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POST FIRING CAPTIVE TEST REPORT

Missile SH68B-27

Missile Verification 1 iring

cR-63-114

1,0 INTRODUCTION

l.l This in a sumary of Missile Verification Firing (HVF) of Missile B-27
performed by the Martin Compapz at the Denver Test Stand D-2 in acoordanoe
with Test Airective MVP 3-27o

02.0 MESSII CHECKOUT AND MVP DESCRIPTION

2.1 Missile Configuration

Missile B-27 was in an operational oonfiguration.

Airborne batteries were not used for the MVF,
SA.C. Guidance Sýstesm was simulatedo

Flight engines were installed. (This was the first Stage II flight engine
to be test fired at Martin-Denver.)

2.2 Chronological History

Missile B-27 was delivered to Test Stand D-2 on 29 March 1963. Missile
erection was completed 1 April 1963o

Power applioationas delayed due to the necessity of repairing missile
umbilical plug 3B1E. Three umbilioal pins were found to be damaged (scratched),
The position where this damage was incurred is unknown. However, all test
positions where 'he umbilicals are mated received a through inspection,
Ground pins are being changed to the latest "bullet" configuration.

The gas generators were removed and returned to AGC, Saoa-amento, for
inspection prior to the missile arriving on the test stand. Stage I gas
generators were removed for a "deburring" operation and the Stage II gas
generator was inspected for contamination.

The Stage I & II gas generators were received from AGC and were installed
and retested on 8 April l965o

The umbilical plug (OBIi) rework was completed 5 April 1963. Initial
application of ground power was made at this time.

An NFL check was attempted on 5 April 1963. A "Hold" was enoountered
due to low reservoir level on Stage I The Stape I btdrulio system was
refilled, bled and sealed. A second MFL ohegk was coodnoted and a "hold"
was encountered due to low reseryoir level on Stags Il. The Stage II hydraulio
sstem was refllled, bled and sealed. These hydraulic setems problems were
a result of improper relief valve setting. The retur relief valve setting
was not increased prior to the Initial hydaulic fill and seal test. The
result was a poor till and seal. Another NFL eheck was conducted upon the
completion of an acceptable fill and seal on both hydraulic qstema and a
"Hold" was encountered (replace autopilot). After extensive troubleshooting
the problem was traced to slow response (ringing) of the 2 venier aatuator.
The actuator was replaced on 8 April 1963 and a suooeesful2 MlL run was
conducted.



A ORS (Ombined 8ystema Test) was oonducted 9 April 1963. The ON was unauocessful
due to low IVdaulo reservoir level on stage I. The Stage I krdrsulio system was
refilled, bled and sealed. A shredded "N" ring was found in the l•draulic relief
tool which allowed leakagp. This "0" ring was rvplaoed prior to filling and sealing
the bydraulio eystem.

A subsequent NIL test was conducted 9 April 1963 to retest the kydraulco systemo
A "Hold" (replace autopilot) was again enoountered. This problem was again found to
be the 22 vernier actuator slow response (ringing) problem. This actuator was
replaced and the hydraulio system refilled, flushed, bled and sealed. (See aotion
items for problem analsyi8).

The official CST was conducted on 10 April 1963. Minor instrumentation problems
wer encountered and resolved.

Ordnance was Installed and propella•,s were loaded on 11 April 1963. Propellants
were loaded in three hourse

On 12 April 1963 during the preoountdown checks the Stags II prevalves opened
inadvertently and an oxidiser leak developed on the Stage II engine. A small fire
occared on the Stage I1 defleotor plate due to the oxidizer leak and the normal
overboard flow of fuel through the PST. The prevalves were closed and the fire
extinguished using the normal emergenc procedures. All propellant* were subsequently
unloaded and ordnance was disoonnected.

Investigation revealed that the Stage II prevalves we opened inadvertently
when a bulb verification was performed on the MCS, A shorted (blocking) diode
allowed the bulb verification power to feed back through the master sequencer to
the prevalve opening circuit. This circuit is peculiar to Test Stand D-2 and In
not used at operational bases. The normal airborne prevalve opening circuit cannot
be utilized for a captive firing (short duration) due to the propellant bleed in time
requirementso

The shorted diode was replaced and other circuits were cheocked and analyzed
for similiar circmstances. Prooedures were modified to prevent this problem from
rooourring. Circuit design changes are nov being contemplated to Interlock
this and simillar type circuits to prevent any rooourrence.

The oxidizer leak was Isolated to the Stage II engine oxidizer pump seal, The
leak wms of a magnitude that required the replacement of the pump seal. The Stage
II TPA was removed 13 April 1963 and returned for repair. The TPA was returned,
reinstalled and leak checked on 15 -prWIl 1963. (See tick look Action Items for
additional information).

A turbine pump shaft lock washer inspeotionO(D 7.81) was performed on the
Stage I engine 12 April 1963.

The Stage II airborne fydraulic system was refilled, flushed, bled and sealed

after the turbine pup assembly was reinstalled.

An official CST wea conduoted on 16 April 1963, In which two problems appeared.

(1) Actuator 7 was fluctuating. The problem was traced to a missing washer
which AGO iersonnl neglected to Install during the Installation of the
roll contrl as embl. This was corrected by Installing the washer.

(2) YMeurement 344o (VHas power) did not play. This problem was the result

of Improper recorder operation,

Ordnance was Installed &Md propellant loading was completed on 17 April 1963.



the countdown was intiated and successfully completed on 17 April 1963.
Fire Switch 87181 occurred at lO44#06o Both Stage I and Stage 11 fired for the
planned 20 sees duration.

A vernier gimbal eystem test as performed on the vernier actuators on
19 April 1963. This test was to verify the breakavea torque of the actuators during
statio conditions and is being used for engineering amLysiso

Post firing inspection revealed a small amount of corrosion in umbilical 3B31e
This corrosion was duo to a potting defiioincy (a small cavity existed near one pin).
The defective potting was removed and replaced.

Missile decontamination and cleaning was delayed due to the faulty operation

of the AGC V-96 unit.

The missile was do-erectod and returned to the factory 25 April 1963.

The Quick Look meeting we hold on 19 April 1963 and resulted in the following
action items.

A, Problem

Leakage of the Stage II Oxidizer pump soal.

A leak cheok was performed on the above seal during Phase 01 oheckout. This
leak test was performed subsequant to the breakaway and running torque test.
Toot results was zero leakag.

The Stage II provalves were inadvertently opened. A large oxidizer leak
was noted in the vicinity of the Stage II TPA* Propellants were off-loaded
and the leak investigatedo A leak of 4000 oc/amn was located at the oxidizer
pump seal, The turbo pump oxidiser cavity purge (TPOCP) was on for
approximately nine hours prior to the prevalve opening.

A heated purge was applied to the TFOCP and the turbine was rotated to see if
the leakage rate would de&ease. Instead the leakage rate increased to
10,000 oc/sin.

The Stage 1 TPA was removed and the oxidizer pump cavity seal we replasedo
The original seal was found to be seated correctly with no evidence of damage
to the seal; howeverp, the running ring was found to be sooredo

The above seal was coeked at Engine Preparation prior to installation In
Missile B-27. This test also Indicated zero leakage

Inveastigte the pump seals to deterwine:

1. Cause of leakage
2a 0reotive action.

1. The pump seal leakage problem seems to be the result of a orystaline
deposit which Is a residue from propellants, netrallser or a combination
of both. This deposit seoes to have a build up rate in properton to
time. fthe wzstaline deposit dames the seal runing ring when the
pump is rotated. Awojet is presently attempting to analyse this deposit
and avato corrective actions Prooedures were modified to minimise TPOC
purge time



Haver - continUmed

2. The corrective action now in current operation is to replace the pump
seals as required.

D. Problm
Vernier actuator "ringing" sand NIL incompatibility.
Two vernier actuators were replaced on Missile B-27 due to excessive llringin4
Data Indicates these. actuators were moving off and on the gain land for as
much ae 1.4 seconds.

MIL timer A2 (P/C board A9 of E2302) was found to be timing out at 0.4826
seconds. This is the time delay to allow the vernier actuator response
time prior to being checked. Modification TO 3843-09 changed the time
requirement of timer A2 frou 0.50 sec to 0.75 seec In the Test Specifications
only* A pbysical change of this timer was not accomplished on Mod* TO 38&3.
P/C board A9 of E2302 was changed to a 0.75 sea timer.

(1) Investigate vernier actuators for oscillations ("ringing") in excess
of specifications.

(2) Investigate modification TO 3843 for proper equipment replacemeont
requirements.

Repot
1. The two rej-3cted vernier actuators have been sent to the Wdrsulics Lab

for failure analysis. The analysis has not been completed at this time.
A true oriteria, for what constitutes excessive "ringing" has never been
defined with respect to flight dynamics. Flight Controls Design Analysii
Group is presently researching this problem to asoertain if the setting
for NFL timer A2 is a realistic oriteria.

2o The A2 timer is an adjustable timer (0.1 moc to 1.4 moc). To change the
timer setting, it is necessary to adjust resistor R9 In accordance with
the instructions contained within Test Specification 804323020256,, This
test specification was Included as an intregal. part of Mod. TO-3843-09 a~
should have been accomplished with no equipmient replacement.

CO Poblm
Shorted diode in the NCS (Mastor sequencer). A shorted diode in the KOS
resulted in a signal being sent to open the Stags 11 prevalves when "bulb
verification" was performed*

Investigate similiar oirindts for identical conditions., Analyse all control

circuits fwr potential problem meas.

Procedures have been modifted to prevent the @emay wse of this problem
as pertains to the master sequencer. OirouitN changs ane being mase
whiak will isolate the step nI prevwv ordnance cirouit. Operational
pound equipment is being Investigated by Spetemis b~gineering in order
to prevent similiar experiences with the operational weapont sstoem



3.0 TMS SPECIFICATIONS

%he test objectives sec1ifled in the Test Speoificatien - General Missile# SW6SB,
Print N. 804WW9OOOGC and the degree to which they were aomaplished are listed
La follows$

3.1 Primazy Objeotives.

3.101 Demonstrate proper operation and compatibility of the complete missile
system with OE under a firing enviro•nentp within the capabilities of
the Denver test area.

3.1.1.1 The OE, with the exception of the MZL performed satisfactorily
throughout the oheokout, countdown and firing. The MFL problem
associated with "ringing" actuators to explained under Qick look
Action Items. The NFL performed as designed but a question has
been brought up va to the corr ot adjustment of the A2 timer0
This Is presently being worked by engineeringo

Objeotive was met.

3.1.2 Verify adequate manufacturing quality of the operational aissileo

3.1.2.1 Manufacturing quality of the miasile vaq adequate throughout
the firing.

Objective was met.

3.1.3 Provide problem information covering all aspects of missile and OGE
checkout and operation so that problems can be identified and action
can be initiated to resolve them at the earliest possible point in
the program.

3.1.3.1 Trouble Reports and ailure Reports were prepared as neoessary.
Test stand personnel have submitted the formal Problem Sumsery
Report.

3.1.4 Verify adequate ranufsaturing quality of the airframe to support
missile firings and to withstand the hot firing enviroyuent.

3.1.4.l Post firing inspections and leak checks substtatiate the faoc
that planned firing duration ws achieved without leakage of
propellant tanks or associated limes or materitl failure of the
basic structure.

Objeoti. was met.

3.9.5 Verify that the quality and performanoe of the engines are in no wW
degraded by processes and procedures performed after osigne acceptance
testes

3.1.,51 Operation of the engines throughout the MVP vex wivr.-n limits
as specified In L"Test Specification - Guided issile, oS 683'".

3.1.6 Verify that mazufacturing quality of the missile propollab food and
autqmeus pressurimation subsytems meet design requiremevts.

3.1.6.1 The peoellant feed Woten and autogeas press•risatten system
net all objectives duing the M17 of Missile 3-27.

Objective was met.



3.1.7 Verif proper operation of the ight control subsytem under firing
conditions.

3.1.7.1 The actuator gimballIng ooorred as plannedo All flight control
parameters rmained in limits an uposoifled.

Objective vms mot*

3.1.8 Demonstrate the functional ompatibility of the 0G with the misuiloo

3.1.o8l All automatic cheakouts, oountdovn and firing were completed
without holds or malftnotions caused by OGE Incompatibility
with the possible exception of the NIL. This problem i. reported
under Quiok Look Action Itemso

3.1.9 Verify satisfactory operation of the missile electrical system during
MVP operation.

3.1.9.1 Data obtained during the MVP Indicated all electrical subsystems

performed within speocfiaotion.

Objeotive vws mete

4.0 SECONDARY OBJECTM

4.1 Obtain data for use in determining missile rellabilityo

4.1.1 Troubl Reporlat, Failure Reports, Problem Reports and Test Stand
Operation Records have been submitted for missile reliability stud4o

5.0 0ONCLUSIONSI

5.1 , The MV? of Missile S168-B27 was successful.

5.2 Missile B-27 contained the first Stage 11 flight engine to be toet fired
at Martin-Denver. The engine performed satisfactorily during the "Not"
firingl however, excessive loskage (pump seal) was experienced prior to
the MY?. A conclusion cannot be dran reardi• g the reliability of the
Staoe U engine pinup sals doe to the minimal amount of testing which
has been conducted.

Test Surveillanc
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