
UNCLASSIFIED

AD NUMBER

AD862052

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; AUG 1969.
Other requests shall be referred to Air
Force Propulsion Lab., Edwards AFB, CA.

AUTHORITY

AFRPL ltr 29 Sep 1971

THIS PAGE IS UNCLASSIFIED



AFRPL-TR-69-171

FLEXIBLE EXIT CONE NOZZLE
DEMONSTRATION FIRING RESULTS

I. R. ELLISON, LT, USAF
S. 1. OJALA, LT, USAF

k i TECHNICAL REPORT AFRPL-TR-69-171
0

AUGUST 1969

THIS DOCUMENT IS SUBJECT TO SPECIAL EXPORT CONTROLS AND EACH TRANSMITTAL, , A ..... AD ., 1 r7 TO FOREIGN GOVERNM,.IENTS OR FOREIGN NATIONALS MAY BE DE ONLY WITH PRIOR
APPROVAL OF AFRPL (RPOR-STINFO), EDWARDS, CALIFORNIA 93523

Reproduced by the
CLEAR IN G HOUSE

fcr Federal Scientific & Technical
Information Springfield Va. 22151

AIR FORCE PROPULSION LABORATORY "
AIR FORCE SYSTEM COMMAND

UNITED STATES AIR FORCE
EDWARDS, CALIFORNIA DEC 1

LZLI

U



AFRPL-TR-69-171

FLEXIBLE EXIT CONE NOZZLE DEMONSTRATION FIRING RESULTS

J.R. Ellison, Lt, USAF

S. J. Ojala, Lt, USAF

II

,1

This document is subject to special export controls and each transmittal

to foreign governments or foreign nationals may be made only with prior

approval of AFRPL (RPOR-STINFO), Edwards, California 93523.

2 1.

i

-I "
1g



NOTICES
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FOREWORD

This report was prepared by the Motor Component Development
Branch, Solid Rocket Division, Air Force Rocket Propulsion Laboratory.
Test firings were conducted under Project 305903 AMG, Solid Rocket
Hardware Evaluation, with Lt John R. Ellison and Lt Steven J. Ojala
acting as project engineers. This report pertains to a firing conductedduring the month of March 1969.

This report has been reviewed and approved.

CHARLES R. COOKE
Chief, Solid Rocket Division
Air Force Rocket Propulsion Laboratory
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r ABSTRACT

This report describes the test firing of a thrust vector control system
(TVC) on the AFRPL 40-inch-diameter Char motor. The TVC system
(funded under Contract F04611-68-C-0004) consisted of a movable exit cone
(Flex-X) nozzle and support hardware, which was designed to combine the
advantages of the elastomeric seal with those of the supersonic split-line
nozzle. The elastomeric seal failed approximately 1 second after -notor
ignition. Probable reasons for the failure, and a general description of
preparations and motor performance are described in the text.
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SECTION I

INTRODUCTION

1. CONCEPT

The flexible exit cone nozzle is characterized by replacing a

section of the exit cone with an elastomeric seal, thus allowing the exit

cone to pivot for Thrust Vector Control (TVC). Cold-flow tests of the

concept indicate that a side force amplification is obtained by proper

placement of the flexible joint, thereby reducing the required nozzle vector

angle for a given thrust vector angle. This factor, when combined with

the reduced cust, light weight, simplicity and flexibility inherent in the

Flex-X concept, provides a very positive incentive for pursuing the

concept further.

2. OBJECTIVE

The test objective was to demonstrate the survivability of a flexible

exit cone demonstration nozzle under a severe, 30-second duty cycle. A

30-second, 500-psig Char motor firing was utilized for the test firing.

3. TEST MOTOR

The motor used for the test was the AFRPL 40-inch Char motor.

The Char motor is a reusable heavy-weight test motor that fires uncured

propellant in an end-burning configuration. 'Ihe motor is insulated with

silica-filled buna-n rubber (V-46). The insulation is scraped clear be-

tween firings co remove char layers produced by previous tests.

The nozzle was instrumented with eight iron/constantan thermocouples,

and chamber pressure was monitored by two pressure transducers.

4. DUTY CYCLE

The duty cycle used on this test is not typical of a mission-oriented

duty cycle. The philosophy here was to investigate the extent of seal NN



,

erosion in the highly deflected positions. A subsequent nozzle, with a

redesigned seal region (if necessary), will then be evaluated with a t'ypical

duty cycle. The duty cycle (Figure 1) thus consists of: (1) a ramp to full

Yaw deflection and hold, (Z) the same deflection cycle in the opposite

direction, and (3) a series of steps to full deflection late in the firing, for

the pitch plane. This duty cycle is not especially severe, but it does focus

on the problem of seal survivability in deflected nozzle positions. The

duty cycle proposed for the final demonstration test is more typical of a

mission dr-tty cycle. This final test will be a more realistic performance

test.

5. PROPELLANT

The propellant used for this test was procured from the Atlantic

Research Corporation. The formulation, ARCITE 427-B Modified,

consisted of ZZo Al, a PVC binder, AP oxidizer, and copper chromite

burn-rate catalyst. Nominal flame temperature at 1000 psia was 5700 F.

Additional ballistic property and motor performance data are found in

Table I.
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SECTION II

MOTOR PREPARATION AND PERFORMANCE

The AFRPL 40-inch Char motor was used for this test. A narrative

of the motor preparation and performance follows:

Twenty-four hours prior to the motor loading, the silica-filled buna-n

rubber insulation was coated with Hycar polymer to insure adequate wetting
of the insulation by the propellant. Immediately before the propellant was

cast into the motor, a second coating was applied. Approximately 1400 lbs

of ARCITE 427-B Modified uncured gel propellant was then vacuum-loaded

into the motor. Twenty-four hours later the aft closure and nozzle

assembly were installed on the motor case, a BKNO3 pellet bag igniter was
L placed 6 inches above the propellant surface, and the test was conducted.

Approximately 1/2 second after the ignition pulse, the flexible seal

separated at the trailing edge. This occurred before the maximum chamber

pressure had been reached. The exit cone was thrown clear of the aft

closure, and remained suspended from the hydraulic lines at the side of the

motor (see Figures 3 and 4). The throat remained in the motor, thus

preventing a motor malfunction. Motor performance was 'excellent, exactly

conforming to the predictcd chamber-pressure-versus -time trace. This

was the first AFRPL test using the ARC high-burn-rate propellant, and its

perfect performance seems to have eliminated the erratic performance

characteristic of earlier Char motor f-sts requiring a high-burn-rate

propellant. The chamber-pressure-, .,-time trace is showp in Figure 2.

,V Additional motor performance date is '. in Table I.
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SECTION III

NOZZLE PERFORMANCE

The test nozzle was installed on the Char motor aft closure and the

duty-cycle checkout performed under the direction )f contractor personnel.

Significant difficulties were encountered with noise in the actuator signal

generating system. The noise was eliminated by adjusting voltage gain

settings for the feedback potentiometers, Prior to the elimination of the

noise, however, the test nozzle was deflected to an angle of approximately

10 degrees when an erroneous signal was generated. The nozzle actuation

torque values of the final prefire duty-cycle trial run were checked to

insure that no internal seal damage had resulted from the over-actuation

(prefire view, Figure 5). Approximately I minute before ignition, AFRPL

personnel reported that the hydraulic power supply pressure and actuator

delta-P pressure signals appeared unnaturally unsteady. Thiokol

personnel were consulted, and the hydraulic power supply was turned off

and on by remote control. The signals still appeared to be unsteady, but

the contractor informed the AFRPL personnel that the signals would

smooth out when the duty-cycle tape started. The automatic countdown

sequencer was initiated to turn on (in turn) the duty-cycle generator,

motion-picture cameras, oscillograph, digital recording system, and

ignition current. The nozzle was observed at all times on closed-circuit

television by the Thiokol engineers, the test director, and the console

4 Ioperator.
The flexible seal of the joint assembly (Figure 6) failed almost

simultaneously with motor ignition, much as described in Reference 1.

Test firing data and movie coverage indicated that the nozzle had been

deflected to over 5 degrees in both pitch and yaw, thus subjecting the seal

[4' - to large asymmetric preloads at the rnot critical time of pressure

transients. The immediate hypothesis was that this was the cause for theB'! failure, because the seal had been evaluated by an extensive preassembly

inspection program and found to be in excellent condition..

9
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The nozzle entrance cap and throat package performed much as

expected, effectively preventing damage to the Char motor.

Postfire disassembly of the duty-cycle generator revealed that its

timirg control had malfunctioned because of an electrical short, The mal-

function resulted in an accelerated tape speed with erroneous nozzle

command signalstI
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SECTION IV

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations were made based on

the test results:

1. The failure was a direct result of a control-system failure

which resulted in the nozzle being in a vectored position during the critical

pressure transient period.

2. Motor performance was excellent.

3. A repeat of the test with assurance of correct nozzle position

at ignition is essential to prove or disprove the Flex-X concept validity.

4. The ARCITE 427-B modified propellant should be adopted as a

1 standard Char motor test propellant.

13



REFERENCES

i. "Flexible Exit Cone Development Program - Materials Evaluation
Test Results", AFRPL-TR-69-Z5, AD850752; Air Force Rocket
Propulsion Laboratory, Edwards California, February 1969,
Unclas sified Report.

14

141

* I ' ! L



Unclassified
Security Classification

DOCUML.NT CONTROL DATA-R& D
(Security classification of title, body 0!' obsseqct and Indexing annotation must be entered when the 'vorall report Is classified)

I ORGINTIN ACIVIY (Crpoateautor)20. REPORT ECVRITY CLASSIFICATION

Air Force Rocket Propulsion Laboratory Unclassified

3. REPORT TITLE

Flexible Exit Cone Nozzle Demonstration Firing Results

4 DESCRIPTIVE NOTES (flpo. of roport and Inclusive dates)

TestReport_-_March_1969 _____________

5 AU THOR(S) (First name, mtddle Initial, last name)

J. R. Ellison, Lt, USAF and S. J. Ojala, Lt, USAF

6. REPORT DATE 78. TOTAL NO. OF PAGES Ir'NO. OF REFS

Ags19922 1
80. CONTRACT OR GRANT NO. 9a. ORIGINATOR-S REPORT NUMBER(S)

b. POJEC No.AFRPL-TR-69-171

PRC ET.O 9b,. OTHER REPORT NO(S) (Any other numbers that may be assigned
this report)

d. _________________________

10. DISTRIBUTION STATEMENT

This document is subject to special export controls and each transmittal
to foreign governments or foreign nationals may be made only with prior
approval of AFRPL (RPOR-STINFO). Edwards, California 93523 ___

1SUPPLEMCWIARY NOTES 12. SPONSORING MILITARy ACTIVITY

Air Force Rocket Propulsion Laboratory
Air Force Systems Command
Edwards, California

13. ABSTRACT .-

'-'his report describes the test firing of a thrust vector control system (TVC)
.1on the AFRPL 40-inch-diameter Char Motor. The TVC system'.fa-rdedl

under Contr act -F0461 -681 C- 0004)-c onsis te d of a movable exit cone (Flex-X)
nozzle and support hardware, which was designed to combine the advantages
of the eiastomeric seal with those of the supersonic split-line nozzle.1{ The

elastomeric seal failed approximately 1 second after motor ignition.I
Probable reasons for the failure, and a general description of prpra

and motor performance are described in the text. peaai~s i 1

FOR

DD I %OVJ'o4 73 21 U~nclassified

Securily Classficaion-



Unclassified
Security Classification

14. LINK A LINK 8 'INKKEY WOROS

ROLE WT ROLE WT ROLE WT

Solid Propellant

Thrust Vector Control

Flexseal Technology

Movable Exit Cone

Char Motor

Unclassified
22- Security Classification


