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1. The 23KS20000 Black Brant Rocket Engine was designed and developed
by Canadian Armament Research and Development Establishment of the Defence

Research Board of Canada, Valcartier, P.Q.

All-‘enquiries relative to this

engine should be forwarded to Chief Superintendent, Canadian Armament Research -
and Development Establishment, P.0. Box 1427, Quebec, P.Q., Canada.

2. ' This han&book was Eompiled from data supplied by Test and Evaluation,
Process Bngineering, and Rocket Motor Sections, Propulsion Wing, C.A.R.D.E.
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SECTION I

1.0 THE 23KS20000 BLACK BRANT ROCKET ENGINE

1.1

GENERAL

1l.1.1 This handbook provides a description and instructions for handling,
storage, and trangportation of the assembled 17-inch diameter 23KS20000

Black Brant rocket engine. This engine was designed and developed
at CARDE,

1l.1.2 Details of variation in the model design of the 23KS20000 series
of engines are to be provided for by the issue of supplementary data.
(See Appendix I - 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 Black Brant IIB
‘Daxa Booklet, : ' :

SECTION II

1,0 PURPOSE OF 23KS520000 BLACK BRANT El‘{GINE.s

1.1

1.2

This engine is used a&s a propulsion unit for the 17-inch
diameter Black Brant upper atmosphere research vehicle and is designed
to deliver a total impulse of approximately 445,000 1b-sec over a
perlod of 28 seconds when operated at 60°F at sea level.

The thrust and duration of thrust are dependent upon the
temperature of the propellant grain at the time of firing. (See Figs.
54 and 5B).

-

SECTION III

1.0 DESCRIPTION OF 23KS520000 BLACK BRART ROCKET ENGINE

1.1

July 1964

ENGINE DESIGNATION

1.1.1 The 23KS20000 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 aa followss

23 duration of thrust in seconds

K .oxidizer and fuel code
S soclid propellant charge
20000 - thrust, in pounds, at sea level
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SECTION IIT - continued

1.0 DESCRIPTION OF 23KS20000 BLACK BRANT ROCKET ENGINE

1.2

July 1964

EXTERNAL 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 209.4
incheg. The forward end of the engine is provided with & radially
drilled attachment ring for mounting the nose cone, and a flanged
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 8.24 inches at the throat to & maximum of about
13.475 inches at the exit in outer diameter. (See Figs. 1A and 1B).

The principal data of the engine assembly are detailed in Table I and
Fig. 2.

TABLE I

23K520000 BLACK BRANT ROCKET ENGINE DATA

ENGINE

Length of engine (complete with nozzle) 209.4 in.
Outer diameter of engine 17.2 in.
Total weight of engine 2616.5 1b

IGNITER

Squibs Me56 MOD VI

Minimum firing current, amps 1.6
Recommended firing current,~amps 5.0
No fire current, amps 0.4
Squib resistance, ohms 1.0
TEMPERATURE
Ehgine firihg temperature limits, & 5°F 1% to 100 OF
Engine storage temperature limits (See Note) 0 to +150 OF
Preferred storage.temperature limits +60 to + .90 OF
Igniter storage temperature limits =20 to +150 °F

Propellant flame temperature 4220 °F

MR

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

/eontinued
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. . SECTION III - continued

1.0 DESCRIPTION OF 23KS20000 BLACK BRANT ROCKET ENGINE

1,2 EXTERNAL CHARACTERISTICS -

1l.2.2 Referring to Fig. 2, the nozzle dlmen31ons for 23K520000
Black Brant IIB are:

-Beference - Dimensiong
X " 8.24 in.
nyn 13.475 in.
ngn . 20.94 in.

1.3 INTERNAL: CHARACTERISTICS
1.3.1 The engine consists essentially of a thin-walled, steel: chamber
lined with a mlca-filled polyurethane which acts as a liner and grain
bonding agent.

1.3.2 The igniter assembly consists of a flanged plug, a scroll flash
' . charge tube; a pressure squib, and a latex-sleeved wire basket for the
. pellets, (see Figs. 34 and 3BS The igniter assembly is attached to the
' forward end of the engine by means of a flanged 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 1?-1nch diameter chamber assembly is fabricated from stretch-
formed, 0.104 % 0.020 inch thick steel of Specification AISI 4130 and
ip designed to withstand a working pressure of 1420 psi.

1l.4.2 The chamber lining is of mica=filled polyurethane which functions
as a grain restri¢ctor 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 the attachment of the nozzle. A flanged 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 modified, tapered,
three-leaf clover, internal burning, ammonium perchlorate-polyurethane=-
aluminum charge weighing approximately 2085 pounds. The gaseous and
liquid-solid combustion products are:

Tl "

July 1964
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SECTION III -~ continued

1.0 DESCRIPTION OF 23KS20000 BLACK BRANT ROCKET ENGINE

15

106

1.7

PROPELLANT GRAIN

39
Aﬂcﬂz,_ABcE, Cu, and Cr203o The forward and aft ends of the grain are

H,0, Hy, €O,, €O, N,, HCE, Aﬂ203, H, OH, NE,, CHO, HCN, CZ, ALCI

restricted with a mica«filled polyurethane.
NOZZLE ASSEMBLY

1.6.1 The nozzle is precision machined from aircraft-quality AISI 4340
steel and the inner surface of the expansion cone is lined with flame=-
aprayed 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,

IGNITER ASSEMBLY

1.7.1 The igniter assembly consists of a flanged plug, a scroll
flash charge tube, an M-56 MOD VI pressure squib, and a latex-sleeved
wire basket contdaining approximately 200 grams of SR 371 pellets.

1,7.2 When the vehicle is mounted on the launcher arming of the
igniter is carried out. This requires removing the shipping plug and
installing the M=56 pressure squib at the external end of the igniter
flash tube. (See Section VIII§O

SECTION IV

1.0. STORAGE AND SHIPPING PROTECTION DEVICES

1.1

1.2

July 1964

A light alloy closure for the igniter boss and a light alloy
plate, bolted to the engine chamber. flange at the nozzle end protect
the propellant grain during temperature cycling, long term storage and
shipping. The use of these protection devices prevents accidental
ignition and entrance of moisture to the propellant 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. -
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SECTION V

1.0 SHIPPING AND STORAGE CLASSIFICATION

1.1 THE ROCKET ENGINE

1.1.1 The storage classification of the 23KS20000 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!', (see Fig. 4), in

accordance with the Canadian Board of Tranaport Commissioners.regulations.

Under the U.S. Interstate Commerce Commission Regulations and the U.S.

Navy~Bureau of Ordnance 1nv0171ng a flammable hazard, the deasignation is

"CLASS L) N EXPLOSIVE'
1.2 THE IGNITER

1.2.1 The atorage classification of the igniter for the 23KS20000
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
Commisaioners regulations. Under the U.3. 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 AIR TRANSPO]%T‘

2,1.1 Transportation by Air 1s, to date, the only method which has
been qualified. e

E

2.2 RAILWAY TRANSPORT } :

2.2.1 Releége of the engine for shipment by rail has not been
investigated. ' . .

SECTION VI

1.0 STORAGE OF Rocxm ENGINE AND IGNITER

1.1 STORAGE oF ROCKET ENGIRE

1.1. 1 The rocket engine ghould be stored under explosivea magazine
regulationa.

1.2 STORAGE OF IGNITER

1.2.1 The igniter storage temperature may be from -20° to +150 °p,

Igniter assemblies will be stored in moisture-proof contaln%rs.
Py Al A

July 1964
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SECTION VII

1.0 INSPECTION OF 23KS20000 BLACK BRANT ROCKET ENGINB
AFTER REMOVAL FROM STORAGE -

1.1 : After removing the engine from storage and prior to use,
‘inaspect the engine as followss

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

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

- b 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 not ingert anything
] into either the forward or aft

+ ‘|lend of the engine.

>

SECTION VIIL

1.0 INSPECTION AND INSTALLATION OF JIGNITER ASSEMBLY
1.l " To 1nstall the igniter proeeed as follows:
(a) Im general9 gselect the igniter shipped with the 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 closure from the igniter boss of the rocket
engine.

.(d) Ingpect the "O" ring on the igniter housing and apply a
- light coating of silicone grease, such as DC=4, to the

July 1964
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SECTION VIII - continumed

1.0 IKSPECTION AND INSTALLATION OF IGNITER ASSEMBLY

1.1 (d) “0" ring. Locate the igniter so that the flash tube
is in line with the access door in the nose cone. Mike
sure that the copper gasket -ig properly located before
tightening up the bolts in the engine igniter boss. Use
a torque of 12 foot-pounde on the 1/% - 0.28 x 0.75 inch
- _ long bolts,

(e) When ready to arm the engine, remove the .shipping plug
from the scroll flash charge tube and place the "O" ring
on the Mﬁ56 squib. TPighten the M-56 squib with 60 inch-

{ pounds torque. A spare "O" ring for the M=56 squib is
- obtainable from the shipping plug.

SECTION IX

1.0 INSPECTION AND INSTALLATION QF NOZZLE ASSEMBLY

1.1 The inspection and installation’ of the nozzle agsembly will be
' carried out as followss . "

:1.1;1 NOZZLE ' INSPECTION

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

(b) Inspect the nozzle mating surface.
(e) Inspect the nozzle mating “0“ ring and gasket.

(d) Any significant “damage to the nozzle will-require
regection of the nozzle.

'1.1.2 NO2ZLE 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 aurface
"O" ring groove.
. _ (c) Install the nozzle gasket over the graphite projection
and up against the grooved mating surface on the nozzle.

July 1964
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SECTION IX - continued

1.0 INSPECTION AND INSTALLATION OF NOZZLE ASSEMBLY

1.1,2 NOZZLE INSTALLATION

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

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

(f) Gheck that there is a uniform gap of approximately 0.025
inch between the nozzle bolt flange and the engine flange.
The gap indicates 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 X

1.0 HANDLING OF ROCKET ENGINE AND IGNITER .ASSEMBLY

1.1

1.2

103

July 1964

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 vehicle,

ROCKET ENGINE HANDLING LIMITS

1.2.1 The rocket engine is designed to withstand losds 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 damsge.

1.2.2 Damage to the drilled forward end attachment ring of the engine
will preclude proper installation of the nose ccne. 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
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SECTION X - continued

1.0 HANDLING OF ROCKET ENGINE AND IGNITER ASSEMBLY
1.3 IGNITER ASSEMBLY EBANDLING

in broken pellets or torn latex sleeve. Broken pellets may cause
an unacceptably high ignition pressure,

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

SECTION XI

1.0 GRATING AND TRANSPORTING THE ROCKET ENGINE AND IGNITER

1.1 The rocket engine and 1gniter are protected by suitable
packaging to prevent damage caused by normal handling while being
transported.

1.2 For transportation by rail in Canada the Canadian Armament
‘Research and Development Bstablishment has authority, under Special
Permit No. 520 from the Board of Transport Commissioners for Canada,
to ship the 23KS20000 engine in the crate manufactured to CARDE

Drawing No. 61052306, (see Pig. 4). (Release of the engine for firing
after rail transport has not yet been approved.)

SECTION XII.

1.0 TEMPERATURE CYCLING OF ROCKET -ENGINE
1.1 STORAGE

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

1.2 PIRING
1.2.1 ~ A typical temperature cycle consists of the engine casing

temperature commencgng above 32%F, going below 32 %P to any temperature
between 32°P and 10°P and returning to some temperature above 32°F.

July 1964
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SECTION XII - continued

1.0 TEMPERATURE CYCLING OF ROCKEE‘ENGEEE;

1.2

PIRING

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
congidersbly prolong the "hold times"™ which may be accepted under
cold weather conditions.

. SECTION XIII

1.0 PIRING THE ROCKET ENGINE

1.1

1.2

1.3

July 1964

RANGE REGULATIONS

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

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 armeds Use
an.approved, accurate, squib tester at the closest point feasible
to The Iiring switch in the blockhouse.
HANDLING OF MISFIRES
1.3.1 A misfire may be the result ofs

(a) Improper firing circuit.

(v) Squib failure.

(¢) Igniter failure.

(d) Failure of propellant to ignité.

(e) Bangfire, 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 aquib 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.
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1.3
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SECTION X1Il - continued

HANDLING OF MISFIRES

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

1l.3+4 If squib or igniter has fired no further attempts should be
madé to fire the engine. Request disposal instructions for the
engine from CARDE,
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- Aft end view of 23KS20000 Black Brant engine
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FIGURE 1B - Head end view of 23KS20000

Black Brant engine
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FIGURE 3B - Igniter equipped with engine pressure transducers



FIGURE 4 - Transit crate for Black Brant engine



PRESSURE p.s.i.q.

THRUST, LBF

1400
1200
1000
80¢C
€00
400

200

o

20,000

10,000

1o

60°F

-UNCLASSIFIED
18

145F

PUEEY W WO 2UNS YO Y

30

' CoL . . " TIME SECONDS
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FIGURE 5B - Thrust vs Time curves for 23KS20000 engine at three
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