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FOREWORD
1. The Instructions contained in this Technical Note supersede those

contained in Technical Note 1440/62, Issue No. 1, dated January 1962.

2. The 15K525000 Black Brant Rocket Engine was designed and developed by
Canadian Armsment Research and Development Establishment of the Defence
Research Board of Canada, Valcartier, P.Q. All enquiries on this engine
should be forwarded to Chief Superintendent, Canadian Armament Research and
Development Establishmbnt, P.O. Box 1427, Quebec, P.Q., Canada.

3. This handbook was compiled from data supplied by Test and Bvaluation
Section and Rocket Engine Development Section, Propulsion Wing, C.A.R.D.E.

4, For detailed information on this engine reference should be made %o
SPIA/M1, Rocket Motor Manual.

Compiled by: H. Rojeska Approved: fZ?
(F. Jadkson), Head

Rocket Engine Development
Section

Appro&%ﬁiﬁ;’{fnsiﬁ(CLﬁ:Zta

(C.D. Martin), Head
Test and Bvaluation
Section

Por ¢ Chief Superintendent
Canadian Armament Research and
Development Establishment

Revised November 1962
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SECTION I

1.0 THE 15KS525000 BLACK BRANT ROCKET ENGINE
1,1 GENERAL

1.1.1 This handbook provides a description and instructions for handling,
storage, and transportation of the assembled 17-inch diameter 15K325000
Black Brant rocket engine. This engine was designed and developed

at CARDE,

1.1.2 Details of variation in the model design of the 15KS25000 series
of engines are to be provided for by the issue of supplementary data.
(See Supplementary Data Record Sheet)

1.1.3 Procedures for the installation of the engine to the vehicle air-

frame are provided for separately. Refer to CARDE T.N, 1528/63 for the
Black Brant I vehicle or to CARDE Black Brant II Vehicle Data Bookleto

SECTION II

1.0 PURPOSE CF 15KS25000 BLACK BRANT ENGINE

1.1 This engine is used as a propulsion unit for the 17-inch di-
ammeter Black Brant upper atmosphere research vehicle and is designed
to deliver a total impulse of approximately 383,000 lb-sec over a
period of 15 seconds when operated at 73°F at sea level.,

1.2 The thrust and duration of thrust are weakly dependent upon the
temperature of the propellant grain at the time of firing. (Seg Figs. 6A
and 6B)

SECTION III
1.0 DESCRIPTION OF 15KS25000 BLACK BRANT ROCKET ENGIKE

1.1 ENGINE DESIGNATION

1.1.1 The 15K525000 Black Brant rocket engine is one production

model of a series developed for upper atmosphere research. The
model designation and nomenclature of the design are as followss

15 duration of thrust in seconds
K oxidizer and fuel code

S solid propellant charge

25000 thrust, in pounds, at sea level

Revised March 1963
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‘ SECTION IITI - continued
1,0 DESCRIPPTION OF 15KS25000 BLACK BRANT ROCKET ENGINE
1.2 BXTERNAL CHARACTERISTICS

1.2.1 The Black Brant rocket engine has a thin-walled steel chamber
17.2 inches in outer diameter with an over-all length of about 210
inches. The forward end of the engine is provided with a radially
drilled attachment ring for mounting the nose cone, and a threaded
boss for the installation of the igniter assembly. The aft end of

the engine terminates in an expanded angle nozzle. The nozzle expands
from about 7.75 inches at the throat to a maximum of about 13.6 inches
at the exit in outer diameter., Figs. 1A and 1B, The vehicle fin
attachment lugs protrude on the surface of the chamber and are lecated
toward the aft end of the engine. The principal data of complete engine
assembly are detailed in Table I and Pig, 2

TABLE I

15K825000 BLACK BRANT ROCKET ENGINE DATA

ENGINE DATA
‘ Length of engine (complete with nozzle) 210 in.
Outer diameter of engine 17.2 in,
Total weight of engine 2260 1b
Centre of gravity location: N
from forward end éloaded) 96.5 = 0.5 in,
from forward end (empty) 106.0 ¥ 0.5 in.
IGNITER DATA
Squib: : M-32 Mod V M-56 Mod VI
Minimum firing current, amps - 2.0 1.6
Recommended firing current, amps 5.0 5.0
No fire current, amps 1.0 0.4
Squib resistance, ohms 0.3 1.0
TEMPERATURE DATA
Engine firing temperature limits 0 to +120 oF
Engine storage temperature limits (See Note) -20 to +150 op
Preferred storage temperature limits +60 to + 90 oF
Igniter storage temperature limits -20 to +150 . OF
Auto-ignition temperature of propellant 527 oF
- Auto-ignition temperature of igniter 290 oFp
. Propellant flame temperature 3969 °F

NOTE: Before firing, the engine must be conditioned for at
least 12 hours within the firing temperature limits.,

Revised March 1963 / continued
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SECTION III - continued

1,0 DESCRIPTION OF 15KS25000 BLACK BRANT ROCKET ENGINE
1.2 EXTERNAL CHARACTERISTICS

1.2.2 Referring to Fig. 2, the nozzle dimensions for 15K825000
Black Brants I and IIA are:

Re ference BB: I BB IIA

tye 0.D. 8.95 in. 7:75 in.
nyt  0.D, 11.64 in. 13.60 in.
"zt Length 20.07 in. 21.50 in.

1.3 INTERNAL CHARACTERISTICS

1.3.1 A schematic drawing, Fig. 3, shows the internal configuration

of an assembled 15KS25000 rocket engine. The engine consists essentially
of a thin-walled, steel chamber lined with a mica-filled polyurethane
which acts as a liner and grain bonding agent. The propellant is a
6-pointed, star-centre single grain charge.

1.3.2 The igniter assembly consists of a threaded plug, a scroll flash
charge tube, a pressure squib, and a latex-sleeved wire basket for the

pellets, Figs. 4A, 4B, and 4C. The igniter assembly is attached to the
forward end of the engine by means of a threaded boss.

1.3.3 The ceramic lined nozzle is attached to the aft end of the chamber
by means of a ring of bolts. ’

1.4 CHAMBER ASSEMBLY

1.4.1 The 17-inch diameter chamber assembly is fabricated from stretch-~
formed, 0.104 L 0,020 inch thick steel of Specification AISI 4130 and
is designed to withstand a working pressure of 1420 psi.

1.4.2 The chamber lining is of mica-filled polyurethane which functions
as & grain restrictor and ablating coolant for the steel. A radially
drilled ring for the attachment of the instrumented nose cone is
provided at the forward end, while the aft end has a drilled flange

for attachment of the nozzle. A threaded boss is provided in the for=-
ward end of the chamber for the installation of the igniter assembly.

1.5 PROPELLANT GRAIN

1.5.1 The solid propellant is cast in the form of a 6-pointed star-
centre, internal burning, ammonium perchlorate-polyurethane-aluminum
charge weighing agproximately 1760 pounds. The auto-ignition of the
propellant is 527 F at 60 seconds, and the flame temperature is 3969°F,
(See Table I). The gaseous and liquid=-solid combustion products are

Revised November 1942
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SECTION III - continued

1.0 DBSCRIPTION OF 15KS825000 BLACK BRANT ENGINE

1.5

1.6

ls?

PROPELLANT GRAIN - continued

50, Hy, COp, CO, Ny, HCL, AL,04, H, OH, NH,, CHO, HON, CL, A0CL,,
AlCL5, and ALCP., The forward“and aft ends af the grain are restricted
with a mica-filled polyurethane.

NOZZLE ASSEMBLY

1,61 The nozzle is precision machined from aircraft quality AISI 4340
steel and the inner surface of the expansion cone is lined with flame-
sprayed ceramic which functions as a heat barrier. The approach and
exit of the nozzle throat is fitted with a graphite insert which
insulates the steel from hot gases of the burning propellant.

IGRITER ASSEMBLY

1.7.1 The igniter assembly consists of a threaded plug, a scroll
flash charge tube, an M=32 MOD V or an M-56 MOD VI pressure squib,
and a latex-sleeved wire basket containing approximately 350 grams of
SR 371 pellets. The igniter has an auto-ignition of 290°F,

1.7.2 When the vehicle is mounted on the launcher arming of the
igniter is carried out. This entails removing the brass shipping
plug and installing the M=32 or M-56 pressure squib at the external
end of the igniter flash tube. (See Section IX).

SECTIOR IV

1.0 STORAGE AND SHIPPING PROTECTION DEVICES

1.1

1.2

A light alloy shipping plug for the igniter boss and a light
alloy plate, bolted to the engine chamber flange at the nogzle end,
protect the preopellant grain during temperature cycling, long term
storage and shipping. The use of these protection devices prevents
accidental ignition and entrance of moisture to the propel}ant grain,

The nozzle is shipped separately from the engine., A special
light alloy mounting plate is used to protect the graphite extension
of the nozzle and to anchor the nozzle to the shipping crate. Use
care in removing the mounting plate from the nozzle to prevent
damage to the graphite.

Revised March 1963
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SECTION V

1.0 GENERAL SAFETY

1.1 BEHAVIOUR CHARACTERISTICS OF ENGINE UNDER VARIOUS CONDITIONS

l.1.1 The engine has fired satigfactorily after 28 months storage
at an ambient temperature of +70°F,

1.1.2 No storage hazard has arisen from the propellant after 15
months at +140°F,

SECTION VI

1.0 SHIPPING AND STORAGE CLASSIFICATION

1.1 THE ROCKET ENGINE

1.2

1.1.1 The storage ¢lassification of the 15K825000 Black Brant-engine

is GROUP 6 in accordance with R.C.0.C. Manual. With respect to ship-
ment the engine is crated as 'BLACK BRANT ROCKET ENGINE, JET THRUST
UNIT' and designated as 'CLASS “B" EXPLOSIVE' in accordance with the
Canadian Board of Transport Commissioners regulations, Fig. 5. Under
the U.S. Interstate Commerce Commission Regulations and the U.S. Navy

Bureau of Ordnance involving a flammable hazard, the designation is
'CLASS “B" EXPLOSIVE®,

THE IGNITER

1l.2.1 The storage classification of the igniter for the 15KS825000
engine is GROUP 6 in accordance with R.C.0.C. Manual. With respect

to shipment the igniter is crated and marked "IGNITER, JET THRUST,
CLASS “B" EXPLOSIVE' in accordance with the Canadian Board of Transport
Commissioners regulations. Under the U.S. Interstate Commerce
Commission Regulations and the U.S. Navy Bureau of Ordnance involving
a flammable hazard, the designation is °CLASS "“B" EXPLOSIVE',

2.0 METHOD OF SHIPPING

2,1

2.2

ATR TRANSPORT

2.1.1 Transportation by Air is, to date; the only method which has
been qualified,

RATLWAY TRANSPORT

2.2.1 Release of the engine for shipment by rail is under investigation.

Revised March 1963
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SECTION VII

1.0 BSTORAGE OF ROCKET ENGINE AND IGNITER
1.1 STORAGE OF ROCKET ENGINE
1.1.1 The rocket engine has satisfactorily withstood storage for 30
months in a horizontal position within the temperature range +60° to

+80°F,

1.2 STORAGE OF IGNITER

1.2.1 The igniter storage temperature may be from -20° to +150°F,
Igniter assemblies will be stored in moisture-proof containers.

SECTION VIII

1.0 INSPECTION OF 15KS25000 BLACK BRANT ROCKET ENGINE
AFTER REMOVAL FROM STORAGE

1.1 After removing the engine from storage and prior to use,
inspect the engine as follows:

(a) Visually inspect the engine for any evidence of damage
or deformation. Reject the engine if damaged.

(b) Remove the light alloy plug from the igniter boss and
visually inspect the interior for condensation of moisture
on the propellant grain and for gross surface defects in
grain and inhibitor. Replace the plug immediately after
inspection and leave in place until ready to install the
igniter. Similarly, inspect the propellant grain from the
aft end of the engine.

WARNING

If artificial light is required
for inspection use a safety flash
light only. Do not bring power
lights or power cords near the
engine. Do nat insert anything
into either the forward or aft
end of the engine.

Revised November 1962
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SECTION IX

1.0 INSPECTION AND INSTALLATION OF IGNITER ASSEMBLY

1.1

To install the igniter proceed as follows:
(a) Select the igniter identified for the particular engine.

(b) Remove the igniter assembly from its moisture-proof
container and visually inspect the wire basket and the
latex sleeve for damage. If damaged, reject the igniter.

(¢) Remove the shipping plug from the igniter boss of the
rocket engine.

(d) Inspect the "O" ring on the igniter housing and apply a
light coating of silicone grease, such as DC=4, to the
"O" ring. Make sure that the copper gasket is properly
located before tightening up the igniter housing in the

engine.,

(e) When ready to arm the engine, remove the brass plug from
the seroll flash charge tube and place the copper washer
on the M-32 squib or the "O" ring on the M-56 squib.
Tighten the M-32 gquib with approximately 60 inch-pounds
torque while maintaining the copper washer centrally
located. Tighten the M-56 8quib with the same torque. A
spare "O" ring for the M-56 squib is obtainable from the
brass shipping plug. Squibs must be used as supplied with
the igniter since they are not interchangeable.

SECTION X

1.0 INSPECTION AND INSTALLATION OF NOZZLE ASSEMBLY

1.1

The inspection and installation of the nozzle assembly will be

carried out as follows:

1.1.1

1.1.2

NOZZLE INSPECTION

(a) Inspect the nozzle for signs of damage to the ceramic
lining.

(b) Inspect the nozzle mating surface.
(¢) Inspect the nozzle mating "O" ring and gasket.

(a) Any significant damage to the nozzle will require
rejection of the nozzle.

NOZZLE INSTALLATION

(a) Remove the light alloy sealing plate from the aft end of
the engine.

(b) Lubricate the nozzle "O" ring with a suitable lubricant,
such as DC-4, and install in the nozzle mating surface
"0" ring groove.

Revised March 1963
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SECTION X - continued

1.0 INSPECTION AND INSTALLATION OF NOZZLE ASSEMBLY

1.1.2 DROZZLE INSTALLATION

(c) Install the nozzle gasket over the graphite projectioh
and up against the grooved mating surface on the nozzle.

(d) Align the nozzle attach~holes with the attach-holes of
the engine. Use any alignment marks indicated.

(e) Secure the nozzle with the sixteen (16) Allen-head screws
provided. Torque acrews to 20 - 25 foot-pounds.

(£) Check that there is a uniform gap of approximately 0,025
inch between the nozzle bolt flange and the engine flange.
The gap indicstes that the nozzle gasket was not omitted.

(g) Temporarily install a Styrofoam closure in the expansion
cone of the nozzle to provide protection for the propellant
grain until the engine is ready to be fired. It will be
removed before firing.

SECTION XI

1.0 EANDLING OF ROCKET ENGINE AND IGNITER ASSEMBLY

1.1

1.2

GENERAL

1.1.1 The rocket engine is designed as a vehicle power unit and it
must be given the same care as other parts of the wvehicle.

ROCKET ENGINE HANDLING LIMITS

1.2.1 The rocket engine is designed to withstand loads associated
with acceleration of 25 g longitudinally and 5 g across the diameter.
Dropping the engine on any hard surface even from a low height will
give excessive loads and cause damage.

1.2.2 Damage to the drilled forward end attachment ring of the engine
will preclude proper installation of the nose cone. Damage to the
machined shoulder and drilled flange at the aft end will preclude
proper installation of the nozzle to the engine,

IGNITER ASSEMBLY HANDLING

1.3.1 The igniter assembly must be handled with the same care as

the rocket engine. Damage to the igniter due to dropping will result
in broken pellets or torn latex sleeve. Broken pellets may cause

an unacceptably high ignition pressure.

1.3.2 Do not remove the igniter assembly from the moisture-proof
container until ready for installation in the rocket engine.

Revised March 1963
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SECTION XII

1.0 CRATING AND TRANSPORTING THE ROCKET ENGINE AND IGNITER

1.1

1.2

The rocket engine and igniter are protected by suitable
packaging to prevent damage caused by normal handling while being
transported.

For transportation by rail in Canada the Canadian Armament
Research and Development Establishment has authority, under Special
Permit No. 520 from the Board of Transport Commissioners for Canada,
to ship the 15KS25000 engine in the crate manufactured to CARDE
Drawing No. 61052306, (Fig. 5) (Release of the engine for firing
after rail transport has not yet been approved. )

SECTION'KIII

1.0 TEMPERATURE CYCLING OF ROCKET ENGINE

1.1

1.2

STORAGE

Temperature cycling of the rocket engine during storage, i.e.,
from hot to cold to hot or vice versa, must be avoided.

FIRING

1.2.1 A typical temperature cycle consists of the engine casing
temperature commencing above 32°F, going below 32°F to any temperature
between 32°F and 0°F and returning to some temperature above 32°F,

1.2.2 Two temperature cycles are permissible. If the engine is not
fired during the third cycle, further attempts to use the engine to
launch a vehicle should not be made without referring the engine to
CARDE. Suitable temporary insulation on the rocket engine will
considerably prolong the "hold times" which may be accepted under
cold weather conditions.

Revised March 1963
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SECTION XIV

1.0 FIRING THE ROCKET ENGINE

1.1

1.2

1.3

New page.

RANGE REGULATIONS

1.1.1 Range regulations for the firing of engines and handling of
misfires will govern the use of the recommnendations of Section XIV.

FIRING CIRCUIT CHECK

1.2.1 To prevent misfires caused by an incorrect firing circuit,
a resistance check should be made after the engine is armed. Use
an approved, accurate, squib tester at the closest point feasible
to the firing switch in the blockhouse.
HANDLING OF MISFIRES
1.3.1 A misfire may be the result ofs

(2) Improper firing cireuit.

(b) Squib failure.

(¢) Igniter failure.

(d) Failure of propellant to ignite.

(e) Hangfire, in which the propellant partially ignites
or smoulders.

1.3.2 In the event of a misfire check for proper firing circuit
from the blockhouse., If 8quib circuit is open or shorted wait at
least 10 minutes if igniter discharge from the nozzle was not
observed; wait 30 minutes if igniter discharge was observed.

1.3.3 Disconnect firing leads and remove squib., If squib has not
fired replace with a new 8quib and proceed with firing.

1.3.4 If squib or igniter has fired no further attempts should be

made to fire the engine. Request disposal instructions for the
engine from CARDE,

March 1963
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FIGURE 1A - Aft end view of Black Brant engine
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FIGURE 1B - Head end view of Black Brant engine




UNCLASSIFIED

12

2 qunoId
ANIONT LHOIN4 LNVHE MOV18 000S2 SY Gl 40 SNOILYI0T 97D

uly 434

wh, 33Y

588l

wo Ll
B
[}
B

‘via

W
0

‘03696 @34 99

uX, 434

G070901 AldW3 90
8, MONYY
40 NOILI3HIQ NI M3IIA
1

WV, MONYY
40 NOILOTYIA NI MIIA

$39NVO JYNSS3Nd




13

UNCLASSIFIED

€ TINOTI SavI1 ¥3ILINOI
39NL I9YVHD HSV1d 110498

$9N7T LNIWHOVLLY NId

—~ / r,r; N o
| y /l HOLOIMLSAY

INZZON 133ls




133 IN.

UNCLASSIFIED
14
— SCROLL FLASH CHARGE M 32 PRESSURE SQUIB

1'PRESSURE

sQuiB

PELLET CHARGE BASKET

[ FIGURE 4a




15

UNCLASSIFIED

*J83Tu3T JuBXg HOBTG JO MOTA OpTS ~ g4 TUNOTA




UNCIASSIFIED

16

*393TuBT queg HORTg JO MSTA PUY - Oh FUASTA




UNCLASSIFIED

1?7

S b9 oy N
dNO¥ED 0LOHd

JaqdVD

JIAISSVTO!

ouT3ue Juerg YOI J0F 93eI0 ITSURI] - § FUNOTA




THRUST, LBF

PRESSURE p.Ss.i.a

1000

800

400

200

600y

UNCLASSIFIED
18

32,000
30,000

20,000

10,000

£
2 4 6 8 io 2 14 16 i8 20 22
TIME SECONDS

PERFORMANCE CURVES FOR 15KS25000 ENGINE
AT EXTREMES OF TEMPERATURE (PRESSURE VS TIME)

FIGURE 6A

/—122° F

] _— .Y
2 4 6 8 o 12 14 & |8 20 22
TIME SECONDS

PERFORMANCE CURVES FOR 18 KS 25000 ENGINE
AT EXTREMES OF TEMPERATURE (THRUST VS TIME)

FIGURE 6B



19

UNCLASSIFIED

e

LETHS qHODHE VIva NM«Hzmmmqmmbm NV NOISIATY

I XIQNAddY

€961

yoxey Vh 9andTg| 03 SUCTISTAdY "

mwmﬂ o0 °

goaey ATY PU® IITX °SO% .@%@4 SU0T4008 Moy "

n

mwmwz X % ‘XTI ‘A ‘AT “III °I SUOT309g 03 BUOTETA®Y | VII €4 00052eST

Juswo[dANg | oUes] UCT]A L0868 R §8140G | UOLjeustseq
poppY Jo 831®g | uoTL09g R8I Lreyusustddng sutSuy

Jo 3os8fqng M
§§

Revised March 1963



UNCLASSIFIED

/2P

CIRFCTO®AYE OF
SCIEM Ti”C h\‘-'\_ \""AHON

V40 ot 3 R: ;Eﬂ”\ H AOARD
ROC oV 42 84, CAY B DING
DITAWA 4, ON , CANADA

N MAR 8 1963
E . /, of

: k%/%b
O WAR
. SES
~dRCL { Gpuc
6: NKE ; )
8. DKRTE
0. DRNVL

UNCLASSIFIED




