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Report 8317-P1

1. INTRODUCTION

This Phase I report is submitted in accordance with Exhibit D of
Appendix IX of Contract NAS 9-8317. 1In addition to reporiing all work
accomplished on the completed valve, it includes recommendations for work to

be undertaken in the event further development becomes desirable.

The objective of the program was to improve the Apollo Service Propul-
sion System Rocket Engine bipropellant valve. The scope of work included
design studies and subcomponent level development tests to support the primary

objectives of the program.

The program had a duration of 18 months (July 1968 through December 1969);
see Figure 1, Program work was administered under the Product Improvement and
New Applications Section of the Aerojet Apollo Program Department. The program

manager was C. E. Teague.
11, SUMMARY

Phase I of the Apollo Service Propulsion System (SPS) Rocket Engine
Bipropellant Valve Improvement Program (VIP) started during the first week of

July 1968, upon receipt of contractual authority to proceed,

Related experience was reviewed and tradeoff studies were conducted to
establish the basic walve concept. The selected concept retained the basic
SPS dual propellant passages with redundant dual seal ball valves, but departed
significantly from the SPS in other design areas: (l)‘the valve assembly was
completely modular, i.e., individual interchangeable ball and seal assemblies,
housings, actuators, and actuation systems; (2) the ball seals were lifted free
of the ball in the first few degrees of motion to reduce the wiping action;
(3) the drive mechanism incorporated idler gears to ensure that the bores of

fuel and oxidizer balls were parallel to the housing bores when in the full
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Report 8317-P1L
II, Summary (cont,)

open position; and (4) the return spring of the actuators was positioned
external to the actuation cavity. The pncumatic actuation control was
retained, although it was recognized that an electrical system would offer

some advantages,

Following the conceptual design review held at RASA-MSC ia carly
November 1968, the drafting of the detailed enginecering drawings was started,
First priority was assigned to the valve cartridge, i.e., the module which
contains one ball, lift-off cams, and the upstream and downstream scals, As
soon as the drawing status permitted a good approximation of the final configu-
ration, a test assembly composed of obsolete SPS components was fabricated to
test the feasibility of the concept, The results of these tests showed excels
lent seal life and unsatisféctory cam cycle life, Consequently, the design

was modified to increase the cam bearing width,

e G

Y

At this point, it was decided to depart from the original program plan
which had been published at the end of the first program menth, This plan

called for the Phase I design review and subsequent fabrication of the opti-

AR A S e b o i A e v

mized valve immediately upon completion of the tests conducted with the obso-

prieh
-

lete SPS hardware. An assessment of the test results indicated that this
course of action would be impractical because it had not been possible to
maintain the close tolerances required to adequately evaluate the cam and
fcllower assembly. Another unknown was the bellows used in both the upstream
and downstream cage assemblies. Consequently, since the cartridge assembly
was definitely the most important subassembly and the only one which extended
the existing technology, the expenditure of additional effort upon component
level tests with preprototype cartridge assemblies before committing to the

complete valve assembly was considered advisable.

In consonance with this policy, components were procured in sufficient

quantity to allow testing of several configurations in parallel, Included vere
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Report 8317-P1
I1, Summary (cont,)

two types of bellows assemblies, two seal materials and four combinations of
cams and cam followers., During the three-month procurement cyecle, laboratory
tests of candidate cam and follower materials were performed to provide addi-

tional backup,

Cartridge testing started during the lattey part of May 1969, The
initial buildup was completed as planned and the acceptance tests, including
proof, leak and pressurc relief, were satisfied, However, dry cycle tests
showed an actuation torque increase characteristic of cam wear. Consequently,
the cartridge was disassembled and the cams lubricated with a thin Teflon film
to assist in the initial wear-in, The cartridge was then subjected to 20,000
actuation cycles with the oxidizer <N204) followed by 5,000 dry cycles. Cam
wear characteristics were excellent and seal leakage rates were reduced signi-
ficantly over those previously experienceg with the rubbing seals of the SPS
valve although still not meeting the design goal of 10 cc/hr. Following the
N204 tests, a fuel cartridge was assembled for the purposc of testing in the
reverse order, i.e,, dry before wet, The results of these tests demonstrated
the cams to be completely satisfactory, although the leakage characteristics
were not as good as ghose demonstrated during the previous tests, This dis-

parity was probably due to the slightly longer rubbing contact of the fuel

seals due to the oxidizer lead.

Following the dry cycle test, flow characteristic tests were conducted
to determine transient flow characteristics and water hammer. Results were

satisfactory.

Assembly of the two-bore valve started in September 1969, This assembly
shown in Figure 27 consisted of one fuel bore and one oxidizer bore, i.e,, one

half of a prototype design.
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Report 8317-PI
II, Summary (cont.)

Testing of the completed valve commenced in Novewber 1969 and termi-
nated in January 1970, Although problems prevented completion of the intended
test plan sufficient data were obtained to evaluate the two bore valve

configuration,

Throughout the testing, the No. 2 and 4 ball seals of both the fuel and
oxidizer valves indicated satisfactory scaling characteristics, These posi-
tions are the lifted seal concept with axial displacement absorbed by a convo-
luted bellows. The No, 1 and No., 3 ball seals, however, had unaceceptable and
erratic leakage nates during most of the testing., The No, 1 position is of
the lift configuration with axial movement through a torvoidal bellows. Prob-
lems inherent in the fabrication of a toroidal bellows resulted in dimensional
changes from the original concept. This may have influenceg sealing traits of
No. 1 ball segls. The No, 3 seal is a bending type with no axial displacement.
There is probably some seal deformation from bending which results in loss of

adequate gealing characteristics, o

The cams and followers in the oxidizer valve performed satisfactorily
during testing., Although there were indications of minor wear patterns
occurring in the center portion of the parts, the hardware is considered
adequate for its intent. Considerable problems, however, were encountered

with the fuel cams and followers. Immediate loss of lubricant (5-122 Teflon

SR S RO G

Spray) on friction surfaces, upon AeroZINE 50 exposure, resulted in severe

galling and abrasion.

¥

4
~
4
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The actuators, drive gears, and shaft seal components functioned
adequately throughout the program, Minor problems occurred during actuator

assembly but they are not considered as having’a critical effect on the design.

Although some minor problems are yet to be solved, the basic conclusion

is that the valve developed under this contract demonstrated a definite
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IL, Summary (cont,)

potential for improvement over the existing SPS valve design with respect to
leakage, cycle life, and assembly procedures, Further, a eycle life of 20,000
and a maximum leakage rate of approximately 50 ce/hr could be realized with

little additional development effort,
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IIT. TECHNICAL DISCUSSION

A.  TASKS

The various tasks accomplished are discussed in the same order as
that in which they appear in the Program Plan (Report 8317-P) with the addi-
tion of the two~bore valve testing.

J.  Review of Previous Experience

A comprehensive review of related experience within Aerojet
was initiated in the second contract week. The purpose of this review was to
identify past problems so that appropriate counter measures could be instituted

early in the program.

Although this review considered several valves and valve
concepts, the SPS propellant valve experience was the most applicable.

Figure 2 tabulates the problems experienced with the SPS valve.

In addition to sources within Aerojet, technical discussions
were held with two of the Apollo subcontractors which also utilize bull type

propellant valves.

On 23 September 1968, a technical exchange meeting was held
at Thompson Ramo Wooldridge (TRW Inc.), the manufacturer of the Lunar Descent

Engine bipropellaunt shutoff valve. Much of the discussion involved TRW's

experience with various materials and coatings in the N204 and A-50 environment.

it was of interest to note that TRW used a 4 finish on the balls which was

the same as that planned for this program. Another comment made by the TRW
representatives was that they doubted the advantages of two seals per ball

becéuée of the added complexity. This viewpoint was shared by a number of

persons at Aerojet—deneral and was one of i(he factors given considerable

emphasis during the tradeoff studies.
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I1L, A, Tasks (cont.)

= g

Bell Aerosystems experience with the Lunar Module Auscent
Engine bipropellant valve was reviewed at Niagara Falls, Rew York,

oo o R

18 October 1968. During the discussions, it developed that the major problems
encountered had been in the actuator. When asked about flaking or wear of

the main Teflon ball seals, it was reported that this had not been a problem
since early in the development program, In discussing ball surface finishes,
the Bell representative stated that they used a 4 finish with the requirement
of a mirror polish. They had found that a ''satin" finish on a 4 surface gave
much higher breakaway and running torques due to friction between the balls
and seals. A review of the various design features also showed that although
two seals are used on each ball, the design concept was quite different from
that being considered for the VIP Program, becausse the ball was allowed to
float between the two teflon seals. The main seal is the downstream seal
which is fixed in place. The upstream seal is not really a seal in that it
does not seal between seal and the body ~ its primary purpose being to
transmit load from Belville sprinmgs through the ball and against the downstream
seal. The review of previous experience was concluded at thls point with the

results applied to the tradeoff studies.,

2. Tradeoff Studies

Tradeoff studies were also initiated in the second contract
week. The purpose of these studies was to select the optimum design from the
varicus design concepts. As a part of this study, formal review meetings
were held at Aerojet which were attended by personnel from Engineering, Test,
Quality Control, and Apollo Departments which had specialized applicable

| knowledge and experience.

The first of these reviews was held during the second program

month and resulted in the establishment of design ground rules which would

serve to narrow the field of potential designs to receive detailed studies.

These were:
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I1I, A, Tasks {cont.)

a, The improved valve should be physieally and functicnally
interchangeable with the existing valve.

b. Weight was important hut not an overviding factor,

C. The valve should have improved reliability and
fabricability. A design goal was to reduce fabrication costs to one-third

that c¢f the existing valve.

d. The complete development of an electrical actuation
system was beyond the scope of the present contract. However, congsideration
should be given to tailoring the design such that eleclrical actuacors could
be used on the new valve without requiring changes to the valve asscmblies

other than replacing the pneumatic actuators,

e, An improved SPS pneumatic actuation system should be

£, The existing engine and injector interfaces should not
be changed except as required to avoid severely compromising the bipropellant

veglve design.

£. The optimized bipropellant valve should be functionally
interchangeable with the present SPS valve.

h. The valve would use cam lifted ball seals to minimize
seal wear. The crank lifted seal design would be a backup configuration, and

interchangeability of the two designs would be considered.
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III, A, Tasks (cont,)

i. Cartridge modules, installed in quadmonopropellant valves
would be used. The cartridge would contain, as a minimum, a ball and two
seals, with the capability of leak testing the scals as a subassembly. The

cartridges, if not alike, would be noninterchangeable.

Je The valve housing would permit a cartridge to be
installed without requiring disassembly of another cartridge. It was also
a design goal to permit replacement of a valve cartridge without disassembly

of the valve halves, or inboard shaft seals.

k. The actuator housing would be separate from either
valve half. The valve halves would be identical, except that the fuel and
oxidizer valve~to-actuator interface would be noninterchangeable. The inter-
changeability between electrical and pneumatic actuation systems would be a

consideration in the design of the actuator housing.

1. It was a désign goal to provide adjustable valve end

position stops.

m. Bipropellant valve assembly handling provisions should

be incorporated in the design.

Once the basic ground rules had been established, work on

the following specific design concepts was started:
a. Actuation System
(1) Electrical

(2) Hydraulic
(3) Pneumatic

'Page 9
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bo*"fggéropellant Valve Configuration

" (1) Ball
(2) Poppet
(a) Cam visor
(b) Togsle Visor

(c) Axial

(3) Blade

. ' e, ;—:ﬁt rrdaney
(1) Quadmonopropellant valve module

B (2) Quadbipropellant valve module
(3) Single monopropellant valve module
(4) Cartridge module ]
d. Seal Configuration

(1) Cam lift
(2) Crank lift
(3) Eccentric ball

The matrix listing the advantages and disadvantages of each

of the concepts is included in Figure 3.

Upon completion of the tradeoff studies, another internal
Aerojet-General design review was held to select the basic design. The
results were a design with replaceable cartridges which included a ball,
upétream and downstream cam actuated seals, shaft, and cage assembly. The

actuator drive mechanism included idler gears which allowed the valve to be
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II1, A, Tasks (cont.)

stopped in the full open position and still provide oxidizer lead during
initial opening. ‘The actuator design had the spring outside of the pressurized
cavity to eliminate spring generated contamination from affecting the actuator

seals.

At the end of the fourth program month, a conceptual design
review was held at NASA/MSC where the basic valve concept was presented.
This meeting resulted in general agreement as to the basic design selection
and allowed the start of the detall design effort. Tigure 4 is an artist's

rendering of the cartridge assembly presented at the design review.

3. Single-Position Valve Tests

The original purpose of the single-position tests was to
support the design effort and provide a quick economical method of evaluating
design concepts before they were incorporated in the final design. The first
tests were to be conducted with surplus or expended ﬁardware from the SPS
Program and later tests were to be conducted with breadboard versions of VIP

hardware.

The single-position tests were later expanded to inclu.
tests with prototype cartridge assemblies. This change was necessary because
the cartridge assembly was completely different from the basic SPS design,
and as a consequeunce, it was not possible to evaluate the design to the extent
that it would be prudent to commit to the total valve with only limited testing
with used hardware. The tests conducted with both types of hardware are

summarized in the following paragraphs:

Page 11




Report 8317-P1

III, A, Tasks (cont.,)

\ a. Single~Position Tests with SPS Hardware

The single-position testing was initiated in mid November
1668. The primary purpose of the first series of tests was to gain insight
into the operation of the cam action. 7The secondary objective was to obtain
preliminary data to verify that the reduced rubbinp distance of the seal
would produce a significant reduction in secal wear and improvement in leakage,

The hardware required for performing these tests
consisted principally of the existing Apollo ball valve hardware with some
minor modifications which were: (1) the ball was made narrower so that the
ball and cams would fit into the existing cage; (2) the cage was shortened to
accommodate the seal lift ring; and (3) the shaft was slotted to key the
outboard cam to the shaft, New parts, such as the cams, followers, and the
seal lifting mechanisms, were designed and procured specifically for these
tests. The cam design was recognized as being one of the most challenging
aspects of the new components because of the long cycle life required at high
loads. Consequently, on the basis of experience obtained from the M-1 Program,
the cams and followers were fabricated from type 1l7-4 stainless steel and hand
coated with a flame dispersion hard coating known by the trade name of
Colmonoy No. 6. The major constituents of the single position test assembly
are shovn in Figure 5. An engineering drawing of the assembled cage, with

the cams and followers in place, is shown in Figure 6.
(1) Assembly Tests - Cams Coated with Colmonoy No. 6
Four assembly tests were performed to develop a

procedure for assembling the hardware in such a manner that desired seal load

and 1ift could be obtained. The results of these tests were:
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11T, A, Tasks (cont.)

(a) On the first attempt, regular wide Apollo
valve balls were used to determine seal standoff and load. The objective was
to reduce the chance of scratching the polished sealing surface of the two
narrow balls fabricated especially for these tests. During the load tests,
the wide balls contacted the bearing ring and bound so that the forece gage was
‘not receiving the full force of the seal on the ball. Thercfore, to obtain
accurate scal load data, the narrow balls designed for the test assemblies

had to be used for this test and all subsequent tests.

(b) The seal 1lift could be predicted within
0.003 or 0.004 in. This variation was attributed to the slight waviness

of the shim stock used to set the seal 1lift dimension.

(¢c) The cams and followers galled even at

relatively low loads.

The galling between the cams and followers was
attributed to the apparent softness of the flame spray coating applied to the
bearing surfaces of the two parts, The galled arecas are shown in Figure 7.
These photographs show the parts magnified five times. The coating, Colménay
No. 6, contains chromium boride and chromium carbide aggregates fixed in a
nickel binder. The hardness of the coating was supposed to be RC 56 to 61.
However, the hardness measured on the parts which galled, measured RC 40 to
59. DBecause of the apparent discrepancy in the hardness measured, one cam
and one follower vere secctioned so that the hardness at various depths
through the coating could be measured at two locations. These hardness
measurements are presented in the table below along with the equivalent

compressive strength:
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III, A, Tasks (cont.)

Depth Below Hardness Compregsive
Part Surface, in. Measured Rc Strength, ksi
No. 1 Re, 2 No, 1 No. 2
Cam 0.002 51 47 253 225
0.004 54 50 280 248
0.006 48 54 230 280
0.008 40 40 185 185
0.010 27 20 Below coating
Follower 0.002 49 59 240 330
0.004 58 57 315 300
0.006 58 53 315 208
0.008 49 54 240 280
0.010 35 28 Below coating

Metallographic examination of the cam and the
follower revealed that the surfaces underneath the plating in the area of
failure had ridges about 0.001-in. high. These could possibly have acted

as stress risers under bearing load at that location.

Three microphotographs of the cam and follower
are presented for inspection. Figure 8a is100-X magnification of cross-section
samples of the coating in the area of the failure. Figure 8b shows the follower
ceating with a portion of the cam coating adhering to it. TFigure 9 is a
500-Y magnification of the coating at the surface of thie cam. This photograph
shows that the nickel binder is exposed at the surface of the coating. This
binder, being softer than the boride and carbide particles, was probably

causing the galling.

The Wall-Colmonoy Company was then contacted to
determine what the problem with the coating ﬁight be and for recommendations
for future hardware, since the stress analysis had indicated that the Hertz
stress in the cams and followers would be 220,000 psi and the design minimum

for the Colmonoy coating was 300,000 psi.

Page 14
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111, A, Tasks (cont.)

On 17 December 1968, the Les Angeles office of the
Wall-Colmonoy Corporation agreed with the earlier Acrojet asscessment that
the coating on the cams and followers was soft, This softness was dug to

porosity caused by poor furnace fusion and to the thinness of the finished coat,

The main office of the Wall-Colmonoy Corporation
in Detroit recommended the use of Colmonoy No. 72 coating for the VIP applica-
tion on both the cams and followers. Cams and followers with this coating

were then ordered.

In addition, as a result of recommendations of the
Aerojet-General Materials Department, followers were ordered fabricated from
Haynes Stellite 6B alloy as a backup. This alloy was reported to have an
ultimate compressive strength of 347,000 psi.

While waiting for the arrival of the new cams and
followers coated with the Colmonoy No. 72, a series of tests was conducted
to determine the force versus deflection curves for the various parts of the
cam lifting mechanism. This data was used in conjunction with the cemputerized
stress analysis of the single-position cam configuration to determine the
maximun cam loads to be used in holding the stress level to 185,000 psi,
wvhich was the stress predicted as the worst case in the cartridge design.
From this data, it was calculated that Fhe pressure on the seal assembly
during cam lift-off should be held to a maximum of 65 psig to keep the stress

in the cam from exceeding 185,000 psi.
(2) Assembly Tests -~ Cams Coated with Colmonoy No. 72

After receipt of the Colmonoy No. 72 coated cams

and followeré, tests were conducted to determine the coefficient of friction
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TIX, A, Tasks (cont.)

between the cams and followers at various lceads and stress levels., With the

No. 72 coated follower on the No., 72 coated cam, the coefficient varied from
0.20 to 0.24 as the stress was varied from 0 to 185,000 psi. With the

Stellite 6B followers on the No. 72 coated cams, the coefficicnt was essentially

constant at 0.23 over the same range of stress, .

After this series of tests was completed, asscmbly
and limited cyecling tests using both types of followers werce conducted with
the cams loaded to 185,000 psi. 7The results of these tests and the conclusions

wvere:

(a) Both cdms and followers coated with Colmonuy

No. 72.

b

1 Coefficient of friction, = 0.24
2 No galling

3 Torque increase from 20 to 50-in.-1b
after 50 dry cycles. Examination by wipe test of contacting surfaces after
dizassembly disclosed particulate accumulation sufficient to discolor tissue.
Powder analyzed and found to be carbide aggregates which had been pulled from
coating binder. Torque returned to original value after the parts were
cleaned, During 50 more cycles, the torque again increased from 20 to 50

in.-1b. Disassembly revealed the same conditions.

4 Microscopic examination of cams showed

hairline transverse cracks starting in codting.
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Report 8317-P1
111, A, Tasks (cont.)

(b) Cams coated with Colmonoy No. 72 and Haynes
Stellite €3 followers:

1 Coefficient of friction, = 0.23,

2 Torque increased from 20 to 45 in.-lb
in first 50 cycles. After disassembly and clean.up, torque returned to
20 in.~1b. One hundred additional cycles were run and the toxque increased
to 42 in.-1lb in about 60 cycles and then remained constant. IExamination
upon disassembly showed followers to be in good condition. Slight seratching

on surface showed unequal load distribution,
(c) Conclusions:

Breakdown of coating was probably result of

three factors:

1 Coating too thin, Actual was 0.010 in,
and recommended is 0.015 to 0.020 in.

2 Unequal loading in test fixture.
3 Voids within coating..

On the basis of the foregoing results, it
was decided that while the hard coating process was probably feasible, it
vas not desirable for this program because of the difficulty of maintaining
the desired product control. Consequently, all subsequent effort was devoted
to cam designs which did not require the use of coatings to obtain the
desired surface hardness, with primary emphasis placed upon obtaining suitable

cam material to use with a Haynes Stellite 6B follower.
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III, A, Tasks (cont,)

In additlion, it was decdded at (his time, to
initiate dry seal testing with the available cams and followers withi propellant
testing to follow. The purpose of these tests was to evaluate the lift-oft

seal concept.
(3) Cycle Tests

Three different lipscals were tried in the test
assembly before adequate secaling performance was achieved, 'The first seal
leaked 30 cc in 3 min at 175 psig. The second seal leaked more Lhan could be
measured by the leak detector (the seal was damaged during assembly). After
assembly of the third seal, leakage was reduced to 9 ce in 3 min at 175 psig,
and it was decided to commence propellant testing with that unit. This
decision was made in recognition of the ‘worn condition of the test assembly
and because the ieakage was considered acceptable for development tests.
Twenty-four hours later the actuator was installed and another lcak check
revealed that the leak rate had decreased to 2 cc in 3 min at 175 psig. The
assembly was then baked for 8 hr at 300°F in aﬁ attempt to stress-relieve the

lipseal and improve the sealing performance. The leakage did not dcerease.

‘ The assembly was then installed in the test bay,
and five dry cycles were performed to check out the actuation system. Follow-
ing the checkout cycles, ancther leak check was performed with the.result that
the seal lealage had increased to 32 ce in 3 min. Thils rate was in excess
of that which could be tolerated and the valve was returned to the Controls

Laboratory for disassembly and inspection.

Disassembly revealed that the seal was badly
scratched in approximately six different areas on the sealing surface. A

single metal flake was evident in one of the disfigurations, and the ball
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11T, A, Tasks (cont.)

was scratched in a corresponding loeation, A chemical analysi: of the
particles was made by spectroscopic methods. ‘The results of the examing:sn
led to the conclusion that the contamination was introduced into the syiimm
externally and was not from the cams or folluwers.

In subsequent rebuilding the single-position ::st
assembly for the N294 testing, a total of nine buildups were made before
leak~tight seals were obtained. The primary cause of difficulty is the
installation of the shaft through the ball with the small Woodruff keys
required to hold the cams. This difficulty did nnt oceur in the prototys:
cartridge design since the shaft is integral with the ball. Once a geos
assembly was made, the unit went through 10,000 X eyeles with no apperant

3]
274
wear on the seal. The test results are shown in Figure 10,

Disassembly after the test revealed that the :am
followers had flat spots worn on them that reduced the total seal lift f:om
0.006 in, at buildup to 0.003 in., after the 10,000 cycles. This wear iz
believed to be primarily caused by the galling and spalling of the Colu:ruy
No. 72 coated cams. The lack of wear on the seal surface after 10,000 zr::zles
proved that the theory of lifting the seal away from the ball provided =z

greatly gxtended seal life which was the objective of the test series.
b. Oxidizer Cartridge Tests
(1) Assembly
Sufficient hardware was received 21 May 1969, to

allow the start of the single position cartridge testing. The initial work

consisted of checking out the assembly shop alds and the assembly procedures.
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The detail parts for a cartridge are shown in Figure 11, The first cartridge
assembly was prepared 27 May 1969, lhe assembled cartridpge is shown in
Figures 12 and 13. This {irst assembly was made without cleaning the parts
to Level 1 and was intended as an assembly procedure checkout. The unit was
operated for one cycle with blueing on the cams to determine if f£full width
contact was occurring between the cams and the followers. It appeared that
the contact was good but 1t was notl certain since the blueing smeared to

some extent. The unit was then disassembled and all of the parts cleaned to
Level 1.

The unit was reassembled 28 May 1969, on the
laminar flow bench. It was assembled without the seals and with a light load
on the cams for a 1500 cycle run-in of the cams and followers. Figure 14
shows the assembled cartridge with the cam and followers in the proper

position through the inspection holes.
(2) Dry Cycle

Cyéling tests were then conducted with the cams
+and followers dry, with aircraft polish on the parts, and with the parts
lubricated with FS~1281 and $-122., Cycling with the dry, unlubricated cams
and followers resulted in noisy, squeaky operation, a rapid increase in
shaft torque, the generation of black deposits, and scratched hardware. A
very slight scratching or galling resulted in a significant increase in
torgue, The alreraft polish was used in an attempt to improve the finish
on the cams and followers, but the polish dried out rapidly and permitted
scratching of the parts. Cams and followers lubricated with FS-1281 operated
smoothly with no noise and low torque. After 500 cycles, operation was still

smooth with a moderate cam breakaway torque increase (from 43 to 55 in.-1b).
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Because FS~128l tends to wash out in propellant and thick coatings will
decompose and flake‘off, the FS-~1281 was replaced by $-122 spray lubricant
for all subsequent tests using Stellite 6B and Stellite 19 cams and followers.

{(3) Ball Seals

While dry cycling the cartridge assembly to evaluate
the cam follower characteristics, a parallel effort was being conducted with
the ball seals,

The downstream ball seals were all undersized as
received from the supplier. The seal spring (Figure 15) is positioned in
the seal so that it does not support the Teflon portion of the seal in any
vay. Therefore, the natural tendency of the Teflon is to shrink away from
the spring. Several seals were temperature cycled on a mandrel in an attempt
to resize the sgeal ID; however, the seals started to shrink immediately after
being removed from the mandrel and within a day had returned to approximately
their original size. As a permanent solution, a metal ring was designed and
fabricated to be installed in the seal ID and became an integral part of the
seal. The seal ID is machined to accept the ring, taking into account the
amount the seal is undersized. Then, the seal is heated, the ring is cooled,

and the two parts are assembled together. TFigure 16 shows the ring clearly.

Problems concerning the upstream seal, PN 1156438,
were out-of-round condition of the seating surface and low gage dimensions. :
Seals that were round within 0.002 in. were selected for use and the seats ‘é
burnished with a minimum removal of material. In addition, the supplier E
was asked to investigate various machining methods which would result in a d
more round seal. The low gage dimensions, while to print as received,

usually fell ou: of print after seat burnishing. The gage dimension is used
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in the calculation of the seal shims in the cartridge; therefore, the shilmming
compensates for the low gage dimensions and no problem due to this condition
has been experienced in cartridge assembly. 7To allow more rework, it was
decided that future seal orders should specify a larger gage dimension to

allow more material for burnishing.
(4) Propellant Cycling

The oxidizer cartridge was assembled with Stellite
19 cams and Stellite 6B followers, both lubricated with FS$-1281. Special
tooling was fabricated to facilitate assembly. The tools are shown in Figure 17,
Wet cycle testing was initiated in the Components Evaluation Laboratory on
12 June 1969. Torque checks and leakage checks were conducted after 64 and
150 cycles. After 150 cycles, the No. 1l ball seal had excessive leakage.
The valve was disassembled; particles of white contamination were found
throughout the valve, the ball was scratched in the area of the No. 1 seal,
and a metallic particle was embedded in the No. 2 seal. The white particles -
were decomposed silicone grease from the excessive use of FS-1281 during
buildup. The ball was scratched by the No. 1 seal lift-off ring contacting
the ball. The metallic particle appeared to be from the welded bellows
assembly. These problems were resolved by machining 0.010 in. from the
lift-off ring ID, by substituting S-122 lubricant for FS-1281 on the cams
and followers and eliminating its use on Raco seals, and by supercleaning the

bellows assembly.

The oxidizer valve was reassembled using new ball g
seals, S-122 cam and follower lubricant, the remachined lift-off ring, and
the supercleaned bellows assembly. The wet cycling test was restarted from
zefo cycles. The torque and leakage results are tabulated in Figures 18 and

19. After 1500 cycles, the shaft torque increased from a previous high of
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60 in.=lb to 100 in.-1b in 500 eycles. The cartridge was disassembled to the
extent required to remove the cams and followers to determine the reason for
the relatively high torque increase. The cams and*followers were in good
condition with only light scuff marks on the wear surfaces. The cams and
followers were lightly polished on the lapping tools, sprayed with S-122,

and reassembled into the valve. No other part was altered or changed.

Testing was resumed with cycle )30l and continued
through 20,000 wet cycles. Following the conclusion of the wet cycle testing,
the cartridge was disassembled to permit examination of the cams, The cams

were in good condition.

The dry cycle cartridge was then reassembled with
no additional lubricant and testing resumed with 5,000 dry cycles. The test
results are shown in Figures 20 and 21 and the ball showing the sealing

surface after test is shown in Figures 22 and 23.
C. Fuel Cartridge Tests

A fuel cartridge was also assembled and tested. The
purpose of the tests was to demonstrate that dry cycling could be accomplished
prior to wet cycling as had occurred with the N204 assembly and also to
evaluate the effect of the increased wiping action associated with the fuel
cam (9° vs 6° for the oxidizer cam). The results of these tests are shown in
Figures 24 and 25. It will be noted that the results were not as good as
those obtained with the oxidizer cartridge but were still significantly

better than had been possible with a nonlifting ball seal.

Following dry cycling, water flow tests including Kw

and seal bite were conducted. No anomalies were disclosed.
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Cartridge testing was terminated at this point because
the test results had demonstrated conclusively the improved potential of the
seal lift-off/cartridge assembly and readiness to commit to full-scale valve

testing.

4. Optimized Design

This task consisted of the desigﬁ and drafting effort
associated with the actual making of engineering drawings/specifications, ete.
A total of 70 engineering drawings were completed and are listed in Figure 26.
Also included in this task category, were the friction and wear tests of
various cam and follower materials which were conducted in the materials
laboratory to back up the single~position tests. The test setup could not
duplicate the cam and follower conditions.closely enough to give quantitative
daéa on cycle life but it did provide comparative data to indicate which
material combination should be the best. The combinations tested and their

comparative ratings are as follows:

Specimen Materials

CAM Follower Rating Remarks ;

g — /

Colmonoy 72 Stellite 6B Comparison Base Produced black powder g

same as actual cam tests .

Stellite 6B Tungsten Carbide(l) Fair ‘ ——— ~ ~
Stellite 6B Stellite 19 Fair e

Stellite 6B Aluminum Oxide(z) Fair —— '

(99.5%) E

Stellite 6B Aluninum Oxide(s) Better —— ’

) (99- 9%)

Stellite 19 Tungsten Carbide Superior -

(1) Carboloy 320, a cemented carbide (General Electric Company)
(2) WVearbox 995, a cemented aluminum oxide (Western Gold & Platinum Company)

(3) Carboloy 0-30, a cemented aluminum oxide (General Electric Company)
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t The tests showed that the best results would be expected using
cams of Stellite 19 and a follower with tungsten carbide contact surfaces
bonded in place. Rework of existing Stellite 6B followers to braze tungsten
carbide inserts to the tips was completed; however, these followcrs were never
tested because of the success experienced with the Stellite 19 cam and

Stellite 6B follower in the cartridge tests.
5. Test Plan
Three test plans were prepared and submitted: one for the
single-position tests with SPS hardware, one for the cartridge tests, and

one for the two-bore valve assembly which is included in the Appendix.

6. Valve Timing Rig Studies

The original purpose of these studies was to investigate the
feasibllity of a device for timing the bipropellant valve actuation system
which would provide a substantial reduction in the total number of valve ball
cycles during buildup. Because of the excellent cycle life capability demon-
strated by the cam lift seal, this device is no longer needed, consequently,

no effort was expended on this task.

7. Design Guide

A draft copy of a design guide was submitted in June 1969.
The comments of the NASA Technical Monitor were received in July 1969 and were

incorporated.
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8. Two-Bore Valve Tests .

a. Assembly :

-

The two-bore wvalve configuration is shown in Figure 27.
During cartridge buildup it was noted that the fuel and oxidizer toroidal
bellows, shown in Figure 28, exceeded design tolerances with respect to
centering and parallelism to its cartridge housing half. To compensate for the
centering error a portion of the seal flange inside diameter was increased.
This allowed the ball seal and seal flange to be centered to the cartridge
housing. It was assumed that the bellows flange would be parallel after the

cartridge halves were assembled,

Pertinent ball secal assembly data is shown in Figure 29.

Actuator assembly was hindered by a dimensional error in
one of the components of both assemblies. Schedule restraints did not allow
investigation to determine which components were in error. The problem, however,
was corrected by the addition of a shim between the piston and piston secondary -

seal.

Armalon thrust washers were added between opposing
oxidizer and fuel drive gears. Washers were also placed on each side of the | ;
idler gears. Although not a print requirement it was deemed necessary in order
to eliminate metal-to-motal contact on rotating surfaces. %

b. Test

(1) Dry Cycle

Testing started in November 1969 with the initial

acceptance test which was to be followed by 500 dry cycles. However, at the
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end of 200 cycles, excessive oxidizer ball seal leakage was noted from
positions number 1 and 3. Testing was terminated and it was concluded that
either teflon generation or other contaminates werc causing the problem., The
valve was flushed with level 1 water until tlhie particulate count was within
level 1 acceptable limits. Particulate examination indicated teflon flakes

and metal. Leakage rates after flushing werc acceptable.

Testing was resumed; however, after a total of
500 cycles oxidizer seals, numbers 1l and 3, and fuel number 3 had unacceptable

leakage rates.

The cartridges were removed and disassembled.
Apparent cause of leakage was metallic contamination which scratched seals
and balls, teflon generation, and rust contamination caused by inadequate
dehydration after the water flushing. Reﬁuilding of the oxidizer half
consisted of replacing all ball seals, removing scratches from the balls, and
having the cartridge housing supercleaned. TFuel half rework involved replacing
the numbers 1, 2, and 3 ball seals, removing scratches from the balls, super-
cleaning the cartridge housings, and re-lapping one upstream cam and its
followers. The cam and followers were scratched and galled resulting from

metallic contamination. Rebuild ball seal data is presented in Figure 30.

It was decided that, prior to resuming testing, the
ball seals should be subjected to 500 wear-in cycles and simultaneously be
flushed with level 1 alcohol to remove any contamination generated or

inherent in the valve assembly.
At the completion of the wear-in cycles and alcohol

flushing, excessive leakage from the fuel number 2 ball seal precipitated the

removal of the fuel upstream cartridge assembly. It was then noted that the
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alcohol had removed all the lubricant (Teflon Spray $-122) from the leading
surfaces of the cams and followers. This resulted in replacement of one
oxidizer upstream follower, re-lapping of fuel downstream cams and rollowers,

and re-lubrication of all cams and followers.

The re-acceptance test was started and excessive leakape
occurred from the fuel 1, 3, and 4 positions. Corrective action consisted in
removing a sliver of metal from the number 4 seal and rotating, 18C degrees,
one-half of the upstream cartridge housing. 7The cartridge housing was rotated
because it appeared that there was non-uniform ball-to-seal contact. No

apparent damage was noted on the number 3 seal.

Cartridges were installed and re-acceptance testing
resumed. The 500 dry cycles test was repeated. Leakage rates and functional
data are presented in Figures 31, 32, 33 and 34. Leakage rates were in
excess of the design goal of 10 ce/hour, but were not of sufficient magnitude

to warrant a termination of testing.
{2) Vet Cycle

Wet cycle testing started in December 1969. At the
completion of the first 250 cycles the fuel half had excessive leakage from the
numbers 1, 2, and 3 ball seals as shown in Figure 31. The fuel half was

subsequently removed from the oxidizer valve for failure analysis.

The following conditions were noted upon teardown of the
fuel valve: all cams and followers were galled. Galling occurred in the
center portions of the loading surfaces. No damage was noted on the number 1
seal. One metallic contaminate was found on the number 2 seal. The number 3

seal had one minor scratch. Damage was not apparent on the number 4 seal.
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The upstream fuel ball had a scratch corresponding to the number 2 seal
contaminate. The lubricant had been removed from the leoading surfaces of the

cams and followers.

Rework of the fuel halfl consisted of the followiny:
cams and followers were re~lapped or replaced as requived. A Microseal 100-1
coating was applied to all cams and followers in order to reduce the coefflicient
of friction between cém and follower. Glass filled teflon ball seals were

installed in the numbers 1 and 2 positions.

During the fuel valve rework an additional 500 wet
cycles was conducted on the oxidizer half. Subsequent leak checks resulted

in excessive leakage from the number 1 ball seal as shown in Figure 32,

The fuel valve was re-installed on the oxidizer
half and testing resumed with an additional 500 wet cycles on oxidizer and
500 dry cycles on the fuel valve. Post cycle leak checks indicated excessive
fuel leakage from the numbers 1, 2, and 3 ball seals. Number 1, 3, and 4

ball seals on the oxildizer half were also leaking excessively.

Further wet cycling was completed comprising a
total of 1500 wet on the oxidizer half and 500 wet on the fuel half. Post
cycle checks indicated excessive leakage past the fuel number 3 and 4 ball

seals and also past the number 3 oxidizer seal.

Post cycle leakage, functional, timing, and seal
back pressure relief data are shown in sequence in Figures 31, 32, 33, 34,
and, 35 .
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c. Posttest Teardown

The following conditions were observed during pest wet
cycle teardown and evaluation:

Fuel Cams and Followers - All parts showed signs of severe wear and

galling in the centers as shown in Figure 36. Thexce was no indication
of lubricant on the loading surfaces. The Microseal was removed from
the worn arecas.

Oxidizer Cams and Followers - Minor wear similar to that shown in
Figure 37 was noted on all parts. Some lubricant (very little) remained
on loading surfaces. The minor wear was in the centers of the cams an

followers.

Fuel Ball Seals

Number 1 - no visible damage

Number 2 - small piece of metal on sealing surface (probably from
cams and followers)

Number 3 - minor scratches and small metal chips on sealing surface

Number 4 - minor scratches

Oxidizer Ball Seels

Number 1 - minor scratches

Number 2 -~ minor scratches

Number 3 - no apparent damage

Number 4 -~ three deep SGraééhes on sealing surfaces.

Other pertinent ball seal data is presented in Figures
38 and 39. There was no visible indication of wear or damage on the actuator

components, drive gears, shafts, or shaft seal components.
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IV, CORCLUSTONS AND RECOMMENDATIONS

The basic conclusion of the effort is that the wodular bipropellant
valve assembly concept with cam lifted seals is definitely feasible. The con~
cept of the modular cam lifted secal design is considered adequately demon-
strated and any further effort would be of a design refluement catepory., The
two-bore valve actuators and associated gearing performed satisfactorily dur-
ing testing, Those areas which would require further development in order to
meet all the design objectives are development of the fuel cams and cam fol-
lowers to prevent galling in AeroZINE 50 and development of an improved up-
stream scal design and/or use of a filled Teflon seal material to minimize

seal flaking.

The basic conclusion is substantiated by several subordinate conclu-

sions in the following areas:
A,  SEALING

1., The lifted seal concept results in a significant improvement
in both life and sealing capability over the SPS rubbing seal design because

of its reduced contact time and increased seating loads.

2, Axial seal displacement is preferable to the bending seal
concept because the Joad on the cam is reduced and the seal is not deformed.
Some permanent deformation and resultant loss in sealing characteristics
probably occurs due to bending. This deformation is, possibly, indicated by
the minimal change in seal face width corresponding to an increase in gage
dimension (ref: Figures 30 and 39). The No. 3 seal, bending type, did not
perform satisfactorily during two-bore valve testing. Test results demon-
strated superior performance of downstream seals, Development of an improved
upstream seal through the use of a redesigned‘hellows or filled Teflon seal
material is one of the two primary outstanding design refinements. Filled
Teflon seals that would be considered for evaluation would include calcium

filuoride, boron'nitride, carbon and graphite and borosilicate glass.
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3. Dual ball scals add to reliability, but also add complexity
and cost. Tradeoff studies would be required for specific application before

committing to either the single or redundant seal concept,

4.,  Additional effort is required to establish run-in procedures,
Tests with both the oxidizer and fuel cartridges showed a reduction in leak
rate after the initial cyeling, leading to the conclusion that run-in eycles
should be accemplished as a part of the assembly procedure prior to acceptance
test., However, the run-in cycling accomplished on the two-bore valve assembly
did not provide the desired results, indicating further development of the
run-in procedures is necessary. Run-in cycle rate is critical. The leakage
results obtained with the oxidizer cartridge assemblies when compared with
those obtained with fuel cartridge indicate that the slightly Jlonger rubbing
interval, e.g., 6° oxidizer vs 11° fuel, results in a marked decrease in the
ntiuber of cycles before Teflon bullds up on the ball and excessive leakage is
experienced, Based on the single position test results, the Aefojet—General
Material Department recommended a reduced cycle rate from the 6 cycles/min to .
approximately 2 cycles/min to reduce the temperature buildup which is hypothe-
sized as the cause of the premature failure of the oxidizer seals after only
2,000 dry cycles. Opening and closing rates remained unchanged at approxi-
mats iy 0.5 sec throughout the program,

5. Initial run-in of cams is critical and a light film of Tefion
is beneficial while the cams and followers are seating in. The run-in methods
used to date do not provide sufficient contact between the cams and cam fol-
lowvers and, in the case of fuel valve cartridges, this reduced contact area
leads to excessive cam and cam follower galling during valve cycling with
propellants, The combination of a Stellite~19 cam and Stellite-19 cam follower
appears to be thé most resistant to wear and galling during valve cycling,

However, further investigation must be made into the feasibility of lapping
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the cam to the cam follower, resulting in matched set usage, Assuring adequate

cam contact area is available and development of a lubricant or anti-galling

material remains as a desired design refinement for AeroZINE 50 service.

B,  ASSEMBLY

Assembly procedures must be refined. An excessive number of builds

have been required prior to obtaining required leak rates, This is a typical
development problem which can only be solved by increased familiarity with the

hardware and the evolution of improved assembly methods and tooling.

Page 33




Report 8317-PI

9INpoYdsg I93seR

0L Ow
i . B i} [} HIK
. ;& R i
L Tty
7 i H (T31374C)_$3181IS 9T ONTRIL ATV
; : LA I H 1 ; SN¥1d 0D ¥ ISTL FHvase
; 3 . ki MR ¢ i
. : x5 T : SVHd
k Mt T H NITSI0 A11-S65 GIZIRTLI0
+ b - T
i i :
by * % IOV IV OSK-YS¥XK
by s = HITH SAingd Noi5o Toadnoy
+
1 :
wiift‘..it% SinbaX DL % f T ] - ¥3193I5) USIS9( IZL]vUTq
z o . S 4..- E B o . ERARES ©]I0173) AJCUTLI (P40 GSTIQEI5T )
ta e B IS0 BEERY $51 1 1 VIESLTHD 0154 38vdadd
2 s R T SRRRUNIN SRR _4 et f T 1 ;
..Mll!nlt s ..h“ll.y bunand lp"“rs H“ i Mlm H s : w m S1S31 313nupuo)
r - et =3 - 18 IR ' T JICARIPH GIROTINTS
+ - ot T + TS
- M T } N K4 1 Isanbay 35al aivdedg
. N : K p Py gLt - ! H 3 ¢ DILAPILYH IVPFAIITY IUAGAOLAADG
D ] S SHNUNGN WP 1 b .mx S ot H TF 'y H SISS] 3I0PUOy
; 4 . k e 2 DR b1 Tt v DIRAPITH AINIFINTH
it e ol...l!w-,n proric o b e 3 § pieemaiog A.l!m 3 Isanboy 189y axrdaezy
» it'x"-‘.l..:l."/blx”“yi P s o ‘h ‘NM M. H 3 Ukﬂbnk—.‘m m.mzﬂ ?ﬂﬁwmﬂg
E I SO S0 Dnd et RS RSN 1 SISAL FNTVA_JOILISId FI1ONS,
l analhainds i LK IR SRR RGN SERPO 44 +-3 Wmm H
.~ thandaad JUEIE TR AR Do Y g JI” MLT “.m N ,m T SITPNIS JJO-APCAL 119300
I el T AR LY Py UL SN P@w -+ F ] AdWIBOY TTuvl Qo7 40355
F LR Rl L TR SrSwRpuy S - T ..ar\ . [ SESATYLV JIO-0PEIl AITulIoaxg
¥ e b ok iy g it B o i § e g‘r < ¥ G T SuIFsog QITPIPUTY USE(4EInT
) i M ~ ! !
F ammnace s SETTIPAE. SRV ST N $ T+ 7 r .111. PIvq paavdelg XTsnotASIg I
a,lll‘|!' o s ol m——— o ik O —— — u + HE t - v - o - ﬁugﬂgﬁr
b 20 o . 2 S . vt t + oy t > t 1
 —— , S IS BN
* — 4 Horiw LENIDaE e s + ,u...v.-.,d-m ¢ T 1 FINCTY TYITITS ST
RS SUnt R St Ty YT Y et B SN REES AR FICIICATMOY 03 S3fsia — F
i PRI DTN SN vy e S0 o u._..AM;YJ.,v w)«.» 3 SISV THON ATUNTE -
i Sammuatel TEED SEEPP PPRSA > T 8 & RN TIVTATT ; [ SUST I INPOITUT JRR-VSTR
RS S =t t I an i t .ﬂ @.c Tt ’ $I0IIEIIU0S POILTAY PUTRISIa
D ¢ e aE 8 ¥ N il % XS DR BN K i L IR RESRE B ¥ SV TIIERT ™ IFTE NG
. hS it Sl - thrr e +.l.|v aacal 1 »» $t toreimong m ] SINAUT CFI~I71) OFTSag
- b iamahd g bt St + T T ¢ 4.+w_ | Y “ T N SRAT WITHOTJ wLfdvimng ]
SEntamds Santll Sl BE Lt - b b4 T B G T i S ATA Sa8 30 AJOISIQ ICOEJOToASy
e e s T TED S ‘?Hl malh § IS EENER SR RN SE U 1 > BRI ST Is G ThY
i SUTTRR RN W re -
! i e S et HERE KRR LS § R B 215 IONILHIGHI SI01A50d 30 MITATH
3 : [+ ® b Gt i1 + s
- } - 8 ISam mennter T TeS AT e USTIaRT
E M 145 EE-Salak thave as T T : :.rw %23 TPAGIdAV JSh-VStN 9ATI90]
T M 1R KM I BEER RN R 1N 1TV R JSR-VSYN 01 3ItIq I1Wqng
I N HE RN K3 : b H A Eon: SAPTAIY 3UoWINBUTy
PN I8 B H TT Y. e [ 1 : .M...\. ¢ - NVId WWEI0Hd TEVJIRG
B i EERS RERTY SN T - B T IAREE BN T
[ [ « R R A I § [ T oy ) 13908 TEVIRNL
g : s D H o« L. TS NI i : § M Lt : Alm,; :
> : : vt ) H T 1Y i1 : 3 ui IN : VITIN _WSIN0 0% JEVAIN
N Piwi deatuda e Bonly Be 450 g fResge Ak R eL IS K P L GED o F e [ b r..TT.w{ B2y un_ﬂﬂ 28 ZSI00 &fﬂ.h AP RIS NSVL
33C ADN 330 } 23S ¢ OOV 1 0 § NIIT § AR 834 NY?{ O30} AON § 130 | 435 | oav 0 | NAT | AYW | 8dv | BYW | 833 [ Nvr
E &961 8961

NT3HOS HIISVA T 3ISYHE

Figure 1, Sheet 1 of 3



Report 8317-P1

aINpayds 133SeR

1 1 ] 1111 ! | 117 1 111 1 1881 3888 H ﬁ M
«Hl’t;‘o?oA PIBTE W '0!0400.0! TIERE WA et Rl R oﬂo roA.A MH» onw +-. w.'. 41 w M «H 4 4 .
B e B e S B St TRl LRAE Satt Rmet IDRE SERES BRSE EESS SRSTY BRI it H 1
e e S B B e SEal EREE SRS Soeed FEES SEEES STRE T g 144 o 411 , 4144+ i Sies
PS PESTE pEa >t B R S B B R S R R t+rit et YQO&M .o.+44 R RE SRS _?wuv P EU W :
S EaS AEBE IBREBT EREE FRASE SERBT 08B S SUWSS YEeS FRSSS srrgtt . reed i+t + Yﬁ + ST 5 1591 Twasid
”:90! ﬁ..o FEEY SEWE 0147.-. BRE e G b .tf.n'..Lp.‘ T .v.,?..« ‘e *I H+T 4‘_h. ,
\ Y SERS TENEY sSEs e = St Joo IEeas BY S8 RESS SF S SRS eSS aean Sa o -4 'B28 ARAEE GREE RREE ﬂuﬁxl T11 wi - +1 .r
ﬂ'a . EHSe sENi ..Osonwv PEE |, 88 SEERN .0. g .‘o IPBTE PUGE SEEEE SEEE B IEGE BIASS il'o..o; ¢+_r6 oIHM 11 4+ T
AMMRE SEEE MR NS ERNE EERRE SRSL D4 3 1 ‘.?I SERS 63 71 ES5E A NOIS30_d14-S45 GRITRTLAC
INAEE PEER) INERY NN MRS FREL P v powme swEy Jwes pew -+ 44* ‘.4011“% .TTM.I 4HHA a8 3
i ! B
SN TOWT FEUE% FTTE SETER PR Wt ISHEY FESE SRS SERs IRRE 18861 0». : T + T1 W IV ISH-VEVE
H I ot - B T R . RS S R - -
TUSES VEET TTUEE TEDN FEETS SRS B ISEET FUES sw e . - ‘e ’ ALTA T -
SN VNS PSS el WY PEUWS PUDE YRS TR B oh F_ >|.P_ 4AH ,.i+4 T |r —
SRTEE SENS SREEL PN e + &ow 2 BRB .04*.41 IR SEEA ¥ida315) UNjeag SF1(Pulg
DU DUNES TUNEN e . . R R .- 11 <wo_»~ +,V~ + 1 v¢4| M‘.;—x TjaP113) Arvujut|adyg So11qeasT
Ama Yl.m 581 1RSWE YRR DR B0 Y 8881 Be0 BRANY E8RY BN, VINILTH) ROTSIC SHVITNL
TRUWD PRWN AENAE TR TS PBWES WS PSS SIS PR B +1e SREs B ——
AEBUR Gt faik B Juﬁ...\r"»u t .t». 1882 NUERE 84! qu.. S3sal 106puo)
S s T B v o Aggetaw gonts it *vl‘ T T SICAPIPY SIwOTIGTS
——t—t—1- BB SOEBE PR - e . 4rww H 1 Teenksy Sval sivdeig
AN § il 8§ L i A Sl GRS UK BEED P : *.+ 38 BESE a. FICAPAT] OFPIAIAV) LRG0 RAN
R e BT s S R B v ‘A;w SRS S SI5e1 355pe0)
IRORS DEEY EREEE (ERT PRENE KB DRI ARNEL BRRY | . o5 es o S f RRE R e
' | ——— o - T T 40* i
AR et R I eI IRITIN TS i1 18 1] Isanbay 1sar aivrdeldy
e e S o;... voolse -t SN B -4 4L+ Hi T R i B
.ﬁ-o.. EEE FARRE PRRL SRBEU BNTG SAWD SRREN RURH REE] AR T T T
NS G b . P FRL B & ot S SEEE S ! t w.:o!'ullv.w.u!rl.-l
SRS FEe U PRFIPE YIS PUIPS TS SUWHEE SDES SeS BN +++H1 11 uA; SIS eI TV IeE il
AHRME ik SELT B tzrT 4 BT EREE RERY YESL BR TTTIITTY Ty YUy Jjory huuuumcue'wtl
 IBES - S IS P PO PEIPEE Wt —— - ' o%w.& v‘.?* 11 STSA(V Y jju-speil adruiet(aid
Io.,A GBS SBUND BL ST $ KB I8 B3 PERBE BEUE SEE 30 0 : T tHHH i SR ST s3
5 ~ — - + 4 - - . i ey ——e
- S, - -o IS PPSTE FUDI FREY FTESER FSES SRTE FRTN DA &1 by ‘s : f+4 - e P Ig AShOTENT TS
| S efo e S PRUSE SSWs W B e R S B B T Rt RRRE R R WM 1 * T+ * Rt e |
P P SRS PEWe TS TUWS s S SESE PSS SHSS SRS sww! 4 YN HH HM.& *JOn.f +1
*v’l. FEE feewy Few| e e Rl ISENY CORE VEES IBER RERGS BN .. ’e .'» : r _ﬁi.ir + B e e
| - el . v -te .- . > o9 ———— B R e SR B e <¢<*v4+ﬂA +v ' + %_v 11ulr.:um.—xs-y:1..‘ln.,l»'n:‘nrﬂl.l
IS804 §US1 FANNY IRHY FARN1 ES31 FDRS MRS EUDS BEOY RRET RRRLD {REALND Ll T i o Rk
PUPSPN SNPA RN S— o oot PRPPINE W S PUST PR PSR P + . ¥ -t : ' 44*ﬂ4 40.4~A, *w L_..T'Jﬁgd.ﬂ.ﬂ;. e ot v
o ame o oo AP WIS PN B PN SUSS FYE Sew fVO.O'L IR IR R R ‘ 1 T L,d +0L ? I 11 1t «.L»-ﬂ-m’hatu-.ﬁ‘l'l
i $5 sfeod el R B R R R B e RRRE fRas B + ' If* + B R . e s B
IS PSS VSR e . -+ : -4+ 9081 81 8 b4 YHRY 3
FERES SEWN SEE b —— ' ISSES TS % Raad S i B B s R ES SRSt s FE q*..v 4t ti ‘.T“ T3] _..“!?.u_ﬂ._a_ﬂ.qza.nﬂ
. - B el IS FEEE FIPTRE 35 - - D el g D T4+ ,i.».o W«~ 4.»Q‘H+w - “. s Jﬂd...‘rtﬂ.‘.ﬂu!._sgﬂ.ﬁu_ 3
el el T B B B R Bt Sanl AEat FRas R as DR BES B 7....1..‘....-1 S 3%% -t 4 e
fova od bt oams i R B B e A s RS RE s e ees SRS SRR S e ns S et S S 4 11T - 3 SGST STV
IBERY USRS FSREE ST SRR VENE (60T SE0RE REEE ANEL ENSE SERL ..,‘.Aﬂ..o..g T 1;;* Tt - H DNIINdasd SA01A30d 10 PATASY |
moévl s e B I R B B B B RS St Rl R R B RS SR T& b+ oy ﬁr {
JESSE SRSS ISENE LRAT GHERS 5881 ARSS IFEES BT ANAS EUES A6AE0 ARST GHEEE B B 6.,744..» H..ﬁ T + 11T T 1RSI USIINY |
FESRES FRET CSUET EENL REERL ARSI PAWE IR IR IR e e SR DR S ..<.J¥. + 285 SEEE SRES ﬁ4* 1141 aaﬂﬁ:l(dm&vu;'atﬂl,
T‘a et it R EEE 004 ST IEFES SRRT ENAR AN SRR B 4v0.1;4|0 4 i 3 &..u ‘0 ’Jp . »4.4 6.,.»1. SovE 61 3j%30 Ve —
e I B S e B S ARl R EEEE Eanl Sttt R vtd&,J -+ ER SRRt St +4 T+t 2 ?qJH IS vtwaﬁ.'u:4xl&mmm1x'l
*‘I.! i D B e S I ERES SRR oélt_q '0_0 ﬂ'J wt.d,o 4AYA‘VJO.»A ﬁJ_‘ NVl WVEOORG TEVASEd
e e B T SEEE SR i il e s e I 4 b d BBl ERBE SREE! WHT.A t 11
ﬁ'vo coefeoeeeBoecaf e cBreifoee oPorcofoens '10#00.0*}01 0.+0¢V, 1T .- +— ﬂl,'4|. «w r+ t + T55a0% SEviTEa
> PENEE OIS E SIS 041_’6, i +1+- 11 T : 4 1
\Sasa sREl IREW: 11 50 $RE5E REET IRES RSS! H1H § RES SRIN MSoT W 3 LI LLGELER
™ L 2a m o LN EEE P EI00 E2 D0 EETE IEIDG 1330533853100 EI005ITE

[FF)

NYD

330

AON | 400 | 435 | onv

»
<
b

ASVL

I03H0S E3ISVA 1 3ISVEG

Figure 1, Sheet 1 of 3




2TNpaY>s I9ISER

; - e ow
—_ 3
HE R s v ¥ s 3 cfpit JAicEEYiTd H i B i H |
- . H -+ 3 o e e - AN B SN 4. I
« ! M [RES ENESE NI RNNE SERR2 800 i .L.m,w..A Tt
i EEEY WEES & (A SEESE ENRS FRA SUR RN SEN) + INSERRENRRN
d MRS ! PSS SR N T3 Ty H b i 1
: . t T A AR i M T ]
! i + +4 ; g oo i w l -3 4 I~
i i : id 115 1
1 [ H T
' . W i1 4+x.4 B o ol % : -t
i ! N REREY SRR - 553 L] ]
1 IR RN <2 . H
: -t + 41 - 4+ L b 42
: H ¥ LR | ) }
i : % 3 ] AR BEES 33
S SN ERNERE F T 1L
HEEN FREN AR EEER K 1 i ]
3 1 3 s TT5
i . . L Sty 43
! " k. -y - i
- + + 44 L4 L34+ - % 8 I N
w 13 1 13K ¥ *\g T i .A.l .
. } et e +4 1+ 434444 N
; tobr P Y e i B e+ 33 S $++44 e SRERTY W1 U A 2 W
: P ¥ SR SN
4 B ¥ i 1 |
* g e & oo —+ 4+ ot
; 4 ds + + :
1 3 : i : 4=
x| RV EBNEE S EN T s
1 LR T 1 RS % 1 -
vt frerr vt § T i i )
-t . e D] - + 3
- M 1 s 3 : N i 4
— bert Ty -t T 1
§ thbdatr + <
s Ny 3 i
B~ [t T T 1t ]
= S ERREEBIRARAS NRRAEENSARNRN] HARS
x ™ ISRES BN N iR IR L ]
? o : 17
: I B R : ERa RN}
- o A H L L
H H % W * i
H “ | EEBRE BRES T
_ : 0 st IT Tt ¥ ins
) o, w.. B B 5 B BE By 3 . tig L
. - e i E
< ¥ b+ e + L+ B G G 88 REE P O 0 30 0 % O 19 0% 25 3
oz } el d LI i+ 24iiibet RRE L 41 RN
) Ap—— “TY - N H 3 M B
i FISBE 58 i L ii11E
: s rrit REREARAS N 1L B
! PR B 1.4 H ]
_._ . m:ﬁ % FERS B 3 1
' SRS NS & T A
j rerrthet RS RERES S E
m SUS SN FREE SRR SXS ‘g it
1 > o.av* pd 3% P 1 % ! s § - e
24 b it idd N REEE 5 : ;
m i e pg e el 111 ‘x+Mwﬂ.m§ - 44 -
' IR e Sacataas s : 4 -
cigadena nJ...u. fompee § tede § -" + SERES P B BN R ER RS
e gt AM.Tk..Jva‘ + ,.,; 1+,n M = & A e (M.". - t 4] u...h NUNEN PR Ny i W6 3 B Y L s
R S ThRs S et predtofor At t43.44 : R - 8 WO I 0 % EERN Ry Y.
S B ST o i ";m;,w.wi |43 IR EESE BEN ..; T ,T, 1 *.L SEES RIRN R SENY —
vdrrf i adiia ISR SNSASARSANNIR IANRANE RN RESRRRNY RERRSQRREAREN RESERP A
BN IR B ; AN B ISSSSIRNNSSENNRERAT § 4 . RES RN L1 4 P
e R R e CLkE BE SRS AL §i 1H0E |
54 SURDE SORS BN M SIS RREA RAEE Y -T, T LITT RANEENNL ) iyt L 8 T 35Vitd 30 LViG_1TRuns 9 d8vaaNd
. - -~g b g o i »- “4-3
S EDE A51 BURE KRANE SR BE ]
T EEEE Caias B s +h 3 A0
1 BRI BuN: NSRS SRy X! [ HIE3a d0 LIvEG LIRANS S Auvasd
w PO N A S R BE U i".:,r ;w < PR g AXIIREEXVIELIRE
A S 1 9nv ! oaf | NAr | AYM | 8a¥ | 4¥N | 833 | Nvf } 330 r_| RO | AWN
3 £951 8961

.L.,s.;;»mm.(. NEEIN VR SEETES * JRN SEUI T P GRS T I SR
.

s
L 4
S

Figure 1, Sheet 2 of 3



Report 8317-P1

- ek

s

2TNpaYyd>s 193sey

v Ow

] 1 T ! 21 1 .“ 18 B8N i 1 1 ~
e 'Cl." - - .- . .- ... -y R e a”.i 4 MA‘T H * ﬂv i v - T r
bt ’040 - .. R + vy L2 4 ~4~ 411 w.d_ 1 ﬁ 4. 4 + t yooo
po e PRNES 5 4 ot FEEE B o+ +1-44 R R R T L - 3 g -—
: Rt ARRRE 2% i + + 4 e
bttt —pded il ISES REEE S e Ent RRRE Enn! ‘& w .
IS B IS ¥ B B IGEE ¥ B SESRNNE EARI INRSREBNARURS B : 1 4
ERRTRy 1idd S au! NS F2S 5 IEE SRS SR A S :F ¢ M T ! : ! H &
> ——— P NS Ve Rt AR RE B rt1 4¢Hy“ .- 1 WV.ﬂ wq -+
SESE bt SRS IBRS SEE S N  LC i RREms anss sEEt 8 R AR Jﬁ
.To&.n e -t IUES STEE. R s B el ARAE REEE B + SRR B 1 Tt }H -
,vli'AL e ﬁobvo —— - 44 prrrtire I Rad RS ﬁ ﬂﬂp »»a V.H._v ~H.« H.ﬂ m -
—...f bt St IPES S i feastdirt i 7v0.u. 1288 §88! Qaw 1ttt ﬂH
— - ... R voasds e .-t totsPodot SEE SEee et ++4 w<4.4 11 ?’*Q SR & B '
b-omp——e R - S W BBES B &S S B s R 11 w‘,w' 4.4 «ﬂ« .rLy -
Bt et 58 88 JEE. +1 4414+ IS SEw R R R f” ' »M\m H
| i 1 11 | | ! i
B > s -ttt aﬁ~ ‘ 1 1 t mh t ‘Lv
S bbb Sttt B R e R IRaE SR ﬂ«4 . t 1 .f. + ——
-— - - e B PRSI .. .._,. IEEEE RE SR Ri «.<¢ ‘. 1 .r. ,~TT
po - ... . s B —— > ... 40,4. sed ﬂﬂo : * 4vm¢ * M!M. T +
bt e e IS PeW S 444 s REREE R QM+ _ i + u Hﬂ ' 4 w
beoetrome ——t o e FEE SRWE bbb -+ «o-. e ,«.u + + ‘044. T+ + . ﬁ. +H w\f«
boiete it ttes R R 44 RS Enntl RR S ».¢1Wa+4 44 v*.ﬁ,.  ERRE AERd SRS wﬁ Jﬁ.’
- .- S~ N SR . . .4&7‘ .. uwa vﬂﬁ.q,w + BEE B84 * «#q ow fH + .
SRS o—— Y RS * b B < +++ 1T 4 IS B rfwyo .. u._o -ttt | B m T+t
o BEE! -4 BMR SR St S EEES See .vv«ww» .“4 'w4 t + <un <%m “u : SR
e > HES HETES 8 W 44 R St EEarl Eat EREE Euans S8 ‘.fﬁ;.. SRS tEss sneas 0588 B -
S St | L 4 | - R R REREE REt SEnd RRERS A0 1 R AR + Tt
—— . o +e S s e - R 0.0« 434 o_.wv#ﬂ&, .t 4 W& + - ﬂ e
‘i ! | i { § 3 B89 ! ! H } 1
b 544 ANE ESEE e 2 SRES RRES iy >¢w 0..* +4 ﬁ S8 : o R 4
—4 1434 IBEE BRSNS 4 S BERE EREES ERRE SRS B wv_v 4 1 T - 4 Tt —
ﬁﬁq.. o . s des 1SS S Be. e S a8 a8 ARERE RAR! _vH + %Avwﬂ aﬁL ﬁL vﬁ +11
s & > b s 4 P S84 4t s B 44 + . i 8 v -
668 PERRE S884 ERET SRRRSFRAN E8UE 181 4t 1
$osdh 34 it ’ 8 444 R S N IRt ERanE Ran ++ |4+ - T
;.v|.‘.. 4 pbp o $4-+ 544 44 34 R R 44 1 a.+,« ‘_«m r 4+t u*q B +
e b $- ot LN B A oo WM. .“.q +t + «quu 4«¢ H 1 .vﬂ M m MMM vw WHL
b b S s SRS Pe . 44 SRR A - 3 + : : -
w.... &-5-§ P o8 vtee e R 111 : ﬁ HM M -y H 1 +t M —
>4t-s - RS s 44 e b R R —y ot b . I B e -
8 a-ab i e $4-4 +44 3+ +44 .HM* ISES ¥ ‘ 9”0HT+ ++ * «w 2R E +4
F . 38 9 b -4 LAWY BB = -4 ISR SESSE RN S IHE0 BEENE 891 -4 H i1 -
: : u 11t
544 s+ 11 O A Rans fRn ﬁ.w f | IS B YH
oo > T+ IS SEEE. HB S FEEER SRES SEES 444 ; wM . -
58 A0 R il ! !
-— e ot & e te { +vt4-4-4 L. RSl Rant SRSt ! «wjalﬂﬂu_ﬂ *ﬁv . . u.v_ T+t -t
i 1 Ht 884 BERA| i 825 §9888 S8BE S48 §SAN] §599 185 § SaR B4 B8RS §8 NS
B I IS8 PEES! $44 SR SRR ES Bams REEE SE SR 3% LR RS L8 i ettt
_\”v.!» ——— ’e R e -t .- ..v““ RS R ~“.M ﬁw‘. Mﬁw “M Moh +111T - - n%
! igt b s BAbPe! +44 P gt e IFWE e { 4 .r 3
R d-d bt HE PR tre SRR FUNE! IRl b M ««w‘ r#_.' _wY* e + ~ -— e
-+ PP PP NS FE RN ‘b L IERRE RERE B + .0_44 «“M e c* 4 tf—— bbb s
B PR bishedis vt v :.m 1 s 44 *mw : “r> w. w 1 R ARG L
[ Samaatey *+ 1t ¢o..m.,v.lqt A e S e 11 1t \SEE BB +,‘w w* 1 .N_ 1 i ol SRR T
Rt 1711 IY: 35 1331 Sad 1884 B8 u+4 111 1 h.;+ it *hq i *ﬁ 11 Aﬁ ~T1 a5Viid 40 LiVid 1TAUAS 9 daViiNd
».;‘1 13 it 14+t 2858 8383 +H T +H« SEES AR 68 1 i ?v I At
. -t e 113 88 SRS 1388 S8 5851 B! ..73 *74 T Syt i
Tt 1111 T Jana A8l =i Htit 1S58 S88E S8R S80S NREA HEEN 44 l I L issa 30 TG 1R s SuviaNd
'SLEs | Yowran ¢ O L g © T e POYRS AR 1] ...,.».n.o.ha..f:...ﬂ.?uq IES0 3 5% Y 3 33
§_33¢ 120 _1_90av AON_ | 100 | 435 | onv | ar | nor v
i 896l

Figure 1, Sheet 2 of 3



Report 8317-PI

QR R st g e

2INPaYPS I93ISEBYR

(12 8+ ]
R EEAEE EAAS IEREE ERED SN0 R 2R A RA 111 T T
b H $ 2 * 3 <
BEEN SRR IS S SRR SR SRIE EAF % MWM e i THTLITT
s N _*. + ey e m + FEB R + 1
* i > L3 : -3k 2 3k L H
b T ! 18 K SENE NA RS BES MR T : 1Y
- i 3 HE i B AR SR . 3
) : ! ! ! : R & H
R H T IR k1 H - ¥ Lot [ 4 X i
' N AN R SRR S RA NI RER : 1 -
% R B2 M H 5 . I M i H
4 T D pe ¥ B ¢ £ L 3 4
i I ISEEN LERE BENN ERENY 8 ERSS T ! : .
r H ST 2EEL P 1 X L
e ! i S SRR ENEEE BEY 3t i1l na N + :
# v [ i T £ s . EEEE TN % b, : i H ¥ 3
i : g T N S RN SRS NN & 35} = ¥ z
; SN N B TS 5 B % BN SR A T1T 1 TIrY S S ;
i - 8 A S AREE RN L & PSR REEE T. SR BN NS 2 -
" - R " e . - .Tf 58 B L33 4gulos t 1%
H Qo Sauan 0 3 2 5
- 7 [ e «
iR g
[ 3 PEe iy,
T 4 e - R T
1 EER 3 T
X it FTivETT T o]
: lm w »Aw. 31 |m
TIYTTY T ) b T o
i i ] L K i M 1 .
5% - [ T E] T P t,
[ N FIL) BE FRi T 1 )}
: !.TMA r b4 # oAy Lf o
T N34 SEAE SEUAS mlvlnm“ A
A hanny RExt SARA0 SRRT ENET i »
¥ %8 RERE SN ik 1T
8 SEDE DNERTN LIS SOEE IR0 FENE SHESS ERSE SN : 54 ] . ! FERR RANRY SN .
- R L e B e fann s S ne fard &1 el bt $id t b pd -+t - )
I i R Rt bl : T H ‘w. trf trers e T P 3 + 4+ 1 .(H;.Ar.wz v e 3 t tot - -t
A 4 o} pramorran fo o - o 4 DT o fp who fourp o 3 . 3 -4 4 or —
fov o e R e ey 1 b vﬂ..w 4 b Bt d o M. Tt ..h;wl»ﬂt e 3 +LWM tIe T » ] 1 b T ASR-VSYN OL NOTLVINISASd AvN1d mﬂ
’ " TR sl
Ty R ENEE SRS IRES KRR KRR SATA0 ROTSad NN d JEveTed ] -~
i Rl e s Yw‘ulﬂcﬂt..ﬂinvl. + v x b gt gt b F
t.onnhvh. B R et Tl RE LR SIS e prdoe g e m - T o C : + : - IO TGRS
F NG SRS SSASS 0SS Bets X1 B Mo s 058 susd seuid eung bk i1t Tt THOAEE IViid SEVaIed
J\uo.vi D B R A R R R (e o B Toad ﬁv‘r Ins SEek w&rﬂ Fob dopog ot Ym. .w 3 m. M +
k N 2 b 3 * e [ kY
IPTRE R LR EEEEE RS SRR EPES !,w,vw H:Q..w M o & ,.!.W...v | 4+ 3 T ‘F s e .ﬁm + a4 ST IV eI O ST IVIVAT
aﬂ« MM. IR IR TERY R PR R E R J.w.ﬁ,. TEEE BRI BT «,I'dix N - .1.!%«; 4.4 MA PRS2 %
M 5 e o by H H v { » 8
w!..!qﬂwuucf TRy m?t} iut;rﬂwl,ﬂww; . = | 3N * 1T b4 T SISOl TUILIa3 Ton ]
SREDE o saa it SORE DURIY Ehit DEDE S151 NN SpEREnSEa BRI RN 28D ERE] 5308 hamn § 35T KIOICISTCT
SN0t BERS N { .QH” rr~frraprrrd XS RN Ty i T 18ARR 1 SIEDL 9auu TIIN T
i -k -~ - 4 A P R vw vu.‘w VM.XA..f .M. 4 Avﬂ + T F 41 4 43 @1( . N Hmw.ﬂl
SRp— J PR gt $ + - + - depo —
s b it ! 1 - 1 1 ]
e+ T $ SSE S f s 1 bt FT 5T X{GEOREY
I - I8 BREN i1 ] i usyIestiqes ijvsed |
; trre N & i i [ R SHe31 pEai-S6GT 17p30 "
o ‘ + e 1 i L SLII] PEAT
Y N RN RN TTTYTT p 1 @ ] ~8U0 39pi0 03 1TAOIGAY JGR-VSVN
# R b fac f-vet b §at 3+ + 4 s = o
¥ T ANY RERE A i ’ il R i It ) NOTIVITERVS
O S N S L N R OO E N AR S SO BEE2E i F WA ARG S TiRE DEEOREITRETEBIEEIT
D33 | AON! 150 | 43S : ORY 1 Inr | Naf | Ave NVl Y330 [ AON | 100 {435 | 90Y | ar | NOf_| AYW ASVL w
4951 S94L.




1.

Report
Downstream Seal Leakage
a. Leakage past ball -
b, Leg leakage -

Upstream Seal Leakage

a. Leakage past ball -

b. Leg leakage -

" Shaft Seal Leakage -

8317-P1

wear

secal deformation

seal sticking in cage

improper contacf area and load
bad seal-to-ball fit

marginal ball/seal overlap
sharp edge on ball

orange peel {finish on ball
mechanic error

handling damage

downstream salts

scal leg foldover

improperly staked seal retainer
seal sticking in cage
contamination

handling damage

Teflon "hairs" on seal leg

wear

improper contact area and load
contamination

bad seal to ball fit

bite, excessive deflection in partially
closed position

handling damage
cage distortion

excessive deflection of shaft during
actuation under pressure
omniseal had insufficient compliance

inadequate seal surface on shaft

Apolio SPS Biprapellant-Valve Problem Summary
Figure 2 (Sheet 1 of 4)



7.

10.

11.

12,

Report

Valve Pressure Drop Variation

Shaft Seal Drain Manifold

a. Static seal leakage
b. Poor welds
Ball Rub
Gearbox
a. Potential accumulation
of vapors
b. Roller galling
Actuator
a. Actuator piston leakage
b. 0-Ring blown out of groove

Actuator Piston

a.

b.

Leakage of piston seal

Aluminum piston galled

Pneumatic Tank Contamination

'
i

Actuation System

a. Initial Block I had insuf=
ficiént force margin

b. Valve timing out of spec

Regulator

a. Lock-up out of spec

8317-r1

critical tolerance stackup and
oxidizer lead requirement

poor installation design, installation
of 4 seals at once

inadequate seal lead in chamfer
welded assembly too flexible and
easily damaged

difficult weld required (thin to thick
section)

lack of tolerance control

no positive vent

CRES roller on CRES rack and on CRES
bolt with microseal lubrication

spring rubbing produced contamination

poor face seal design

improper matching of coefficient of
expansion

Eccentricity of piston to shaft

Aluminum on aluminum with microseal

heat treat methods during fabrication
AM 350 not rust resistant

high ball torque and low regulator
outlet pressure

piston binding
inadequate lube
long piston stroke

main seat leakage

Apollo SPS Bipropellant Valve Problem Summary
Figure 2 (Sheet 2 of 4)




12,

13.

14.

16.

17.

18.

19.

20,

Report

Regulator (cont.)

b. Flow rate out of spec -

c. Internal leakage -

Three~Way Valve

a. Internal lcakage -

b. External leakage -

c. Response time -

d. Moisture in solenoid area -

Two-Way Valve

a. Leakage -

b. Response time -

C. Moisture in solenoid arez -

Relief Valve

a. Spring hang-up , -

Tube Weld Defects -

Propellant Line to Valve -

Flange Leakage

Bipropellant Valve/Injgctof -

Header Leakage

Housing Proof Failures -

8317-71

improper stroke adjustment

contamination from tank and handling

insufficient air gap
wrong O~ring on connector
poor seal on solenoid
improper spring setting

poor O-ring groove design by vendor

Kel-F seal failures (seat deformation)
contamination

extruded O-ring

extruded O-ring

improper spring setting

poor O-ring groove design by vendor

improper cover design
poor restrictor design for welding

too low force spring load in Raco seal
'inadequate valve seal surface finish
improper torque on flange bolts
contamination and damage caused by
improper procedures in installing valve
installation damage

low spring load Raco séal

improper finish

No. 4 seal cage movement

increased proéf pressure required due
to heat soakback

Apollo SPS Bipropellant Valve Problem Summary
Figure 2 (Sheet 3 of 4)
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22,

Report 8317-PL

Harness Insulation Resistance =~ poor connector design to exclude

Failures moisture
Harness Connector Separation -~ overtorquing of counnector

Apollo SPS Bipropellant Valve Problem Summary
Figure 2 (Sheet 4 of 4)



Report 8317-PI

s e 4

*TTer HIRL KTLS UL
AEes2eda g a7 FE

R ey

Thef DInTal Oy ZadyileR
IRTRLIAC KL LA 2
CITTRSIANET

=T AL T, KERIIIL L

sfazitlez

AIEIZ VIFICG L WINE e
7 $ed TSI

SR BILD L SwaTD O
SaLAP BIeledd Sefl YT

“LEPRITE AL

- Y - -,
~AULT VS B S easll
R T O T

MRS AN S

SILEOF UIRRTSSR el ¢

CLUFiIeed Ged Then Wik, %

o
3wl X
- CARIT AL o
DRSS Sl v - AR H B M. FOP R
ToGae TR

" Cn ewr an .
LN TR NIPRRAS S F I
LR Y S R WS
PP RPN FIT

P BENLY WRae ML "o

g i

e

“jaedXd G paesd

PEIRE IR S .. S
K PRITIIH AN

T, Wi a0 e
e AR PN
Py ,ooome
FOAT s m g b

D aBu el
~ZUIE Y LleT
o

ARG w gy 93 AR
L IR 28 FLAL PSR He
TRl SUe Al
LERE P e d
siLare; fawpzi ol
QIIM Feelalel Sn
arvEa oGy TTEG WY

S ey
RwiEaa AW Twiw was YT

WL UE TuvE
Lo wohie Huldie 42
A g £ XX
SUISS FIUIWwE wmir Y

ldl,d-.lnﬂlul'.l'lu
T P AN I Sy

*
&

£

1
trd

r

¥
+
Ll

3Iey) 3Ioopeil 2ale) Juelrodoadrg

sSasp axrsgadd A¥ *n
SaBiy FITRSE WK %

~xadly
add & 20 XaTLO R L
CTedg 25 Faplie ThSINIL T2

SRR Luaw WG T

WOTWM R S RS

BaSSEALE MATLSeiil T menll e
*TRLUD TRl 5371 R

Zuap MANESWd ST 43

TS 50 Fupdia eI CT

——n

b 22

143 4

SOHTX I7330T

AU
.UFULILG JURFUNLAT SO ITTe
- MOTE MUFTUL e
SPRIT TEAR WITH CE
R danssesd AT o

TILSE L FurdiaoampEnR T

t

ol 2083 0D

TR

ol BTRGL Ca% IR TRY 4
*avuazasixe srezasxd
FRIRT S WA A AR T e
Jap eanasesd s g
PEATLL BLetaad Se BIIBTL0%

~SRATLD WS SONE SUITSOL T

EVSUIIRALY

3R It o0y SATVA

Ag_a.m

SIS SALUA I3 SRATUA
33 £ parpnbax udLedIX
STEEK OX Y378 G3UR 1B

WOPFENGIW 3T
as Jywad 9 o

SOUGGIR S B

TER GITRTOLIN O3hSsuend

TIoUY WIS W) cwmatoxd

Suerial 5 JO CupuERLE

Lo S WGIIN pageiid

~BODIW 3G 0T FILOD RIOM

{3 3T EOUTURSL-T wBA 3T
gaxpubied JUaLioT=av AALS

~gadxe puw Suny @g 03 My
C23a9005  CeATRE paadziuy

ag 12y o383 STRajESy

4804 A3 ST LI3IATES SEN

Tilg UOTFENLIT TUSTIINET YL

& TwEm3

“jus

-daTaasp S5uIT saxnhag ¢

=peaindar

ITTRS TRROTITRRY T
“poTIIED

9 IETS PIATS PIIUL °T

 FAFLLRRIUCISY

PG Q% BITLTATY J20K ‘2
SHUTHTY “ATEA DIFRIID

23 ATASAX GOV uwd Aundg
STHNG 3O JLHIAA WllaRY
puw togsyd wOLT SHIVT
s2213aboX JUITSUTLY JaAVYS
Fuganp Lodoy ansEdxd °T

ssuddainbax Jan0d
3o3s4s wo jowd=y ¢
~suaxdo

~TRavp S20Q gaanbe; o
SaDUZIVSUT SuiIud
suessad 3000 U ST °T

SeTUFUBALWSTY

R R R e 4 et g

*SouAT RIS
Sd3 30 VOTIRITTIIN MR 4
SIIIMIIITUT WRFOTAO L0y Y
+paatrbax voTssUTEusuGasy on
“Susiy sygeIvadag g
“2TQUTTRAS Updaws, 20203 WK X

TIEnARAL

*HUOTIUNIIN 03
DTABTITAY PIRTS VO 3THIT Off 2
* IRV PIOLE

PG ou ‘susppadosd gasg <Y STTWADAL

PALTTDAX UOTIBHTENIUCIIPF OK 4
ojusuadins Jansg *f

Buyury orqusuaday *g

pazTAbIX SIS OF °L

TeaTXI0o

coda FUVARY .wNH

URIIVMIIV JO POUISN

Figure 3, Sheet 1 of 2




Report 8317-PI

AU vl AT W

o SR AT JNE SN 9 RN A3
wdZrlAL SIHRE RRLTTELG
AELATA TEed AT I3
AR F-IF24 ¢ oy 52 S VRS 394
TALARTIE FRN TILEIUIS
~505 TEIE IIIT TED SIL

CXTA

g s o omn e v s
Teda JI0 TLER XNLITC

EIRARS ARSI 34 S3-0 9O 7
FECE S SE R
ASEIE ATULES T

FAZSL 3 SRS
BUSLILIBISE ST, TS
LT T Y

SatR eTs Twel TIR
KIap GEee FRLIVE SE
TEEE BX sul ReXIEAD

SR o e, s e
WIIAPELSZ TRR % T

o ks e vt

by amqmwn TURL
AR BIUT SALRILeE
LS 2I3T R tw
SRIET S wiTA S
TR T2, Smaw R T
BY Thed Wil vy GRS Rl

LLTWNLTE TIRR R, 4T

L e
[ 375 34 SRR L L S AR
EPES IS+ SIS 54

FAA S SR PR T
(e 5. T3

LELRSTSRLL 0E PR TRIAWL
SO whwas? BINCIGT
s al wdy 1 BL L
IR [OR ReZiedss

223 SULRR S R A A

FuTRuRN uSg o

e ety e et

ax2U) Jyoapea] 9aTep 3Iuefradoadrg

SLITIBATLTSEID
aaTEr 03 swesosi 63

STATISRE® FY LSeull T
~Angxeriag

TEITLRQ IO GO WA

EE R

b IR R e CE- Ragd

-

pasn
emearen Chrwmwg W o

£3 SOBIWIT LUIRINE TEISS
TR 3 pReT 7

< z

THATES TiT4 o0 WEN

Ln S RuTooLn LAt Iz
53 UDTLRSITILN RGN UL
CTTRY BOAE RO o0 WORESS
3337 TeTRE a @il SR
WIS FUT NI ap AR 2
n.F.uv“un.n...»QuaJnﬁ

S Rl e e
Snia TEQLUeLTA [NUL T

TeSTTesE
B ABY S b e

R R N I 1
ARATTRCR Ll dieiie Tl

wlie WLTE% TLRY o4 NWER
ES-ENE I AL A S 4
STING WTES TRUS 2 WIpeTa
34FT LNEKE 2L ANy AN
BN SELRCALL TR SR 1 )
SUALIEILTY ARSI IERND
O3 PR 3G 0T

3

4

SaFaguvARy

N T e
LIRS AII AN TRy

y

o
wd
ES)
It

Y]
[N
[
{]
15

Srenay R sods 5207
w33 GITnIAY TITE THe
SSTTHW TRTETATERE OF

L35TR0509000 8] &
gagradad UNLEUIIOD SIHI
*LITAEINT, SLOD UET
ayadaafsuoa ot g
34 03 Sugsroy 3 wsIA
PIGIITAR sum Govoxddw
STnpom IFprasAvy WYL

=G

iy

bt

*SIIMIXw LT VILLLIOZ
suerTsdesd Fafpoe 203U
sudsazd Jo wFrsapdl
tapoprhax Arqrssed
EITBR SY1 GBS
e S010Q J4MOT puw

zadén ayn Useaieq pasy
-2 sowds PISEWAIIUT °T

~sTergoxd guat:

~TATTE RUNIILUY 207 "€
SaUFian [T 23S
TISEAINT SRR "2
*=d30u0s PALTIRLED wWONY
FeduwTy syow saxmbag °T

*E0DTIISLUT

SLITESS puw J033eu D65
Eniisixs gesm sou Aux °E
*g3gun

JoTEATSH PUR IATSA OnL S4%
LIAMSIY VOTIIIUT 207 IS
susyyedosd DyesE TREANR
X3 TIUOTITERW sHITTBOY "2
~gailsy

TT® 3o %37dued 3508 °T

*5udTqoad

suamudyIe sowglssuy oxon ‘t
“sRIud MUAT

TLTOINS TRUCTIIVRY "2
=atSijon pun

TTE PISVIIANF ITQUASRE T

TOFUSLRAGR TR

SSILTILUY TUE JonUNAN JO

1IPUS Udandy SdwmIIT TesLoagha
Jo esn A PAtWIITY ATTE0G

~JTA IXW Suelq0Ld RIS AIWS 6
sdursnay

SATRS 9GY UL Apqwessw o augsd
PIYEd; BT UV PATRLD TEISUALST
S WU SAIPIILIVI wIGIALIYT HTURS
FIPITYS pUN TTVG Sy yaey juoddas
R ASNO TTTA SAPTILIND IWZ

S SRR R -

quepuadapuy ATeisTddow ye TRITS
~u2pT ST WSTUMROIE SATEL 4HOUZ *E
~STEPE JIFTIS PUNG BIABLY Ione 2
*suStsap aqy Jo w0wdLon Yson °1

"SRATEA

Jagso Jo jutpusdspay pesse, e
puw “‘paToky ‘pajunfr 85 wRy P

+£2iiy Pa0qe
vuy xardood S8IT STRpOW QOEI L

S5IS ST ARBS DITOL UWD

EdJ0q «ATRA vsaaraq Pupowdy Cg
~adanucy SSppIsaNa ULy STRes
JTYRIS ILUINUT LIeF AW I 2
cqAHIOUT FITTQUISSTEIP INOWITA
TOTGEOSSUSTD & T oATwA Loy o7

*EIATUA
22430 30 JUIPLAEIUT £A38IY HRIT
pUR ‘PIoLd ‘pagEnLV sq uWJ T
- XAYI0UY

Bupzo9z, 0 FRORITN FATRA 30 JO
Krquasseryp/irgeossy 53723 T

ERFRRLGARY

UOFFHITI] 260 Aduuzinpsy

STREOK
SpTasdsy

SRTTY
ueryasdoad
-0uoy ATHLIS

<ATRA STNPOH
quurrodoad
sguospeny

Lye st
ausyradoad
~OUIWRERY.

=z

o~
Y
o]
o~
3
o
)
=
7

3
@
)
I
=)

o0
-
=



Bi17-vI

Report

ATquassy 23p1alae)

W3S Wv3d

|
» .\\u'
J
———
-
e rr’l/
e S
s 00 I/ /\//. .\
>y o

1SNMOJ

¥3M01104 WY

WYJ

Figure 4



Major Components of Single-Position Test Assembly

I

Figure 5
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Figure 7a. Galled Surface of P/N 115920-2 Cam. Indentations are a
Result of Surface Hardness Measurements. Magnification 5X
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Figure 7b. Galled Surface of P/N 115917 Cam. Follower.
' Magnification 5X

Galled Surfaces of Cam and Follower

Figure 7
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Figure 8a. Cross Section of Colmonoy Coating. On Follower. Raised

Figure 8b.

Portion is Coating Transferred from Cam. Note Roughness
of Parent Metal Beneath Galled Surface. Magnification: 100X
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Cross Section of Colmonoy Coatirg on Cam. Depression is Due
to Transfer of Material to Follower. Magnification: 100X

Cross-Sections of Coatings on Cam and Follower

Figure 8
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Figure 9
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Figure 12
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Figure 13
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Cartridge Assembly Showing Cam and

A abaacab L S

Figure 14
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BENDING SEAL
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Cartridge Assembly - Bending Seal
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Report 8317-PI

Bearing and Ball Seals  Cam Lift~Off

No. of before Cam Lift-off and Opening Valve Closing
Wet Cycles Breakaway/Run Breakaway/Run Breakaway/Run
Acceptance 25/25 48/25 30/32
64 35/30 50/35 35/32
150 45/45 55/42 42/40
250 35/32 60/42 40/45
500 45/42 60/50 45/48
1000 35/35 50/30 35/30
1500 21727 100785V 80/75
After rework 28/28 42/ 30 30/28
1550 40/38 60/38 35/30
2000 | 35/35 70/55 50/50
2500 40/40 70/55 45/45
3500 38/38 82/60 58/58
4750 ~ 38/38 70/60 56/56
7500 35/35 65/58 52/52
10,000 30/30 65/58 52/52
15,000 | 42/42 58/55 54/54
20,000 40/40 60/55 55/55
20,020¢? as/35 80/60 62/55

(1) Cams and followefsrwere relapped after 1500 cycles.'
(2) Last 20 wet cycles of series conducted with 225-psig inlet pressure.
All other cycles with 163-psig inlet pressure. ~

Oxidizer Valve Shaft Torque (in.-1lb) - Wet Cycle Test Series
Figure 18
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>

No. Ball Seal No. 1 __Ball Seal No, 2 Shaft Seals
wZi GN2 Leak Test Pressures, psig
Cycles 2 75 175 240 2 2 75175240 2 2 75 175 240 2
Acceptance 0 0 0 - 0 0 0 16 - 0 0 o0 0 - 0
64 0o 0 0 - 0 0 0 0 - 0 0 0 0 - o0
150 0 0 0 - 0 9 3 10 - 0 0 0 O0 - 0
250 0 0 10 - 0 0 0 0 - 0 0 0 0 - o0
500 0 70 144 - 0 0 010 - 0 0 0 0 ~- 0
1000 0 42 72 - 0 0 0 - 0 0 0 0 - 0
1500 0 0 0 - 0 0 0 0 - 0 0 0 0 - 0
After rework O 18 120 - 0 O 0O 60 -~ 0 O 0 0 - 0
1550 0 0 0 - 0 0 3100 - 0 0 0 0 - 0
2000 0 0 88 - 10 0 3 4 - 0 0 0 0 - 0
12500 0o 0 0 - 0 0 0 10 - 0 0 0 0 - 0
3000 0o 0 28 - 0 0 0 - 0 0 0 0 =~ 0
4750 0 0 16 - 0 0 0 - 0 0 0 0 = 0
750 o o0 0 16 0 0 0 % 0 0 0 0 0 0
10,000 o 0 8 0O 0 0 0 20 0 0 0 O 0 O
15,000 0 16 110 25 ©0 O 0 14 16 0 O O ©O0 0 O
20,000 0 120 160 208 0 0 0 O O O O O O 0 O
20,0201 0 630 876 1080 0 O O 4 28 0 O 0 O 0 O

(1) Last 20 wet cycles of series conducted with 225-psig inlet pressure. All
other cycles with 163-psig inlet pressure.

Oxidizer Valve Wet Cycie Leakage Rates (cc/hr)
Figure 19
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Bearing and Ball Secals Cam Lift~Off

No. of before Cam Lift-0ff and Opening
Dry Cycles Breakaway/Run Breakaway/Run
(1) 45/35 74/65
50 26/26 55/60
100 40/40 45/30
200 35/35 45/35
300 40/36 50/40
500 34/34 50/45
750 33/33 50/45
1000 33/33 50/48
1500 33/33 65/65
2000 33/32 65/65
3000 33/33 62/62
4000 33/32 70/70
5000 33/32 70/70

Valve Closing
Breakaway/Run

75/65
50/55
30/30
30/30
33/33
35/35
36/36
40/40
55/55
55/55
53/52
65/65

60/60

(1) Torque test after 20,020 wet cycle test series and partial valve
disassembly for cam, follower, and ball seal visual inspection.

Oxidizer Valve Shaft Torque (in.-1lb) - Dry Cycle Test Series

Figure 20



No. of
Dry Cycles

(1)
50
100
200
300
500
750
1000
1500
2000
3000
4000
5000

Report 8317-PL

Ball Scal No. 1 Ball Seal No. 2 Shaft Seals
GN2 Leak Test Pressure, psig

275 5 2 2 15 M5z 2 15 15 %
0 50 40 O 0 20 120 0 0 o0 0 ¢
0 0 15 O 0 0 0 0 0 O 0 ¢
0 70 510 O 0 J 0 o0 0 O 0 ¢
0 76 450 O 0 0 0 o 0 O 0 Y
0 50 246 O 0 0 0 0 0 0 0 ¢
0 70 330 O 0 0 0 0 c o 0 C
0 60 330 O 0 0 0 o 0O 0 0 ¢
0 5 330 O 0 0 0 0 0 0 0 ¢
0 170 456 O 0 0 0 0 0 0 0 0
0 130 750 O 0 0 0 0 0 o0 0 0
0 76 225 O 0 0 20 O 0 O 0 0
¢ 390 1080 10 0 20 68 O 0 0 60 0
0 384 1140 10 0 24 84 0 0 0 0 0

(1) Leak test after 20,020 wet cycle test series and partial valve

for cam, follower, and ball seal visual inspection.

Oxidizer Valve Dry Cycle Leakage Rates (cc/hr)

Figure 21
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No. of
Dry Cycles

Keport 8317-P1

(1)
50
100
200
300
5090
750
1000
1500
2000
3000
4000
5000

Ball Scal No. 1 Ball Seal No. 2 Shaft_Seals
GNZ Leak Test Pressure, psig

I B i i I ¥ B n A
0 50 40 0 ® N 18 O ¢ 0 0 C
0 0 15 O 0 0 0 0 0o 0 0 C
0O 70 510 O 0 J 0 0 0 0 0 ¢
0 76 450 O 0 0 0O 0 0 0 0 0
0 50 246 O 0 0 0 0 0o 0 0 C
9 70 3» § 0 0 - 0 0 0 C
0 60 330 O 0 0 0 0 0 0 0 ¢
22 3N 9 0 0 0 0 0 O 0 ¢
0 170 456 O 0 0 0 0 0 0 0 0
0 130 750 0 0 0 g -0 0 0 0 0
0 7% 23 § 0 0 20 0 0 0 0 0
0 390 1080 10 0 20 68 0 0 0 60 0
0 384 1140 10 0 24 84 0 0 0 0 0

(1) Leak test after 20,020 wet cycle test series and partial valve disasse=bly
for cam, follower, and ball seal visual inspection.

Oxidizer Valve Dry Cycle Leakage Rates (cc/hr)

Figure 21
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Oxidizer Valve Posttest - No. 1 Seal
Sealing Surface on Ball

Figure 22
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Oxidizer Valve Posttest - No.
Sealing Surface on Ball

Figure 23
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No. of
Dry Cycles

SRR ST . & =

B e £

10
50
100
200
300
500
1000
2000
2010
3000
4000

5000

Report 8317-P1

Bearing & Ball Seals
Before Cam Lift-Of£

Breakaway /Run

28/26
40/30
b4/ 34
46/29
45/35
44/33
41/31.
37/31
44 /32
42/35
41/32
41/35

Fuel Valve SN X-2 Torque (in.-1b) Dry Cycle Test

Figure 24

Cam Lift~off
and Opening
Breakaway/Run

43/29
46/27
47/28
47/30
48/27
45726
42/25
40/22
42/25
45/30
60/45

105/100

Valve Closing
Breakaway /Run

26/29
24/26
25/27
27/2¢
26/28
22/24
21./24
18/20
22/25
29/31
38/40
75/80
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i Ball Seal No, 1 Ball Seal No. 2
No. of GN» Leak Test Pressure, psip Shaftr Senls
ury Cyeles 2 75 MS 2 2 75 175 2. 2 7h 1.7
10 0 40 64 0 0 32 0 0 0 0 n ;
50 0 68 120 0 0 32 0 0 0 0 {i :
100 0 54 82 0 0 22 0 0 0 ¢ 0 :
200 0 20 28 0 0 26 0 0 0 0 b
300 0 L4 22 0 0 12 0 0 0 a b
500 0 24 26 0 0 30 2 0 6 0 t
1000 0 16 26 0 4 ' 30 0 0 0o G
2000 0 252 360 0 2 264 1080 2 0 o 0
2010 0 112 228 0 0' 152 290 O 0O 0 0
3000 6 960 1320 0 0 38 130 O 20 80 70 1 é
4000 90 4800 9600 62 34 1032 3600 20 280 & 0 & ;
5000 90 4800 10400 32 80 3660 10800 110 30 2400 3o0Gh

Fuel Valve SN X~-2 Dry Cycle Leakage Rates (cc/hr)

Figure 25
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Ball Seal No., 1 Ball Seal No. 2
10 0 40 64 0 0 32 0 0 0 0 0
50 0 68 120 0 0 32 0 0 0 o 0
100 0 54 82 0 0 22 0 0 0O 0o 0
200 0 20 28 0 0 26 0 0 0 o 0
300 0 14 22 0 0 12 0 0 0O o
500 0 24 26 0 0 30 2 0 0 o
1000 0 16 26 0 4 b4 30 0 0 0 0
2000 0 252 360 0 2 264 1080 2 0 o 0
2010 0 12 228 0 Ob 152 290 O 0 o0 0
3000 6 960 1320 0 0 38 130 o© 20 80 70
4000 90 4800 9600 62 34 1032 3600 20 280 & 0
5000 90 4800 10400 32 80 3660 10800 110 30 2400 3600

Fuel Valve SN X-2 Dry Cycle Leakage Rates (cc/hr)

Figure 25
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1156463, A Cam Follower, Dual Link

1156464 Piston ~ Bipropellant Valve Pneumatic Actuator
1156465 Gear, Idler - Bipropellant Valve Pneumatic Actuator
1156466 Shaft, Gear - Bipropellant Valve Pneumatic Actuator
1156467 Bearing, Flange

1156468 Seal, Moided - Bipropellant Valve Pneumatic Actuator
1156469 Bearing,"81eeve

1156471 Retainer, Spring - Bipropellant Valve Pneumatic Actuator
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Ring Half, Retainer = Bipropellant Valve Pneumatic
Actuator

Cover, Spring - Bipropellant Vdlve Pneumatic Actuater
Potentiometer, Translatory, Valve Position Indicatin,

Guide, Pushrod-Self~Aligning, Bipropellant Valwe
Pneumatic Actuator

Retainer, Threaded - Pneumatic Actuator

Body, Fluid Passage Bolt ~ Cluster Fitting,
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Polt, Fluid Passage - Cluster Fitting, Pneumatic
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Shim-Bipropellant Valve Pneumatic Actuator

Spring, Machined - Bipropellant Valve Pneumatic Actunr
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Follower
Position Cam Material Material
Fuel
Upstream Stellite 19  Stellite 19 No. 1l ~
No, 2 -
Downstream Stellite 19 Stellite 6B No. 3 -~
NO. 1‘ ""
Oxidizer
Upstream Stellite 19 Stellite 6B No, 1 -
No, 2 -
Downstream Stellite 19 Stellite 19 No., 3 -~
NO- 4 -

Seal Type

Lift Off
Lift Off
Bending

Lift Off

Lift Off
Lift Off
Bending
Lift Off

Two-Bore Valve Configuration

Figure 27

Bellows Type

Toroidal
Convoluted

Convoluted
Convoluted

Toroidal
Convoluted

Convoluted
Convoluted
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L4

Ball Seal Data - Initial Buildup

Figure 29

Face Width  Gage Dim. Seal Load Seal Lift Cam Lift Clearance
(in.) (in.) (1b) (in.) (in.) (in.)
, Fuel Seals
0.075 1.178 96.0 0,010 0.014 0.004
. No. 1
. 0.072 1.213 70.5 0,013 0,018 0.005
No., 2
0,075 1,212 98.0 0.013 0,018 0,005
No, 3
No. 4 0.070 1,214 100.0 0.014 0.019 0.005
Oxidizer Seals
No. 1 0.080 1.1785 110,0 0.017 0.022 0,005
0.080 1,212 84,5 0.010 0.015 0.005
No., 2
0,070 1,212 91.5 0.012 0,017 0,005
No, 3
0,073 1,210 92.5 0.013 0.018 0,005
No. 4
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- Face Width  Gage Dim, Seal Load Seal Lift Cam Lift Clearance

(in.) _(in.) (1b) (in.) (in.) (in.)
Fuel Seals
No. 1 0.070 1.180 86.0 0.009 0.014 0.005
No., 2 0.065 1.214 85.0 0.008 0.014 0.006
No. 3 0.075 1.214 85.0 0.012 0,018 0.006
No. 4 0.070 1.214 100.0 0.014 0,019 0,005

Oxidizer Seals

No. 1 0.072 1.179 109.0 0.016 0,020 0.004
No. 2 0.074 1,213 70.0 0.011 0.017 0,006
No., 3 0.070 1.213 94,0 0.012 0.017 0.005
No. 4 0.076 1.212 78.0 0,015 0.019 0.004

NOTE: Number 1 and 2 fuel seals, filled TFE, were installed after the first
250 wet cycles, TFuel Number 3 seal was installed after the water
flush, TFuel Number 4 was not replaced. All oxidizer seals were
replaced after the water flush.

Ball Seal Data - Rebuild
Figure 30
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REPRODUCIBILITY OF THE ORIGINAL PAGE 1S POOR.
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Fuel Cams after Wet Cycle nesting

&

Figure 36
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Fuel Fuel Oxid Oxid
Upstream . Downstream Upstream Downstream

Pre~Acceptance Bearing 36 36 34 36
Test Breakaway 71 50 36 43
Run 21 28.5 14.5 23

Post Rebuild Bearing 31.5 23 39 21.5
after Dry Breakaway 36 33 64 40

Cycles and Water Run 21.5 20 36 21.5

Flush

Post Assembly Bearing 30 35 35 25
after Alcohol Breakaway 35 37 47 30
Flush Run 25 12 40 17
Post 250 Wet Bearing 29 21, - -
(A-50) Cycles Breakaway 86 114 - -
Run 78 100 - -
_ Post 500 Wet 55.5 31 49 31
Tuel Cycles 92 123 68 62
and 1500 Wet 80 93 68 43

¥
i
[ .
3
£
3
LR
5
i 4
*
2

Torque, Cartridge.Installed In Housing (in,-1b)
Figure 38
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Face Width | Gage Dim. Seal Load | Seal Lift | Cam Lift | Clearance
o in, in, 1b in. in, in,
4 Fuel Seals

No. 1 0,070 1.180 85 0,013 0.018 0.005

No., 2 0.072 1.212 83 0.012 0.012 0.0

No., 3 0.075 1,2185 90 0,008 0.013 0.005

No. 4 0.076 1,2113 80 0.019 0.022 0.003

Oxidizer Seals

No., 1 0,077 1,178 86 0.008 0.010 0.002

No, 2 0.078 1,211 75 0.017 0,023 0.006

No, 3 0.065 1.2186 90 0.012 0,017 0.005

No., 4 0.078 1.2111 87 0.016 0.024 0.008

B T e e msmiren

Pall Seal Data -~ Posttest

Figure 39
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INTRODUCTION

This test plan outlines the FPhase II test program for the
SPS—~VIP bipropellant valve assembly. Testing will be conducted on
a single bore bipropellant valve of the P/N 1156400~} conflguration,
The basic objective of this series of tests is Lo evaluate the cart-
ridge assembly developed during the Phase 1 single position tests
(Reference (a)) in animproved valve assembly, The valve assembly
wlll consist of two single bore housings, one fuel and one oxidizer,
with two cartridge assemblies installed in each bore. Valve actuation
will be accomplished by use of two actuators of an improved design.
Each actuator will operate one fuel ball and one oxidizer ball
through a gear mechanism. Actuation pressure will be supplied to
each actuator from a workhorse actuation system consisting of a
solenoid operated 3-way pilot valve, an accumulator, and related
plumbing and adapters. The asseﬁbled valve will represent one half

of a complete SPS bipropellant valve assembly.

Primary test objectives will be to obtaln the following:

a. Additional ball seal and shaft seal cycle life data,
b. A comparison between the bending seal design and the
toroidal bellows seal design and selection of the

better seal for the final valve design.

c. Additional cam and cam follower cycle life data

and selection of materials for the final valve design.

d. Interaction of cartridge assemblies under rated
flow conditions and the effect of cartridge replacement

upon valve flow characteristics.
e. An evaluation of the improved actuator design. %

f. An evaluation of the actuator-to-valve interface and

the adequacy of the gear system for oxidizer valve

and fuel valve relative position control,
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g. Demonstration of the adequacy of the valve design
under hot firing conditions and the establishment

of requilred valve times.

h. A determination of the adequacy of valve decontamination

procedure.

i. Overall design performance data under environmental

conditions (temperature, vibration, and static flring).

In addition, during the course of the program, ¢ffort will be
directed toward developing valve agsembly techniques, the establlshment
of tooling requirements, and the design and fabrication of necessury

assembly tooling in the form of shop aids.

Throughout the program, leak test data will be analyzed to . -
establish the sealing capability of the walve design. MNall seals, !
actuation shaft seals, actuator piston seals, and plston shaft scols |
will be evaluated for ability to maintain a leak rate no greater than
10 cc per hour of gaseous nitrogen across each seal or each set of shaft
seals. Actuation and timing data will be monitored and analyred during
the test program to determine when significant galling or wear of parts
is encountered. All components will be subjected to a critical visual
examination at the completion of testing with additional dimensfonal,
chemical or physical analysis conducted as necessary. Pretest and post-
test photographs will be taken of cams and cam followers as a means of

documenting the effects of the test program.

_TESTS TO BE PERFORMED

The tests to be conducted are tabulated below. It 1s intended

to conduct these tests in the order listed. Any deviation from this

test sequence will be documented in the applicable test request supplement.

S s B

Functional and leak tests will be conducted during the life cycle test
series and temperature tests at the test intervals described in Secetlon V.,
Photographs will be taken of all test sétups and of any damape Incurrced

during testing. The valve test schedule is presented in Vipure l.

[
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TEST NO.
1
2

LEGEND: MCL

III.
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¥

TEST TYPL

Acceptance

Life Cycle, Series 'A)
Decontamination
Functional and Leak

Temperature
Functional and Leak

Vibration
Functional and Leak

Life Cycle, Series (B)
Deconfamination
Functional and Leak

Flow Test
Acceptance

Hot Firings
Decontamination
Functional and Leak

Posttest Examination

REFERENCE PARAGRAPH

TEST_LOCAT )t

VA

VC3
VH
VB

VD
VB
VE
VB

VC4
Vil
VB

VF
VA
VG
Vi
VB

Vi

- Mechanical Controls Laboratory

CEL - Components Evaluation Laboratory
VL - Test Area 'G'" Vibration Laboratory
TAC - Test Area '"C"

HARDWARE _

MCL

CIL
TACG
CEL
C»'.'.-L
CEL

VL
CEL

CEL
TAC
Cll,
MG,
MCL
TAC
TAC
MCL

MCL

One bipropellant valve, P/N 1156400-1, will be utilized in
the development evaluation. ‘Thig assembly will include four cartridge
assemblies, P/N 1156450, two actuator assemblies, P/N 1156460-1, aund

a workhorse actuation system.

All assembly and disassembly will be

accomplished in the Mechanical Controls lLaboratory, Building 2002,

Photographs will be taken of any damaged hardware after testling and

of all cams and followers prior to test.
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Iv. HARDWARE CLEANLINESS

Cleanliness of all parts, subassemblies, cartridges, and
valve assemblies wil) be maintained equivalent to AGC-460652, Level
1; however, they will not be certified as such., All assembly work
will be accomplished in laminar flow benches by personnel wearing
Nylon gloves. Balls, ball scals, and all soft goods wil)l be cleaned
in a detergent solution in accordance with AGC~46843. The rcmaining
hard parts will be cleaned by a degrease wash in Trichlorethane, a
GN2 purge, and a final cleaning with Freon in a sonic cleaner, All
parts, whether new or for reuse, except new parts which were cleaned
to Level 1 by the supplier, will be cleaned in accordance with these
procedures. All parts will be scaled in clean bags of Nylon "C"
material until needed for assembly.

Test fluids will be filtered through 5-micron nominal,
18-micron absolute, filters prior to entering the valve. Valve
assembly service ports which must be vented to atmosphere during
testing will be protectéd by S5-micron nominal, 18-micron absolule,
filters. Metallic protective closures will be installed on all

ports when the valve 1s not in use.

V. DESCRIPTION OF TESTS

A, ACCEPTANCE TEST

The acceptance test will consist of a proof test, a
functional test, a back pressure relief test, and a leak

test as follows:

1. Proof Test

All proof pressure tests_wlll be performed in a safe, %
remote area with gaseous nitrogen as the test fluid. No

evidence of permanent distortion or damage will be ncceptable,

Pressure applied to more than one port'at a time will be

increased and decreased simultanepusly at all ports.

1
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V.A.1l, Proof Test (iontinued)

a.

Valve Housing Prcof Test:

The fnlet port, outlet port, and &
purge ports in each propellant bore will ..
tancously pressurized to 80O + 10 psig f--

¥y = *

minutes minimum,

Upstream (No. 1) Seal Assembly Proof Tes-
The two valve inlet ports will be ;-«

to 315 4+ 10 psig for five minutes minirur .
No. 1 purge ports (OP-Ll, FP-1) open. ({}.,.

outlines the nomenclature to bhe used wii: . o

valve assembly to identify ball seal, purj. .-«

*

drain port, and cartridge locations).

g T

Oxidizer No. 3 Seal Assembly Proof Test:

The No. 3 seal 1ls the primary shute’ " ...

PR

the oxidizer bore during valve closure., 7w

T

port and No. 1 and No. 2 purge (OP-1 and '= . ..
in the oxidizer bore will be pressurized o , = “
for five minutes minimum with the No. 3 pors o,

(orP-3) open.

Dovnstream (No. 4)'Seal Assembly Proof T&a';
The No. 4 seals must withstand the f,,, srr4s,0p
generated when propellant trapped in the v, ¢ 11, 14
due to a temperature increase (tﬁe No. 3, ho, 4, wie
No. 1 seals relieve pressure into the iInler f{puj, 4:.
inlet port and all three purge ports in euef, proped fnnt
bore will be pressurized te 500 + 10 psig for f{ya

minutes minimum with the outlet ports opon,

r
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V.A.1l, Proof Test (i ontinued)

d,

Valve NHousing Prcof Test:

The inlet port, outlet port, and =
purge ports in each propellant bore will
tancously pressurized to 800 + 10 psipg ‘-

minutes minimum,

Upstream (No. 1) Seal Assembly Proof Tee:
The two valve inlet ports will be ;
to 315 + 10 psig for five minutes miniru
No. 1 purge ports (OP-1, FP-1) open. !
outlines the nomenclature to be used wi:
valve assembly to identify ball seal, pur;-

drain port, and cartridge locations).

Oxidizer No. 3 Seal Assembly Proof Test:
The No. 3 seal is the primary shu+.
the oxidizer bore during valve closure, '
port and No. 1 and No. 2 purge (OP-]1 and ° oy
in the oxidizer bore will be pressurized -
for five minutes minimum with the No. 3 , -,. -, .

(0P-3) open.

Dovnstream (No. 6)‘Seal Assembly Proof Te«::

The No. 4 seals must withstand the ! ., .,/ .. .,
generated when propellant trapped in the v, 4o ., .,
due to a temperature increase (tﬁe No. 3, %o, 2, uné

No. 1 seals relieve pressure into the inler 1),

inlet port and all three purge ports in cachi proped fant

bore will be pressurized to 500 + 10 psly for fiye
minutes minimum with the outlet ports open,

~ e———
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e, Slave Actuation System-to-Valve Assembly Proof Test:

This test will verify the integrity of the system~to-valve

joints, the actuators, and the actuation system., With the

actuation system pilot valves open, the actuation systom

inlet port will be pressurized to 700 4 10 psig for five

minutes wminimum. CAUTION: The bipropellant valve will

open during this test.

Functional Test

The functional test willl be perfrvmed in two segments,

an actuation test and a timing test, as follows:

ao

Actuation Test:
The Intent of this test 1s to determine changes
in the breakaway and operating torques of each actuator

and ball valve assembly. With one pllot valve energized

with 22-28 vde, increasing gaseous nitrogen presssure will

be applied to the actuation system inlet port until the

applicable actuator piston moves to the open position as

verified by the potentiometer trace. Pressures correspondiug

to initial actuator piston movement and full travel will

be measured and recorded. This test will be conducted

on both actuators. The pressures recorded will be

analyzed to determine that the actuator 1is working
properly and that no large change in cartridge torque

or actuator friction has occurred.

Timing Test:

This test will verify the proper selection of
timiﬁg orifices during valve assembly and will ldentify
valve timing changes from test to test. The test {luid
will be gaseous nitrogen. All potentiometers will be

energized with 5.0 + 0.1 vdc and the actuatfon system

~inlet port will be pressurized to 210 + 10 psip. fhe

two actuation system pilot valves will be energlzed

sim@ltaneously with 22-28 vde. A minimum of one second

later the two pilot valves will be de-energized

simultsneously. The actuation system inlet pressure, the

-6~

MR s

S e -

*




Report 8317-PI, Appendix A

V.A,2.b. Timing Tert (continued)

3.

energization and de-energizaéian signals, and the

potentiometer outputs will be measured and recorded.

The actual opening and closing times will be
recorded for three complete opening and closing cycles,
These daia will be compared with previous tests to sece
if significant changes have occurred which would indicate
any malfunction of the seals, cams, or actuators. Any
discrepancies will be analyzed to determine iIf they arve
caused by the valve or by the. test actuation system. [f
erratic timing is caused by the actuation system, then
corrections will be made to the appropriate part to bring
the valve actuation times back to the previous times. If
the valve is found to have caused the shift in timing,
then appropriate corrective design action will be taken,

Main valve opening an; closing times shall be as

tabulated below:

Time (milliseconds)

Function Actuator New Valve Used Valve
Opening travel 1 725 + 75 725 + 100
Time 2 500 + 75 500 + 100
Closing travel 1 375 + 25 375 + 50

Time 2 575 + 75 575 + 100

Back Pressure Relief Test

This test will verify:that%Sall seals No. 1, No. 2, and No. 3
in;each propellant bore will relieve<Pressurc when pressurized in
the reverse (outlet port to imlet pofﬁy‘dlrcctlon. Gaseous nitrogen
préééure will‘bé applied to the ball'hea] at o pressure rise rate
of 5 psi per second maximum until a miniwmum of 60 c¢/minute reverse

leakage flow is measured past the seal being tested. The minimum

3y 1
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V.A.3. Back Pressure Relief Test (continued:?

pressure that is required to give the s~orified leakage will be
| recorded. The No. 3 seal will be teste: hw pressurizing the out-

let port and the No. 3 purge port and me:suring leakage at the

No. 2 purge port. To test the No. 2 s=zs., the outlet port and

No. 3 and No. 2 purge ports will be press.rized and the leakape

will be measured at the No. 1 purge perz. The No. 1 seal will

be tested by pressurizing the outlet por: and all three purge

ports and measuring leakage at the inle: norc.

The back pressure relief pressure i:a will be analyzed to
determine that the seals will relieve st . low enough pressure
to insure that heat soakback on an engire would not cause pressures

in the valve higher than the proof press: s,

4. Leakage Test

All leakage tests will be conducte!l :eging gaseous nitrogen

ERR S e

as the pressurizing medium, Internal leaizge will be measured
using leakage test meter E-1015466 or equ..valent water displacement
type leakage measurement apparatus. When 2 water displacement
type apparatus is used, water will be exnwu.iled from each measurement

tube prior to measuring leakage. Externu.. leakage will be checked

by use of lisid leak detector per Speci? _ration MIL-L-25567,
Type 1, or equivalent.

Ball seals and ball actuation shaft w=nszazls will be leak tested
at 2, 75, 175, and 2 psig. The No. 1 bal’l seal will be tested by
pressdrizingvche inlet port and measuring; leakage from the No. 1

purge port. The inlet port and No. 1 purspe port will be pressurized

to test the No. 2 ball seal and leakage w: il be measured at the Mo,
i‘purge port. The No. 3 ball seal will bu tested‘ﬁy pressurizing
the inlet pQré and No. 1 and No. 2 purge ~orts and measuring leakage
‘ from the No. 3 purge port. The inlet pcr+: and all three purge

? ports will be pressurized to test the No. 4 ball seal and leakage

will be measured at the outlet port.

-8~
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V.A.3. Dack Pressure Relief Test (continued

pressure that is required to give the s~ cified leakage will e
recorded. The No. 3 seal will be teste: vy pressurvizing the out-
let port and the No. 3 purge port and =v:scuring leakage at the

No. 2 purge port. To test the No. 2 s23.. the outlet port and

No. 3 and No. 2 purge ports will be pres:.rized and the leakage

will be measured at the No. 1 purge por The No. 1 seal wi)!
be tested by pressurizing the outlet pc-: and al)l three purpe
ports and measuring leakage at the inle: noare.

The back pressure relief pressure 11 will be analyzed to
determine that the seals will relieve 2t . low enough pressure

to insure that heat soakback on an engir: vould not cause pressures

in the valve higher than the proof press.-e,

4, Leakage Test

All leakage tests will be conductc! [sing gaseous nitrogen
as the pressurizing medium., Internal l:..:zpe will be measured
using leakage test meter E-1015466 or e . _valent water displacement
type leakage measurement apparatus. When 2 water displacement
type apparatus is used, water will be exn»v _led from each measurement
tube prior to measuring leakage. Extern.. leakage will be checked
by use of 1id leak detector per Spec. _ration MIL-L-25567,

Type I, or equivalent.

Ball seals and ball actuvation shaf: =cals will be lecak tested
at 2, 75, 175, and 2 psig. The No. 1 ba. seal will be tested by
pressurizing the inlet port and measuriny: _eakage from the No. )
purge port. The inlet port and No. 1 purpe port will be pressurized
to test the No. 2 ball seal and leakage <. .1 be measured at the No.
2 purge port. The No. 3 ball seal will " tested by pressurizing
the inlet port and No. 1 and No. 2 purge ~orts and measuring leakage
from the No. 3 purge port. The inlet pors: and all three purge
ports will be pressurized to test the No. . ball seal and lcakage

will be measured at the outlet port.
ol
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Leakage Test (continued)

The upstream ball actuation shaft primary seals will be
leak tested during the No. 2 ball seal leak test and the down-
stream shaft primary seals (and upstream shaft primary seals
in combination) will be leak tested during the No. 4 ball seal
leak test. After completion of the No. 4 ball seal leak test,
the inlet port, outlet port, and all three purge ports will be
pressurized to 175 psig to check for external leakage of the

housing seals.

The actuators will be leak tested at 50, 210, and 350
psig. The two actuation system pilot valves will be energized
with 22-28 vdc and the leak test pressure will be applied to
the actuation system inlet port. Internal leakage will be
measured at the vent port in.the actuator spring cover. The
measured leakage will be the combined leakage of the piston

head seal and piston shaft seals.

CAUTION: The bipropellant valve will open during the 210 and

350 psig tests.

‘The ball actuation shaft secondary seals will be leak
tested by pressurizing the inlet port, outlet port, and all
three purge ports in each bore and the primary shaft seal
drain port to 10 + 1 psig. Leakage will be measured at the
actuator spring cover vent port,

Actuator external leakage will be checked by pressurizing
the actuator spring cover vent port to 15-20 psig.

Each leak test willkbe conducted for a six minute minimum
time period.  A11E1eakages will be measured and leakage rates
will be recorded in cc/hour. Leakage test requirements will

be as follows:
a. Ball seal intexnélileakagé: 10 cc/hr.

b. Ball actuatibn:shaft primary seals internal leakage:
10 cc/hr/shaft.
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V.A.4, Leakage Test (continued)

C. Actuator piston and shaft seal internal

leakage: 10 cc/hr/ piston or shaft.

d. Ball actuation shaft secondary seals internal
leakage: 10 cc/hr/shaft

e. External leakage: None allowed

Additional ball seal leak tests at 240-245 nsig will be conducted
as specified below:
a. Life Cycle Series A: Post 500 dry cycles
: Post 1000 wet cyecles

b. Temperature: Posttest functional and leak.

c. Vibration: Posttest functional and leak.
d. Life Cycle Series B: Posttest functional and leak.

e, Flow Test: Posttest functional and leak,
f. Hot Firings: Posttest functional and leak.
The leakage datalobtained from all tests will be analyzed to determine
the effects of cycle life on leak rate, the effect of cam operation on

leak rates, and to determine what leak rate can be consistently maintalined

throughout the life of a valve.

B. FUNCTIONAL AND LEAK TEST

A functional and leak test will be performed after each sigrificant
¢ycling test phase or after each environmental test to determine the |
effect of the test on valve operation. The test will‘consist of the | ;
functional test,‘back pressqgg'rgliéf test, and leakaéé test portions

.of the acceptance test. The test requirements will be considered
flexible and may be changed‘or additional tests may be added by test

request supplement if required by changing developmental conditions.
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C. LIFE CYCLE TEST

1.

Dry Cycle:

A dry cycle will consist of opening and closing
the bipropellant valve with no propellants or pressure
upstream of the valve utilizing the test setup and instru-
mentation of Figure 3. Each cycle will consist of simul-
taneously energizing the two pilot valves with 22-28 vdc
with 210 + 10 psig gaseous nitrogen pressure supplied to
the actuation system inlet port, then, after a one second
minimum delay, of simultaneously de-energizing the pilot

valve,

Wet Cycle:

The wet cycle test will consist of cycling the bi-
propellant valve with prOpellanté (NZOA and A-50) supplied
to the valve inlet port test plates at 178 + 5 psig, using
the test setup and instrumentation of Figure 4. Oxidizer
will be supplied to the valve through 1/2 inch lines and
the fuel supply will utilize 1/4 inch flow lines. Each
wvet cycle will consist of opening the bipropellant valve
as described in the dry cycle test, permitting propellant
flow for a minimum of one second, then closing the valve
as described in the dry cycle test. After completion of
the specified number of wet cycles, the valve will be
drained, purged with gaseous nitrogen, and aspirated as
required to dry the propellant bores. The valve will then
be subjected to a zero psig leak test at the inlet port,
outlet port, and three purge ports of each propellant bore.
If leakage‘greater than 2 cc/15 minutes is measured during
the zero psig 1eék~test, the purgeléhd aspiration will be
repeated. After successful completion of the zero psig leak

test, the functional and leak test will be performed.

Wy T
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¢, Life Cycle Test (continued)

3.

Test Series A

This test series will consist of 500 dry cycles
followed by 1000 wet cycles. A functional and leak
test will be conducted after 50, 100, 200, 300, and
500 dry cycles and after 64, 250, 500, and 1000 wet

cycles. At the completion of the test series, the

valve will be decontaminated as described in Paragraph

VH and a functional and leak test will be conducted.

Test Series B

This test series will be conducted in the following

sequence!
a. 500 dry cycles (functional and leak test
after 500 cycles).

b. 4000 wet cycles (functional and leak test

after 500, 1000, 2000, and 4000 wet cycles).

c. 1000 dry cycles (functional and leak test
after 500 and 1000 cycles).

d, 5000 wet cycles (functional and leak test
after 2500 and 5000 cycles).

e. 1000 dry cycles (functional and leak test
‘ after 1000 cycles).

f. 5000 wet cycles (functional and leak test
,’H after 5000 cycles).

g Repeat (e) above.

h. = Repeat kft)vabove,”

1. Repeat (e.) above.

j. 20 wet cycles with an inlet pressure of'225+§0 psig

followed by « functﬁbnal and leak test.

k. Decontamination per Paragraph VU followed by a

functional and leak test.

-12-
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C.4. Test Series B (continued)

Completion of the life cycle testing, test series A and

B, will result in a total of 5000 dry cycles and 20,020 wet

- cycles. Functional and leak test data will be available for
the following increments in the dry cycle testing: 50, 100,
200, 300, 500, 1000, 1500, 2000, 3000, 4000, and 5000 cycles,
For wet cycle testing, functional and leak test data will be
available for the following increments: 64, 250, 500, 1000,
1500, 2000, 3000, 5000, 7500, 10,000, 15,000, 20,000 and
20,020 cycles.

D. TEMPERATURE TEST

The valve wili be installed in a temperaturé chamber and
_the valve environmental temperature will be raised to 145 % 5°F.

After the valve temperature has stabilized at 145 + 5°F for a
minimum of four hours, a functional and leak test will bhe con-
ducted while the 145 + 5°F valve temperature is maintained. A
second functional and leak test will be conducted after the valve
has returned to ambient temperature. Data from the two functional
and leak tests will be compared to determine the effect of elevated
temperature on valve operation. The test setup and instrumentatlon

will be as shown in Figure 5,

E. VIBRATION TEST

The bipfop@llant valve will be subjec:éd to the yibrution
levels repreéeﬁtaﬁive of launch and engine firing as~showuyin
Figure 6. The launch vibration test will be conducted first.
The valve will be in the closed positidn for this test, The
vibration will be applied for a duration of 15 minutes along
each of the three mutually‘perpendiéular“éxes;% The oxidizer |
a&& fuel inlet ports will‘bé pressurized with‘gaseous nitrogen
to 163 + 4 psig. Ball sgal'leakage will be wonitored for cach
valve half throughout the vibration testing at the PO-1 and

oeers @ - L e
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C.E. Vibration Test (continued)

The firing vibration test will be conducted with the valve
. . initially in the open position. The vibration will be applied
for a duraticn of 20 minutes along each of the three mutually
perpendicular axes.

The oxidizer valve inlet port will be pressurized with
gaseous nitrogen to 143 '+ 4 psig and the fuel valve inlet port
will be pressurized with gaseous nitrogen to 132 + 4 psig.
During the last 5 minutes of vibration in cach axis, the valve
will be closed and the pressure at the valve outlet ports will
be reduced to atmospheric pressure, Leakage past the valve will
be monitored at the outlet port during the last three minutes of
vibration in each axis using a water displacement method.

Both valve actuators will be operated during vibration
testing with 210 + 5 psig gaseous nitrogen. A functional and
leak test will be conducted at the conclusion of the vibration
testing to determine if valve operation has been affected by

the vibration environment,

F. _FLOW TEST

The valve flow characteristics will be investigated in
water flow tests using the test setup and instrumentation of
Figure 7. The valve will be functional tested and the relative
position of the balls in each bore established, fhe pressure
A drop across the fuel and oxidizer valve bores will then be
| established for approximately night equal increments of controlling
ball travel while the in-service ball is fn its normal relative
posiéion based on functional data. Testing will be repcated
with:}he upstream and downstream cartridges reversed Lo
demonstr&teztﬁe,interchangeaﬁility of the cartridge design.
Using”qhe Ky curves established from the preceding tests, the
flow cﬁaracteristics of the bores will be examined and compared

with the exiting SPS valve bore characteristics. Since initial

flow data indicates a significant increase in Ky will be obtained
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F. Flow Test (continued)

for the improved valve, new orifices will bhe established to
control steady state flow, and the valve timing will be increased
to provide a similar start transient. The establishment of new
valve times may require the use of the enpgine computer model.
Once the proper timing is established, the valve will again

be flow tested using the new valve times and flow control
orifices. During this testing, the valve will be opened,

steady state flow obtained, and the valve closed in order

to simulate the flow conditions of an engine firing. Valve
inlat and outlet pressures and the pressure in each bore lietween
the ball valves will be monitored throughout the simulated
firing along with flow rates and valve position. A total of
five simulated firings will be accomplished. The valve will

be dehydrated at the completion of flow testing and subjected

to a functional and leak test.

G. HOT FIRING TESTS

At the conclusion of the cycling and environmental tests,
the valve will be subjected to one hot firing test while installed
on an Apollo engine. The test will be conducted on engine test
stand C-3 in the Sacramento liquid rocket test area, Valve flow
performance will be verified by a transient computer model run
prior to the test firings. After the firing test, transient
and steady state data will be compared to present SPS data to
verify satisfactory valve-engine integration. The instrumentation

. utilized will be of the type and accuracy specified in AGC

Specification 46846, The test parameters specified will be

nominal conditions for an SPS engine firing as [ollows:

1. Propellant Temperature
a. Fuel: +40 to +100°F
b. Oxidizer: +40 to +10C°F

-]15~

[
;
E
:
j




¢.1, Hot Firing Tests

2,

3.

6.

DECONTAMINATION
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(continued)

Propellant Pressures

a. Fuel (lockup): 178 + 4 psia

b. Oxidizer (lockup): 178 + 4 psia
c. Fuel (run): 169 + 4 psia

d. Oxidizer {run): 162 4 4 psia

Mixture Ratio

1.60 + .02:1
Flow Rate M

Oxidizer: 40.7 lbs/sec

Fuel: 25.3 lbs/seec

Test Duration

5 seconds nom,

Combustion Chamber

Steel

Valve Parameters Monitored

a. Inlet pressures

b. Cavity (between ball valve) pressures

c. Valve position

d. Valve gemperature

e, Actuation pressure

f. Pilot valve position
g. Propellant flow rates

At the conclusion of test series A and series B and the hot
firing test series, the valve will be decontaminated to flush all
traces of propellants from the bores.
with Freon in the oxidizer valve and alcohol in the fuel valve.
Decontamination will be conducted in accordance with the procedures
of the Apollo.engine assembly accéptance test specification AGC-

46846, Detailed test procedures will be prepared prior to wet cycl®

-16~
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. Decontamination (continued)

testing. The adequacy of the decontamination procedure will
be determined as a part of the posttest examination.

I. _POSTTEST EXAMINATION

During the posttest examination, the valve halves will
be separated and the actuators removed. Each valve half will
be examined and carefully disassembled. During the valve dis-
assembly, parts will be examined for evidence of salting or
similar indications that the decontamination procedure was
not adequate. Parts will be checked with moist litmus paper
as a further check of the decontamination process. Valve half
disassembly will be accomplished as foilows: Lach cartridge
will be removed and opening and closing torques measured,
Seal and cam 1lifts will be measured during the torque measurement.
The cartridge halves will be separated and seal loads measured.
The cams and followers will be examined and photographed. HBall
seal face width will be measured. Spring loads will be measured. f
The drive shafts and assoniated parts will be removed. All
parts will be examined for evidence of damage, wear, or inadequate
decontamination. Parts wili be photographed as necessary to
document their posttest condition. Dimensional inspection and

materials analysis will be conducted as necessary based on the

i oo e

-
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noted parts condition,

~ Both actuators will be tested to determine the pressurc
required for initial movement and to achieve full travel. Yach
actgatoﬁ will be disassembled and examined for evidence of damigze
or wear. All parts will be photographed as necessary to document
their‘posttast condition and additional inspectiocn and materials

analysis conducted as required.

-17-
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1. Posttest Examination (continued)

All data obtained during posttest examination will be
compared to similar assembly data and the variations, if any,

analyzed for significance.

-]8~
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) el —— Gl o e o

Inlet Port Outlet Port
Purge Port No. 1 \‘ Drain Port No. 3
Drain Port No. 1 L__. Purge Port No. 3
Purge Port No. 2 - Drain Port No. 2
0 = Oxidizer P = Purge Port S = Seal
F = Fuel D = Drain Port

All parts or ball seals are numbered from the inlet port. Cartridges will
be labeled '"wpstream' or "downstream."

Examples: 0S-1 = lower oxidizer seal No. 1
F$-2 = upper fuel purge port No. Z

VIP Blpropellant Valve Nomenclature

Figure 2
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INSTRUMENTATION LIST

Parameter

Fuel inlet pressure
Oxidizer inlet pressure
Actuation pressure
Valve position

Solenoid valve position

Instrumentation

0-500 psi visual gage, 1/2% of full
scale accuracy.

0-500 psi visual gage, 1/2Z of full
scale accuracy.

0-500 psi visual gage, 1/2% of full
scale accuracy.

Potentiometer output recorded on
oscillograph.

Current trace recorded on oscillograph.

Figure 4, Sheet 3 of 3
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TEMPERATURE TEST SCHEMATIC AND INSTRUMENTATION LIST

PANILITY
RELIEF VAVE B =
. f e ONy SUPRLY
/’
BV g @ £ 3WAX VALNE

Q0O
=

ENVIRONMENTAL
CHAVBER.
PARAMGTER, INSTROMENTATION
VALVE, POSITION POTENTIOMETE R

ACTUSTION PRESSURE  VISUAL GAGE V"7 OF FULL
SCALE  ACCURALY

SOLENIO VALVG FOS. CORRENT TRALE
VALVE “TEMPERATURE BYAOWN) RECORDER

Figure 5

e ——————————— . — W e



Report 8317-PI, Appendix A

VIP BIPROPELLANT VALVE VIBRATION REQUIREMENTS

LAUNCH SIMULATION

FREQUENCY (CPS) SPECTRAL_DENSITY - G°/CPS
10-90 Linear increase from 00,0026 to 0.25
cz/cps at 3 decibels per octave,
90-250 At .025 G%/cps.
250~2000 Linear decrease from 0.025 to 0,003

Cz/cps at 3 decibels per octave,

Excitation level may be reduced by a multipiication factor of 10/w with a lower
limit of .00! G2/cps where w = weight.

FIRING SIMULATION

FREQUENCY (CPS) SPECTRAL DENSITY - G°/CPS
5 =35 Linear increase from 0.00375 Gz/cps to
0.05 G2/cps a* 4 db per octave,
35 - 2000 Flat at 0.05 GZ/cps.

The following tolerances and limits shall be applied to the input spectrum:

Maximum Analysis Filter Bandwidth:

Frequency Range (cps) Bandwidth (cps)
10 - 100 3
100 - 200 10
200 - 500 20
500 - 2000 50

Amplitude Tolerance: + 3 db + 100 percent or -50 percent on Czlcps

Frequency Tolerance: + 5 percent or 2 cps, whichever 1s greater.

Electrical Noise Floor: The electrical noise floor of the vibration measurement

system, throughout the zero to 2000 cps frequency range, shall not exceed 5 percent

of the vibration test levels expressed in gravity rms.

Figure 6
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