.00 4.891 0.409 >9-40

50 .95 . 201 .

1.9 7.208 0.271 >0.25

50 1.90 8.052 D.236

One lot of 28 igniter cartridges were fabricated in December 1980
using accepted process procedures. Before pre-qualification
testing the lot was subjected to the 1l00-percent acceptance

tests described below and outlined by the table on the next page.

visual Mechanical. PEach NSI igniter cartridge was inspected for

conformance to workmanship, dimensional, and marking require-

ments of Drawing 51-1151, Revision A. Five units (S/N 111, 112,
114, 125, and 129) failed this test. Units 111 and 114 had a small
crack in the adapter. Units 112, 125, and 129 had a small crack

in the nozzle housing. These cracks would cause the units to fail
the leak tests. MSFC gave approval to use these units in test.

Six additional units had voids or blow holes in the weld area
which could not be sealed. These units were alsc approved for

test by MSFC since the leaks would not affect performance. -
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g:,';t c;‘,‘;“ ;?i M:::::}.i . F?j;ht. S‘::!E.iag g?.-sz _ H;ii:;m X~Ray ,cﬂggs [:;:‘;ii:;:z ._t DISPESITION
Cert. Verif, Test(1) Test Resistacke S0VDC | Qual Shipment
109 NS 1864| 109 | 1864 P X X F F ¥ X 0.9%0 P b ¥A
110 8SI 1867§ 110 1367 P X X F P P X.-  |o.989 P HA X
111 NSI 1868| 111 1868 | (2) X X FR F x  |o.90s ) X NA
| 112 wst 1868) 112 1869 | () X X Fel F X j0.975 P % A
113 NST 1870] 113 1870 P X X P - ? x 0.997 | @ NA X
114 HSI 1871| 114 1871 (2) X X F F F X 0.992 P ¥ NA
115 N5 1872 115 1872 ? 2 " F ? ? % 0.299 P ¥A x
116 NST 1873 | . 116 1873 P « x EE ? < |5-78 F nA "
117 tST 1875 | 117 1875 P " < P P X 0.993 ? (4) —
118 NST 1876 | 118 1876 3 ® ¥ 3 —_— P x 0.991 P HA X
118 NST 1895 | 119 1895 P X X P - ? x 0.980 P NA X
120 vs1 1878 | 120 1878 P X X F P P x lo.e73 P NA X
121 N5I 1879 § 121 1879 ? X < P = P X 0.995 P JA X i
122 NSI 1830 | 122 1880 P x X - P X 1.005 P ¥a <
123 5T 1881 § 123 1831 ? X X F (&) i F X 0,985 L X NA
124 NST 1882 | 124 1382 ¥ < X r E X 0.958 P~ X A
125 NSI 1883 | 125 1883 (3) X X Fo’ ¥ X 1.003 P X HA
126 st 1886 | 126 - | 1886 P X < F P » i x 1.004 P @) ——
127 NST 1887 | 127 - | 1887 ? x X £$® F F x__ |o.9%0 P e A
128 ~—= ——— | 128 —_— — — — e | e — — — | s&2p | —
129 NSI 1889 | 129 1889 | () X X £ g x  [o.986 » X A
130 ¥ST 1899 | 130 1590 P X X 7% = F X |o.997 P x .| m
131 NST 1891 | 131 1891 P X X F___P 3 X Ji.cc0 P A X
132 NST 1892 | 132 1592 P X P 5 - P X 0.996 P NA X
133 NSI 1893 { 133 1893 P X X T N A X 1.606 P NA X
134 ¥ST 1888 | 134 1888 P e X F 3 F "X |o.9s3 P X NA
135 NSI 1895 | 135 1895 GRAIN APCEPTANCE [TEST B = e - — _—
136 NSI 1896 | 136 1896 GRAIN AQCEPTANCE [TEST —_ - - —— |s.985 —— — —
1 1f unics Ejiled the fross leal test cthe|first rirlx they werqd rewelded fhen retestpd, Unicy that failed the gecond tine were
5 adamrer Chick used in|¥ini-Gdal Testing- )
3 Nozzle Houlirg crack
4  Unic passed all test|> carried gver intg next lot
3 Inhibitesr qracked dufing mnc‘nlning é
) 6., Weld L&:.l'f L ~ . - ! 1
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NSI Flight Certification. Verification was made that each
cartridge was listed by serial number and lot numbexr in the NASA
Flight Certification Document {(P/N SEB 261-0000-1).

NSI Staking Verification. Verification was made that all units

were welded to the initiator adapter for hermetic sealing pexr
NASA/JSC Drawing SED 261-0000-1.

»

Leak Tests. Maximum allowable leakage was 1 x 10—6 cc per second

of helium measured at onc atmosphere differential pressure and at
ambient temperature. Twenty-five igniter cartridges were subjected
to the gross leak check pexr Paragraph 4.1.4.2 of Unidynamics'
Jocument 51-1151-ATP-01. Ileven units failed. These units were
used as the eleven test units in the pre-gualification series.

The same group of 25 units was also subjected to the helium leak
test per Paragraph 4.1.4.3. of Unidynamics' Document 51-1151—~ATP-01.
The eleven units that failed the ygross leak also failed the helium

- leak. (See Visual/Mechanical paragraph.) ,

Radicgraph Inspection. Each igniter cartridge was X-rayed for

evidence of visual defects, missing components, cracks, and
voids. None were found.

Bridgewire Resistance. All units were within the specified
resistance of 0.95 t>» 1.15 ohms.

Insulation Resistance. All units passed an insulation resistance

test measured between the shorted bridgewire circuit and the

igniter body. Resistance was greater than two megohms (25 micro-
amperes) at 50 VDC. The eleven units designated for prequalification
testing passed the 125 microamperes (2 megohms minimum) akt 250 VDC
except for S/N 123 (NSI S/N 1887) and 129 (NSI S/N 1889) which failed.
MSFC authorized use of the units for testing.
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Prequalification Testing. Twoe, S/N 135 and 136, of the original
lot of 28 units were used by Unidynawics in grain acceptance tests.
Recorded burn times were 8.20 and 8.00 seconds, respectively.

As_oﬁtlined in the flow chart and table of results on the next
two pages, four units (S/N 114, 123, 125, and 129) were functioned
at ambient temperature with no wind. Results were satisfactory

as outlined below:

S/N Burn Time (seconds)
114 7.96
123 7.84
125 8.31
129 7.95

Spark Pr¢ .cction was in excess of 15 feet.

Three uwnits (S/N 111, 112, and 124) were functioned at high
temperature (+150°F) with a 40-mile—per-houi cross wind. Results

were satisfactory as outlined below:

S/N Burn Time (seconds)
111 7.39
112 7.7
124 7.17

Spark projection was in excess of 15 feet.
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BLITT T T =QU T TIFITTTTION T IST 85U

P=Passed F=Failed

Gaie Crain NS égzgi;. . b_FuicgzquiL TESTHi _ Surn D 15 r;. Post | L. o4

S/N S/ﬁ S/N 250 vDC szifﬂ O:ZOEmp.Temp%+150 TiEE(SGCE:zzizcionrizzk’91°°ity
109 NSI 1864| 109 "| 1864 P —— X - 8.26 X P 40 mph
111 NSI 1868| 111 | 1868 ? _—- - X 7.39 | % |40 mph
112 ¥SI 1869) 112 1859 P - ——— X 7.17 X F 40 mph
114 NST 1871l 114 1871 P X —— —~—= 7.96 X F ———
123 NSI 1881] 123 1881 F X — ——— 7.84 X F ———
124 NST 18821 124 1882 P S e % 711 X F 40 mph
125 NSI 1883 | 125 1883 P X ——- - 8§.31 X F ———
127 NST 18871 127 1887 P —— I 5,620 x P ————
129 NSI 1889) 129 1889 ¥ — - 7.95 X ¥ ———
136 NST 18901 130 1890 F_ ——c X ——= 8.37 X P 40_mph
134 ®STI 1886 | 134 1888 P e X e 8.39 X F 40 nph
135 NSI 1895}f 135 1895 — X ——- ——— 8.20 X - |
136 NSI 1896 | 136 1826 ——— X — — 8.00 X -—— | -
1. 85% Load Test Unit )

(Grain length zeduced 15 percent)
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Three units (S/N 109, 130, and 134) were functioned at low
tempera’ ure (+20°F) with a 40-mile~per-~hour cross wind.
Results were satisfactory as outlined below:

. ' S/N Burn Time (seconds)
109 8.23
130 B.37
134~ 8.39

Spark projection was in excess of 15 feet.

Bighty~five Percent Load Test. One unit, §/N 127, was manufactured
with an B85 percent nominal output charge to verify that it

would still perform within specifications. Burn time was 5.67
seconds, and spark projection was in excess of 15 feet. This
unit passed the post-fire leak test.

All pre-qualification units functioned properly, producing high
density sparks. In units tested under 40-mile-per-hour winds,
sparks drifted approximately 10 feet; however, a significant
number of sparks were not affected by the wind and traveled
through the centexr of the target area placed 15 feet from the
unit,

During these tests a deflector was installed on the nozzle of

the igniter in an attempt to eliminate the errant sparks which
traveled above the 28-inch height desired at the 1l5-foot distance.
The deflector was successful in eliminating these sparks. On
December 15 approval was ygiven to proceed with design, fabrication,
and shipment of six deflectors.

After pre-qualification was completed, twelve units were shipped.
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PHASE III ~ FABRICATION AND QUALIFICATION TESTING

A total of 46 units were fabricated in accordance with Unidynamics?®
Drawing 51-1151 and Unidynamics' Manufacturing Procedurcs

(51-1151, Revision B). Of these, 21 were to go into lot gualifi-
cation and 20 units were for shipment. The qualification repoxrt
‘is Unidynamics' Document Number 51-1151-QTR-03. Twenty-four

units were shipped after gualification testing.

For convenient reference, qualification results are outlined on
the next page.



TABLE V QUALIFICATION TEST RESULTS
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143 %57 1003 143 -] 1ge3 | --- X g - o= o T == 1 Phmg === == x 1 3.6 i P .
144 MDT 1904 144 1904 —— —— X m—— —— Pass Paun Zaga —-—— X —-_— ! 5.61 X Pann —— ——
146 w51 1ansl 146 1gn& % - X p - pass | Paxs | Pams % e e 3.92 x Prms | _c-n o
1iP ury 19rAk 148 1508 m== === X p A s Pans Pasn_ | Pras - X e ! 5.70 X Sass| ooca
180 N51 teodl 149 1969 | .. . ¥ — ——- Pawe | Pagn !paag oo ¥ ! 6.90 1 3 paas | - e
152 K57 1932} 152 | 1812 LE == b === —=- Paes | Pars | pnep === [ 6.8¢ X Pame i -e- men
153 45E 19713 143 1913 - === o= -== o= - - Pass - ] 7.31 x Pame b o
1% xs7 1939 158 1028 —ox — e —es % (23} —~ - Pres % - - ! 7.9 x Posr | —as .
162 ®°1 19250 162 1925 e e e P ¥ 12} - - Par= ¥ ——— e 6,62 X Tady .
‘163 K51 197%) 163 1926 —— - - —— ¥ (3)] === _— Pasx e ——— - === - —— = e
If5 N5l 1928t 65 1932 == == === —— X 121y === == Paup X - - 6.B8 X Pans —— e
166 X517 1939[ 166 1929 b A = == b4 = Fosm Pass Pans X == == | B.07 rd Dass it il
167 %51 19300 147 a3 [ -— b % === Fras Pans Pass —== X —— £ .89 ‘ X Pare i m== -—
171 xs1 1534) 171 1831 —ee . o - e - === | pnas e — X 5% 6,38 3y 4 .- L .
173 551 19371 173 1937 | —a- el o p— i == e I TTVI e - y VYeoow b ox V. & __ .
1758 wo1 v1gagl 311k 1%3¢9 X == X X - Pana Pags Pnss X —— - ; 7.77 x ] Pasa —
17¢ nz1 3o0s0] 176 1een | oo eeo | oz te| —em - soe 3 Paes | .. ¥ cee ' 688 | 7 LS o
177 %51 1961} 177 1963 | w—- —— x e —— Bass agg (FAil {4} ___ x e 5. 99 x . ——
41p wry vq:al 178 1947 - ——— " === — = ==~ ! paes —— ¥ aom } 65D x Daze | - ——
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- 1. Actoignition test units were fired for Rockwell en 1-2-81l. Rutoignitics Fegulrements were fulfilled by presentation of data. .
- 2. Eight-foot drop test unit.
- 3. Forty-foot drop test unit. —_—
- 4. GFM failed -- continuved with qual.
- 5. B5% load tes:t.
_ 6. Extra unit in gual.
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CONCLUSIONS

The P/N 51~1151 NSI Igniter Cartridge has met all of the
requirements of MSFC~-SPEC-541.
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