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III. REQUIREMENTS

A, GENERAL

Basic references for the final requirements used in the design of the
Apollo onboard propulsion system are General-Electric Work Statemen-t 730-A-12
and a letter, dated 7 March 1961, to T.P. Browne of Aerojet-General from
A.D. Cohen of General Electric.

The onboard propulsion system is designed for a 14-day mission. A
propellant reserve of 10% of the total liquid propellant is carried. The propulsion

system envelope is as described in the letter to T.P. Browne from A.D. Cohen.

Two vehicles are considered: first, a direct re~entry vehicle and
second, a glide re-entry vehicle. The glider propulsion requirements are con-
sidered to be the same as for the ballistic vehicle, except for launch-abort

escape requirements.

Two versions of the direct re-entry vehicle are considered: (1) a
1963 version with a gross weight of 15,715 1b plus abort and separatlon motors
" and (2) a 1966 version with gross weight of 14, 715 1b plus abort and separation
motors. Actually, the latter shoﬁld be considered a growth version of the 1963
vehicle and not a different unit. The weight reductions will be made in the non-

propulsive as well as the propulsive components.
B. LAUNCH-ABORT ESCAPE PROPULSION

The requirements for the launch-abort escape subsystem for the

direct re-entry vehicle are given by the following set of parameters:

Page III-1
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III, B, Launch-Abort Escape Propulsion (cont.)

Aborted vehicle weight (main propulsion 7,000 1b (1963)

module is jettisoned) . 6, 500 1b (1966)
- Initial abort thrust-to-weight ratio (in _ -
‘direction of thrust) o 20:1 '
Thrust-rise rate (maximum) - 300 g/sec
Burning time (Nominal) 6 Units - 1.0 sec .
and "
2 Units 2.0 sec
or : > :
8 Units 2.0 sec

- Units jettisoned at booster first-
stage burnout 4

" Units jettisoned at booster second-

sgage burnout - - 2
Units jettisoned at escape velocity .. 2
Mounting angle of motors 25 degrees to vehicle

centerline.

Net thrust vector during first second of

firing ' . 15 degrees off vehicle -
centerline through
the center of gravity

The thrust level for all abort units should be approximately the same, '
although a thrust deviation on the order of 10% between the 1.0-sec and 2.0-sec"
burning-time units can be tolerated. Optimum performance should be achieved

for sea-level conditions.

In the désign of the escape-propulsion subsystem, the primary con-
sideration is reliability. Weight is not as critical, because the units are dropped

when they are no longer necessary.
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111, B, Launch-Abort Escape Propulsion (cont.)

Launch-abort escape subsystem requirements for the glide re-entry
vehicle are presented in Appendix A, along with the discussion of the subsystem

design.
C. SEPARATION ROCKETS FOR THE DIRECT RE-ENTRY VEHICLE
The separation rockets separate the re-entry vehicle from the space-
craft shell prior to re-entry. Two different requirements exist: first, separation
at high dynamic pressure and second, separation outside of the atmosphere.

Requirements for separation at high dynamic pfes_sures are:

Total vehicle weight | 6, 000 1b

Re-entry vehicle weight. - 4, 000 Ib
Total drag-force on spacecraft shell 33,000 1b
Separation distance 20 ft'in 1 sec

For separation outside the atmosphere, prior to re-entry, sufficient

force to achieve positive separation is required.

D. ATTITUDE CONTROL

vTotal impulse 60, 000 lb-sec
- Number of starts ' . 3, 000
Maximum single total impulse 200 Ib-sec
' Number of units v | 12

Thrust per unit _ 31b
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111, Requiremenfs (cont.)
E. COURSE CORRECTION-:OUTBOUND

" Velocity increment
Minimum acceleration
Maximum acceleration

Number of starts (maximum)
F. LUNAR-ORBIT ENTRY

Velocity increment
Minimum acceleration
Maximum acceleration

Number of starts (maximum)
G. LUNAR-ORBIT EXIT

Velocity increment
Minimum acceleration
Maximum accelc:ation

Number of starts (maximum)
H. COURSE CORRECTION--INBOUND

Velocity increment
Minimum acceleration
Maximum acceleration

Number of starts (maximum)

- 250 fps
0.1¢g
'1.5¢g

3, 500 fps
0.25¢g
1.5¢g
5

3, 500 fps«
0.3 g
2.0g

250 fps
0.1g
3.0 g
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III, Requirements (cont.)
RE-ENTRY SPIN CONTROL JETS .. . _ .. .- , - .

These units generate a moment around the re-entry vehicle longi-

tudinal axis.

Total impulse 7,000 lb-sec

Number of starts Many
Number of units 4
Thrust per unit 18 Ib

’ _Page II-5

iGN NHiE RN e A
SRS [ ORISR N1




Report No. LRP 223

>l ouronsrion

IV, SUBSYSTEM DESIGN

The various liquid propellant subsystems integrated in the main propulsion
module are shown in Figure IV-1. The location and mounting of the solid propel-

lant motors used for launch abort and separatién are shown in Figure IV-2,

A.  LAUNCH ABORT ESCAPE AND SEPARATION SUBSYSTEMS

1. . Considerations

Solid propellant motors were selected for this subsystem. The
main criteria for this selection were the requirements for short response time,
very high thrust level, and ‘short duration--while. maintaining high reliability.
These requirements, and the fact that very high Vspecifi»c impulse was not essential,

led to the conclusion that solid rockets are best suited to this application.’

In the design of the launch-abort escape and separation subsys-
tems, only the requirements for 1963 were considered. The 1966 version of the
Apollo vehicle may requfre an escape system with a different thrus-t level. Since
weight is not of pfir_ne importance--at least in the early portion of the trajectory--
during first and second stage boost, requirements for 1966 can best be met with

the application of more or fewer units of 1963 design.

2. ProBellant

The high reliability Astahdard-s set for this system mandate a
propellant of proved pe-rformance and aging stability. Propellant formulation
ANP-2913 CD meets these requirements; Its excellent mechanical and casting
and curiﬁg properties, coupled With a measured specific impulse at sea level

of 247 Ibf-sec/lbm, make it a logical choice for use in an escape motor.
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1V, A, Launch Abort Escape and Separation Subsystems (cont.) ’

This propellant--formulated with 68% ammonium perchlorate,
16% aluminum, 0.30% ballistic additive, and 15.70% polyurethane binder--has
been:widely tested and is complete;ly developed. The 'burning rate for ANP-
2913 CD, ‘at the present time; is 0.54 in./sec, but the propellant can be modified
to provide burning rates over the range of 0.3 to 0’;.7"1‘1‘1‘. /sec at a 1,000 psi -
chamber pressure. This range of burning rates adequately covers the require-
ments for thé escape and separation rockets. ANP-2913 CD is now bemg quali-

fied over a temperature range of -65°F to +165°F"

"To produce a lighter casing a»ndl to reduce motor development -
cost, however, a temperature cycling requirement of 70°F ¥ 40°F is suggested
as more consonant with the operational requirements for the escape and sepa-
ration .motors (1KS-23, 800, 2KS-23, 800, and 1. 9KS-18, 100 motors)

Accelerated aging studies indicate the aging stability of formu-
lation ANP-2913 CD to be very good. Propellants of this type have been succes-
sfully aged for six months at 180°F. Correlation of data for aging a similar,
propellant, ANP-2639-AF, at 180°F and at ambient temperature indicates a
storage life of three to five-years for ANP-2913 CD at ambient te'mperatu're's;

The autoignition temperature is 510°F .

Based on more than 100 static test firings, the motor-to-motor
variation in total impulse among motors cast from the same propellant batch is
+ 0.6%.- The thrust deviation under the same conditions is ©1.2%. Maximum
variation in total impulse and thrust among motors cast frorm different batches
is & 2% and t'4%, réspectively. This variation can be cut in half by more rigid

manufacturing control.

Pa-ge__IV-Z
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IV, A, Launch Abort Escape and Separation Subsystems (cont.)

3. Igniter Design

For the ignition of the propellant grain, the use of Alclojet
igniters is proposed. .The Alclojet igniter offers several advantages when com-

pared with-the usual basket-type igniter.

In the Alclojet igniter,:the Alclo pellet is enclosed in a chamber
that is built to withstand a combustion pressure of 11, 000 psi for 0.25 millisec. -
The combustion products are directed through nozzles at high velocity toward the
propellant surface. This confinement of the charge results in smooth, rapid
burning. Heat from the igniter is delivered at a maximum rate at the beginning
of the motor ignition transient and regresses before steady-state motor pressure
is reached. Therefore, ignition pressure peaks are reduced to values of 300 to
475 psi. Ignition delay is short, 6 to 10 millisec, as compared with 16 to 150
millisec for basket igniters. The igniter is self-pressurizing, which is an

important feature in attaining reliable ignition at high altitude.

~Because the charge weighs about two-thirds as much as the |
charge in a basket-type _ighiter,' the Alclojet igniter is smaller and lighter than .
the basket-type igniter. The unit is designed to maintain its mechanical integrity
in short-duration motors (approx. 2 sec). No debris is expelled through or

against the nozzle.

_ The Alclojet igniter is being used at present.in the following
systems: Eagle (booster and terminal), improved Tartar, Skybolt (first and
second stage), improved Genie, XM59, Asp, Army Drone Booster, and Titan gas
generator. In its development and application to highly diverse systems, enough
data have been collected to qualitatively establish reliability. The quantitative
determination of reliability will depend upon developmental and qualification

testing of the specific design chosen for use in Apollo motors.
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IV, A, Launch Abort Escape and Separation Subsystems (cont.)

The igniter charge is initiated by an electrically-fired squib.

Low-tension and low-current squibs or high-tension exploding bridgewire squibs

can be used.

Typical values for low-tension squibs are a maximum no-fire
current of 0.25 amps and a 100% fire current of 0,5 amps. For a short function
time, however, higher currents are used.

. Reliable exploding bridgewire squibs have been.developed with
al, 000-v maximum no-fire and 1, 500-v minimumall-fire voltages. Typical
ignition function times varies between 0.1 millisec at 3,000 v and 1 millisec
at 2,200 v. The exploding bridgewire concept eliminates accidental ignition
from static discharge, high-energy radio-frequency fields, and low voltage:-
potentials. Firing times can be made faster and more consistent. The power
requirements for one power-supply unit for eight igniters are approximately 28

v dc, 1.5 amp surge, and 750 milliamps steady within 30 sec (standby).

Since adequate electrical power will be available, the explod1ng
bridgewire squlb is recommended for use in the Apollo solid rocket motors

to ensure against ignition by stray currents and to provide short and consistent-

firing times. The alternative to this would be a low-tension squib and a safety-
and-arming device which puts a mechanical barrier between the squib and igniter
charge. Because a two-step action is necessary for ignition with the alternative
system, it is less reliable for the particular conditions of the Apollo mission,

where a malfunctioning squib or safety-and-arming device cannot be replaced.

Page IV-4
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IV, A, Launch Abort Escape and Separation Subsystems (cont.)

4. 1KS-23, 800 Escape and Separation Motor (Figure I1V-3)

' - Requirements for the launch-abort escape propulsion subsystem
call for two motors with 2-sec burning times and six motors with l1-sec burning

times. The necessary thrust is 23, 800 lb per motor.

Requirements for the two motors used to separate the re-entry
vehicle from the rest of the spacecraft while it is in the atmosphere are similar
to those for the 1 sec duration escape motor. Therefore, the 1KS-23, 800 motor

is used for both escape and separation purposes.

The 1KS-23, 800 motor contains 102 Ib of propellant. The motor
weighs 126.5 lb, and the resulting mass fraction is 0.807. A dendrite configur-
ation for the burning surface of the case-bonded propellaﬂt grain has been selected;
it combines relatively high volumetric loading (68%) with a high-burning area for

this short-duration motor.-

A small amount of ANP-2319 CD propellant is case in the aft
head, and the joint between chamber propellant and aft-head propellant is. restricted
from burning at the interface. A thrust-versus-time curve for the motor is

shown in Figure IV-4,

For the motor case, high-strength nickél steel (25% Ni) is
used. This material has high strength and a high elastic modulus of 30 x 106 psi.
The yield strength is 260, 000 psi and the ultimate strength is 285, 000 psi. Mini-
mum strengths of 225, 000 psi at weld points have been adequately demonstrated.
In this specific application, homogenous steel cases are competitive with filament-
wound cases because the weight advantage of the fiber-glass case is not realized

if throat areas are required.
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IV, A, Launch Abort Escape and Separation Subsystems {(cont.)

. ‘ A chamber wall thickness.of 0.030 in. has been determined for
this motor.  This thickness is based on a designed yield pressure of 1.42 times
the maximum expected operation pressure (MEOP) of 1,200 psi. This value; .
which is recommended by Aerojet-General, is higher than the normally-used safety '
factor of 1.25 ME.OP for solid propellant missile motors used on manned systems
such as Skybolt and Genie. The safety factor used on unmanned vehicles, such as

Minuteman is-1.1 MEOP,

A éhe'ar—_pin joint of full case diameter is provided at the aft
closure in this motor design to allow access for core removal from the propellant
grain after casting. This type of joint has been selected because it is two to
three times lighter than a bolter joint, and it has demonstrated excellent relia-
bility on Aerojet-General-produced Eagle, Sparrow, and Tartar motors. The
heav'y.st'ructuré at the shear-pin joint can efficiently be used for motor-attach-

ment fittings.

. The average chamber pressure for this motor is 1, 130 psi.
Selection of this pressure is based on the tradeoff between nozzle weight and
case weight.
Internal motor case insulation has been omitted from this motor ‘
because heat transfer calculations show that the temperature rise in the bare

metal case :i’sAnegligi‘b_le for a 1-sec duration.

The nozzle consists of a 0.4 in.-thick, silica-reinforced,
phenolic throat insert backed up by a 0.030 in.-thick-steel shell. The shell also
forms the nozzle attachment flange. The silica-phenolic exit cone is wrapped

on and varies in thickness from 0.4 in. downstream of the throat to 0.125 in. at

Page IV-6
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IV, A, Launch Abort Escape a'nd-‘Se’pai‘ati.on Sub's'y'stefnsf(:cont;')

the exit plane. Selection of these thicknesses is based on-structural requirements
only. Since erosion and charring of the exit cone is negligible for shor firing l
durations, no extra thickness is included to compensate for thése effects. Net-

ejection forces on the ex1t cone are forward.

The phenolic throat insert will erode, resulting in a throat
area increase up to a maximum of 3% during the l-sec firing duration-of this’
motor. This area change is based on an erosion rate of 0.05 in./sec and is

responsible for a loss of only 0.2% of available motor impulse.

A nozzle expansion ratio of 9:1 has been selected for optimum
motor performance at sea level, since the most severe operating ¢onditions'are

at sea level. The thrust coefficient at sea level for this nozzle is 1. 59.

Two Alclojet igniters are used in this motor to provide a
redundant system for ignition reliability. Each igniter charge weighs 26 grams,
and the total weight of each igniter. is 0.390 Ib. Both igniters will receive an
ignition signal and will be joined by a flame tube to assure that they are bbth
ignited. The resultant chamber pressure will be controlled to stay below the

nominal case design pressure.,

The . dual ignifer system is still under investigation. This’
continued study may indicate that a single igniter with dual squibs would make

an equally reliable unit with less weight and ebmplexity.
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IV, A, Launch Abort Escape and Separation Subsystems (cont.)

5. 2KS-23, 800 Escape Motor (Alternative Separation Motor)

The 2KS-23, 800 escape motors shown in Figure IV-5 are similar
in design to the l1-sec duration motor. Two of the 2KS-23, 800 motors are pro- '
vided to supply thrust along the axis of the spacecfaft after burnout of the l-sec

duration motors.,.

In case a maximum altltude of 5, 000 feet from-the launching pad

is desired, the six 1KS-23, 800 escape motors are replaced by six 2KS-23, 800
motors. The escape system is then composed of eight 2KS-23, 800 motors. If

eight 2KS5-23, 800 motors are used in the abort srystem, two 2KS-23, 800 motors
should be used for separation at high dynamic pressure, to minimize the number

of unique types of motors required. _This arrangement is illustrated in Figure IV-2.
The weight penalty resulting from this "over-powering' is not great, since the

are je

ettisoned early in the launch trajectory.

As is sh0wn in Table Iv-1, the propellant for this motor wei‘ghs
210 1b, and the total motor Welghs 2.42 9 lb. " The motor mass fraction is 0. 864
total impulse is 51, 500 lbf—sec Volumetrlc loading of the dendrlte .grain is 71%,
Data showning thrust versus tlme for sea level and vacuum cond1t1ons are pre sented

in Figure IV-6. .

The chamber wall of this motor is 0. 041 in. thick, and the.

average chamber pressure is 1 130 pSI

Internal motor case insulation is a 0.030-in. thick layer of
silica-filled nitrile rubber. Heat transfer calculations show that this is sufficient
to limit the temperature rise in the metal case due to heat influx during com-

bustion to a negligible amount.

Page IV-8
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1V, A, Launch Abort Escape and Separation Subsystems (cont.)

‘ The basic nozzle is the same as was used with the 1KS-23, 800
motor, A 0.6% loss of available motor impulse is expected because throat area .

will increase a maximum of 7% due to erosion.

The charge in each of the two Alclojet igniters used in this

motor weighs 45 grams. Each igniter weighs a total of 0.582 lb.

6. 2.5KS-560 Separation Motor

For the separation of the re-entry vehicle from the spacecraft,
two 2, 5KS5-560 motors are used as shown in Figure IV-7. The motor performarce
curve is plotted in Figure IV-8, and weights and performance are tabulated in

Table IV-1,

Since these motors are carried along during the entire mission,
that they be light in weight is important. A glass-fiber-resin composite case is-
wrapped around the propellant grain, with premodled insulation and nozzle in
place. The need for mechanical joints is thus eliminated, and the lower weight

of inert parts is achieved. This manufacturing technique is described in Ref. 5.

As previously mentioned, the propellant is qualified over a
temperature range of -65°F to +165°F. Since the motors are mounted inside
the skin of the spacecraft, the temperature of the motors during the mission

is expected to be well within this limit.

These motors are also exposed to space environment during
the fullmission time. The propellant is less sensitive to.radiation than is the

crew. Serious degrading effects on propellant and case caused by the hard
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E IV, A, Launch Abort Escape and Separation Subsystems (cont.)

vacuum are not to be expected' " The location of the motors 1n51de the vehicle

skin minimizes ‘the dange of meteorlte damage, e11m1nates excesswe solar heat

radlatlon, and shlelds the motors completely agamst ultrav1olet rad1atlon

' The calculation of ehamber wall thickness was based .up'on a
combined ultimate stre_ss of 135, 000 psi for the cylindrical portion of the motor
case. The longitudinal ultimate stres's of 186,000 psi was used to determine the
thicknesses of the aft head at the aft head-to-cylindrical section knuckle. (Ulti-
mate stress levels are quoted because glass fibers do not yield before fa111ng )
The safety factor used is 1.42 times MEOP. The nomlnal chamber pressure is

500 psi.

The cylindrical wall of the separation-motor case is 0.036 in.

k, and the aft head is 0.015 in. thick at the knuckle. The grain is covered by

0]

a 0.030 in. thick oremolded'irisulation of nitrile rubber. Temperature rlse in

the fiber-glass case is neghglble when this amount of insulation is used.

The nozzle entrance and throat section consists of a 0.25 in.
thick molded, silica-reinforced, phenolic piece which is bonded to the grain
insulation before the motor case is wrapped around the grain. The exit cone
section is wrapped to ad_]o1n the throat after the motor case is completed The
thickness of the exit cone section ranges from 0.2 in. downstream of the throat

to 0.125 in. at the exit plane.

This nozzle is designed for opt1mum performance in a vacuum
and has an expans1on ratio of 24:1. The expansmn ratio is limited here only by

the space available in the installation. The thrust coefficient is 1.725.

Page IV-10




b ;3

‘Report No. LRP 223

IV, A, Launch Abort Escape and Separation Subsystems (cont.)

The charge in the single Alclojet igniter weighs 4.76 grams;
the 1gmter as a whole weighs 0. 171 1b. The small separatlon motors are not .
fitted with a second igniter because a single motor can impart a suff1c1ent _
velocity increment to the space capsule to safely separate it from the re-entry

vehicle. Dual igniters would thus contribute only second-order redundancy.

7. Mounting of the Escape and Separation Motors

~ The six lKS 23 800 and two ZKS 23 800 motors (alternatlve
8 2KS- 23 800 motors) are mounted aft of the cylmdncal sectlon of the space—
craft, as shown in Figure IV-2. The motors are arranged SO as to produce a
resultant thrust vector which passes through the vehicle center of gravity at an

angle of 15° to the vehicle longitudinal axis.

) The two motors for separation at high dynamlc pre ssure are
attached to the nose cone of the spacecraft They are also mounted with the net '
thrust vector at an angle to the vehicle axis so that the spacecraft shell will
follow a trajectory after separation different fromlthat of the re-entry vehicle,

thus avoiding the possibility of collision.

One of the many possible jettisoning devices for these motors
is also shown irr Figure IV-2. The motors are attached by a palr of rollers at
the forward end of the motor case, and a tubular piece is 11nked on the shear—'
pin flange at the aft end of the case. The rollers slide in ra1ls built ;nto_the ‘
fairing fixed on the spacecraft. The tubular piece slides in a cylindr‘iCal guide
and is held against a preloaded steel spring by a single explosive bolt. Two

explosive charges are _contained in the bolt to improve the reliability of jettisoning.

Page IV-11
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IV, A, Launch Abort Escape and Sep'aration Subsystems (con't;)

The rails and the cylindri'cal guide are inclined at an angle of
30° to the motor centerline. The aft mounting point carries all aerodynamic
and thrust forces parallel to the motor axis . The front rhounting point carries
forces perpendicular to the motor axis. Aerodynamic and inertial side loads

are carried by both mounting points.

Two longitudiﬁal springs are located at both sides of each
motor. The motor is. jettisoned by firing the explosive bolt and allowing the
energy of the spring to be imparted to the motor. The inclination of the for-
ward and aft guide rails forces the motor sideways 80 that it will not collide

with the aft conical skirt of the space vehicle.

The jettisoning devices, capable of imparting a side acceleration:
or, weigh 3.4 1lb and 3.7 Ib for the i- and Z2-sec motors,
respectively. These figures are based on an assumed dynamic pressure of 120

Ib/sq ft acting on the motor.

Each of the two 2.5KS-560 motors is provided with a wrapped-

on skirt, which is rigidly attached to a mounting structure inside the spacecraft.

'The motor jettisoning mechanisms are conceptual designs only
and thus are not included in the cost and development schedule. If these jetti-
soning devices were to be an Aerojet-General responsibility, design investi-

gation would be necessary before al;riv'ing at the final configuration.
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1. REQUIREMENTS FOR LAUNCH-ABORT ESCAPE PROPULSION FOR THE
GLIDE VEHICLE

The requirements for this subsystem are as follows:

Aborted weightexclusive of abort escape 6,000 1b (1963)
subsystem (l1b) - . _ 5,500 1b (1966)
Initial thrust to weight ratio - o 15

(weight includes abort propulsion)

Burninyg time (sec) 1.9

Thrust vector angié in relation to vehicle 20

longitudinal axis (degrees)
Number of units _ 6

Performance perfected at sea-level conditions

1. DESIGN D.ESCRIPTIO,N OF, LAUNCH-ABORT ESCAPE PROPULSION

A 1.9KS-18,100 escape motor, shown in Figure 1, has been designed .
for use with the re-entry glider. The nozzle is inclined at an angle of 28 degrees
to.the motor case, so that the thrust can be directed through the glider center of

gravity.

As is. shown in Table 1, the.propellant weighs 156 1b, and the total.
welght of the motor is 182.47 lb. The resulting motor mass fraction is 0. 855,
The volumetric loading of the dendrite grain is 70.5%. A thrust-time-curve for .
the motor is shown iﬁ Figpfe 2. . A small part of the propellant is-cast into the

aft head, and the propellant interface is restricted from burning.

The wall of the.25% nickel-steel chamber is 0. 041 in. thick. The

average chamber pressure is 1,100 psi.

Page'l
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II, Design Description of Launch-Abort Escape Propulsion (cont..)---

Internal motor case insulation is a 0.030-in, -thick layer of silica-

fiiled nitrile rubber,

The nozzle design is similar to that used for the 2KS-23, 800 motors, |
except that the throat diameter and nozzle exit diameter are 3.68 in. and 11.05 in.,

respectively,

A 0.2% loss in available motor impulse is expected because of throat

erosion,.

Ignition is accomplished with two Alclojet igniters similar to those used

on the 2KS-23,800 motors.

Six of these motors are mounted on the back of the glider vehicle as
shown in Figure 3 . The motors are mounted in two packages of three motors

each, by shoes sliding in short rails.

All six motors have the same angle between nozzle-and chamber axis.
The thrust vector of each motor is directed through the pitch axis of the vehicle.
A top view of the vehicle shows that the thrust vector of the two inboard motors
is parallel to the vehicle axis, and the nozzles of the outboard motors are inclined
sideways so that the thrust vectors are crossing at the centerline forward of the ‘
center of gravity. The six motors are jettisoned by applying a side force by use of
jettison mechanisms and explosive bolts, as is done with the escape-separation

motors on the direct re-entry vehicle.

Development of the 1.9KS-18,100 motor will follow the same plan as
for the 2KS-23,800 motor. Motor development cost data are provided separately,

Page 2
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TABLE 1

1.9KS-18,100 ESCAPE MOTOR FOR GLIDER VEHICLE.

Weight

Propellant (1b)

Case (1b)

Case insulation (1b)

Nozzles (1b)

Igniters (1b)

Motor weight (1b)

Mass fraction
Chamber diameter (in.)
Chamber length (in.)
Overall length (in.)
~Nozzle throat area (sq in.)
Throat diameter (in.)
Exit diameter (in.)
Chamber pressure (psi)
Motor thrust at sea level (1b)
Total impulse (lb-sec)
Grain volumetric loading (%)

I;, average, delivered (sec)

Table 1

156
14.15
3.53
7.59
1.2
182.47
0.855
12
31.3
42.8
10.62
3.68
11.05
1,100
18,100
38,200
70.5
245
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