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ABSTRACT

The development of rocket motors for use in the Black Brant family of
high-altitude research vehicles has necessitated the development of igniters
to provide reliable ignition of the CARDEPLEX ammonium perchlorate-polyurethane
propellants, Sea-level ignition systems for the 15KS825000, 23K520000 and
9K511000 rocket motors are described. The requirement for the 9KS11000 rocket
motor to be used as a second stage for a two-stage Black Brant vehicle presented
the problem of ignition under near vacuum conditions, Modifications made to the
normal 9KS11000 igniter to provide reliable ignition at altitude are reported,
and static firings at a simlated altitude of 95,000 feet are described. The
igniters performed satisfactorily in all 59 sea-level launchings of vehicles and
in 3 second-stage vehicles,
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1430 -. INTR_.OM '

The development of the ammonlum perchloratenpolyurethare preopellants
( CARDEPLEX ) fér the Biack Brant family of rdcket motors requlred the development
of suitable ignition systems; To properly ignite: 4. propellartw an igniter muast
meet the following requlrementsn %) provide enough Keéat flux to bring the

""" n temperaturem 2) - increase: theé pressure in the

combustion chamber tc a level where the burning process will sustain itself;
3) also provide short, reproducible@ ignlt on delayss: The design of the igniter
must alsc be such that damage to the propellant graln and excessive peak preéssures
are avoided.

CARDE,' using a metal oxidant powder; has. developed ignition systems that
meet these requirements. During the development of Heller anti=tank weapons,
SR=371 powder; which is a British composition manufactured’ by Canadian Arsenals
Limlted,bwas used to ignlte the propellant .of ‘the Pocketss In the early days -of
the development of polyurethane propellanus for roéket motors, the SR=371 powder
was seiected for igniting the grairs of 8 inch diameter by #0° inch long rocket
motorss The first grains were usually underignlted becatse the loose powder did
not provide the sustaining action needed for complete 1gn1tlona later; the
SR-371 powder was pressed inte: pellets and flnally enclosed in a mesh wire basket,
vhich. was fastened to the body of the ignitetr located at the head end of the motor.
A flash charge in the form of .a sctoll was used to convey the flame from a
pressure squib ie the . pellet charge through a metal tube, The: design provides
for the installation of the pressure squib through &n opening in the nose cone
of the vehicle so as to maintain-the rocket. motor unarmed until the rocket is
ready for flnng° This igniter does not requlre a blowaeut dlaphragm in the

‘nozzle %o asslsc in the- 11ghtuup of‘the gralnor"'

‘_'4..7 ?? co
- The manufacture of the flash charge and the pellets 1g described.
Information vh the igniters for the 18KS22000;, 23KS20000 and 9KS11000 rocket

motors is given in detail; Flnally, ;the necessary changes and tests made to

‘provide reliable 1gnition “of “the- 9K311000 Tocket motor as the second stage of a

vehicle at & s1mu1ated altltude of 95 000 feet ara descrlbedo_

2 IGNITER GHARGE MANUFACTURE

241 Seroll FlashiCh ‘gg

The scroll flash charge serves as the Ilame 1ink between thé pressure sguib
and the pellet- chargeo Flgure 1 illustrates the My565Mbd 6 pressure squib used
for in1tlation. : e L T

The 1ngredlents of the flash charge oons1st of SR 3 1~powder, pliobond
30" and a cotton c¢lothe . Pheir: sPec1flcations are given Aniv ﬂppenaﬁx A, A mixture
of 93 per cent of SR=371 povwder and seven per gent’ (dry ba31s) of pliobond is
made into a paste with methyl ethyl ketone as. the- vehicle; ~ When: the paste reaches
a suitable consistency, it'is ‘brushed - onto :! strlp of light pipe -¢overing cloth
{3 x 11 inches)s ~The impregnated ciloth s ‘then. rolled on a mandrel in three
complete revolutions to form-a soroll. The final, eured ‘dimensions are 0,25 inch
internal diaméter and 0,45 inch outslde dlameter, w1th a welght of approx1mately
one gram per inch of length. ' :

° 1
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2.2 SR-}ZI Pellet Manufacture i

The S5R=-371 powder when burned releases heat energy by conductlon, convection,
radiation and condensation inte hot metal drops. 4s the powder is fast burning,
1%t is not suitable as such to provide long sustaining burning. Its bﬁrning rate
is reduced by forming it into pellets. One per cent cof zinc stearate 'is added to
the powder for lubrication in the Stokes Model P-4 tablet machine, and the well-
mixed powder is fed to the machine through an agitated feed shoe. The weight of
the pellets is controlled by ajusting the height of the lower punch and by
choosing the diameter of the punch used. The tablet-pressing machine;is’an
. eccentric cam-type press with force applied from above and below 31mu1taneously.
A pressure equalizer is incorporated to control the uniformity of the!den81ty of
the pellets, A force of 1.25 tons cn the machine gives pellets with the following
characteristicss

Diameter, in. - 0,344
Height (with convex faces) in. - 0,275
_ Density; g/cc - 1,76 _

3.0 IGRITION SYSTEM'FOR THE. BLACK BRANT ROCKET MDTORS

Weight, g. - 0.65 . r
]

3.1 Generel

To prevent rremature expulsion of the burnlng pellets, these arelenclosed in

a container consisting of a steelswire mesh, 4 x 4 mesh, 18 gaugé [ 0.0475 inch),
in the form of a basket. The basket is welded to a steel flange which is fastened
to the igniter bedy located at the head end of the rocket motor. Pre%sure transducer
outlets d¥illed in the body limit the diameter of the basket, and the weight of the
pellet charge used for & specific rocket motor determines its lengthJ

- The wire mesh is flame-sprayed with Rokide A an aluminum oxideJ te serve as
& heat barrier, The thickness of the Rokide sprayed on the wire mesh is 0,020
inch at the flange end of the basket and tapers to 0.008 inch at tne.tlp end,
which causes a gradual disintegration of the basket, It was observed that, when
the coating of the aluminum oxide was constant throughout the length of the basgket,
a section of the basket occasionally broke off and was discharged through the
nozzle. This caused a partial biockage of the throat area of the nozzle which
showed up on the pressure time curve as g small pip and in the exhauet jet as'a
bright flash. Tapering of the spraying has eliminated most of these effectso.
The basket was designed to. remain completely intact while the pellets are
burning. To ccmplete the basket assembly, a latex sleeve is rolled onto the
basket and cemented with pliobond rubber at the flange end to provide hermetic
sealing during long storage. :

3.2 Igniter for the 15K825000 Rocket Motor of the Black Brant T and|II A Vehicles

The 15KS525000 rocket motor is used in the flrst two of the family of Black
Brant vehicles, known as Black Brant I and II A¥, The rocket combusrion ckamber

* The rocket motors for the Black Brant I and II A vehicles differ Only in the
nozzle expansion cones to suit the two types of vehicle stabllizers.

| ves/3
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is 17 inches in diameter by 180 incheés long and.contains approximately 1750 povnds
of CARDEPLEX Ag compesite propellant, The composition of .the propeilant is given
in Appendix B. The grain configuration cdonsists of a six=point star-centered
grain with a conduilt ares of 52, 62 square inches.. Figuré 2 ‘shows a cross sectiom
“of the gra;no ) - oo : _
To -satisfacdtorily 1gn1te thls rocket motor -over the propéllant temperature
range (0°F - 12C"F), an ignitién charge donsisting of 350 grams of SR-371 pellets
is enclosed in a 1,62 inch diameter by 1040 inch Iong basket (). ~The scroll
' flash charge extends in twe sections from the top of the pellets to the pressure
squib and is cut to.suitable length.for focation 4in the flash tube. 4 schematic
diagram of this igniter is presented in Flgure 3,7 Table T ‘gives the resulis
obtained from static flrlngs at different graln temperaturesa

TABLE pey

Deveiapﬁental Eirings:pfxtnepIQKSZSOQOERQﬁkéiwﬁbgggl

Grain- | Ignition - | Ignitien | Pressure

Moter  © Temperature ; Delay - .Péak ' Pregsure th
Mo, &) - {oF) (Mitliseconds) | . (psi) 1 {ps1)
1?180/060-. izo, | 228 . | 1242 . 163%
630- | 2 s co19s 1 3031 - b 869
o3 | - 70 215 g ?.- To2z - 925
646 S0 o} 242 - 989 . ) B&7
101 . 2 |, 231 Lo 9e3 _‘ 778
993 1 2r- e 236 1.7: 915 | 773
062 |' *r1 o L 900 . 816
osk | - .0 e ‘935 . 770

Igniticon delay= are measured from the tlme the e;ecurlca; energy is appTiea
%o the- squid until the pressure rises to 100 ps¥ in the sombustion chamber., The
average ignition delay is 228 milliseccrids and is almost constant over the )
temperature range. The: difference in the ignition, préssure and the average
pressure over time of burnlng, tb, is also, constant, except &% 120°PF vhere it is
slightly higher. . : :

3.3 Igniter for the EBKSZODOO Rnoket Mbtor for - the Black Brant JI B Veh cle

The basic differences betweet. the 15K325000 and the 23K820000 cocket motor
are the propellant formu;atlon and grain ccniigurationo ‘Both changes have
contributed to an increasé in .the’ propellant :charge from 1750 +6 2075 -pounds
while essentially the same combustion ‘chamber is used: Modifications were made
to the chamber to permit the core lnsertlon and removel from the head end of the
rocket mctor. The propeilant. formulation is designated s CARDEFPLEX F1{ and is
described in appendix B. The grain. conflguratlon {8 cast: in the form of . a
tapered three-leaf clover. The con&uit area in the vic1nity of the igniter is
31.88 square inches, .

oo/t
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For the 23KS520000 motor, the 200 grams of pellet charge loaded 1A a basket
2.02 inches in diameter and 4,37 inches long was calculated by multlplying the
350 grams, used for the 15K525000 roeket motor, by the ratio of the respective
The cross section of. thé propellant charge is shown in

conduit areas (2).

Figure 2, The schematic diagram of the 23K520000 rocket motor 1gniter assembly
is shown in Figure 4. Table IX gives the relevant results for this rocket
motor.
TABLElII
Déevelopmental Firings of the 23KS20000 Rocket Motor .
© Grain: Ignition Ignition P&fssﬁre
Motor Temperature Delay - Peak Pregsure
No. ? (Milliseconds) (psi) ( i)
17180/112 116 136 1324 _ 9;34
115 102 - 0 146 1247 921
- -110 60 -0, 158 1189 848
109 60 157 1197 816
108 60 i9l 1232 953
107 33 168 1064 765
114 15 . 205 . losk 706r
112 0, | 215 7 - 1053 ~663
106 - 0 -. - 187 .10?3 8P5

The average ignltlon delay over the temperature range is 173.3 milliseconds
compared to 228 in the case of the 15KS25000 rocket motor.
that for this type of propellant the ignition delay decreases as,the grain tem~

perature 1ncreases.

3ol Ieniter for the 9KS§;OQO.Rocket Motor for the Black Biant III Vehicle

‘The* results indicate

The over=pressur1zat10n varies-from 268 to 390

PSJ. °

3okl Igniigon'at Sea Levei

sy

i

. o~

T

The thi#*d member of the family of Black PBrant rocket motors is

designated as 9KS11000.

"The igniter and the propellant were developed at CARDE

as a sounding rocket by Canadian Bristol Aerojet Limited and the Government of
Canada. The rocket motor is 10 inches in diameter and 125 inches long9 it contains
435 pounds of ‘A32: propellant cast in the form of a six-point starucentered
grain, and has a conduit area of 15.56 square inches, A 1l5-gram S$a3?1 pellet
charge is loaded in a basket 1,32 inches in diameter and 5.20 inches long (3).
A diagram of the igniter assembly is shown in Pigure 5. More than 40 racket
motors were statically fired at various temperaturesy Table III shows the
results obtained from a representative group. It is observed that the ignition
delay for the 9KSYI000 motor is almost flat across the temperature range, but.
the ignition peak preasure shows a few hundred psi increase at 120%F, The
greatest over-pressurization also occurs at this temperatqre,‘ _ C A

- 000/5
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ﬁeveiopmental Firings of the 9K511000 Rocket Motor

5

: Grain Ignition Ignition Pressure Qver
Motor | Tem Delay Peak Pressure "ty Pressurization
No. S {Milliseconds) (psi) (psi) (psi)
10125 /27 128 178 C 14ho 1083 351
13 120 168 - "1520 1102 418
% | 120 129 1662 1247 b15
11 £0 182 1358 862 Loo
12 60 188 1348 1011 337
21 37 169 1395 1222 173
33 35 160 1344 1053 291
bo 10 142 1221 970 251
15 0 14 C 1346 - 1253 93
17 0 163 ¢ v 1292 1044 248
22| -12 238 . 1182 1008 174
57 ~12 193 1271 1085 186
60 =20 173 1377 1223 154

and manufacture were fired as performance reproducibility rounds.

Six motors east with maximum quality control of the ingredlents

Table IV

shows that reproducible ignition delays wers obtained and that the ignition

peak pressures and average pressures, Py, ‘were also in agreement.
pressurization varies from 226 to 268 psf

i

TABLE IV .

Over=-

which may be considered normal.

P

Performance Reproduoibility Series of 9K511000 Rocket Motor .

"Preseure

Grain ., - Tgnition Ignition-*

Moter Temperature Delay Peak Presasure ty
Ro. ? Fﬁllisecond@ (psi) : (psi)
10125 /48 68 166 1259 1020
Lo 71 . 171 1229 1003
50 66 180 - 1270 1008
51 72 162 1294 1026
52 71 175 1247 997
53 67 173 1250 1000

3.4.2 Ignition of the 9KS11000 Rocket Motor at a
 Simulated Altitude of 95,000 Feet

Black Brant IV vehicle.
to 60,000 feet,

The 9KS11000 rocket, motor was chosen as the second stage for the

In this role it should ignite reliably at altitudes up
Some modlflcatlons were requlred in the standard igniter for

»
ooe/O
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the 9KS11000 motor. As power to the squib was to be supplied interndlly from

" the vehicle nose cone, & flash tube was no longer required and a speclal connector
mounted directly on the igniter body was designed to hold two M-56 Mod 6 squibs.
To increase the ignition reliability, two firing circuits with two independent
power supplies were located in the nose cone. The flash charge was located in
the center of the pellet charge extending from the bottom of the basket into the
squid connector., The full length of scroll flash charge in the basket is
essential for the ignition of the pellets under vacuum conditions, Details of
the igniter assembly are shown in Figure 6. The standard basket waslincreased

in length to 6.31 inches to cater for the volume taken up by the Ilaeh charge.

Ignition’ tests under vacuum were carried out with the rocket motor as
shown in Figure 7. To have the same initial grain configuration and'to minimize
heating of the vacuum chamber, & 10 by 125 inch heavy~walled casing was prepared
with a thick inert liners this gave & reduced combustion chamber, holding about
twenty-five per cent of the standard propellant weight (4). An aluminum tube
with a diameter corresponding .to a 0,33 inch thick propellant web was. centered
in the heavy-walled casing and a high aluminum content polyursthane filler was
cast around it, The filler provided a gocd heat sink for the combustion chamber,
which could be refurbished and used in additional ignition tests. The aft end
flange of the heavy-walled motor fitted inside a 50 cubié¢ foot chamber, as
illustrated in Figure 8. The motor was coupled to the tank by a rubber sleeve
fastened to both flanges with clamps. A water-spray system was ueed to protect
the tank from overheating at the aft end, Pigure 9 shows the complete asgembly
of the motor and tank mounted in the flring bay. q

A heavy reinforced cover was employed to withstand the hlgh vacuum,
but it was damaged on the first test becsuse the chain hinge was not strong
enough, For subsequent tests a simple _expendable cover was de31gned. It consisted
of a 24ST aluminum-plate 36 inches in-diameter and 0,25 inch thick which, under
10 mm of mercixy, had a. deflection of only one inch at the centre. The 10 mm
of mercury vacuum achieved on each test corresponding to an altitude .of 35,000
feet gave a safety margin for the expected grain light-up at the epecifled
altitude of 60,000 feet. Five tests were carrled out; the resulis obtalned are

presented in Table V. = |

!
TABLE ¥ |

Vacuum Ignition Tests with, the 9KS11000- Rocket Motor |
FPitted with Altitude Ieniter |

Grain ~ Ignition Tenition
Motor Temperature |- Delay Peak Pressure
No. F ﬂﬁllisecond@ . (psi) ‘
10125 /54 70 306 1415
69 70 324 1400
55 4o - 302 1415
56 25 31l - 1354
67 | . 22 384 1398 1
. !

i
; ooo/?
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A merkea increase. in both the ignition peek pressure and- the delay is
“-obsérved., -The higher peak pressure is-due to the longer pericd required to produce
combustibie gaseous' products: ‘at- very low: pressuress - Figure 10 illustrates the
pressure~time eurve obtained from’ ‘the ighition of. a 0333-inch web star-centered
Al2 propellant under 10 ‘mm of. mercury., The burning under -full pressure lagted
about onewhalf of a second and then drOpped off during normal tail-off,

. The f1rst BB IV vehicle wae fired at Churchill Research Range on the
thh of June 1964, "~ The ‘first-stage performed prcoperly9 ‘but shortly after ignition
of the second stage the nése coneé broke offy the motor: continued; however, and was
tracked by radar t6- an: estlmated altitude of 300 milesn The second BB IV vehicle
was fired cn the 2nd ‘of July 1964, but -damage. to the nose cones; apparently caused

by rough separation9 prevented ‘the. flring of the secondustage squibs° Modifications

4 O IGNITER PERFORMANGE

5y EE Pa
P I ‘”--‘9-'

4yl Static Firings '?ﬁwfo'V}fpf;[V?""'-

A1l static fzrlngs employing the prototype Black Bran+ 1gn1ters have shown
satlsfactory 1gnitlons over propellant gra1n temperature of a20°F to 120°F

't-;" - S *

o2 Launchigg '

The 1gniters for the Blaok Brant rocket motors have performed satisfactorily
in all 59 launchlngs conducted to date, -

735 0 CONCLUSION

The successful development of 1gniters for the 15K5250009 23K520000 and
9K51:1000 rooket motors has ‘been” achieved° Num@eone static tests and 59 successful
seaslevel launchings have conflrmed the proper funct10n1ng of the 1gnitereu

The modifioatione made to the 9K511000 rocket motor igniter to ensure the
reliability. of ignition at; fiear’ vaounm ‘eonditions were .satisfactory. This was
provéed in the suidcessful 1gnition of the seoond stage of the Black Brant Iv
Veh1cle in June 1964 and. January 1965. Sl

6 0 Acmomcmmms
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APPENDIX 4

SCROLL FLASH: CHARGE CONSTITUENTS

ZSR{3?1 Powdér'COmpqsiticn

- Specification CaS.

Potagsium Nitratey, Grade 1
Magnesium, Grade 5 :
Acaroid Resiny Red9 -Grade 2

-Pllobond‘Rubber

' ',Spe01f1cat10n MIL - A13883 Type 1

- e

‘Pliobond 30 -

A A

Adhe31ve _Synthetic Rubber Supplied by
Goodyear Tlre & Bubber Ccmpany

) g e .
'Base Gloth R - -

% a %

s - . L " *

:VCotton, Laght;_Pipe Covering

X . 7

e
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APPENDIX B

CARDEPLEX PROPELLANT FORMULATIONS

Formulation Code A5 A12
Polyurethane Fuel % by wt. 25 . 2%
Ammonium Perchlorate 70 70

(150 Microns) % by wt.

Aluminum - % by wt,

{ (40 Microns, 6% MS) 5
e . 5
SABS‘“ (23 Microns)™ T
Copper Chromite - % by wto
. ', - e - T &
- L - - . : )
, \ . t - T
- - SR T -
“r : . 3 s “-‘ ‘“ ; ...|.
: ~ t
:-*_m._t . x

L0

27
55

17

vos/11
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'Bridggwire - nichrome

. Ceramic
Squib Resistance 1,00 + 0.15 ohms
Connector “Igéition Bead *

Mates with Titeflex
Miniature AN type Connector o
HO6~7-505-9 , M :

MeCormick Selph
No. 26 metal oxidant type
. ‘ e T

Iock Wire Hole
- +060 diameter

Ciosufe

i s L
+003 aluminum sealed with
red epoxy sealant

=

‘.w

Cage . ~ - Main Charge
3/t-inch hex steel with - . 125 mg. McCormick Selph
7/16-20 UNF-24 instaliation thread r+ Noo 147 ¢
and 7/16-28 UNEF-24 comnector thread - .

s

Firing Current Sraﬁps recommended
Sure Fire 1.6 amps D.C,
No Fire Current 0.4 amp D.C,

-

FIGURE 1 - M-56 Mod 6 Pressure Squib



CONDUIT AREA: 52-62 sq. in. R tcouour_r AREA HEAD END:31-88 sq.in.
 15KS25000 MOTOR IR 23KS20000 MOTOR

2T

 QEIJISSYIOND

CONDUIT AREA: I5-56 sq. in.
9KSHO00O MOTOR
FIGURE 2 - Grain Configurations for CARDE Motors for the Black Brant Vehicles
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~COPPER SEAL

SCROLL FLASH CHARGE - ;
y ~"0" RING

‘ELECTRICAL
CONNECTOR

M56
‘PRESSURE SQuiIB

7 - - . .
I . s . ™ R
’ 5‘* A "“ ! *
© R
-é * -+ 11 .o ) . . .
ae PELLET CHARGE BASKET . *
¢ » “___e ’ i . 2
‘ ‘
1\

\\?¥:'

FIGURE 3 - Schematic of 15KS25000 Rocket Motor Igniter
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FIGURE & - Scheiﬁ;fic of 23K525000 Rocket Motor Igniter
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COPPER SEAL

SCROLL FLASH
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FIGURE 5 - Schematic of 9KS11000 Rocket -Motor Igniter-
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FIGURE 6 - Schematic of Vacuum Ighiter for Black Brant IV (9K511'000 Motor)






















