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TESTS OF SOLID PROPELLANT SYSTEMS “

OBJECTIVE - LLDLLéU U

Tests of solid propellant systems are conducted to determine the
performance of solid propellant motors after being subjected to various environ-

wental treatments and to ascertain tactical hazards, and methods of safety
destruct.
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BACKGROUND
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Solid propellant static firing tests may have multiple purposes
depending upon the design of the motor. A motor is usually fir:d to determine:
. the effectiveness of the case insulation, the extent of nozzle “hreat erosion,
P the thrust-versus-time history during a particular time interval such as dur-

' ing ignition or tail-off, pressure-versus-time history, the effect of a prior
environmental treatment on the internal ballistics, and the operation of a
thrust vector control mechanism or thrust cutoff device.
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Tests of so0lid propellants are begun during research and development
and continue throughout the engineering test phase to shelf and sesvice iife

B ( - testing. Tests of research propellants are regularly conducted by manufac-
;o ' turers, utilizing standardized motor configurations, to determine the pro-
5o pellant's operating characteristics prior to delivery to the military test
; ,; facility , !
'i 3. UIRED EQUIPMENT
[ ' ..afg
: §/§_ a. Manufacturers Instructions and/or Specifications
Eo éuﬁ b. Static Firing Test Facility and Equipment as described in
Lo 5o Appendix A
c E,‘Egﬁ ¢. Hazard and Destruct Test Facility and Equipment as described in
! =3 Appendix A
: 5; g‘é d. Propulsion System Component Test Facility, including:
e Ok
Lo =0 1) Pneumatic Test Facility as described in Appendix A
: 3% 2) Hydraulic Test Facility as described in Appendix A

o 3) Electrical Test Facility as described in Appendix A

e. Firing and/or Control Console for The Missile System Under Test
Lo f. Applicable Missile Handling Dollies

t % g. Applicatle Motor Mounts and Adapters as described in Appendix B
Eo h. Motor Inspection Equipment as described in Appendix C

i i. Required Instrumentation as described in Appendix D

j. Applicable Igniter (See Appendix E)

k. Fuel (gasoline, kerosene, etc.) and Flammable Scrap wood or

. ' "~ DISTRIBUTICN STATEMENT A
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1. Fuel 0il and a sizable flat container used as a burner fed by
remove control

m. Cal. 30 Rifles and Machine Guns/Cal. 50 Machine Guns/Cannon 4OMM
or smaller with appropriate ammunition

n. Insulated Chamber

0. Heating Equipment and Controls

p. Applicable Destruct Device (explosive charge, thermal grenade,
shaped charge, etc.)

q. Transducers, Carrier Systems, and Recorders, as required

r. Thermocouples and Strip-Chart Recorders as required

s. Applicable Data Reduction and Conversion Equipment

t. Vibration Equipment as described in MI? 5-2-507

u. Tempgrature Chambers (-85°F to 125°F)

v. Applicable Shock Equipment as described in MTP 5-2-506

w. Jrop-test tower with reinforced concrete or steel impact surface
and suitable remote operated quick-release device.

Note: Drop tests may be conducted with irregular shapes or sharp
edged structural members arranged to simulate impact on
launchers, handling equipment, etc.

Xx. Motion Picture Cameras

1) 128 Frames per second
2) 1000 Frames per second
3) 6000 Frames per second

Y. Sound i=vel Meters
z. Shock Curve Rlast Indicators
aa. Continuity Tester
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A. MIL-STD-292A, Ballistic Nomenclature Rocket Static Tests,
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D. JATO Manual SPIA M-1l, Solid Propellant Information Agency, APL
Johns Hopkins University, Silver Spring, Maryland

E. CPIA Publications Number 3, Static Test Safety Manual, Chemical
Propulsion Information Agency, .ecember 1962

F. MIL-E-5272, Environmental Testing of Aeronautical and Associated
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G. MIL-STD-210A, Climatic Extremes for Military Equipment, August
1957

H. AR 705-15, Research and Development of Material: Operation of
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L. Ignatowski, A. J. and Kart, M. W., Physical Property Evaluation
and Design Concepts for a Practical Approach to Solid Propellant .
Development, Bulletin of 17th meeting of JANAP-ARPA-NASA Solid ?
Propellant Group, Volume 1, May 1961

M. ORDP 2C-282, Ordnance Engineering Design Handbook, Ballistic
Missile Series, Propulsion and Propellants, May 1960

N. ORDP 20-296, Ordnance Engineering Design Handbook, Surface-to-Air
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0. Sutton, G. P., Rocket Propulsion Elements, Ihird Bdition, :
John Wiley and Sons, Inc., New York, New York, and Chavman & Hall !
Ltd., London, England 1956

P. Wimpress, R., Internal Ballistics of Solid-Fuel Rockets, First-
Edition, McGraw-Hill Bock Company, New York, New York, 1950

Q. MIP 5-2-506, Shock Test Procedures

R. MIP 5-2-507, Vibration Test Procedures

S. MIP 5-2-583, Low Temperature Tests

T. MIP 5-2-59%, High Temperature Tests

U. MIP 5-2-602, Equipment Safety Requirements
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5. SCOPE

5.1 SUMMARY

PRSP,

——7 Since a2 solid propellant firing test is unique for each type of
motor, firing facility and specific purpose of performing the test, considera-
tions and procedures are intentionally made general to provide tests that are .
applicable to a variety of solid propellant motors. Specific details thsat -
apply to the static firing of a particular solid propellant motor are contained N
in <che applicable specification, along with the physical characteristics and &
performance requirements of the motor. A general coverage of testing tech- 5
niqies, instrumentation and facilities, hazards, safety practices, and inter- N
pretation of data, are included in thisﬁoﬁ‘?‘ The followmg tests are described:
TR Ty i,
a. Motor Inspection = Inspection procedures to be' perfo d prior to
mounting the motor for a static firing test. These procedures describe a visual
inspection of the motor and inspections using a horescope, X-ray machine, gamma-
graph, ultrasonic equipment, or profilometer.
o. Static Firing Operations - A description of the general procedure
for conducting a solid prepellant static firing.
¢. Tactical Hazards Safety and Destruct Tests - The following tests
may be conducted on complete production motors to determine tactical hazards
and methods of safety destruct which include the following:

M M40 ek

1) Open Flame Fire Test

Nozzle Exhaust Impingement Test
Sympathetic Detonation Test
Gunfire Test

Slow Heat Test

Safety Destruct Test

High Level Drop Test

Thrust Neutralizer Test

Y
B e
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d. Igniter Tests - Procedures for conducting tests on production
igniters to determine thelr reliability, the affects of age, storage conditionms,

3
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- -chart records depending upon the frequency response and accm:a.cy specificatiaons

" conversion and reduction equipment shall be detemined by the ind.lvidual
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and separate environmental conditions. ‘ l
5.2 LIMITATIONS

None .
6. PROCEDURE
6.1 PREPARATION FOR TEST .. = L : 'k;‘;
6.1.1 General . |

a. Personnei shall rev:l.ew all a.va.ilable pertinent manufacturer's
instructions and/or specifications for the system to be tested, determine the
test facilities required, and select the required test equipment.

b. The operator of the test equipment ehall be familiar with the
equipment, and shall comply with the pertinent operating instructions.

c. Assure that a log folder is prepared for each solid propella.nt
system to retain a history of the system under test. ‘

d. Assure that the test facility complies with t.he &tety require-'
ments of MIP 5-2-602. .

e. Reports of previous solid propella.nt static firings should be
reviewed if availsble. ‘
f. Weigh and balance the motor and record its weight and cen'cer-of-

gravity. N
g. Measure and record the nczzle throat dimter at a mininmm
three locations 120° apart. N biar sy

6.1.2 Instrumentation ‘ N s

" Data shall be recordsd on magnetic ta.pe » oscillogra.ph, and strip-
of required. data
" Selection of the required transducers, carrier systems, recorders,

specificatlons and test requirements. Lo ETE » e

Appendix D describes the method used to o‘btam the va.rious informa~

tion. - , . o T
6.2 o TEST CONDUCT | o
6.2.1 Motor Inspections . o o
a. Ground and restrain the motor as a p‘recaut’..ion. against accidental
ignition. L '

b. Inspect the motor, using one or more cambinations of the listed
methods and record the following:

1) Propellant defects:

a) Cracks or voids

il M € e 15 e 3 . il M s ks




- .- 7777 “performance and catastropic failures. See reference 4L for

6.2.2  Motor Static Firings .
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b) Abnormsl surface conditions

c) Separations between the propellant and liner or inhibitor

'd) Exudate or crystal formation on the propellant and metal
parts

e¢) Blowholes

f) Presence of foreign matter

g) lack of perfect bonding at interfaces if applicable ~
{two or more propellant compositicans in single motor)

h) Shrinkage cavities

2) Motor defects

Dents or defects in the case

Defect in nozzle

Defects in igniter or nozzle insert
Defects in resonance suppressors
Defects in ignition harness

oY
R N N

" ¢. Inspection Methods (see Appendix C for descriptions)

1) Vicual
-~ 2) Borescope
'3) X-ray o
4)  Gammagraph , .
“:.-5) Ultrasonic
- 6) Profilometer

m _Each of these methods has advantages and disadva.ntages but as
Jet no one method or techniqiie has been found which always
juncovers all of the flaws that are capable of causing mal-

3.dtE
A

_further information concerning the mapection of solid pro-
pellant motors. . .

6 2,2.1 Preparation for Firing

.

&, Mount the metor.on.the applicable firing stand as described in

Appendix B.
. g ».0. Prepare instrumentation as described in Appendix D.
“Ceol o€y Connect glectrical system as required.
b e m _Exercise extreme caution when connecting the test facility

L . - to the motor, ensuring that all lines are flexible so that
Wer oy e thrust movewent is unha.mpered. .

d, Accomplish a complete check on all mechanical and electrical

" - 8ys between the engine anml the instrument and control room (automatic
"'ccn rol console)

: e, Clear all personnel not required for checking and installing the
j.gniter. (See paragraphs 6.3.6.1 and 6.3.6.2 and Appendix E).
.- f. Prepare motion pictum cameras to obtaia complete camera coverage
éu:ing firing operations.
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g. Insure the correct, short, countdown program is programmed into
the automatic vontrol console.

h. Insure adequate manual control in the event of a malfunction.

i. Clear the firing area for all personnel.

NOTE: A live firing is hazardous and safety shall always be stressed. N
6.2.2.2 TFiring Operation

6.2.2.2.1 Ambient Firing Tests - Firiag tests shall be conducted under ambient
temperature conditions as follows:

a. Commence countdown
b. Commence camera coverage k
¢. Record tae follovmg dur:.ng the f:.rmg operatlon:

Ambient Air temperature ’

- Propellant temperature at the time of flrlng
Thrust versus time and piressure versus time
Igniter current
Igniter circuit zero time
Temperature -at:

OvuUl W N
S e e S N

a) Motor case
b) Insulation

S S St P 00 s Ntz it W = . il B ot i S0 ] A2 v

c) Nozzle: R R | )
a) Jet deflect.ors _ ] L .

S

e gy Strains at discrete points on the motor case
. _;’8) Components of thrust , }for motors with thrust vectoring

o devices ,
a) G:.mba.lled nozzles. . TN T !
b) Jet vanes ,
¢) Gas or liquid secondary mject.ion I

d) Canted nozzles

_ 9) Vibration at various points on the motor and motor mount as
"rustes o peguired by the test engineer and/or test ctpec:if.’l.cs:bions. ‘

6.2.2.2.2 Environmentdt Conditions - The test item shall undergo tests as |

described in the applicable portions of the following Materiel Test Procedures:

B ‘a. Low Temperature Tests as-described in the appllcable portions of
MIP 5-2-583 with firing data as required in paragraph 6.2.2.2.1.
b. High Temperature Tests-as described in the applicable portions of
MTP 5-2-59'4 with firing date as required in paragraph 6.2.2.2.1.
" Ca Vibration “l‘esting as described in Mmrep 5-2-507 with firing data

as required in’péragraph 6.2.2.2.1.
6.2.2.3 Post-Firi.ug Operations

* Remové the test motor “from the firing stand and perform the following

L S At M e ne o
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a. Weigh and balance the motor and record its weight and center of
gravity. ,
b. Measure and record the nozzle throat diameter at a minimum of
three locations 120° apart (see paragraph 6.1.1.g).

6.2.3 Motor Tactical Hazards Safety and Destruct Tests

a. Before conducting any complete hazard test program, consult )
reference 4I of this MIP for specific hazard test details. ’ i

b. Both high speed (1,000 frames per second) and normal speed (64 to i
128 frames per second) camera coverage shall be provided, if possible, during ‘
the conduct of any of the tactical hazards safety and destruct tests. i

c. All tests shall be conducted in accordance with the safety pro- :
visions snd quantity distance tables outlined in reference 4K of this MTP. '
: d. Test motors shall be instrumented to record the specific data
required for each type test. ;

e. Set-Up instrumentation to obtain blast data as follows:

1) .Sound pressure level by means of pressure gauges to measure A S
blast preéssure (psig) or sound level meters capable of
measuring decibels referenced to 0.2002 dynes/cm

2) Shock wave propagation by using ultra high speed (6,000
frames per second) cameras for blast wave time-of-arrival
measurements

NOTE: Sound pressure level and shock wave propagation measure-
ments shall be taken in a radial array (increments no
larger than 45°) at distances specified in the test items ‘ ;
test plan, :

6.2.3.1 Open Flame Fire Test . s

a. One or more motors shall be subjected to open flame fire to
simulate fires that may occur during shipment or storage.

b. Whether the motor shall be restrained to prevent movement or
allowed complete freedom depends upon the following:

1) location of the test site.
'2) Degree of persomnel protection available
3) The requirements of the test.

c. In any test, when allowing free movement, the distance to the
nearest road or bullding shall be greater than the maximum ballistic range of

the motor.
- d. 'This test may be performed with the motor either in or out of

its shipping container. :

e. Prepare the test engine for burning by either of the following

methods: : :

1) Using wood scrap

a) Lumber, and scrap materiel shall be placed under and
around the test motor.

-T=-
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f.
motor will be

b) Ensure good combustion by spreading fuel oil or kerosene
on the lumber and using a remotely operated ignition
device.

2) Without wood scrap

a) Diesel or any other suitable fuel oil in a shallow pan
shall be located to produce flame over the entire length
of the motor.

b) This tan shall be fed contiauously by remote control and
ignited by a remotely operated ignition device.

Sufficient fuel shall be used to ensure that the entire test
enveloped by flame for approximately 30 minutes.

NOTE: In most cases motor ignition will be followed by case rupture

i.

6.2.3.2 Noz

and the scattering of flaming propellant. Detonation shall
be consildered possible but seldom occurs.

Motion picture camera coverage of this test shall be required.
Record the following:

1) Time from fire jgnition to motor ignition
2) Duration of propellant fires

3) Blast data

A fragment map of the area shall be made.

zle Exhaust lmpingement Tests

In the event « © fires occuring during storage or shipment, the
possibility always exists that the exhaust of a motor will impinge upon an

adjacent motc
the reaction

r. The nozzle impingement test shall be performed to determine
of the target motor, deflagration and/or detonation, and the

extent of hazards that result.

a.
b.

directly upon
c.
d.
e.
f.

g.
h‘
the receiver

T TR s s ca— s o - e b At

Two motors shall be restrained to prevent movement.

Place them so that the exhaust of the donor motor will impinge
the case of the target motor. .

Ignite the donor motor.

Note all results.

Motion picture coverage shall be required of this test.

Record the following:

1) Time from ignition of donor motor to ignition of target motor.
2) Blast data

A fragment map of the area shall be made.
At the discretion of the test director, record the following for
motor.

1) Motor chamber pressure versus time
2) Motor thrust versus time.
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6.2.3.3 Sympathetic Detonation Test

Sympathetic detonation tests shall be performed to determine the
reaction of the target motor, full or partial detonation or deflagration, the
action of the missile warhead, high explosive charges, shaped charges, and
primacord in the event cf accidental ignition of the warhead or enemy action
involving the use of high explosives. The procedures, data requirements, and
instrumentation of sympathetic detonation tests pertaining to laboratory and

field tests of warheads and fuses are discussed in references 4I and 4J of this
MI'P.

The following general procedure shall be performed:

a. Determine reasonable proximity by simulating the situation, such
as accidental ignition of the warhead while attached to the missile.

b. Place the target motor in reasonable proximity to the high ex-
plosive device or shaped charge.

NOTE: This test may be performed with the motor either in or out of
its shipping container.

c¢. The high explosive device shall be initiated.
d. Motion picture camera coverage shall be required.
e. The following data shall be taken:

1) Time from initiation of the high explosive device to action
from the target motor.

2) Blast data to determine the contribution of the target motor
to blast over pressure.

3) All other data as specified in references 41'and 4J.

f. A fragment map of the area shall be made.

6.2.3.4 Gunfire Test

Gunfire tests simulate possible enemy actions as well as provide
guidance %o field commanders regarding the use of conventional weapons for
destruct purposes to prevent enemy capture.

a. The gunfire test may be conducted on motors either in or out of
shipping containers, depending on test objectives.

b. Rectrain the motor and mount the chosen weapon at a selected
range.

c. Gunfire tests shall be conducted at various ranges up to 500
yards using one of the following:

1) Cal. 30 rifle firing ball, armor-piercing, tracer ammunition.
2) A cal. 50 machine gun in single or automatic fire.
3) A 4OMM cannon or smaller.

d. The attacking weapon shall be equipped for remote control firing
and shall be boresighted.

e. The weapon shall be fixed in position.
. Motors shall be subjected to gunfire from the various weapons

-9-
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which simulate those expected to be used against a missile in its tactical
employment.
g. Motion picture camera coverage shall be required of the test.
h. The fol_low;ing data shall te recorded:

1) Time from firing the attacking weapow to initial action of
the motor.

2) Blast data.

i. A fragment map of the area shall be made.
J. Record the following at the discretion of the test director:

1) Motor chanber pressure versus time
2) Motor thrust versus time.

6.2.3.5 Slow Heat Test

a. The slow heat test shall be conducted to determine the autoig-
nition temperature of the complete motor and the extent of hazards rusulting
from conditions which will expose motors to slowly iucreasing temperati»=,

b. These conditions will result from the following:
1) Smoldering fires
2) Storage in ship holds
3) Storage near heating equipment or steam lines

L) Temporary open storage of motors in desert areas.

c. Place the motor in an insulated chanber.
d. Restrain it to prevent movement.

e. Heating equipment shall be used to circulate heated air th1 ough
the insulated chamber and around the motor.

NOTE: A tactical shlpplng contalner shall be used as Lhe hea’c:mg
chamber If available. - L
f. Provide cantrols to accomplisihh the prescribed rate of temperature
increase using the propellant temperature &s the temperature indication.
g. Increase the temperature gradually until motor ignites..
h. Mouion-picture camera covergge shall be required.

NOTE: Motion picture camera coverage is difficult’ to achieve since. .
the motor reaction may occur without much warning. . Partial
success has been achieved by triggering the cameras when the-
“propellant temperature and chamber pressure show a rapid rise.

i. Event data may be assured by continucus coverage of the test with
closed circuit television recorded on video tape. Systems for this purpose must

have rapid rewind capability so that covera.ge may be prov:.ded essentially on a
continuous basis. :

J. Make a fragment map of the area.
k. Record the following: :

1) Chamber temperature versus time.
2) Propellant temperature versus time.

-10-
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3) Heating air temperature versus time.

L) Time from beginning of the test to motor ignitian.
5) Motor chamber precsure versus time.

6) Blast data.

6.2.3.6 Safety Destruct Tests

“afety destiuct tests shall be performed to determine the optimum
method, such as explosive ciinrge, thermal grenade, shaped charge, and gunfi-e,
which can be employed to destroy wateriel to prevent enemy capture.

a. Position and restrain the motor.

. Ready the destruct device and apply it to the motor in the a=nner
prescribed by the applicable procedures pertaining to the use of the destruct
device,

c. Motion picture camera coverage shall be accomplished.

d. BSafety destruct tests may be performed on a motor either in or
out of the shipping container.

NOTE: So that the motor case will not become propulsive a destruct

. at or aear the head end of the motor case is considered good
practice.

e, A fragment map of the area shall be made.
f. The following data shall be recorded:

1) Detailed description of the destruct device.
2) Position of the destruct device.

3) Blast data to determine damege potential at various distances
from the test. '

6.2.3.7 High Ievel Drop Test
High level drop tests shall be conducted on live motors to assess the

transportation accidents usii.g the applicable equipment described in MTP
5-2-506. o | _ o

a. This test shall be caonducted on motors both in and out of shipping

containers and may be accomplished simultaneously with tests having objectives
related to the shipping container.

N b. Instrument the test motor with accel:rometers to record the shock ‘
evel. ’ ;

c. Employ explosive safety destruct devices during this test to
prevent accidents resulting from ignition of the motor.

d. Drop the motor from a prescribed elevation onto one of the

PR L e )

following:

'l) Reinforced concrete surface.
2) Steel surface

3) A surface employing sharp-edged structural menmbers to
simulate features of launchers and other chstacles that
may be encountered.

~11-
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e. Motion pictures shall be taken of the test.
f. The following data shall be recorded:

1) Shock registered on the motor and the container.
2) Blast data (if applicable). _

g A fragment map of the area shall be made (if applicable).
h. Still photographs shall be taken of resulting damage.

6.2.3.8 Thrust Neutralizer Test

Thrust neutralizers are deflector plates attached to the nozzle exit -
to deflect all exhaust gases radially and normal t¢ the motor axis. Since )
thrust neutralizers allow only a small positive or negative thrust of solid
propellant motors they are often used as safety devices during the shipving

and handling of these motors. The effectiveness of thrust neutral:.zers is
determined by one of the following methods: o

a. Norml Statlc Tests

1) Prepa.re the system under test as descr:.bed in pa.ragraph
6.2.2.1 with the follcmng exception: - 7

a) The thrust indicator shall be a load cell calibrated in
both compression a.nd tens:Lon. . o :

Commence countdown
Commence camera coverage.
Record the following: '~

Lol VAV
—er

a) Propellant temperature at time O/E' flrmg.
b) Thrust versus time and pressure. Versus. time.

lished in one of the following - -
S e 2 e . R

‘ b. Free movement tests shal;g be acc
ways: , RS .,.:.'. ..j . ‘ l—,“
1) Motor non-mcunted (either in or out of its ‘case)'

8) Attach the aI’P-'l-if'a.b.'l_e electrical system to 1@1%.1;153
-motor a.nd take motion pictures. Ceo e e

b A LRI A
sal .

-2) leuncher Mounted: ',' ce e
a) - Instrument the miss...le and its launcher un.th accelero- L
meters. e o

NOTE: Accelerometer data shall be transmitted by direct wire. ‘
Insure sufficient wive slack to allow freedom of movement.

el

OBt 4t L i 0 T ik i i s foeattan i [P

Wil ot anasa i

b) Attach the appl:.cable electrlca.l system to ignite the

motor.
¢) Obtain complete camera coverage ami record the accelero-

wmeter readings. ;
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6.2.4 = Igniter Tests

_ Solid propellant motor igniters, described in Appendix E, are subject
to the following procedures:

6.2.4.1 Visual Inspection

a, Visually inspect the igniter and record the folloving:

1) Container defects

a) Damaged threads

b) Powder leaks

¢) Cracks, breaks, or dents

d) Initiater insert, when applicable

" 2) Electrical system defects

a) Broken wires
b) Loose connections

¢) Short circuits (‘I'est using an approved continuity tester
only) :

6.2,4.2 X-Ray Inspection

X-ray inspection of the igniter is used to determine internal cracks

or voids for all igniters, and to verify that the squib c:chu:Ltry is properly
imbedded in powder ignlters.

- NOTE: Pyrogen igniters should be considered in the same category
as small scale rocket motors..

6.2,k.3  Preparation for Firing

--"a.  Mount the igniters as follows:

. 1) Powder igniters shall be mounted so as to allow complete
- freedom of movement.

2) Pyrogen igniters shall be mounted similarly to propellunt
‘motors so as to restrain movement.

b.  Prepare applicable instrumentaticn as described. in Appendix D.
¢. Connect electrical system as required.

d. Accomplish a complete check on all mechanical and electrical

systems between the igniter and the instrument and control room (automatic
control cox\.sole).

e, Clear all personnel from the test bay.

f. Prepare motiog picture camera to obtain complete camera coverage
ot the firing.-

‘g. -Iusure the correct ,» short countdown has been installed in the
automatic control conscle. -

h. Insure adequate manual coutrol in the event of a malfunction.
NOTE: For igniter tests requiring data on the volume of gas produced
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the igniter shall be set up in a closed chamber to allow for
temperature and pressure measurements. '

6.2.4.4 Firing Operation

a. Commence countdown
b. Commence camera coverage
c. Record the following during firing operation:

b aall b e e deae

1) Ambient Air temperature

2) Igniter temperature at the time of firing

3) Igniter firing voltage

4) Igniter firing current, in amps

5) Time delay from application of current to igniter ignition
6) Test chamber temperature versus time, when applicable

7) Test chamber pressure versus time, when applicable

datn e el &

6.2.4. 4.1 Environmental Firing Operations - The data required under paragraph
6.2.4.4 shall ve obtained under the applicable portions of the following
procedures:

"

a. Low Tempergture Tests MIP 5-2-583
b. High Temperature Tests MI'P 5-2-594

6.3 TEST DATA

6.3.1 Preparation for Test ( . ,)

Record the following: ) ) ’

a. Type motor under test l
b. Propellant being used

c. Motor and propellant weight in pounds’

d. Nozzle throat diameter, at a minimum of three places , in inches
e. Center of gravity of motor as required -

f. Instrumentation used

3
3
i
3
i

6.3.2 Motor Inspections

Record the following:

a. Method of inspection (visual, x-ray, ultrasonic, etc.)
b. DPresence of propellant defects such as:

1) Cracks or voids -
2) Abnormal surface conditions
3) Separations between the propellant and liner or inhibitor
4) Exudate or crystal formatlon on the propellant and metal
parts
5) Blowholes
6) Presence of Zforeign matter
7) lack of perfect bond at propellant interfaces
8) Shrinkage cavities }

-14- . . i
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¢. Presence of motor defects such as:
1) Dents or defects in the case
2) Defects in the nozzle

3) Defects in the nozzle insert or igniter

6.3.3 Motor Static Firing

a. Record the following for all tests:

1) fTemperature in degrees F

Propellant temperature at the time of firing in degrees F
Thrust, in pounds, versus time in seconds

Pressure, in psi, versus time in seconds

Igniter current, in amps

Igniter current at zero time, in amps

Temperature, in degrees F of:

O\ FWwio
A e A e

e) Motor case

b) Insulation

c) Nozzle

d) Jet deflectors

8) Strain gauge readings in inch-pounds
{ 9) Thrust components, in pounds and direction for:

a) Gimballed nozzles
b) Jet vanes

c) Gas or liquid secondary injection
d) Canted nozzles by

10) Vibration, when required, in “g's" and cycles per second

b. Record applicable low temperature test data as described in
MIP 5-2-583. .
c. Record applicable high temperature test data as described in . ‘
MIP 5-2-594, :
d. Record applicable vibration test data as described in ;
MITP 5-2-507.
e. Retain motion pictures.

%
pef e

6.3.4 Motor Post-Firing Operation

g

Record the following:

P T,

a. Weight of motor in pounds and locate center of gravity
b. Nozzle throet diameter, at a minimum of three places, in ir~hes,

e My

6.3.5 Motor Tactical Hazard and Destruct Tests

6.3.5.1 Open Ylame Fire Test

¥ td

. a. Record the number of motors tested Z é;
() b. Record the following for each motor tested: f‘!
—_ ok
o

-ls_ i!
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1) Time from fire ignition to motor ignition, in seconds
2) Duration of propellant fires, in minutes

c. Retain motion pictures
d. Prepare blast data graph of the following:

1) Sound level pressure in psi or decibels versus distance from
the blast area for specified distances at measured angles

2) shcek wave propagatian , in feet per second, as determined from .
ultra high speed cameras, versus distance from the blast area
for specified distances at photographed angles.

e. DPrepare a fragment map of the area
6.3.5.2 Nozzle Exhaust Impingement Tests |
a. Record the following:

1) Time from ignition of donor motor to ignition of target
motor, in seconds

2) Target motor chamber pressure, in psi, versus time in seconds,
if required

3) Target thrust, in pounds, versus time in secands, if required

S ot OO A o O it 1l A o Sttt e 1 Ao s S e ikt 1 5 a e

b. Retain motion pictures B
c¢. Prepare blast data graph of the following: — (—)

1) Sound level pressure in psi or decibels versus distance
from the tlast area for specified distances at measured
angles

2) Slock wave propagation, in feet per second as determined
from ultra high speed cameras, versus dista.nce from the blast
area for specified distances at photographed angles. ‘

T e Y
g =)

d. Prepare a fragment map of the area
6.3.5.3 Sympathetic Detonation“Test R s T “

a. Record the time from initiation of the high explosive to initial
" action of the target motor, in seconds -

b. Retain motion pictures o oo

c. Prepare blast data graph of the followi.ng

@ 1) Sound level pressure in psi or decibels versus distance

: from the blast area for apecified dista.nces at megsured
angles

2) Shock wave propagation, in feet per second, as determined
from ultra high speed cameras, versus distance from the 'blast
area for specified distances at photographed angles.

L

d., Prepare a fragment map of the areca 4

-16-
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a. Recard the following: ﬂ :
" R i
1) Wearon and ammmnition type used
2) Time from firing the attacking weapon to initial action of
the motor, in secomds 7
3) Motor chamber pressure, in psi, versus time in seconds, if , :
required :
4) Motor thrust in pounds, versus time in seconds, if required 3 :
b. Retain motion pictures 3 j
¢. Prepare blast data graph of the following: . !
1) Sound level pressure in psi or decibels versus distance .
from the blast area for specified distances at measured ki
2) Shock wave propagation, in feet per second, as determined E
from ultra high speed cameras, versus distance from the {
blast area for specified distances at photographed angles 1
4. Prepare a fragment map of the area -
6.3.5.5 Slow Heat Test -]
&, Record the following: %
1) Time from beginning of the test to motor ignition, in hours -
- 2) Temperature, in degrees F versus time in hours for: i
. r-f-":,\;;a) Chamber a4
b) Propellant i
c) Heating air i
3) Motor chamber pressure, in psi, versus time in hours
b. Retain motion pictures -
- ¢, Retain closed circuit video tape
‘d. Prepare blast data graph of the following: -
l) Sound level pressure in psi or decibels versus distance ‘o
 from the blast area for specified distances at measured
angles

2) Shock wave propagation, in feet per second, as determined
from ultra high speed cameras, versus distance from the . e
blast area for specified distances at photographed angles =
€. Prepare a fragment map of the area
6.3.5.6 Safety Destruct Test
a. Record the following: , ' ‘

1) Description of destruct device
2) Position, in motor, of the destruct device

-17-
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b. Retain motion pictures :

c. Prepare blast data graph of the following: ]

| ' | - 3

1) Sound level pressure in psi or decibels versus distance

from the blast area for specified distances at mea.sured : -3

angles o . -y

2) Shock wave propagation, in feet per second, as determined SR .-

from ultra high speed cameras, versus dista.nce from the
blast area for specified distances at photographed angles

d. Prepare a fragment map of the area =
6.3.5.7 High Level Drop Test
_a. Record the following:

1} Impact shock of the motor, in "g' " and milliseconds
'2) TImpact shock of the container, in “g's" and milliseconds

b. Prepare a fragment map of the area, if applica.ble R
c. Prepare blast data graph of the following (if applicable)

l) Sound level pressure in psi or decibels versus distance
from the blast area for Specifled dlst.a.nces at peasured
angles C)
*2) Shock wave pmpagation, in feet per second as determ:.ned ;o
- = s oo - o ~from ultra high speed cameras, versus distance from the W
e 2 i:last .area for specified dista.nces at ﬂphotographed angles

- -+, w-d.  Retain motion pictures ‘ P T
ot e Beta.:.n photographs show:.ng danage L

6.3.5.8 . Thrust Neutralizer Test

6 3 .5.8.1 Noymal Static Tests . "~ | '

Becordthefolloumg' S e e

-"l) ‘Propellant tempere.ture at time of fir:mg, in degrees F
i, 2) Motor thrust, in pounds, versus time in seconds - ,
e 3) Motor chamber pressure . -‘-j.n psi, versus time in seqonds D
. . . . e ; o
S ,.,%h. Betain motion p:l.ctures - "ffj*' -

6.3.5.8.2 Free Movement Test

a. For non-mounted motors Ll R e

1) Retain motion pictures B

b. For lalmcher mounted motors

; 1) Record accelerometer readlngs in "g's" and cps = : E C)

B

-18- i
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2) lbtain motion pictures

6.3.6 Iguter Tests

6.3.6.1 InsPection

Record the following:

a.
b.
c.

Method of inspection (visual or X-ray)
Type of igniter (powder or pyrogen)
Container defects such as:

1) Damaged threads

2) Powder leaks

3) Cracks, breaks, or dents

L) Defects in the initiater insert

Electrica.l system defeets such as:

s ;=j?’{ﬁ) Broken wires

- 2) Iloose connections
3) Short circuits

4 6.3.6,2 X-ray Inspection

.Record any cracks, separations, etc. observed

a.

',6,3.673 Flrmg Operation

Record the followmg

1) Anmbient Air Temperature in degrees F

.2) Igniter temperature at the time of firing in degrees F

b.
Ce
MIP 5-2-583.
d.
MTP 5-2-59k.

3) Igniter firing voltage
4) Igniter firing current, in amps

:5) Time delay from applylng current to igniter :|.gnltlon in
seconds

6) Test chamber temperature, in degrees F, versus time in
seconds, when applicable

7) Test chamber pressure, in psi, versus time in seconds, when
applicable

Retain motion pictures
Record applicable low temperature test data as described in

Record applicable high temperature test data as described in

6..4 DATA REDUCTION AND PRESENTATION

Most of the information gained from a static firing shall be derived
by reducing thrust versus time and pressure versus time traces, The testing

agency shall

be free to select pertinent times and threshold levels suitable

to requirements, but for the sake of uniformity, shall always adhere to the

-19-
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military standard. Examination of the thrust versus time and pressure versus
time traces will indicate abnormal performances such as partial propellant

grain break-up, unstable burning, and poor ignition. The oscillograph traces
will show clearly, the time at which catastrophic failures occur such as burn-

through, case rupture, insulstion failures, and many other failures which may
mc‘-lrl

Al) test results both raw and processed, shall be 'properly marked
Tor identificatior and correlation to the respective test. Specifications

that will serve as the model for a comparison of the actual test results shall :
e included.

Evaluation usually will include comparing the actual test results to
the applicatle mnufacturer’'s specifications and the requirements imposed by
the intended usage. Tb~ test results shall alsc be compared with the results
of previous static firl gz tests that were conducted on the same system.

6.4.1 Thrust Versus Time

The thrust curve shall be used to determine the total impulse and
specific impui : of a rocket awotor. The curve is alsn useful in the determin-
ation of excessive vibration, nozzle burn off or nozzle burn through, and
propel]a.nt breakup. '

Figure 1 illustrates the values obtained from the thrust versus time

curve. The example shown is general and the threshold vael has been arbi- =
trarily set at 100 pound-force units (1bf). {:}‘

The primary data derived from the thrust versus tlme curve of

a. tg = delay time to 100 pound thrust level, _measured from the

time of' igniter m:.tlatz.on to the f:.rst subtalned force of
100 pounds

b. 1ty = action time between 100 p‘ound levels
€. Fpay = maximum sustained thrust measured at any time
d. Fpin = minimum thrust measured at any tlme i

e. Fgy = averagegthrust during actlon tme

f. I = impulse J Fat
1
g. I sm = mwotor specific impulse (measured)

I th (Wgp = weight of motor)

h. Isp prope1lant specific impulse (measured)

_J__ﬁ@__ (Wp = weight of propellant)
Wy = Wy (Wg = weignt of slivers)

i. Fpe = Maximum Erosion Thrust. The maximum thrust which occurs
early on the thrust versus time trace which is due to erosion (Fme = F )

i
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&

J. Tmp = Maximum Progressivity Thrust. The maximum thrust which
occurs late in the thrust versus time trace and is due to progressivity.
Consult References 4A through 4D of this MTP for further information pertaining
to thrust versus time data reduction and presentation. '

F MAX F
mp

—a THRUST

S Fdt b AVERAGE

r-&—-td — a -
0]

FIGURE 1, TYPICAL THRUST VERSUS TIME TRACE

6.4.2 Pressure Versus Time

The pressure versus time curve shall be used to determine a number
of performance criteria for a rocket motor (unstable burning, propellant de-
fects, etc.). The example given in Figure 2 illustrates one specialized
treatment of a pressure versus time curve. All other treatments are similar
but require minor changes to meet the specific test objectives. The primary
data usually derived from the pressure versus time curve, as shown in Figure
2, are: £

-2
a. P = average pressure = J Pat
ty o -t
b. DPpe = Maximum Erosion Pressure. The maximum pressure which occurs
eariy on the pressure-time trace which is produced by an increased propellant
burning rate as a result of erosive burning during the period of low port area.
c. Py, = Maximum Progressivity Pressure. The maximum pressure which
_ occurs late in tge pressure-time trace and results from an increased burning
x surface of the propellant.

-2]-
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d. ti = Ignition Time. The time from some fixed level on the
initial portion on the pressure or thrust trace to some higher level on the
e. t(Py) = Time to Meximum Erosion Pressure. The timé from zero
time to the point on the pressure trace where the maximum pressure due to
erosicn occurs.

f. Tu = Useful Time. The time from some fixed level on the pressure

or thrust trace to some higher fixed level on the decay portion of the same

- trace. In actual nge, nuvmerals must be associated with the subscript u to

denote the levels. Example: ty 1-9p is the useful time from 100 psi oa the
initial portion of the pressure trace to the point where the pressure has
decayed to 900 psi.

8. Fopp = Effective Pressure. The average pressure during useful

time,
t2
Ferr =J‘ —rat
Tp =% to
t1 ' At ¢ P o
h. C¥* - Characteristic Exhaust Velocity = Wp X I dt
o ty
where:
Ay = Nozzle throat area
~'g = gravitational constant (ft/sec2)

Wp = Propellant weight
i. Cp = Thrust Coefficient
P, (P, = Chaxber Pressure)

NOTE Consult references 4%A through 4D of this MIP for further information

pariaining to pressure versus time data reduction and presentation.
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GLOSSARY

PR .‘..,.,’ -

T wiT ,rx
1. Chamber Pressure: The pressure inside the cOmbustion chamber, expressed
as pounds per square inch (PSI) usually gage (PSIG)

2. Grain: The propellant stick

3. Im&se 'I'he ‘integral of thrust times the deriva’r:we of timé 'between
dei‘zned limits and expressed as pounds-force-seconds ('Lbf-se ) t2

L, Inhibitor- Noaflanma.ble material bonded to the propellamt grain surface

-1o control burning surface..

5. Progressivity: Increase in chember pressure and thrust due to grain "
designed to have ingrea.sing 'burging surface with time. G )

6. Sliver: Pr0pellent rema:.n..ng in the motor case after motor burnout or
ejected unbumed dur.mg motor burnmg. - : ) e

7. Specific se: P.r:opella.nt specific impulse mea.sured'
:dw—F-dl‘-ﬁ- (Wg = weight or sliver)
- My = W L el
: (wp = weight of proPella.nt)
mtor specific ;meulse measured:;’ o ; ﬂ"f;i '
) T T - L N ¢ * A tota.l weight of motor) B
gre 4 My e, i '.;.‘; ,”_g.;i‘é; -

8 . Static Firm&Test - The actual f:.rmg ©of a rocket motor in which flight
- “is preventeﬁ 'by rlgid mounting. :

9 Thrust Force, measured in a static test, which is produeed by the rocket
' ‘motor and expressed as pounds-force u.ns.ts (1bf) =

. Note: . For a complete listing of te;rms_,,

' ’ definitions of parameters, and
letter symbols applicable to solid o
propellant static firings, consult e
References 4A through 4D of this MIP.
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' SPE(‘IAL FACILITIES AND EQUIPMENT

A, S'batlc Firing Test Pacilities and Equipment

‘Solid propellant engine static testing facilities are equipped with
thrust bulkheads which are sufficiently massive to resist the motor thrust and
are as nonresonant as possible. The general practice is to canstruct thrust
.bulkheads of ccncrete with embedded steel rails or faced with steel plates to
provide a means of connecting thrust measuring devices.

Some type of flsme deflector shall be required to prevent excessive
damage to the test facility due to flame erosion. The flame deflectors may be
flat or dished open surfaces made from concrete or steel and may be either
i+ . water 'cooled, or not, depending upon the thrust rating, firing duration, eleva-
" tion of the motor exhaust above the deflector, and exhaust gas composition.
Some deflectors are of the water-cooled elbow design and ‘deflect the exhaust
© gases a full 90 degrees. Elbow deflectors generally require & large amount of
cool_ipg water and are not considered ecaonomical, expecially where process - '
. water is ‘fearce. The facility shall have ample water, not only for cooling -
W purposes but for fire protectlon as well. The fire system shall be equipped
o for antomtic as vell as emergency manual activation.

i
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"Control, centers at modern facilities are usually air conditioned

O : 'because of the large amount of electronic equipment which they contain. Tem- 3
‘ . perature control. is essential for high accuracy as well as for personnel . ;
o comforb. .' S i

»  ‘ s .The statlc flring test facility shall contain an automatic control 4 4

S consule capable of turning on all instrumentation at a programmed time, B :

‘ commencing photographic coverage at X-10, firing the engine, and shorting the ' -

+ Piring cirecuit. ''These events shall be completely automatic but manual control

_ -shzll'"be possible at any time in the event of malfunction. Indirect vision
through mirrors and/or closed circuit television for test observation is common
practice and two-way voice communication between the control center and test
stand is considered essential.

- +Data systems shall be connected through patch panels at both the
transducer and recorder ends to provide flexibility in test setups. On-site
oscillogram processing shall pe provided for rapid data reduction.

Supporting facilities such as machine shops, propellant storage, and
supply rooms are required to prevent delays in test operations.

Ample electrical power shall be provided for both normal operation
and excess losd requirements.

Process water shall be ample for fire fighting and decontamination
purposes in addition to all other requirements. Permanently connected and
eutomatically controlled fog or spray nozzle systems are considered essential,
as well as hand operated chemical extinguishers, Facilities shall provide
( remotely controlled, automatic, chemical fire fighting systems.

e
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B. Hazard and Destruct Test Facilities and Equipmen<t

Facilities to conduct hazard tests include an isclated area, prefer-
ably on flat ground, equipped with ample firm electrical power, an ample
supply of water for fire fighting and decontamination, and a personnel shelter.
In the absence of firm electrical power, gasoline or diesel generators shall be .
used. A communication network between the test site ard base headquarters
shall be established either by radio or telephone.

Equipment for conducting ha.zard tests shall be brought to the test
site as needed. Motion picture cameras capable of a film speed of 1000 frames
per second meet the requirements for the hazard tests. However, for photo-
graphing blast phenomena in case of detonation, cameras with film speeds up to

frames per second are required. If possible, closed circuit television or
microwave television systens equipped. uth zoom lems should be employed

C.V Propulsion System C@Ponents Test Facilitles and Eguipmert

~ These test facilities and equipment cons:Lst of the pneumatic,
hydraulic, and electrical test facilities. ' The pneumatic and hydraulic test
facilities are frequently used to calibrate flow meters and to set regulators.
Accuracy of companent testing is dependent upon the accurate calibration of
the equipment contained in the test benches.  Calibration of all measuring '
and recording instruments by a laboratory equipped with primary standards must
be accomplished at regula.r mtervals. -

y
5
i
1
]
1
[
;
|
|
i

1. Preumatic Test Fb.cilities ang Equipment . Lo - (..)

The major facility for pneumatic couponent testing is a flow bench
which supplies a centralized distribution, regulation, and flow control point
for high pressure gas, supplied by a large volume, high pressure, cascade
system. Pressuve, volume, and type of gas are determined by specifications -
applicable to the systems to be tested. For convenience and efficient opera-
tion, the flow bench shall be divided into a high flow system and a low flow
system. Incorporatel within each flow system shall be regulators to control
preéssure over the entire available range, flow tubes (straightening vanes),
and differential pressure transducers, and the flow meters for measuring flow.

The pneumatic flow bench shall be a conveniently arranged assemblage
of the apparatus required for accurately and efficiently determining the oper=-
ating characteristics, calibration, reliasbility, and life of pneumatic compon-
ents of missile systems. The bench shall contain all necessary instrumentation
for controlling end recording puneumatic pressures and flows.

2. Hydraulic Test Facilities and Equipment

The hydraulic flow bench used for the testing of missile system
hydraulic components provides a centralized controlled source of liquid flow
and pressure. :

For convenient and efficient operation , the hyd.raulic flow benca
shall be separated into an oil flow system and water flow system. The range
of flows and pressures must be known S .

O
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. Incorporated in the bench shall be filters, flow meters, heat A ¥
exchangers, weigh tank, timing clock, antifoaming storage tank, and all instru-
mentation for controlling and recording hydraulic pressures and flows.

T

3. " Electrical Test Facilities and Egquipment

The electrical test bench provides a centralized distribution sub-
panel for the various types of electrical power that are required in evalu-
ating end testing propulsion systems electrical components.

AR

The bvench shall provide coumplete instrumentation for measuring and
recording the performance of electrically driven rotary components, relays,
solenoids, switches, instrumeuts, signal devices, electro-mechanical servo-
mechanisms, and similar missile e aipment.

- ‘““5“:“

NOTE: Simple solid propellant rocket motors require little
component testing except for hydrostatic burst tests
of motor cases during development and design engin-
eering phases. Only more sophisticated systems em~
ploying thrust vectoring devices such as secondary
injection systems will require tests on flow systems.
Hybrid (Liquid-Solid) systems require component tests
as outlined in the Liquid Propellant Systems TDP.
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APPENDIX B
MOTUR MOUNTING

, A motor may be mounted on any one of several typés of firing stands
. during static firing test. Four typical methods are described as follows:

a. 'The wotor is secured in a fixed test stand mounted to the pad.
No movement is possible in relation to the motor and its tie down straps.
- Required movement to record thrust is permitted by the use of flexure meumbers
between motor and pad. This type of mounting is satisfactory only for record-
o &g thrust {n a direction parallel to 'bhe motor axis. .
. The motor is mou.nted within one or more split rings with adjust-
7 - “able rollers forming the bed and tie down and which permit axial motion. This
] type of mounting provides for mounting motors of various diameters without
- modifications to the mount. It :Ls qu.ta.‘nle fqr thrust measurement only in the
' ;Lgngitug;nal dix'ection, ,

o N The motor ha.ndling aolly or car is sometimes used as the thrust
- Zmount with the car wheels providing the ‘limited motion necessary for recording
“the thrust. When this method is usged, the car usually is secured with cables
and a pmload device is employed. Preload devices usually consist of spring
. loaded rods which clamp the thrust measuring device tightly against the spring
T 'gension, betueen the thrust adaptor and the thrust bulkhead.

) R d. When motors to be tested are equipped with thrust vector control
“: - i"devices or have flexible or canted nozzles, it is desirable to have thrust

;- measurements in six directions or what is commonly called a "six degree of

freedom” stand. These may be devised for horizontal motor mounting but the

most comimon practice is to mount the motor vertically. In both cases the motor
‘must have fyeedom to move against load cells in any direction including roll
‘moment about:its longitudinal axis. - Figure B-1 illustrates a typical hori=-
zonta.l munﬁ.ng for nnﬂ.ticomponent thrust. mea.surement.

In'all types of mountings it is essentia,l to allow for thermal
j,expa.nsion and to ensure that all load bearing surfaces are sufficient to
sprevent. 'denting or deformation of ‘the motor case. Steel channel rolled with
.. ‘the flat side to the radius of the motor makes an excellent cradle, especially
-;’-fox the, :ol.ler ;.ype of mounting
: - An adapter is usually required to fasten the motor to the thrust
'vmasuring device. This adapter shall be designed according to the motor
thrust and resonant frequency. It shall be sufficiently strong to transmit
the thrust and sufficiently rigid sc that spurious resonances will not be
" +imparted to the force measuring device. Mounting parts to be attached to the
--motor shall be selected for maximum strength to transmit the thrust.

NOIES: 1. Motors that have been designed with thin cases require
thrust adapters designed to fit the eutire forward eand
of the motor to prevent crushing.

2. Integral stands built for small motors shall be engin-
) eered to avoid the presence of resonance in the data.
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. APPENDIX C
 MOTOR INSPECTION METHODS

Solid propellant motor inspection is required at numerous points in
the sequence of manufacturing, testing, and evaluation. There are several
methods of inspecticn which can be employed. Each of these methods has advan-
tages and disadvantages but, as yet no one method or technique has been found

- which will uncover all the flaws that are capable of causing malperformance
and catastrophic failures.

, The following methods are used when inspecting solid propellant
motors: ' E

Visual Inspection'

'Visual inspection is performed as tollows:
' a. 'Remove all possible closures to allow as much light to enter the
:.motor as possible,
‘b. Additional light shall be provided by an approved safety flash-
light or by mirror deflection of the sunlight.
‘ i ¢. A partial or total disassembly of the motor shall be performed
jf possible.
: d. Examine the motor for and record any piopellant defects such as:

1) Abnormal surface conditions

2) Cracks

3) Separations between the propellant and liner or inhibitor
which may be visible from the ends.

L) Exudate or crystal formation on the propellant and metal
parts.

e, Inspect the motor for any of the following:
1) Dents or defects in the case
2) Defects in nozzle

3) Defects in igniter or nozzle insert

Inspection Using a Borescope

NOTE: Borescope inspection is usually not satisfactory for pro-
pellant surface imspection because of the limited area which
can be viewed and the low reflectivity of the propellant
surface.

Internal inspection shall be accomplished by the use of a borescope
with an explosion proof light.

CAUTION: Avoid overheating any point where the borescope light will
be concentrated.

C-1
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*¥Inspection by X-Ray

X-ray inspection is highly satisfactory for locating cracks and
voids, especially in small diameter motors.

a. To obtain best results, personnel shall have considerable
experience in interpreting X-rays for the determination of flaws.

b. Inspection shall be done by X~ray equipment.

¢. Multiple exposures shall be made,

*Inspection by Gammagraph

The gammagraph method has given good results in determining defects
such as blowholes, inclusions of foreign matter, shrinkage cavities, lack of
rerfect bonding, and cracks especially when used in the inspection of large
diameter motors. In this method gammagraph rays emitted by a radiocactive pill

“are similar to X-rays, but are more penetrating. Source strength and exposure
time ‘are qritical factors in obtaining good resolution ucing this method.

Inspection by gammagraph shall be accomplished by one of the follow-
ing methods:

a. Place the radiocactive pill'inside the propellant port and the
film on the outside.

b. The pill and the film shall be placed on opposite sides of the
motor. -

Ultrasonic Inspection

Ultrasonic inspection depends upon a change in attenuation of an
ultrasonic signal by a crack, void, or separdtion. Several manufacturers have
had success using this method of inspection. Special techniques shall bte de-
veloped through experience.

Profilometer Inspection

The profilometer essentially is a precision mc mted roller which is
attached to a deflecting beam. As the roller is traversed across the propel-
lant surface all irregularities produce deflection of the beam. The beam is
instrumented with strain gauges which produce a signal appearing as a pip on
an oscillograph trace. When plotted against distances along the grain, these
signals show the location of the surface irregularities.

*NOTE: This type of inspection may be performed only by a
certified radicgrapher in accordance with applicable
safety procedures. 73
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APPENLIX D
INSTRUMENTATION

The specific instrumentation requirements are dependent upon the
motor being fired, the static firing facility design, the solid propellant
characteristics, and the specific test objectives For which the test is being
conducted.

Listed below are the basic requirements and how they are accomplish-
ed:

Thrust

Thrust is usually measured with load cells of the strain gauge type.
These cells have a load member, instrumented with strain gauges which may be
calibrated either in compression or tension. The load cell is mounted between
the motor and bulkhead to measure the force applied by the motor. The output
of the strain gauge bridge circuit is fed through amplifiers to oscillograph
and/or magnetic tape ro. rders, depending upon the requirements of the test.

NCTE: General practice is to record data both on magnetic tape
and oscillographs. The oscillograph provides ready
information while the tape (analog or digital) can be
played into autcmatic data reduction systems.

Pressure

Motor chamber pressure is usually measured by attaching a calibrated
transducer to a port in the hLead or aft end of the motor case by using a short
length of stainless tubing. The transducer output is amplified and recorded
in the same manner as the thrust data.

Temggrature

Temperature is usually measured with appropriate thermocouples and
recorded on strip-chart recorders.

HARNING

Care shall be taken when thermocouples
are installed in the propellant grain

to insure that there is no possibility
of high voltage or stray current being
applied to the thermocouple. Such an

accident could result in en unexpected
ignition since the thermocouple would

become a resistance heater.

Photographic Coverage

Motion picture coverage shall be tecken at frame rates cf 1000 frames
per second so that any events leading tc a possible catastrophic failure, such
as leaks or burn-through are recorded. Also, a careful examination of the
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exhaust flame can locate evidence of abnormal performance. Normally, at
least two cameras are pesitioned at different angles to ensure that ncmplete
coverage of the motor and entire exhaust fleme is ohtained.
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APPENDIX E
IGNITER TYPES

Solid propellant motor igniters are generally one of the two types
described below:

A. Powder Igniters

These igniters, which essertially contain squibs and black powder,
are normally shipped in the same container with the motor but are not installed.
Installaticn is done prior to firing and after visual inspection and continuity
checks are yerformed.

B. Pyrogen Igniters

These igniters-are small motors that are ignited by flame producing
pellets and employ removable initiators to ignite the pellets. These units
usually are shipped installed in the mutor, but without the initiating device.

) e
3 waltas T 1 h
L < R O ™
. [PRIARDY |

', ! A L
1] -

BTSN ST T S

E-1

T A . ST > me e s e e -

" v.:wﬁw [ R

wnd & -

3

D

4t § Pttty

v e

e tow o

i Lk ks

A haikn




