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INTRODUCTION

The purpose of this report is to establish that the author has
previously met the essential objectives of the Doctor of Engineering
Internship.

These objectives are: (a) to demonstrate the student's ability
to apply his knowledge and technical training to real problems by
making an identifiable contribution in an area of practical concern to
the organization or industry in which the internship was served, and
(b) to enable the student to function in a non-academic environment
in a position where he will become aware of the organizational approach
to problems, in addition to traditional engineering design or analysis.

Since the author is a licensed professional engineer in two
states, with over twenty years of engineerin - 2xperience, it is rea-
sonable to assume that he has previously fulfilled these objectivés.
It is then necessary to choose from his experience that job assign-
ment which best illustrates a combination of technical abilities and
understanding of organizational interaction. Unfortunately, the two
objectives tend to be somewhat contradictory, since high technical
skill assignments are more often theoretical and quite specialized,
frequently not requiring a great deal of organizational interrela-
tionships. On the other hand, the jobs requiring organizational
understanding tend to be "hardware" oriented, requiring perhaps a
theoretical understanding of operation and design but not highly

specialized technical skills,



The author will give a short summary of his engineering work
experience and select one position, for a more detailed description,
which he feels best demonstrates fulfillment of the above listed
objectives of the internship.

That position was one involved in the setting up of a test pro-
gram and providing test equipment for an early earth orbiting space-
craft for the U. S. Air Force. The author has in his fi]gs, docu-
ments, a number of which are reproduced and included with this
report, to illustrate some of the problems which were encountered with
subsequent solutions. These solutions were obtained through the
author's own efforts and with the assistance of the organizationé1
structure of the employer; the General Electric Company. In addition,
precedence and standards were established which are still being used
within the space industry; for example, the recent Manned Orbital

Laboratory (MOL) hydrostatic tests at the Douglas Space Laboratory

in Huntington Beach, California.
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SUMMARY OF ENGINEERING WORK EXPERIENCE

The discussion contained within this report will be confined to
engineering positions held since the author's graduation from Purdue
University in February 1953. The author did, however, perform surveying
work for the Miller Construction Company, in I1linois, during the summer
of 1950, and worked in the Fluid Mechanics Laboratory for Dr. R. C.
Binder, Professor of Mechanical Engineering at Purdue University while
pursuing his undergraduate degree.

Immediately following graduation he commenced working for the
McDonnell Aircraft Corporation (MAC) at Lambert Field in St. Louis,
Missouri. In conformance with that company's policy, two weeks were
spent in a training group being introduced to the company's organization,
policies and drawing system. The training group leader gave lectures,
conducted tours of all the McDonnell Aircraft Corporation facilities,
and had each trainee write drawiné change notices, engineering orders
and work on actual drawings to gain experience in using thevMAC system.
This training was intended to encompass the entire aircraft and did, in
fact, include structural, electrical and hydraulic system drawings. The
author was then assigned to the Rotor Blade and Hub Group of the Heli-
copter Division, for which he had been hired. The Division had a Navy
contract to develop a large transport convertaplane (XHRH-1 MAC Model 78)
for the U. S. Marine Corps, with the same hub and rotor blade system
being used for a heavy 1ift helicopter (XHCH-1 MAC Model 86) for the Navy.
This rotor system is of some interest principally because it was driven
by a tip pressure jet, with the air supply being pumped out through the

leading edge of each rotor blade. The author was assigned the task of
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designing various hub parts, inc]uding the “"spears" attaching the blades
to the hub aﬁd the fuel line from hub to tip jets. The author was respon-
sible for making layout and detail drawings of the varioﬁs parts and made
stress calculations based on centrifugal and bending loads on the blades.
The author considered himself fortunate to be employed at McDonnell at
this particular time as it was possible for him to witness the first
flight of the converted F-88 with a turboprop in its nose, to see the
mockup of the F-101, and to have many discussions with a friend working
on the F4H preliminary design for the U. S. Navy, concerning the design
philosophy being used.

In April 1953 the author left the McDonnell Company and joined the
U. S. Navy.

In May 1953 the Navy sent the writer to Officer Candidate School in
Newport, Rhode Island, where he successfully completed the courses
listed on Page 23. He graduated in September 1953 and was commissioned
an Ensign, USNR, with a 1515 Aeronautical Engineering Designator (AEDO).
He next attended Aviation Ground Officers School at the Naval Air Tech-
nical Training Center, Jacksonville, Florida, until November 1953, and
then to Catapult and Arresting CGear School in Philadelphia, Pennsylvania.
Upon completion of these courses, his orders were changed to allow him
to attend the first Steam Catapult School.  While there, all members of
his class were present at the first launch of a Douglas AD off the C-11
land based steam catapult at Mustin Field, adjacent to the school.

Duty aboard the USS INTREPID, CVA-11, was the next assignment.
The USS INTREPID was the first aircraft carrier to have American built

steam catapults and Mark 7 arresting gear. While a part of the



pre-commissioning detail at Newport News Shipbuilding and Drydocking
Company, in Newport News, Virginia, he observed and participated in
many tests of the catapults, including structural, alignment and dead-
loaded performance tests. After commissioning, the USS INTREPID was
the subject of Project Steam II, which consisted of an extensive series
of tests of the catapult and arresting gear using aircraft from the
Naval Air Test Center (MATC) Patuxent River, Maryland. For these
tests engineers and technicians were assigned from the Maval Aircraft
Factory (NAF) in Philadelphia to instrument the catapults and arrest-
ing gear. The author, at this time the only Aeronautical Engineering
Duty Officer stationed aboard the USS INTREPID, provided extensive
support and advice for this group, being familiar with all the ship's
systems and equipment installations. At the completion of Project
Steam II, the author was able to convince the Project Officer to
leave some of the instrumentation aboard for later use during oper-
ations. Neither the catapults nor arresting gear were giving con-
sistent performance and the author felt this instrumentation was
necessary to keep tabs on operational performance. In order to make
use of this instrumentation, it was necessary for the author to train
his sailors in the calibration, use, and maintenance of this equip-
ment. In addition, he set up a maintenance system and gathered
statistical data on parts usage and landing patterns aboard the air-
craft carrier, which were transmitted to other Navy activities,
particularly the Naval Aircraft Factory, for application to newer
aircraft carriers.

In August 1955, the author was transferred to the Naval Aircraft

Factory in Philadelphia, where he served as a Test Officer and Site



Officer on several catapult sites, being responsible for all testing,
operations, maintenance, scheduling, etc. on these sites. He wrote
reports concerning the above activities and was involved in the initial
testing at the XC10-3 and XC1l-1 sites, which were more advanced steam
catapult designs. He also wrote Engineering Orders to the Design
Division for investigation of several of his concepts on catapults and
arresting gear.

Upon release from active duty in the U. S. Navy, he joined the
E. W. Bliss Company in October 1957 rather than return to McDonnell
Aircraft Corporation. This decision was based on the realization that
he found catapult and arresting gear work more interesting than the
design of helicopter parts, and the fact that the Bliss Company
offered a position with their Catapult and Arrésting Gear Fleet Service
Unit (CAFSU), located at the Naval Aircraft Factory, Philadelphia., He
had met and worked with many of the personnel of the Unit while on
active duty, so was familiar with the group. While working for the
E. W. Bliss Company he conducted tests in shipyards, aboard ships
undergoihg conversions, and acted as troubleshooter at sea when
problems were encountered. While aboard the USS KEARSARGE CVA 33, the
starboard catapult blew up off the south coast of Japan killing three
crew members. The author's diagnosis of a fatigue failure as the cause
initiated a fatigue life study for all U. S. Navy catapults in use
throughout the fleet, and x-ray inspection of same.

In July 1958, the author accepted employment with the Radio
Corporation of America (RCA) in the Airborne Systems Division located

at Camden, New Jersey. There he was a member of an Engineering group
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charged with designing a facility for assembling, installing and testing
the electronics and fire contro]}system for the AVRO CF-105, Arrow
Aircraft. He was one of a team of six engineers laying out the entire
system test sequence. He was also responsible for coordinating the
design of the Antenna Pattern Range Facility for this same location,
Malton Airfield, near Toronto, Canada.

Upon cancellation of the CF-105 by the Canadian Government, the
author was transferred to RCA's Moorestown, New Jersey plant and was
involved in the design of the umbilical junction boxes for the Atlas
Missile Initial Operational Complex (I0C). This design included an
external coating to withstand temperatures in excess of 2000°F, énd an
internal pressurization system. He demonstrated how pressure and leak
test instrumentation could be built for less than $5.00 worth of
materials (Manometer Board), which was used for Acceptance Testing of
the umbilical junction boxes by the U. S. Air Force Inspectors.

In April 1952, RCA transferred him to Alexandria, Virginia to
manage the Hawk Liaison Office at the RCA Service Company's facility.
~ A high level decision within the company had been reached to transfer
all Hawk Test Equipment design and manufacturing effort to Camden, New
Jersey. The author was to insure that all research and development,
design, production and documentation knowledge, effort and information
were smoothly transferred. Ten RCA Service Company engineers were
available to assist him as necessary, and as many RCA Camden engineers
as required from time to time. The move was successfully accomplished
with the previously contracted equipment delivery date being met. A

substantial amount of patience and tact in handling people was



essential in this particular job. The author and one other mechanical
engineer handled the sign off and approval for all Hawk mechanical
drawings at this time.

The final assignment at RCA was on the TRADEX (BEMEWS type)
tracking antenna pedestal, again at the Moorestown plant in New Jersey.
TRADEX was a large radar tracking antenna for Kwajalein Atoll in the
Pacific, designed to track missiles during tests. The author worked

on the design of a hydraulic system, a cable windup assehbiy, a large
slip-ring assembly, and finally the lightning protection for the
antenna. This effort required conceptual design, stress analysis,
material selection and drawing approval for assemblies and parts.

In May 1960, the author left RCA and joined the M&T Company to
manage and organize a catapult test site under U. S. Navy contract.
The physical Tocation was the Naval Air Station in Lakehurst, New
Jersey. The position involved planning and scheduling tests, train-
ing of engineers and operating personnel in testing and operating
~ procedures, evaluating tests, procedures, safety, etc. The testing
- included both deadloads and manned aircraft and drew heavily on the
experience and background the author had acquired.during the years
spent in the Navy and with the E. W. Bliss Company.

After joining the General Electric Company in June 1962 he was
assigned to the Advance Space Projects Department in King of Prussia,
Pennsylvania. He was a member of a group pioneering a new concept of
a project engineering type group charged with the responsibility of
insuring complete vehicle testing without duplication. This particular

job involved interaction with every group in the department, 2nd has



been selected for more detailed reporting in the next section. This
effort resulted in the publication of a General Electric Technical
Information Series (TIS) Report and a patent disclosure.

In August 1963, the author was transferred to Daytona Beach,
Florida as part of the newly formed Apollo Support Department, of
General Electric's Command Systems Division. This Department was
formed specifically to support the National Aeronautics and Space
Administration (NASA) Headquarters in their checkout, integration and
reliability effort on the Apolio Program to place a man on the moon
before the year 1970. The first assignment was in the Advance Systems
Engineering group looking into new methods and devices applicable to
the test and checkout of the entire space vehicle. The author
specifically had studies underway in the use of acoustic monitoring
for prediction of engine performance. This involved various pattern
recognition techniques under development at General Electric's
Research Laboratory in Schenectady, New York, and Electronic Labora-
tory in Syracuse, New York. The author also initiated a computerized
fuel monitoring system study to develop a means of measuring on-board
fuel level for use in all cryogenic fuel systems of the launch vehicle.
A reorganization within NASA phased out this effort.

The next assignment, as a member of a Design Reliability Group,
was entitled the Saturn S-1C, SII and later SIVB stage cognizant
engineer. Responsibilities included:

1) Interfacing with NASA HQ personnel in Washington, D. C.

and NASA and contractor people at various other centers and

facilities.
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2) Evaluating and providing status information for the Director

of the Apollo Program, General Samuel Phillips.

3) Conducting studies and investigations as requested by NASA

Headquarters.
Examples of such studies include an Allied Program Study and a main-
tenance survey at Kennedy Space Center. The Allied Program Study
included an investigation of reliability methods used and results
achieved in various missile, space, and weapon-system programs for
applicability to the Apollo program.

On his own time the author instigated a proposal for a deep
submergence test facility which was presented to the Division Vice-
President and eventually turned over to another department for exploi-
tation as a new business. This facility was suggested by the loss of
the USS THRESHER., .

In October 1967, the author became a member of the Apollo Test
Program Evaluation Team. In this assignment the author was responsi-
ble for the Lunar Module (LM) Test evaluation report integration. |
Five to seven other engineers provided subsystem inputs which he
coordinated and edited into an Evaluation Report. Individual reports
covered LM-2, 3, and 4 flights. He also performed individual system
test evaluations for some of the LM systems, and for Command Service
Module (CSM) systems for a similar CSM report. These individual
systems included at one time or another: structures, electrical power,
docking, propulsion and ordinance. He also initiated an unsolicited
proposal to another General Electric Department, for an ocean wave and

wave force study based on courses he had taken at the University of
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Florida.

In May 1969, he transferred to General Electric's Reentry and
Environmental System Division (RESD) in Philadelphia, Pa. This was
for eventual assignment as a member of a consulting team to the U. S.
Air Force at the San Antonio Air Material Area (SAAMA), Kelly Air
Force Base, San Antonio, Texas. This effort was to produce an aging
and surveilance (A&S) test program for the Minuteman III, Mark 12
Reentry Vehicle; the end product of the program to consist of a set
of test equipment, test plans, test procedures and test articles, all
installed and working in SAAMA, with testing to eventually be con-
ducted by Air Forcé technicians. While in Philadelphia, he was
involved in a system philosophy review, attempted to set up a test
equipment design review, worked on a standardization effort, inter-
faced with the Program Office, and conducted initial training of Air
Force civilian technicians.

~Upon transfer to San Antonio he was responsible for setting up
vibration, shock and acceleration testing for a number of components
~and for all effort on the structural test program,

A1l General Electric furnished equipment, consisting of a number
of electronic test racks and various fixtures and components, had to
be integrated into the Air Force facilities and made compatible with
Air Force equipment, such as centrifuges and shakers. This involved
working with the Air Force (AF) Program Manager, Air Force Engineers,
the Air Force technicians who were to conduct the testing, the Kelly
Air Force Base machine shop personnel, structural test lab personnel

and ultrasonic test people. A1l of these people had to be imbued with
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the A & S phi]osophy, educated to the goals of the A & S program and
motivated to accept a new program the philosophy of which was outside
of their previous experience. This work required a broad knowledge of
mechanical and electrical characteristics of components and materials
as well as a detailed knowledge of vibration, shock, acceleration and
tensile testing. The author also initiated a proposal for using
acoustic signatures for additional information in aging analysis and
failure prediction.

In September 1971, the author became a Technology Mobilization
and Retraining Program (TMRP) Consultant to the Texas Employment Com-
mission (TEC) in San Antonio. This was part of a nationwide effort
to locate jobs and/or retrain some of the 100,000 or so unemployed
engineers throughout the United States. The author gave talks before
several engineering societies in San Antonio, appeared on television
in San Antonio, wrote articles for newspapers and magazines and
particpated in NSPE and AIAA meetings on the problem. He interviewed
numercus unemployed engineers in San Antonio, advised them, and
visited employers in the area, attempting to locate jobs where the
talents of these unemployed engineers could be properly utilized.

In December, having been offered a research assistantship at
Texas A&M University (TAMU), he recommended another consultant to TEC.
His recommendation was accepted in January and he terminated his con-
tract with TEC and entered Texas A&M University.

While at TAMU, the author worked as a Research Assistant setting
up and running dynamic tests on models of moored systems for the U.S.

Naval Facilities Engineering Command under Dr. R. F. Dominguez. He
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then performed abstracting for the U.S. Maritime Administration under
Dr. E. L. Kistler and finally taught two fluid mechanics laboratory
classes under Dr. Y. K. Lou. In addition, he was elected to the Stu-
dent Senate and to the Graduate Student Council representing Engineer-
ing.

In January 1975, he completed the requirements for a Master of
Science in Civil Engineering. He has completed the course program for
the Doctor of Engineering and in February 1975 commenced working for
the Shell 0i1 Company in Houston, Texas.

With Shell he is a member of the Head Office Civil Engineering
Staff in the Exploration and Production Department. He is developing
the capability, within Shell 0il, to design and install single point
mooring and loading systems for tankers, anywhere in the world. He
has worked on a study of the use of single buoy storage systems for
offshore southern California, and the use of various single point
mooring (SPM) systems in the Gulf of Alaska. He has made a presenta-
tion on SPM's before a group of Shell, Arco and Mobile (SAM Group)
people, has represented Shell at a Buoy Mooring Forum Meeting in
Philadeiphia and attended a Shell Group Single Buoy Mooring Seminar in
London. He 1is presently working on a study of the use of SPM's in

Bristol Bay in the Bering Sea.
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INTERNSHIP EQUIVALENCY

The position to be examined in detail for its applicability in
meeting the requirements for the Doctor of Engineering Internship is
that of System Test Engineer with the General Electric Company's
Advanced Space Projects Department, in'King of Prussia, Pennsylvania.
This assignment covered the period from June 1962 to August 1963. The
author was a member of a group entitled System Quality Control Engi-
neering, composed of approximately twelve engineers and specialists.
The manager of the unit,K. Igler, reported to the Reliability and
Quality Assurance Manager, L. Pearson, who in turn reported to the
Department General Manager, L. Cowles (see Figure 1). The function of
the group was:
a) To determine what system level acceptance testing was to
be accomplished on the space craft.

b) To write appropriate test plans and test requirements
(TR's), delineating test equipment and facilities,
(Appendix A).

c) To monitor and review the design and acquisition of the

facilities and test equipment.

d) To check the facilities and test equipment.

(1]

)
) To prepare test Standing Instructions (SI's).
f) To supervise the actual testing by the test technicians.
g) To evaluate the results.

The author was specifically hired to handle all the h;drau]ic

and pneumatic systems, of which there were five in the beginning of
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the program, declining to three at the time of completion.

The first task, to devise a test philosophy, was reasonably
straightforward since few people paid any attention to it, the
Reliability and Quality Assurance Manager, Les Pearson, being one of the
exceptions. This test philosophy was defined in PIR 1343-PIR-020
(Appendix B) by the author and was partly based on his previous exper-
ience in testing hydraulic systems with the U. S. Navy, the E. W. Bliss
Company and RCA. It was designed to insure both operability and safety
of the system and was not specifically concerned with performance.

A review of the design of some of the systems under the author's
cognizance revealed that.testing was not possible, primarily due to the
lack of test points at appropriate locations throughout the piping.

The suggestion for design changes, (PIR 1343-PIR-024, Appendix C),
to enable testing in accordance with the test philosophy, evoked some
heated discussion, (PIR 1173-698-117, Appendix D, PIR 1343-PIR-036
and others, Appendix E), and required extensive time and negotations
to resolve. Eventually the system was modified to incorporate the
recommended changes. At least part of this resolution was due to the
previous semi-passive acceptance of the test philosophy by several of
the second level managers, particularly, Les Pearson, Manager,
Reliability and Quality Assurance and the Propulsion Program Manager,
C. L. Robinson. PIR 1173-184, (Appendix E) mentions this inclusion
of new test ports and discusses the agreement reached on testing at a
meeting attended by representatives of all the G. E. groups involved.

vaen with the redesign, a major problem existed in the extreme

cleanliness requirement for these systems which increased the
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difficulty of testihg. This requirement was determined by the nature
of the fuels to be used, hydrazine and nitrogen tetroxide, and the long
orbital life with resulting high reliability required of the space-
craft. This necessitated:

1) Using a clean gas for proof testing.

2) Using a common fluid and then in some manner cleaning

the entire system after the test.

3) Using an extremely clean fluid and completely removing

it after the proof tests.
Gases, particularly nitrogen, were readily available to the high degree
of cleanliness required. However, due to the hazards associated with
high pressure testing, 7500 psi- in one system, the author considered
it desirable to use a liquid to proof test. Heretofore, General Elec-
tric Missile and Space Systems products had been proof-tested with
gas. Most 1iquids, due to their low compressibility, require much
less energy to be compres;ed to a given pressure than do gasses.
Therefore, a failure is less hazardous to personnel, equipment and
facilities when liquids are used.

Cleaning an assembled system, particularly with bladders
installed in the fuel tanks, did not appear feasible. It was thus
decided to attempt to devise a method of using a clean fluid and some-
how removing it all afterward. Consideration of various fluids
revealed that freon could be obtained in such an extremely clean condi-
tion from the DuPont Company. In addition, Freon 114 had a low boiling
point, which meant it would be a gas at normal temperature and pres-

sure. Therefore, it could be easily purged from the system, following



testing, by letting it boil out. The test equipment design group con-
curred and the equipment was designed as described in TIS 63SD282,
(Appendix F). In addition, a patent disclosure was filed as this
procedure had not been attempted before, although it has been used
since in several similar hypergolic propulsion systems and in some
1iquid oxygen system testing programs. Figure 2 is a photograph, taken
inside the test control room of some of the test panels. The panel to
the right is the pressure control panel while the console to the left
contains an electrical control panel, the instrumentation and recording
oscillograph.

Although the Proof Test, as mentioned, was somewhat unusual, the
leak testing proved to be the greatest problem, since the orbital life
of the spacecraft necessitated extremely low gaseous leak rates, and
the hypergolic nature of the fluids, required essentially zero leakage.

The first thought, in cooperation with the component Quality
Control people, was to use a very sensitive flow meter manufactured by
the Hasting Raydist Company in Hampton, Virginia. Although the flow
meter worked quite well when observed in the Hastings Raydist plant,
the attempts to use it at the General Electric facility were unsuccess-
ful due to its extreme sensitivity. Temperature changes during test
produced large flow fluctuations which completely masked the leak
rates.

It was decided to try a method of leak testing using a helium
mass spectrometer in which the system is pressurized with a mixture of
air and helium. The system to be tested was placed inside a plastic

tent, the concentration of helium in the tent monitored over a period
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of time and the leak rate calculated. As a backup, the pressure in the
system was monitored throughout the test and the leak rate calculated
from the pressure drop. (See Appendix G.) The mass spectrometer was
not always operative, and it became necessary at times to use the
pressure drop method to determine leak rates, although that procedure
required excessive time and delayed other testing.

Appendix G contains copies of calculations that the author made
during the development of the leak rate testing procedures. These
were general calculations and curves which applied to all of the
systems. The Leakage Curves Nomogram proved to be a useful expedient
throughout the program.

Appendix H contains copies of the author's calculations for one
particular system, with curves based on the upper and lower bounds of
volume, as allowed by the sub-system specification. Although the
author made the notation "not practical" at the bottom of the first
page, the procedure was later used and designated as "bearable", duev
primarily to the lack of a suitable alternate procedure. The final
page of Appendix H, which is labled Calculation Page, provides a sample
form for the technicians to follow in calculating the leak rate during
the test. The technician was thus able, early in the tests, to monitor
and detect gross leakages and stop the test to tighten, repair or
replace fittings, as required, before too much time had expired.

Once several systems had undergone testing, this detailed calcu-
lation procedure became somewhat less essential, as the technicians
developed a "feel" for the leakage and could judge by "eye" which of

the systems undergoing the test was not going to pass. Again,



cleanliness was a major consideration during leak testing, the same

as it had been during proof testing. In this case, it was necessary
to be positive that particles generated from operation of solenoids
and valves in the test equipment were not carried into the vehicle
piping by the gasses during leak test pressurization. PIR 1343-PIR-
137 (Appendix I) discusses the method decided upon to prevent con-
tamination during leak test, This involved using a special.Mi11ipore
filter installed on each test port to both filter the gasses entering
the system under test, and to be examined after testing, with a micro-
scope, to seeif any particulate contamination was present. Special
filter holders were obtained from the Millipore Company that enab]ed
filtering in both directions, vice the normal one for flow in only one
direction. This greatly simplified the installation and reduced the
cost and time required for preparation for testing. These fi]ters.
were installed during manufacturing, and remained in place until the
space vehicle was shipped out to the launch site.

Other systems under the cognizance of the author included the
orbit adjust system, which was the electronics portion of the above
discussed propulsion system. Testing involved using earth gravity to
simulate the thrust of the rocket motors, similar to methods used in
previous catapult instrumentation calibration. In this case a special
gravity survey was required at the test site due to the extreme
accuracy of the accelerometer used.

The accelerometer was placed at several known angles to the
local earth gravity field and tests conducted to be sure it would

accurately operate under the accelerations to be expected in orbit.
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Previous thinking had required the use of centrifuges to conduct such
tests. This use of earth gravity saved considerable test time and the
cost of the centrifuge.

In summary, the author was successfully able to apply his know-
ledge in the design of a test program for several systems of an early
earth orbiting spacecraft. This application was accomplished within
the existing organizational structure of a major corporation and
involved the cooperation of a large number of people with diverse
backgrounds. It was necessary to obtain agreement on new procedures
and design changes from such separate groups as Propulsion Subsystem
Engineering, Aerospace Ground Support Equipment Engineering, Field
Operations, Value Engineering, Loéistics, Reliability Engineering,
Test Equipment Design, Company Program Manager, Customer (Air Force)
Program Manager and Subcontractor design group.

One valuable lesson learned from this experience by the writer
is to obtain top management approval or concurrence in a course of
action, at least a tacit approval, in the very beginning of a project,
so when problems arise, management has already been comitted to sup-

port the program and their people.
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EDUCATIONAL DATA

Purdue University - Bachelor of Science in Aeronautical Engineering
Graduated February 1953

Texas A&M University - Master of Science in Civil Engineering
Graduated May 1975

University of Florida - 27 credit hours toward a Master of Science
in Engineering

U. S. Navy Schools

Officer Candidate School, Newport, R. I.

Graduated September 1953

Subjects: Gunnery, Navigation, Seamanship, Communications,
Naval Operations, Maval and International Law, Naval
Organization, Naval Engineering and Damage Control

Aviation Ground Officers School, Jacksonville, Florida

Graduated November 1953

Subjects: Naval Aeronautic Organization, Leadership, Naval Air
Equipment, Aircraft Operation and Maintenance, and
Airborne Electronics

Naval Air Technical Training Unit, Philadelphia, Pa.

Graduated February 1954

Subjects: Hydraulic and Steam Catapults and
Hydraulic Arresting Gear

‘Fire Fighting School, Norfolk, Va.
Graduated March 1954
Subjects: Firefighting and fire prevention at sea and on shore

Guided Missile Seminar, Bureau of Naval Weapons, Washington,
D. C., attended February 1962

Weapons Research and Development Seminar, Naval Ordnance Lab.,
White Oak, Md., attended June 1964

Undersea Warfare Seminar, Naval Underwater Weapons Research and
Engineering Station, Newport, R. I., attended September 1966

Conventional Weapons School, RCVW-4, Cecil Field, Jacksonville,
Florida, attended March 1967

Military Hydrography and Oceanography, NAVOCEANO, Suitland, Md.,

attended July 1968

Industrial College of the Armed Forces - National Security
Management - Completed 1971
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Other U. S. Government Courses
O0ffice of Civil Defense, DOD, Sponsored Courses

Fallout Shelter Analysis, Rockledge, Flordia, attended
September to December 1966 (Night Course)

Environmental Engineering, San Antonio, Texas, attended
September to December 1970

Fallout Shelter Analyst Updater, San Antonio, Texas
attended May to June 1971

Kennedy Space Center (NASA) Sponsored Courses
Launch Vehicle Familiarization
Range Safety
Ordnance Systems
Hydraulic Systems
Electrical System (I.U.)
Propulsion System A
Checkout and Launch Procedures
Manned Spacecraft Center Sponsored Courses

CSM - Structures
CSM - LM Docking

NASA Headquarters Sponsored Course
Course for Quality Surveyors 1963
Miscellaneous Schools

McDonnell Aircraft Corp. - Stress Analysis attended
February to April 1953 (night school)

Radio Corporation of America - Design Philosophy of
ASTRA, attended July to September 1958

General Electric Courses
Reliability Engineering 1963
Apollo Reliability Modeling 1964
Creative Approach Seminar 1965
Explosives Handling and Safety 1970
Dunegan/Endevco Seminar

Acoustic Emission April 1974
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PROFESSIONAL SOCIETY AFFILIATIONS

American Aviation Historical Society

American Institute of Aeronautics and Astronautics
American Society of Civil Engineers

American Society of Naval Engineers

National Society of Professional Engineers

Naval Institute
Naval Reserve Association
Society of Automotive Engineers

Texas Society of Professional Engineers
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—— ENRTEN FEAn | TRA ] BRIE YRR, T e BPACET T T TG E € selig,
REGLIREMENTS | cura oF
} . . P

YORM 1-3431 REY, (6.€C) | 23531
T FROM C.s. NO. PROGRAM

Bl he J, Sebocticn Bo0. deCapérnpiren: 698-AL
OEAMING NO- CCPONTHNT NARE | SERIAL NO.

Pecumacie Subsysters |

1TEA
HO.

FITIIEIG & BIOR S 108 SULSESTRLS

S

1,0 Tie £ollouing eypes of toatirg will be performed on all pneumatie
and propulzlon subenystens,

A, IDoof Test
%, lenl Test
G Funetional Tests

These uill te medified and taylored to the individual systems but
viil {n geaeral use the same test equipmenta

2,8 Test Eufpment Required
2,1 HKachanical Equipment
2,1c1 Jig to check uwozzle allign, 4 sys,
2.1.2 A5 Dolly
2,1,3 Fud sec, Dolly
2,144 OCV Doily
2,1.5 Slings 2-3
2,1,6 Torqua wrenches
2,2 leak Deteetion Eq,
2,2,1 Flov meter tcst . .
2,2,1.1 Prneumatic Test Stand Flow Meter & Dxff: Pres.
acrass bladers and dises,
2.2.1.2 Gas Supply Nitrosen Freon & Helium (5000) psi)
2,2,2 WMaoss Spee. Test .

2.2,2.1 ltas Spee,

DISTRIBUTION

APPROVED BY ITEM NEED

- .
NTQUIREMENTS NO. DATE

Priom,
OATE

APPROVED DY STANDING

INSTRUCTION

ACCEPTED BY TEST

EQUIFMENT

ACCEPTED BY TEST
FIXTURES

FACILITIES
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2.2.2,2 Calibrated leak
2,2,2.3 Bex for OCV
2,2.2.4 Box for Al=4
2,2.2,5 Gas Supply Halium
2.3 Prcof Test Bq.
2,3,1 LLn;.xé'd Frecn Supply
2,3,2 Pump & Gage Szt
2,3.3 Connecting lines & fittings
2.3.4 Cap for burst dise and relief valva lines, (3)
2.4 Functiomal Test Eq,
2.4.1 Test Cables -
2,4,1,1 Press Trans, 3 sets
2.8441,2 Temp. Trans., 3 sets
2,4.1.3 Solenoids 3 sets
2,4,2 PR.S, £or Transducera 28 VDC
2,4,3 Oscilligraph for pres. temy and voltage readouts
2,4,4 P.S. & control for tank heaters
2,4,5 Flow benth for regulator tests
2.5 Genexal

2.5.1 Nozzle plugd for Proof & leok Tests and functional
4 sets with vents,

2,5.2 Solenoid Operating Panel & Harness.

3.0 Facilities
A Pneunatics Test cell i8 required for conducting the testas, It
must have sources of nitrcgen, helulm and freon. Also it must be
__vented and walls reinforced to minimize effects of ezplosion. Also~
~ it shoudd have continual air change to clean out leaking nitrogen
heluim ete. To prevent suffication of operating personell,

Clean facilities should be available go that part changes ete.
can be made in event of failure,



4,0

5-0

References
KEIEXSNCEd

SVS 3955
SVS 3994
SVs 3993

PIR 1343020
PIR 1343-021
PIR 1340-011

Jest Description
5.1 Prop. Sys.

Each Prop, Sys. will be tested individually,

S.1.1

5.1.2

3.1.3

Proof Test

A proof test will be run on the complete Prop, Syatem,
Recording temp. and pres. on oecil:agraph.

5.1,1,1 The N2 Pressurlgation system will be proof
tested to 7500 pai.

5.1.1.,2 Thae low prensure portion of the system will be
pressuvized %o 374 poi. After installing nozzle
plug3s and hooking up solenoid actuating panel,

leak Test

A leak Test will be run on the complets Prop. Syatem.

5.1.2,1 BRigh Pres Tank & Pip, Max, leakage eeceee
including across squib,

5:1.2.2 lo Pres System M. leak ratees-o-e-
5.1.2.3 leakage across buxst Diap.

S5:1.2.4 leakegoa acvoss bladders,

5.1,2.5 leakagae across solenoids

501.2.6 Lleakage through £111 valves

50142.7 Leakege through relief valvea
Functional Tests

Operability of all electricsl ant mechanical eq. except
squilbs will be chacked,

5.1,3.1 Check flow and lockup press. of regulator & freq,

response,

5¢143.2 Check freq. resp. of solenotd valves

29



5.1.4

ok -

Rozzle allignment

A nozzle allipnment check will be made and torque
checked on mcunting bolts,

542 Pneu, Sys. Each pneu, sys, will be checked individually,

5.2.1

5.2.2

5.2.3

5.2.4

Proof Test, A proof test will be conducted on the
complete system using N2 and recoxding temp. and
ptes. on oscilligraph. Y

5.2.1.1 The high pressure bottle will Le proofed to
5250 psi.

5.2.1.2 The downstrean system will be proofed teo
5250 pei.

502.1.3 The lo pres. noz, sys. will be proofed to
100 psi,

5.2.1.4 The hi pres noz. sys. will be proofed to
600 psi,

Leak Test
A leak Test will be run on each Pneu, Sys,

502,2.1 High Pres. tank and piping. Mox. leakage
including across squips.

5.2.2.2, Low Pres, Piping

5¢242.3 leakaga across solenoids. Each golonoid should
have a max. leakage of with a2 mex of
total,

542,24 leakage thru £111 valves,

Funetionzl Test
Functional wiil be m.n on stabilization components,

5¢2.3,1 Flov thzu Pres, Regulators with all combinations
of nozzles,

502,3.,2 Freq., responsa & operations of solenoids,
502.3.3 Check operation of tank hcaters and thermostats,
Allignment

An allignment check will be mada of all nozzles, and check of
projection cleare nce made for plume.
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6,0 ZProblem Areng

7.0

1. Firm leak rates
2, Cleaniless Requirementm for Sys.

3, Need for Design change in Prop Sys.
to enable proofing,

Requirencnt
1. Test Eq. needed about week 40,

31
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T

"'['Fc—n'if, -l—TEr B

] ’ | 1232x111

i . )
T FReas m| N.C.S. NO.

R, deCastengrane™ T

CONMPMPONEHT NAXKKE

SERIAL NO. -
| Pneumatic Subsystems

R. {343-11 was issuad the following changes and additions to tha

wzqulTemants have czcuveed or bacoze availabdlae,

o113 Jig izl ta Raq,
2.1.2 24 Dolly Dalate,
2.3,.6 Torqus vranches, Add specifications:
0-50 (o7 with Graduationa In cteps of 2 in 1bs,
02200 in # with Gradvazicns in stepa of 10 in #.
Inclije adaptors for use om all Vehicls Tube Fittings and
if practical hava direct rsading scale for adaptors on Torque
Wrenches,
2,%.7 Filtarz for all Fi1l lipas, Pressurs tops and burst disc line,
2,2.1.2 Gas Supply Add: Spec. Dew Pt, - 106°F
041 < 10 ppa
98% of perticlos having a Dia £ S microns and stl
< 12 microns,
7.3,1 Liquel Fraon Add: Spec, Mnisture «< 10 ppa
otl < 10 pma
Particules count range eloss to Freoa TF
2,4.2 Powar Supply for Transducer 28 VIC
Add: and 5V # 1% IC
2,.4.4 Powar Supply and Control for Tank Heaters
: 44d: 115 VAC & Reostat,
2,5.1 Add: Nouzla pluga for stcobilimation Proof and leak, Plugs not
vequived for Prop, lozxles,
5,1,1.2 Chanje 374 to 300 psi, Delete installing Hozzle plugs,
5.1.4 Dalete,
5.2.6 Dalete,
LTAIGU 13N APTLOVED D¢ : ~ .
3 ishe  JoTests NP G ofufe s neeumennre | 20| 00 | 0L
G, Christophacte Hitehas G iovED BY o T
F, Havr’ . Barzoletto | " "° =Y 5 /, STANDING
: I'!‘:;; B eCoanasgi ‘{“?g;;::('}j c:}/_,.%;, > /}{Z&L INSTRUCTION
" Jo. Atawmian TEST
-;\ g::::ncn R Yoodyard ..Z().”/.Zf_"/l‘ . J-rc2 EQUIPMENT
u K ACCRH“IZ0 BY
C. Beaaucharp TEIT
H, Wenenl FIXTUNES
K. I:Slf"f J. Sebastisn
. S4tvaread Bo B, K{arer FACILITIES
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T, Bo 1343-11-2
Page 2
6.0 1. Lesk ratas are presently as follows?
Stabllizetion - PIR 1131.083
Prapilsion
Preagurent Bottle 210 scc/hr @ 5000 psi
fitart valve to reg., 1,3 sec/hy @ 300 psi
Kegulator to Burat dise 75 scc/hr @ 300 psi
BEurst to Bladder 100 sce/hy @ 300 psi
Bladdar to Buvst (Liq,) 150 scc/hr @ 300 psi
Burst to Soleroid 100 sce/hr @ 300 psi
3, Dasign Changes accomplished,
( Dalets.) '

NGIE: Testing ia Pnaumatics Test Call will ba performed with the sectiom

on tha Mamufacturing dollies,
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T wEsT
REQUHREMENTS ‘ 13430112

FORAM {-B231 PEV. (6.80)

TRITHS. T TERRT] WEMPD | ORIG. T.R. NO. | DATL FPAGK Q.1.E E, KCHED.

12/20/62 1T ©OF 2

1o

E, Mshr R, 0O, daéh{tongmm

Fi'om 77 I N.C.5. NO. PROGRAN

DRAWING NO.

COMLONENT NAME

Prniyimgtie Subsystem

SERIAL NO.

s
NO.

1.

2,

;"~
Cnd

2oy —P
Ponst ﬂrwgz

T, R, Addendua

In 1ight of the probliss which AGE has encountarcd in using Flowmatars for
lealc rata tosting, It is essontial that wa have a backup lank rata testing
rathod. ‘Therefora wa ‘iould implerant Para, 2,2.2 which calla for Mass
Sprstroaetar Laak Testlupg, This will require either the box, as dzlineated
in 2,2,2, 2,2,3, and 2.2.8 or an gquivalen® container to hold the vehicle.

Additicnally wa need tha 'ollowing additions to T.R, 1343«11:
Add: 2.2,2,6 External Ccld Trap for CEC 24-120A Mass Spectrometer, (M,S,)
2,2.,2.7 Remote Mate: for abovae M.S,

ROTE: Tha 1,5, of Paragraph 2,2,2.1 1a part of AGE
Iter 31 and is furnished with the calibrated lsak
{Para, 2,2,2,2)

Soma question has been raigil about the ability of our procedures to
Prersuriza the Prepulsion Tanks without collapsing the Bladders, To
dempinatrata this capability +» need the following:

Adi: 2,6 Procadure Tast Mitarial

2,6.1 Fuel Tank vith Bladder. The old A4 Section Tanks
are still ivailable and can be obtained thru S, G,
Mangano, loom 5707,

2.60.2 A Diffareutial Gage abla to withstand 400 psi and
reading 0 » 20 psi in maxicuva of 0,5 psi Increments,
Such a gage should be avaiiable from the Advent Program,

Add: 5.3 Procedures Test

5,3.1 Connact the Fuel Tank of Para, 2.6.1 as follows:
Py Po Sraes A e
/:’654, Vo Tuglol?ooa

'q/""} Naracsy, ‘9 APgaps.

OISTRISUTION

| APPROVED BY ITEM NEED | FROM.

REQUIREMENTS ~Q. DATE DATE

1
A‘PPROVED Y STANDING

INSTRUCTION

ACCEPTED BY - TesT

PQUIPMENT

ACCEPTED BY TEST

FIXTUNKES

FACILITIER
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T, R, 1353-11-2
Page 2

5.3,Z Preseurize to 4GC psf in S pgi increments recording
the prassure indicated ca Differential Pressure Caga,
3. Tha following additions and changee to the T.R, am requireds:
2,2.1.2 Cas Supply
¥ag: 01l Contsmination 10ppes
Changa To: 0Ofl Cont. Sppa
2,3.% Liquid Freon
Was: PFarticulae Coant ranga closa to Freon TP
Changa Tot Particule Count as followsi

98% of particlas having a diameter less
thar 5 wmicrons ard all less than 12 nierons,

2.4,1,6 Umbilical Connection for monitoring Preasurs
and Texperaturs during Pra and Post Vibratioca
L2ak Test,

2,4,6 MNacd Pressure Transducer for racording lock up
Prgssera at outlat from Pressure regulator, Ses
Para., 3,3 ST # 238148,

2,5,3 Diving Board  Provida a means to reach the
Prop, Fittings within sec, 6 and lighting during
thig time,



/
T TEST - ! ; TR T RTR ST T BATR T T T TPAeET T
REQUIREMENTS | . i 1 [ 1353-11-3 | 3/11/63 r oF 1t
‘FOI!M 1042t MLV, [L-53) -
T From .:(f;-{ N.C.5. KO. FPRCGRAM
B, Mahe R, Q, :;‘J;Cas’congrensl ’ L.
"BRAWING NO. COVICNENT HAKE | SERTAL No. /
B | Fhrzenrics
ITEM .
NO. N
This T,R, addendur adds equipent nonded for testing the Fwd. Pneu, Sys, and
for tha changa %o Leak Tost Precedure, .
The follewing Naw Equipwant 18 requived:
1. Caltbrated leaks: 10, 20, 30, 100, 150, am! 20C sec/hr.
IV, 738 f Zo8 Zuss
Theze should all ba ealibrated with both Pure B2 and a 10-90 mixtura
of Helim and Hitrogan.
2, 04000 psi Hafss Gaga  6-57000 /ru/
3. Thatmorcuples ard roadeut aquipaent (As prasently in use) ,%14//
4, Tewpiiatike for folleowing Tewp, Retings:
° Con /fpvr/m?{:w,;,?
15097, 1639F, 175°F, 163°F, and 198°F
5. Ancthar get of Milliooyre Flltervs (two way) (15 lin,)
‘ 2o 7 5;0-71/7 o éa.,[
6. Heat Lemps, (As praseacly in us®) g4,/ Ao
7. Torgua wreach 0-230 im, 1b, with graduations in eteps of 10 1in, 1ba, B,/L/7 3 72[/{3"4
8. 4 Nceula plugs for D/ 11323577 abls to ulthstand 500 pst. o, g7 lee
9. Voishnq Se:\nt, prr G E, Dwge 1053\4166 Lm‘ all connreetiona on Propulsion Systea,
6 4 forrs "mn Vol /q Lo J/ b 5»//// &z
10, ‘leans of reducirg voltase froa 26 VI to 12,5 % 2 VIC for holding ebart (FLTIF
solanoids ozen during loak test £{liing and ventin (Should be part of
test csll esquipnent),
Further defination of tha laak test box indicates discnsions should approxinate
10° x 10° x 10° to hold both bulkhead and See. 6. 1 4 £ 'y ¢ '/t 1psB/led
Propulsion Fuel Tank and Test called oul &n T,R, 1342-11.2 ia still required,
Testing of Prop, Sys. may ba hald up 1f this s not soun run, 7£2D oo eo /14761‘//}
7577,
Mrss ?&‘bum/s THe Thwn
g we witi pokfozin
The Je2sli  L55
DISTRIBUTION . e NEED PROM.
£ v G Gesrord I REGUIREMENRTS | no. | oare | ‘Bare
& (JH«UC/Y STARDING
G.ﬁl.ums SQCE l.\'s’r.'!ucr‘non
~ 5‘!.’)4” :qu‘uzi:éh‘\ / ,Y
T/ cGuee TACCEATED BY TEST
M,’f/g"s FIXTURES /7
P leCullrcn FACILTITS
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[ GRicCT T.R. NO, | DATR PAGE 0.1. L. B, SCHED,
‘ | | 163114 | 445763 1 oF 3
Ry e Z %) [ N.EB. NG FROGIAM
R, 0, daCastongrene
“ORAWING NO. COILONINT [ARR SERIAL MO,
Ve umsTICS

TEN
NO.
T, R, Addeadun
Dalete Requ_irement for Freon 14 Supply,
DISTRIDUTION AFPHOVLD o 3
ET e é‘/ P 2 A e B
. bhanesy *”"*""“3 W STANDING
Yl wﬂ,fﬁ@ Dfg3| e
G. GrrreRD ; Y- /5 - [7 aummenT
G, WervnwinG ’ TEST
A,.Z‘ FIXTURES

2

PACHITIRS
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T —E—T. N e T 3% T M T T-3 0 A ) | OATE FAGE Q.1.E.£_&CHED, |
RFQUIREI« ENTS | . oF
£ At G491 RTV. M6 CLo ,_‘ &187783 | 1
_-m'_“”""' - FRGM 4 I N.C.5, NO. FROGRAN
B, Mohr R. 0, deCastangrene
ORAVIING NQ. COMPONENT NAME SERIAL NO.
Preumatice
BT
NO
Leek Test
~eEx est

Box of Para., 2,2.2.4 should be about 3% x 3* x 3%,

Afixed Voluse Tent of thase dimensions should ba satisfactory,

S ' x 9 '47% Tocd & Frame fr, g /;”w/€/

7

CIETRIBUTION APFROVED BY
17em | Neeo | prom.
ET e K lcree / //,éé:// g ;7?/53 REQUIREMENTS o | bere | e

'k} APPROVLD 34 CTANDIG
e CDL |

C. ./”o Srne T FCZT/';ZM i/// % K A/ 51 !Qu‘rliiflﬂf / (

G.GirroeD ACCERTED BY TEST
£ deGsrovsesns / /7 FixTunes /&4
G Wewrag FACILITICS

A Sreces
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| ‘ORIGT T.R. 70, | DATE | PAE Q.1.E £. SCHED,
OF
3029463 1
N.C.S8. NO. PROGRAM
E. Mokr
DRAWING NO [ SERIAL NO.
1TEm
T NO.
Test Cell Instruneniation
Ravise wizing of Test Fjulpment to improve linearity and to use mor: sensitive
galvos (312},
Crnstyuct Resistance calibration box to simulate transducer for calisratfon of
Oseilligraph, - Include O switch on Panel to give full transducer Reslstance Drop
i
to Gelvo Signal.
On the thcee pregsure trans circuits the Pancl Meters will be disconsected bLut
may be retained in the panel if desived.
CISTRIBUTION -

APFROVED DY

Vs A, o] o LG, forfes | s | | it |9

Widaaxch G t)eurve |E Arr&ov)ﬂzl ;

T Swan/Sos’ /’;(c,r/‘“ / % 57}//23 mssrr’::;c::"rgn

G.Oeume - AccteTED TeST

C.Girrorn  T7t< W " u/\ €/5//43 kol Lt

ACCEPTEP BY

é,'/-sff‘:;‘:’ W Fl;rt:;u Z 2

camiILITIRR 7 9.
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SCUTREL G D ELECTRIS

WIROT AN EACE \THCLT ML FTHENT NO.
FHLADEUNT A
FROGRAM INFORFIATIOM FIQUEST [ KELEASE 1343-21R 176
fmom R, 0, deCastongrane . 0 B, J, Mahr/Mgr,
SQCE Test Equipment Dasig:
Rm, 3226  CC&¥ 93 Rm. 2246 CC&F #2
DATE SENT DATE INFO. REQUIRED PROJICY AND REQ. NO. REFERENCE DIR. NO.
375763
SUBJECT

LEAK BOX FOR PNEUMATICS LEAK TEST

INFORMATION REQUESTED ) RELEASED

The purposa of thias PIR {8 to re-emphasize tha necd for the Leak Box called

out in TR 1343-11 daved 8/3/62 and 1343=11.2 dated 12/20/62, The Fix:d Volume
Tent outlined in D, Temples suggestion A133 would be satisfactory., This box
must be largs sough to hold the complete sec. 6 1ncfuding bulkhead, Based on
our present test configuraticns a& separate eontainer would be desirzasle for
the bdulkhead alona,

Tha present leak test method 1s unsatisfactory since it is velativaly impossibla
to repeat a volumn configuration., We require a relatively fixed volumn for
repetitiva leakaca mezsurements and a minimum of caltibration runs espscially
for pre=and post-CA lesal test comparisons. A means Should also bs provided to

permit easy evacuation of ths helium concentrations,

> Ze.
Concurred_¢’ %’Z’(éﬁ{ﬁ:{}. -
A

. Stiles/Supd, Engr.

SOCE
DISTRIBUTION _ ' FAGE NG,
K, Igler E, J. Mahr W, Wunch G, Gifford
W, ¥, Hail J. L, Swanson R, deCastongrens A, Stiles 1 OF 1
G, Blume L, C, Pieraon G, ¥enning L. Gduuub.,com. ON
Final

FORM 1020 Pev. [9-38)
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YGEREDRY

LUSWLE U SRAC

Fi

tLODEZARTAET

j NO. — 3G
PROGEAM INFOI AMATION REQUEST | RELEASE 1343-P1R~020
| MGt 1, 0. deCastorgrene 10
. Cysteas Q, €. Engincering Distribution List
CC&F #3 BRm. 3212 ixk, 6215
DATE SENT T DATE INFO. REQUIRED | PROJECT AND REQ. NO. REFERENCE DIR. NO.

SUBJICT

FROP SYSTEM SE S 1 & 2

INFORMATION RIQUESTED [ RELEASED

of test:

ie condicted at 1% times operating pressure,

pres, 8ys.

This PIR deals with the System Proof Test,
proof tasted individually 1t is necessary to prvof as a system to reveal any
damage in assembly, poor joints, structural veckness ete,

Tha 698 Philosophy of Imeumatic System Testing includes the following types

A, PFrocf test to eusure structural integrity
Bo lezk testing to ensure performarce
€, Functicnal test to ensure system operability

Although the components are

In order to demonstrate the integrity & safety of the syatem, proof testing
With the present Design of the
Propulslon System {check valve back to Lask with Burst Diaphran) Proof Testing is
not rosiiblie other than for the Nitrogen pressurization, In addition we are
unable to even go to % cperating pressure, thercfore it is essential that a
modificition be instituted to enable proof testing of the couplete high & low

DISTRIBUTION

PAGE NO.

OF

CONT. ON

TORM 1020 flav. {2-58)
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GEGERAL () ELESTRIG

SASSILE AlND SPACT VANCLE PEPARTMINT 0. R

PHLADILFHIA 1343-PIR-02%
PROGRAM INFORMATION REGUEST/RELEASE
rrom R. 0, deCastongrena ° Distribtution Liat

SEFTRd: SoiBretreeting g eons |
DATE SENT DATE [27O. REQUIRED PROIECT AND ESQ. NO. REFERINCE DiR. NO.
BIR 1343-020

SUBSECT

FROCF TESTING

INFORMATION REQUESTED | RELEASED

Safety

The method of Proof Testing using high pressure gis has inhereat safety
limttations due to the high amount of energy stored. Ia the event of failurs
a blast efrect is encountercd in which-picces are scattered egimilar to shrapmal,
causing extensive vchicle damage, This efiect dictates use of a very strong test
cell capable of absorbing the blast.

A method exists of reducing this effect to more readily controlled levels,
This 45 the hydrostatic test, 4in which an incompressable £luid 13 used to
conduct the proof test rather than a gas. iIn the bydrostatie tast the yielding
of the metal tends to reduce the pressure of the madiua to such an extent that
little or no explosion rasults,

The first thought along these lines w2s to usa weter as the pressurizing
medfium, Hovever many objections were veiced against water dua to poasible
difficulties in removal from system & poassible 111 effects on tha regulator,

To eliminate these posibilities thought has been given to the usa of
freon 114 as the pressurizing medium, It appears to kave littla or oo
effoeton ths existing system matericzls, bas a low coopressibiisty and will
boil at about 38°F at Atmospheric pressure. This me:ins thaot upon completionm
of the test you megelyopen the valve and the freen boils, purging ftself from
the system. 1f necessary the heaters can be enexrgised to speed up the process,

We are presently planning to use this method and welcone any
suggestions andfor comments, by August 1, 1962,
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GZRERAL ) ELENTRIC
MISHE AND SPACE VEHICLE DEFARYMENT 5
AR
PROGRAM INFORMATION REQUEST M £ 1343-P1R-1343-024
FROM 70
R. deCastongrene, SQCE ‘/ @9 C. L, Robinson, Program Engineer
Rm. 3226, CC&F #3, Ext, 6215 Rm, 5823, CC&F §5, Ext, 3897/8
DATE SENT DATE INFO. REQUIRED PROJICT AND REQ. NO. REFERENCE DIR. NO.
8/8/62 - 698-AL 1343-P1R.020
SUBJECT .
PROPULSION SYSTEM CHANGE REQUEST m
INFORMATION REQUESTED [ RIEASEY
A T- 5;-,7-::-/4/ Tas”
Weldeo X
Tanst
/7’
/i&~¢
E P Sovrd Holves
o Fhesrere fegoliVer
/, Choed Bors? Byra?
ﬁyg‘;,g V:/we ;:’;4 “":‘, "_A‘A‘;’;‘i
- <}—a 1 D4 ' 1
Inl;)
7ap.
76 Bomasndeim 72 Borarn oom
oF Syassem, 4,"5’:/‘4-.

In the Propulsion Systems as presently designed and built we have the sftuation
depicted above, The Nz Tank and Piping to the squibs can be pressurized and tested
as desired. However the piping between the squibs and the regulator 15 coapletely
inaccessable, In addition, the system downstream of the rcgulator can be
pressurized by filling thru all £ill lines and instrumentation taps at once, §o
that noAp is seen acrogs the burst disc., However, when this pressure ig vented
at the end of the test, the section between the burst dise and the check valve

remains pressurized due to entrapment of the gas.

Thus when the pressure in the

other lines goes low enough the burst discs will break. This situation limite

vs to testing at about 25% of operating pressure.

Which means this system will

never sce operating pressure until it {s actuated in orbit,

Thus, it 1s obvious the system must be modified, This is easily done by adding
taps upstream of the regulator and between the check valves and burst discs, This
will enable us to completely check the system and will provide a dividend in the
form of enabling a performance check on the regulator in the system,

In addition, inspection of the first delivered SES5-1 system and the mockup, reveals

DISTRIBUTION
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August 8, 1962
PIR-1343-024
Page 2

that the instrumentation tap immediately upstream of the engine is inagccessable,

1f any problems are encountered with the nozzle plugs, no testing of that portion
of the system will be possible, especially at the MAB. Therefore this should be

relocated to improve accessability,
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GENERAL &) ELECTRIC
MISSILE AND SPACE VEHICLE DEPARTMENT NOL
PHILADELPRIA
<OGRAM INFORMATION REQUEST | RELEASE 1173-698-117
| FROM C. C, Rich, S2 ’ TO R. DeCastcngrecs, SHZE
Prop. & Pur. S/S Eng'g. Room 3226,
Rooa 6624, CCsF #6, Ext. 6589/90 CC&P $3, Ext. 6215
DATE SENT DATE INFO. REQUIRED | PROJECT AND REQ. NO. REFERENCE DIR. NO.
8-14-62 - 693 AL ) PIR 1343 - PIR 1343-024

SUBJECT
PROPULSION SYSTEM CHANGE REQIEST

INFORMATION BECQURNERY RELEASED

In referenca to ths refersaced document, the following points should be
considered:

1 = The sketch supplied 1s incorrect in tha ralative placessat of
the burst disparagas and check valvas.

2 - Ths regulator is thorcughly scceptance and OA tssted, fnclwde
ing flow tests at rated operarinz pressure.

3 « Chacking of tha system at operating grassure is nct recomsand-
od for two reasons, Filrst, a 25% pressura check fs £folt to be
adaquatae, Sacond, the pressora rzticz of the tanks (1.6 burst
to working) maics ground pressurizotion of the system a hazard
to test persczunel. Ty prapuloion systens are dasizzed for
airborna pressuriraticn in acecordancs with KIL-T-52033. It is
aot belfievsd thaz lesk paths wmseren at 60 F3S1 will ba discover-
ed at 280 PSI. Bowever, there will be, of course, varistions
in the zate of leakage.

b
e

o \

M;{;d

7k

DISTLIEUTION PAGE N

(8ea Attached Listimg) 1 Of 1

PIR (134)-PIR-1343-02) DISTITIVTION) cani. on

FORM W20 Rev. BLD



APPENDIX E

49



(torno

— " genenai ) SLESTRIC

MESSRE AMD SPACE VTHAOLE DERARTAMENT NO.
FHILADELPHIA
PROGRAM INFORMATION REQUEST | RELEASE 1313-PIR-036
I BOM g 0, “Fultongrena, SACE 0 ¢, C. Rich
Room 3225, CC&F #3 ~ Ext, 6215 Propulsion & Pwr, S/3 Englg
Roon 662k CLAE_§6

DATE SENY DATE WNFO. REQUIRED PROZCT AND REQ. NO. REFERENCE DiR. NO.
1173-698-117
8/20/62 AP-76 1343-PIR-004

SUBECT

PROPULSION STSTEM CHAME

INFORMATION REQTIESIER | RELEASTD

In Roference to yoir PIR:

1, My skatsh was incorrsct. Checle valv'/es and Burst dises, should be
interchanged. However, this does not bear on the discuasion, as
all ersments in my PIR applied to sxisting aysteum,

2, Comyonent Tosting does not necenasarily eliminate the nsed for
in system testing.

3. Siace, as you pointed out, the dasign of the tonits is so marginal,
3¢ is even more importent to test them and establish a level of
zonfidencs that they will funetion as designed. We have pneumatis
colls whers testlng can be safely dons, whareas at the MAB théy will
be presurising for leak tests under more hazardous comditiens,

Asids from personel safaty, our purpose in testing at/or above
operating pressure is to sncure mission success by proving that
the system can contain operating pressure., This canmot presently
bo done.

Experience with Hydralie Systam Tasting and reference to GEL
reports gives littls hope that leak paths mot sean at 60 pai
will not opsn at highor pressure and causs troubls, At any rate
it 1s extremely diffievlt if not impoaaible to correlats
leakags at different pressures,

DISTRISUTION
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GENERAL) FLESTRIC

MISSILE AND SPACE VEBRCLE DEPARTMENT NO.
PHILADELPHIA 1131-266
PROGRAM INFORMATION REQUEST | RELEASE :
| FROM R, G. Yaeger, System ﬁngineering 10 F. Jackson, Acting System Engincer
Room 6260 Ext. 2807/8 CCF £6 4 Room 6240 CC¥ #6
DATE SENT DATE INFO. REQUIRED | PROJECT AND REQ. NO. REFERENCE DIR. NO.
n 9/10/62 AP-76
SUBXCT

Mimutes of Meeting on 1750 Propuls{on Subaystem on 9/7/62

1.

2.

1.

ATTERDEES: A, K.

INFORMATION REQUESTED [ RELEASED

Tower

Susgman

Rich

Pountier

Tague

Herz
DaCastongrene
Boericke
Douning

INTRODECTION

The subject meeting was called to air various aspecte of two problem areas in
the acceptance tests of the subject hardware. These problem areas are:

Present plans call for systecm level vibration teats with
empty tanks for the subject pubsystem. It is important to
exsmine this situation to detcrmine whether thig will
pexrmit reasonmable and adequate tesats,

Present eubsystem design and durability considerations have
prevented GA pressure tcsts in excess of 254 of operating pressure,
It mist be determiped whether such tests are at all reasonable,

This PIR summarizes the repsults of the subject meeting.

TANK VIERATION PROMLEM

The initial presentation by Quality Control ezpressed concexrm over the
addquancy of a systems level vibration test, for this propellant system,

with khe

(2)

(b)

four tanks empty. Discusaion disclosed the following factors:

Depending upon relative frequercies the empty tanks could
represent either & more severe or a less scvere test, Mass
change is by a factor of 10 and tank support frequencies will
increase by a factor of 3 or better., Mr. Sussmaa will obtain
data on this factor,

It i3 undemireable to load aay liquids other than the propellants
into the system for reasons of cleanliness and operational perfor

DISTRIBUTION

PAGE NO.
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Page 2
September 10, 1962

()

(G

(e)

Excegseive friction in vibrating the uninflated tank bladder can
rasult in fatluze of this item,

Propellant mass gimelation without the uasa of some liquid
will most likely represent a compromise in the area of dynsmie
restraint,.

Safety considerations preclude the idea of runnipg the
vibration test with the proper propellants iu the tanks,

It vas accepted that Systerms Engineering will make the decision on this question
as soon as additional dynamic data be supplied by Mr. Sumsman, (AN to CA Test Spec,)

2, ZRESSURIZATION

The presenrt system design doaes vot permit proof pressure tests at any

valze in

excess of 25% of operating pressure. This is the result of a

combination of a diaphragm and a check valve in one ares. Present
0A test specifications reflect this cordition, bat it is desired to
test at higher pressure values to establish greater confidence in the
assembled system. Discuscion disclosed the following information:

(a)

(b)

(c)

Present plans for the use of helium gas as a testing fluid

were made on the assumption thet ¢the greater lesk potential -

in this gas would covpensate io some way for the reduced
preasuxe.

The xatio of burst to vorking pressure for these tanks is
lov and an olemont of risk is present in an operating level
pressure test,

Excessive cycling of the bladders can be expected in
cleaning the tanks (li{quid to be used at the higher pressure
value),

Mr. C. C, Rich will undertake a study to determine the extent of changes required

to permif adequsate
delivery, etc, and

pressure tests. Data {o be provided will include costs,
aoy other data pertioent to consideration of a change of this

nsture. The Systems Engineers cffice will fssue an AN oo this subject if a change

is appropriate.
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GEMERAL (D ELECTRIC

WISSILE AND SrACE 'veliCLE DEPANTIAENT NO.
PHILADELPHIA
PROGRAM INFORMATION REQUEST | RELEASE 1173-184

| ROM R. Boericke = 70
, Propulsion & Pur. 8/8 Eng'g.
ASPD #6, Room 6624, Ext. 6589 . DISTRIBUTION

DATE SENT DATE INFO. REQUIRED | PROJECT AND REQ. NO. REFERENCE DIR NO.

10-15-62 -—- AF 76 r o=

SUNECT
MINUTES OF MEETING ON PROPULSION SYSTEM TESTING

INFORMATION RERFOENED | RELEASED

ATTERDEES: R. Boericke Propulsion $/S
€. Rich Propulsion $/8
R. Krsask AGE
L. Shaain AGE
R. Martin AGB
A. Wyman Field Operations
J. Freeman Pield Operations
W. Kain Fleld Operations
C. Kopanski Field Operations
B. Day VE
[p< deCastogrene 3 z‘l_é//j Systems Q.C.

P. Kajmo Logistics

W. VWunch Test. Equip. Des.
D. Tewple Teet. Equip. Des.
U. Alvarado 0SB

A meeting was held to discuss the use of three new pressure taps recently added
to the propulsion pressurizing system, and to review the leak and functional
tasts to be performed on the propulsion system. The [ollowing agreements were
reached:

1. The new pressure taps will be used by Q.C. at G.E, to test the regulator
and relief valves, and to pressure check the sgystem to full operating pres-
sure.

2. Fileld testing of the propulsion systea will be limited to leak tests at 60
psi for the low pressure system, and will not urilize thes new pressura taps.

3. Rack of accass to the pneumatic panel after vehicle assembly will prohibie
leak testing of seven "B'' nut joints in the VSB prior to launch. All of
the “B" nuts are on the preumatic panel (providing maxiwum reaistance to
vibration) and will have been leak tested in the MAB.

4. A leak test of the liquid burst diaphragns will be incorporated {nto VSB
test procedures to fnsure the diaphragms vere not rupturaed during previous
leak testing or system flushing. The pneumstic burst diaphragms are not
as critical as the ouea in the propellant lines becausa they are backed up
by check valvaa,

DISTRIBUTION ATTENDEES D. Deocwning PAGE NO,
E. Gantz D. Deary
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A NEW METHOD OF PRCOF PRESSURE TESTING

OF PNEUMATIC SYSTEMS
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A method has been found to proof test a Pneumatic
System using a relatively incompressible liquid with no danger of
contamination. This involves using liquid Freon 114, maintained
under pressure and pumped up to the rcquired proof pressure.
The pressure can then be relieved and the Freon drained. The
remaining droplets and residual effluence will then boil off at
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CONCLUSIONS

This use of Freon 114 has proven to be a safe, convenient and
useful technique for proof pressure testing while maintaining the
highest of cleanliness requirements.

It may prove to have other applications not presently anticipated.
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WHY PROOF PRESSURE TESTS ARE NECESSARY

A proof pressure test is generally necessary for the following reasons:

a, For safety - to demonstrate system safety for later testing

b. To ensure success at operating pressure by:

1. Checking installed piping structure
2. Testing proper torquing of fittings
3. Tgsting pipe and component hangers, straps and mounts

4. Testing manufacturing & assembly (workmanship) of all of the above items

c. To enlarge and reveal leaks

d, To "set" 0-rings, cables, etc which are subjcct to this phenomenon

PROBLEMS IN PROOF PRESSURE TESTING

Proof pressure testing (proofing) in aerospace applications presents several problems.
If, as usual, a gas is used in proofing, a large amount of energy is stored which, in
event of failure, is dangerous to personnel and can severly damage and possibly destroy
a vehicle. In addition, when pressurizing and depressurizing with a gas medium, large

temperature variations are encountered which require excessive time to monitorand control.

If, on the other hand, liquid mediums are used, the above problems are materially lessened
but the possibilies of contamination are high. Because the system cleanliness requirements

are extreme in most missile applications, liquids are generally intolerable,
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SOLUTION

Our solution to these proof-test problems is hydrostatic testing using liquid Freon 14"
(CC1F, - CC1Fy) as the pressurizing medium. The physical properties of Freon 114
are described below.

Table 1.  Freon 114 Physical Properties

Molecular Wé_lght 170.98

Boiling Point at Atmospheric Pressure 38,39°F
Freezing Point -1379F9

Density Liquid at 86°F . 89.91 Ib/cu ft
Viscosity at 86°F liquid .356 centipose

Freon 114 is readily available from DuPont in the following levels of contamination:

Moisture contamination 10 ppm max
0Oil contamination 10 ppm max
Prior to testing, solid particles were easily filtered to the following level: 98% of

particles were< 5 micron dia, and 100% of particles were '2 micron diameter.

Freon can be ohbtained with lower moisture and oil levels at an increased price. This
however should not be required, since the moisture and oil are in solution, and will oot

normally separate from the Freon and remain in the system.

¥ nFreon' i8 DuPont's registercd Trade Mark for its fluorinated hydrocarbons,

-2



In this test the system is first filled completely with Freon. The pressure is then {a-
creased to the test pressure, held as required for test, and relieved; the Freon is thea
drained and the system vented to atmosphere. It can be seen from the low boiling point
(table 1 & figure 1) that after the Freon has been drained and the system vented to atmos-
phere, the small amount remaining will boil off. Thus a clean, uncontaminated system

is assured.

TEST EQUIPMENT REQUIRED

The test set used was built on a portable cart to be readily movable as testing required,
The schematic is depicted in figure 2A. The following components are required for such

a test set:

a. Tank. Must hold liquid under at feast 30 psi pressure, and have a volume at
least twice the volume to be tested. (The tank actually used was rated at 100
psi pressure, which assisted in filling the system without the use of an auxiliary

fill pump).

b. Vacuum pump. Must be capable of pulling a vacuum to a pressure of 1 mm
Hg. This was required in the tests reported because the system to be tested
had no vents. The pump capacity depends upon the size of the system and the

time available for testing.

Initially, a Veeco Cat. No. 1406H pump was used; this pump has a free air
capacity of 33.4 liters/min and is capable of reaching a pressure of 5 microns,
or .005 mm Hg. However, because cxcessive time was required to evacuate
the system, a Vecco 1405H pump was added external to the test set, thereby
accelerating the procedure considerably (see "Procedure"). This second pump
has the same free air capacity as the first pump, but can reach a pressure

of .05 microns or .00005 mm Hg.
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¢. Proof pressure pump. A diaphram-type, air driven hydrostatic pump was
chosen to avoid contamination, The minimum pressure.capacity should be
1.5 times the required pressure. The pump used was an Aminco 46~4025
diaphragm-type compressor (pump) rated at 10,000 to 15,000 psi. Dis-

placement is . 13 cu in. /stroke with a normal speed of 120 strokes/min.

d. Heatlamp. Two 200 watt lamps were used to build up vapor pressure in the

system. This higher pressure speeded up draining of system.

e, Filter. A five-micron filter was used to ensure cleanliness of the system.
Special filters (Millipore No. XX45047-50 were obtained to permit flow in

either direction,

f. Transfer Pump. Although this item was not used, a large capacity pump
could have been used effectively to expedite fluid transfer into vehicle,
A 10 to 50 cu in. /min capacity would be suitable However, this transfer
pump would not have helped much in draining tanks because the small fill

line would probably have caused pump cavitation,

AN IMPROVED TEST SET

Our experience to date has shown that the set depicted in figure 2B would Improve

and expidite testing. The major changes would be incorporating a transfer pump de~
scribed above, using a larger vacuum pump to eliminate the auxiliary external pump
that was used, and a tank-to-vehicle straight line of pipe with a minimum of bends

and fittings to reduce pressure drop and facilitate draining.

PROCEDURE

The test procedure below was performed on a system with no vents. Where vents exist

in a system, both the test equipment and procedure are simpler.

-4-
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Pull vacuum to eliminate all air and/or gases from the system. This will
also indicate any bad leaks, A pressure of 2 mm Hg (absolute) was reached
on a four cubic foot volume in less than three hours using both vacuum
pumps. Longer times or inability to reach vacuum indicate leaks in the' -
system. (Originally, with only one vacuum pump, as installed on the cart,

eight hours were required to reach 3 mm Hg

Shut vacuum valves and open valve to Freon tank, allowing fluid to fill

system. The systern is full when the level in the tank no longer moves

and the volume change in the tank equals the volume of the system. (Filling
has required up to 13 hours for our set-up; this excessive time is generally
due to extremely small fill lines, for example, 0.25-inch high pressure tubing.
Start pump and bring the system up to proof pressure, Leaks are detectable
since the vapors can be seen. Our set-up requires approximately {wo hours
to reach 5000 psi. If the pressure does not start up within 10 minutes after
starting the puﬁp, the system is not yet full, '

Hold for the required test, detecting leakage and checking structure.

Vent hack to the tank by opening the vent on top of the tank and opening
the valve to tank,

Heat the system with heat lamps to huild up vapor pressure and speed up
fluid transfer. One hour is required to vent, Without the heat lamps, the
only pressure transferring fluid is the Freon vapor pressure which is about

25 psi at normal temperature (ref: figure 1). Thus an extremely long time

is required,
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g. When almost all of the fluid is back in tank (see level) open the valve
to atmosphere and allow venting.

h. Finally, pull vacuum to check that all Freon is out of the system,
If vacuum cannot be established, Freon is still in the system. It is
then necessary to continue heating with lamps; approximately three

hours are required,
RESULTS

Generally excellent results have been obtained using the procedures described above,
One minor problem was experienced when a filter element support screen was
installed facing the system under test; this resulted in the Iiltgr element falling into
the system. Leaks can be detected by the vapors which are visible, and/or by

inability to reach a vacuum,

It is probable that Freon 12 can also be used as a proof pressurizing medium, with

same test procedure, depending on the system,

-6~
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GENERAL &3 ELECTRIC

@A
MISSILE AND SPACE DIVISION

WNYALUE
VALLEY FORGE SPACE TECHNOLOGY CENTER

P.O. BOX 8555 cories: Mehr, B, J.
PHILADELPRIA 1, PA. Hora, H.

Allard, Joan
sussect PATENT DOCKET

August 26, 1963

Messrs, Wunch, W. J. (Pay No. 98728)
DeCastogrene;, R. 0, (Pay No. 21919)

Rooms 2246 and 3226,~.. 7% r,0;7

Cabot, Cabot and Forbes ™~

Gentlemen:

A patent docket has been prepared to cover the invention described in your

Patent Disclosure Letter dated _8/21/63 , entitled portahle Pranf Pressure
Systen ’
The number assigned to this docket is 39-2D-165 , and it is requested

that you refer to this docket number in all future correspondence relating to
this invention,

To insure our obtaining the most comprehensive patent coverage on this invention
and on any subsequent improvements, please notify us immediately of any further
developments (construction of samples, test results, etc.) including disclosures
of any additional modifications or improvements,

It is particularly important that you keep me informed in advance of: (1) any
sales or contemplated sales of equipment using this invention, (2) any demon-
stration of equipment to others, and (3) any publication of a technical paper,
brochure or the like,

After consideration of the invention by the Missile and Space Division Patent
Review Panel, you will be advised of their decision relative to the filing of a
Patent Application,

If you have any questions regarding this invention or any other patent matter,
please feel free to call or write me,

Very truly yours,

‘E;ZLUN$«J¢(A~) 5
Edward W. Hughes,
Patent Counsel

Room 3210M, Ext, 2431
Valley Forge
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SISSILE WM ST, LCE VERICLE DEIFALYOENT NO,
P. ILADEIPH.A
PROGRAM BIFORMATION REGUEST [ KELEASE 1343-PIR~137
| B0 A, M. Stiles, Jv./Supv. Fngr, 0 ¢ White 3, Xofchur
SQCE ¢ U, A
Ro, 3226  CC&F 63 C. Bryant - Atvarado
DAYE SENT DATE INFQ. REQUNRED FROUJECT AND REQ. NO. REFERENCE DIR. NO.
PIR1363.130
PIR1173-272

SURSECT
FROPULSTON SYSTEM CLEANLINESS CHECK DURING TEST CYCLES

1 FORMATICN REQUESTID | RELEASD

At a meeting on Friday, Descamber 21, 1962, the majcr topie covered was how can
wva devisa a method to pericdfieally check the Propulsien Plumbing to determins thae
relotive cieanlinasa of the systen afecr each charging and test phasa and when ¢n tha
Pad for finol loading. Aw this maciing an Action Item was placed jointly on Quality
Control and Yeat (A, M, Stiles) and Prumulsion Subsystem Design Engineering (Dr, E, 3,
Gante). The action {tes requested that a test plan and propusad s2tup be prepared
by Jamuary 9, 1953,

Using the plannad tesz laycut for chickout of the Propulsion System end the fdea
proposad by C, C, Rich (in PR £173.272), R, dalastongrens (SQCE) ard W, Wunch (QC.TED)
casa up with the plan as outiinad sn thy attachmants, 43 indicated Millipore can
provide dual direction filtars at a nowiral increasa in prica, The normal millipore
filter is unidirectional which %f used in this sysiem woild raquire a multiple nuuber
of bypesseg and shutoffs, Scwe limitati:ns are indicated balcw,

Dua to the locatfon of tha DPrepnlsfor System (with Bulkhead attached) and the
necedsity of equal prascurizing of wmary iniat ports st the sama tica, the pnoumatic
harn=2ce of necessity must bo of flonihle tubisg for ease of connecting., Since flaling
is alveyo pessible the milliporo filters rust be placed at the port or fitting. The
spica limitations wouid mala {t ralatively impossible to tnstall thirty (30)
uni-divactional filters snd by pavn coennect'ins and shutoffs,

ith tha dualedirectiocral miilipore filter installed it i3 kaown thet during
gas discharge or return to auwbinnt the pavticliea trzppnd during the charging cycle
may ba disledgad. Howwvar the prisa concern i3 for the statua of the filter on the
sida toward the vahicle,

After each test the Qualitr ContvroleMatoricls and Proceasses Orczanfzation must
perform ecmtamination cheshs oa zach filter, ‘i@ cepping off procedures amd at
what location the filters ara to bo removed shill be gettled upon ecceptance of this
plan,

As indicated ths cost of harduars for this tvst eycla may be in tha neighborhood
of $2000 plus labor and tast covaraga,

O TRIBUTION PAGE NO.

1 4
Ses attached list CF

CONT. ON
Page 2
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Pgge 2

T2 exact sane mathod cannot bg used at the field locations since their
tezt aquippaent 48 entizaly different. Hovever a similar setup should ba possible
using the AGE equipmant,

a

A Y I
Coneurred ch/f'/%/g-u."“‘/ NIWVELA3 Coneurred___
Dr. E. S. CGantz/Mandzer T. F. Smyth/Projeet Engr.
Propulsion & Pawar Subsystems Materials & Processes

Ciforn pm e WW
ity tife Vars

et ey
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SUBJECT

1.

3.

5.

79

ATTACHMENT

Honitoring Propulsion System Cleanlinesa

The meeting of 21 Dae. 1962 proposed building a propulsion tubing
mockup to pracess and tes? along wikh the Prima Vehicle szo that at
the launch area 1t covld be disassembled aud inspected for degree of.
cleantiless.

Obviously to be dona proprrly this mockup should go through the initial
processing at Rocketdyns in order to be tiualy reprasentative, Thie
is not feapable due to lack of time and wonwy,

€. Rich in PIR 1173+272 proposcd using two willipore filtera to momitor
tke gasses going in end otk of the vehicle, This appears to ba a geod
practical wathed of monitoring cleaniless control after the manufrcturing
cycle, Simca tha assembly £a done in a clean roca envivemment tha abeve
method should be sufficgert,

Systemg 0,C, Enpingering previously had recuirved a filter to be placed
on each Fill Jine or part while the vehicle waz in tha clean area,

(Ses 5,1, 238148), Tost Equipaent Dasign cheeking with Millipers
revealed that they can make & filter which will work in both directiona,
Wa can therafore ceplace each iInlet filter with one of thasa Milliporve
filters and aczomplish our filtering and additionally provide monitoring
as suggestad by C, Rich,

These filters will cont approximately $110 each wi%h $18.50/100 elements.
We will require about 15 of thesa for tha propulsion and stabilization
systems,

R, deCastongrene/SQCE

H. Wanch/QC-TED
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NAME

DATE OF BIRTH
PLACE OF BIRTH
ADDRESS

PHONE NUMBER
HEIGHT
WEIGHT
MARRIED
CHILDREN

PERSONAL DATA

Russell 0. deCastongrene, Jr.
June 16, 1931
Indianapolis, Indiana

27126 Kane Lane
Conroe, Texas 77301

(713) 292-3248

5'9"

145 1bs

Former Patricia Murphy

Russell, Michelle, Martin, Richard, Peter
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