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ABSTRACT

This document summarizes the vibration and acoustic test programs for
four spacecraft: Mariner, Lunar Orbiter, Gemini and Surveyor. Information
is presented on laboratory test programs and results, flight results,
derivation of test levels, identification of test factors, and spacecraft
contractor conclusions and recommendations.
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ABBREVIATIONS
Hz Hertz, a unit of frequency in cycles per second
G Acceleration in gravitational units
Grms Root mean squared acceleration
PSD Power spectral density

MAX q Maximum dynamic pressure

DEFINITIONS

ACCEPTANCE TEST - A test to detect workmanship deficiencies in a
component, subsystem or system which is destined for use in service,

The test environment may or may not simulate the expected service
environment, but the test level is generally less than the qualification
test level.

COMPONENT - An integral package such as a camera, a valve, a battery
or a transmitter.

DEVETOPMENT TEST - A test to evaluate the performance of a component,
subsystem or system under environmental conditions ard to determine its
ability to withstand such conditions. The test environment may or may
not simulate the expected service environment, but the test level is
generally equal to or greater than the qualification level. The test is
usually run early in a program to seek out design weaknesses and correct
or improve them prior to qualification testing.

QUALIFiCATION TEST - A test on a component, subsystem or system to
demonstrate design capability to withstand a critical service environment.
The test environment is usually a conservative simulation of the expected
service enviromment.

SUBSYSTEM - A group of components which is part of a larger system.

An example of a subsystem is the Gemini fuel cell module consisting of
two fuel cell sections, a hydrogern tank, an oxygen tank, pressure
regulatcrs, valves and associated tubing and wiring.

SYSTEM - A complete or major portion of a spacecraft.

*i
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SECTION 1
INTRODUCTION
1.0 PURPOSE

The purpose of this document is to present the results of a detailed
vibration and accustic test survey performed on four spacecraft

programs, Mariner, Gemini, Lunar Orbiter and Surveycr. This is a

more detailed continuation of tne vibration and acoustic survey conducted
by the Boeing Company in 1967 and documented in Reference 1. These

data are intended to support Apollo flight woriliiness decisions and aid
the evaluation of flight acceptance testing philosophy.

1.1 CCOPE

During the survey data was collected on laborstory test programs and results,
flight results, derivation of test levels, identification of

test factors, and spacecraft contractor conclusions and recommenda-

tions. The ground rules and specific information desired on this

survey are included in Appendix C.

The information presented in this document is the condensation of many
volumes of data and was accumulated for this survey in a very short
period of time. Therefore,the text of this document is by necessity
a series of concise statements relevant to the Appendix C statement
of work instead of a complete discussion of each subject. Wherever
possible, the spacecraft contractors (JPL, McDonnell-Douglas, Boeing)
are quoted directly from available document, memos, telecons, etc.,
to eliminate Interpretation errors by the authors of this document.
Care was exercised to avoid injecting opinions or conclusions since
the purpose of this document is to report the data as is, rather than
to evaluate or make judgements.

1-1
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SECTICN 2
SUMMARY

Tse vibration and acoustic test programs are detailed for four spacecraft,
Aner, Gemini, Lunar Ortiter and Surveyor. Since the Mariner program

nas separate and distinot missions for different spacecraft, the Mariner

Mars 64 and Mariner Venus 67 projects are included in separate sections.

The Mariner Mars 64 survey results are presented in Section 3. This
information was obtained from JPL dccumentation and from both oral and
written correspondence with JPL engineers.

Section 4 presents the Mariner Venus $7 spacecraft survey results.

Since the Mariner Vemis 67 spacecraft consisted of essentially the same
hardware as did Mariner Mars 64, Section 4 is directed toward detailing
the program differences and changes. One of the more significant things
gbout the Mariner Venus 67 project was the retest philosophy developed
to utilize leftover Mariner 64 hardware.

Section 5 details the Lunar Orbiter spacecraft survey results. This
information was collectad by Boeing-Seattle vibration and acoustics
engineers from available Lunar Orbiter data for inclusion in this
document.

Section 6 presents the Gemini spacecraft survey results. This infoma-
tion was collected by McDcnnell-Douglas Gemini project engineers for

this survey. The Gemini spacecraft was the only marned vehicle considered
in this survey.

The Surveyor spacecraft survey results are presented ir Section 7. This
section is incomplete due to the lack of time available to gather infor-
mation. The data shown are taken frcm partially completed JPL documente-
tion and conversations with JPL engineers.

Appendix A presents detailed laboratory test failure data for the
Mariner Mars 64 spacecraft program. Subsystem test failure data are
presented for both qualification and acceptance tests.

Appendix B presents detailed laboratory and flight test data for the
Gemini spacecraft program a3 received from McDonnell-Douglas.

Appendix C contains the original task descriptions that were used to
conduct this survey. The informatica desired and ground rules used in
conducting this survey are found in Appendix C.

Appendix D consists of the presentation made to the Apollo Program Office
sumarizing the findings of tkis vibration and acoustics survey.

2-1
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3.0 GENERAL INFORMATION
Project Management - Jet Propulsion Laboratory

Launch Vehicie - Atlas/Agena D

Spacecraft
Mariner I Launched 1962 Destroyed during boost
Mariner II Launched 8/27/62 Successful Venus fly by
Mariner III Launched 11/5/€4  Shroud failed to jettison
Mariner IV Launched 11/28/64 Successful Mars fly by
Mariner V Launched 1967 Spare to Mariner IV,

became Marirer 67

Mariner III and IV are the Mariner Mars 196l spacecraft and are the
subject of this section.

Mariner 64 physical characteristics, see Figure 3-1.

Weight - 575 lbs. .

Diameter - 5 f%. with solar panels folded
17 £t. with solar panels extended

Length - 9 ft.

The informatior presented in this section were cbtained from References
2, 3, b and 5.

3.1 LABORATORY TEST PROGRAM
3.1.1 Test Program Rationale
3.1.1.1 General

Environmental testing is a controlled series of interrelated and integrated
events which permit a quality judgment to be made of equipment design

and flight acceptebility. The formal testing constituting the program--
i.e., qualification and acceptance tests at the subsystem level, ard

at the system level--are implicitly related.

cifically, the inspection and successful performance of a subsystem
or system during and following qualification testing offers implicit
evidence that the flignt subsystem or system will not be degraded by
less severe environmental exposures during acceptance testing. Further,
the qualification test establishes confidence in the existence of

acceptable design margins in the equipment.
The Mariner 64 test program was geared to the qualification test.

3-1
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3.1.1.2 ObJjectives

Special development tests are intended to prove the reasibility and
adequacy of spacecraft mechanical hardware.

Qualification tests are intended to verify designs.

Acceptance tests are intended to certify readiness for fligut.

The spacecraft systems test provides the only true mechanical, thermal
and electrical environments and environmental interactions for the
various spacecraft subsystems and components.

3.1.1.3 Requirements

One set of each subsystem was qualification tested except for waivers
granted by the spacecraft system manager.

All proof test model (PMM) and flight-spacecraft subsystems were acceptance
tested.

Systems level qualification testing was performed on the PIM spacecraft.
Systems level acceptance testing was performed on each flight spacecraft.

Special development tests were performed only on a few items (flight
kardware not used) usually using qualification test hardware.

Equipment subject to qualification level tests was not flown.

All PIM, flight and spare spacecraft =2quipment was required to pass the
tests before considered acceptable for flight.

3.1.1.4 Envirommenital Test Program Outline

Figure 3-2 shows relationships between envirommental tests and governing
documentation.

3.1.2 Component Vvibration and Acoustic Tests

The Mariner prog:am used the terminology assembly, subassembly and sub-
system. This teminology included test articles which are defined as
components and subsystems in this document (see Definitions). Therefore,
the component and subsystem level tests are discussed in the paragraphs
describing subsystems since no distinction between the two wa: made in
JPL documentation.

3-2
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3.1.3 Subsystem Development Tests

3.1.3.1 Objectives

Subsystem development tests were conducted to confirm analyses, verify
problem solutions and gather critical information essential to project
success.

Prototype and test hardware weres used for these tests.

3.1.3.2 Test Levels and Durations

Test levels and durations for special development tests were not unifomrm.
In general, test levels were at least as severe as qualification levels.
Durations are unknown fcr these tests.

3.1.3.3 Test Descriptions and Results

(1) Damped siructure feasibility tests

Solar panel damper design verified by 10 g peak sinusoidal test swept
through all panel resonances up %o 200 hz.

Low gain antenna damper system tests revealed that the damper reducedl
the structure motion by a factor of more than twenty.

(2) Electronic packaging development tests

Electronic assembly chasses were subjected to 3 g sine sweep levels
from 20-1500 hz in three axes. All exhibited similar resonances.

Prototype chassis and lightened chassis were subjected tc 1l-g sine
sweep from 20-1500 hz. As a rcsult lightened chassis were selected for
flight, wt. savings = 6 lts.

(3) High gain antemna tests

A combined heat-vibration test was performed to verify that aerodynamic
heating would not degrade the antenna structure.

(4) Solar panel structural development tests
Weight limitetions required radinal departure from previous panel design.
Preliminary acoustic tests chowed the critical sensitivity of spot

welding constru~tion to acoustic energy. Spot welding abandoned and
all bonded substrete construction adopted.

3-3
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3.1.3.3 (Continued)

Final developmental vibration tests were used to determine the ability
of the panel to survive the vibration enviromment. After successful
test completion, a test to failure was performed wherein the panel
failed at 112% "ultimate" vibratory load. The test to failure vividly
illustrated the lack of excessive (unnecessary) margins of safety.

3.1.4 Subsystem Qualification Tests
3.1.k.1 Objectives
Environmental qualification tests were intended to verify designs.

The tests were intentionally severe in order to compensate for material
and fabrication differences in flight hardware.

3.1.4.2 Test Levels and Durations

Low frequency (1-15 hz) sinusuidal sweep vibration in each of three
orthogonal axes (see Figure 3-3).

Complex wave tests (15-2000 hz) in each of three orthogonal axes consisting of:
Random vibration (see Figure 3-4),

Combined random vibration and swept sinusoidal vibration (cee
Figure 3-5).

No acoustic test was required.
3.1.k.3 Subsystems Tested

There were 154 complex wave vibration tests performed on 54 subsystems
(tests waived for one subsystem).

There were 90 low frequency vibration tests performed on 51 subsystems
(tests waived for four subsystems).

3.1.4.4 Operatiornel Requirements

Subsystems which did not operate during booster operation were not
required to function within tolerance during the tests, only to survive.

Eacn subsystem was required to operate in accordance with its test
specification without repair or adjustment following the test.

3-4
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3.1.5 Subsystem Acceptance Tests

3.1l.5.1 Objectives

Demonstrate the ability of the subsystems to perform satisfactorily
in the selected environments at levels at least as severe as flight
levels.,

Certify subsystem flight worthiness.

3.1.5.2 Test Levels and Durations

Ccmplex wave tests consisting of:

Kandom vibration (see Figure 3-6),

Combined random vibration and swept sinusoidal vibration (see
Figure 3-T).

No acoustic test was required.

3.1.5.3 Subsystems Tested

There were 538 vibration acceptance tests performed on 49 subsystems.
3.1.5.4 Operational Requiremerits

Subsystems whick did not operate during booster operation were not
required to function vithin tolerance during the tests, only to survive.

Each subsystem was required to operate in accordance with its test
specification without repair or adjustment following the test.

3.1.6 System. Development Tests
3.1.6.1 General

Systems level tests are required early in project development for the
following reasons:

(1) To demonstrate hardware feasibility,

(2) To evaluate interactions of the spacecraft and the vibration
and acoustic environments,

(3) To verify subsystem level test requirements,
(k) To confirm analyses,

(5) To verify problem solutions and gather critical information
essential to project success.
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3.1.6.2 Test Configurations

Two test space frames were subjected to vivration and acoustic development
tests:

Development test model (DIM) was composed of mass mockups of all struct-
urally critical spacecraft items.

Structural test model (STM) was composed of mass and structural simule-
tions of all spacecraft components.

3.1.6.3 Objectives

DIM vibration tests were performed to demonstrate structural integrity
of the shroud and interface hardware and to measure interface clearances
(see Figure 3-8).

DIM acoustic tests were performed to determine the vibration response
at selected spacecraft locations when subjected to a high level acoustic
field and to measure the shroud acoustic transmission loss.

ST vibration tests were performed to verify the feasibility and adequacy
of the basic structural design.

SIM acoustic tests were perfommed to subject the STM spacecraft to the
proof test model type acoustic test in preparation for the PIM qualifica-
tion test and to measure the acoustic transmission loss of the flight
shroud.

3.1.6.4t Test Descriptions and Results

DM vibration tests consisted of a series of sinusoidal excitations.
From these tests it was concluded that the Mariner shroud-spacecraft
system was qualified to withstand maximum flight dynamic loads and all
clearances were deemed adequate.

DIM acoustic tests consisted of a 142 db shaped acoustic reverberant
field. Socme structure degradation ceccurred, however the shroud acoustic
transmission characteristics were recorded.

SM™ vibration tests consisted of sinusoidal and random excitation in
three axes plus torsional vibration about the roll exis. Significant
results included strong nonlinear behavior of several elements of the
spacecraft, i.e., solar panel dampers, PIPS bladder fuel sloshing and
scan platform bearing backlash.

ST scoustic tests consisted of a 142 db shaped reverberant field.
DIM scoustic test results were corroborated by che STM test results,

3-6
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3.1.T Systems Qualification Tests
3.1.7T.1 ObJectives

Demonstrate the integrity of the spacecraft design for the deleterious
effects -of the launch environment.

Qualify the design and demonstrate with a margin a specific level of
equipment capability.

Locate faults and inadequacies by subjecting the spacecraft to test
levels more severe than flight levels.

3.1.7T.2 Test Levels and Durations
Vibration tests consisting of:

Sinusoidal sweep in three lateral axes and roll axis (see Figure 3-9),

Random vibration in three lateral axes and roll axis (see Figure 3-10),
Torsional sine test (see Table 3-1).

Acoustic tests were performed in a reverberation room (see Figure 3-11).
3.1.7T.3 Test Configuration

Proof test model (PIM) spacecraft was used for all systems qualification
tests.

The PIM spacecraft was composed of 85% actual flight hardware.

Control for all PIM vibration tests was obtained from egix accelerometers
on the Agena/Mariner adator.

3.1.8 Systems Acceptance Tests
3.1.8.1 Objectives

Certiry flight worthiness and demonstrate capability of each spacecraft
to survive the launch environment.

Detect spacecraft assembly errors and subsystem early life failures.
3.1.8.2 Test lLevels and Durations

Systems vibration acceptance consisted of:
Sinusoidal sweep test in three orthogonal axes (see Figure 3-12),
Random vibration in three orthogonal axes (see Figure 3-13).

No acoustic tests were performed.
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3.1.8.3 Test Configuration

Each spacecraft tested was fully flight equipped except for the post
injection propulsion subsystem (PIPS). Acceptance testing of the PIPS
flight assembly is conducted independent of flight spacecraft tests to
aveid hazardous test conditicns. Control for all vibration tests was
obtained from six accelerometers on the Agena/Mariner adapter.

3.1.8.4 Operational Requirements

A system verification test was performed before and after each axis of
vibration. B3ystem verification test data was thoroughly evaluated after
each vitraticn axis to insure proper vehicle condition.

3.2 LABORATORY TEST FAILURES

3.2.1 ' Component Vibration and Acoustic Test Failures

Component testing was not distinguished from subsystem testing (see 3.1.2).
3.2.2 Subsystem Development Test Failures

Information pertaining to subsystem development test failures couid not
be made available in the limited time allotted for this survey.

3.2.3 Subsystem Qualification Test Failures

Subsystem vibration test failures are summarized in Table 3-2. Detailed
failure informaticn is presented in Table A-1 of Appendix A.

TABLE 3-II. SUBSYSTEM QUALIFICATION TEST FAILURE SUMMARY

No. of Total Items Failure
Suhgystecmus Tested Failed Rate
54 okl 30 12.3%
Failure Category Number

Design Deficiency 23
Part Failure T
*Workmanship T
*perator Error 5
*Operaticiaal Support Equipment (OSE) Failure 2
Misc. 2
Total vibration te-t problems L6
Total vibration test failures 30

¥Not considered test failures by JPL

3.2.4 Subsystem Acceptance Test Failures

Subsystem acceptance test failures are summarized in Table 3-3. Detailed
failure in“ormation is presented in Table A-2 of Appendix A,

=9
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TABLE 3-III. SUBSYSTEM ACCEPTANCE TEST FAILURE SUMMARY

No. of Total Items Failure
Subsystems Tested Failed Rate
49 538(1) 26 4.8%
Category Number
Design Deficiency 5(2)
Part Failures 11
Workmanship 5
*Operator Error 1
Operational Support Equipment (OSE) N
Misc. Procedure 1
Total vibration test problems 27
Total vibration test failures 26

*Not considered as test failure by JPL

(1) Over 1/2 the subsystems acceptance tested were later subjected to
system level tests.

(2) The 5 subsystems which failed due to design deficiencies had not been
previously subjected to gualificaticn tests.

3.2.5 System Development Test Failures

Information pertaining to system development test failures could not
be made available in the limited time allotted for this survey.

3.2.6 System Qualification Test Failures

System qualification test failures are presented in Table 3-L.

TABLE 3-IV. SYSTEM QUALIFICATION TEST FAILURES

Anomaly
Environment Type Item Resolution
Acoustic Failure CC&S fuse Transformer redesign
Vibration Failure Science scan cover Redesign
Vibration Failure Torsional vibration Reworked fixture
fixture
Vibration Failure Canopus tracker Redesign image dissector

tube
Vibration Problem Cosmic ray telescope Change calibrate reset
Vibration Problem Cosmic duct detector Incorporated change order
3.2.7 System Acceptance Test Failures

System acceptance test failures are presented in Table 3-%.

3-10
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3.2.8 Special Problems, P-List Items

During project development significant problems arose of such scope
and magnitude as to Jeopardize the success of the mission ard were
therefore subjected to a thorough study under a maximum effort. These
problems were designated as "P-List Items".

Three of the "P-List Items" were caused by inability of certain hardware
to survive the laboratory vibration enviromments. The three items are
listed below and will be discussed in the following paragraphs.

Canopus Tracker
Vidicon Cainera
IM5C Instrumentation System

3.2.8.1 Canopus Tracker

Mariner SIM vibration tests indicated that the tracker would experience
relatively high inputs in certain frequency ranges due to mounting method
and location in the spacecraft. The tracker employed in the STM tests
was only a mass mock-up; therefore, no functional problems were apparent.

A flight like tracker was tested ocn the PIM and was found to be inoperable
after test. A failure of an anode wire in photo-multiplier tube had
occurred. It was later established that a similar failure had occurred
in subsystem qualification.

A new subsystem qualification test was run with the tracker hardmounted

to a shaker. The photo-multiplier tube failed. Tests werec then run with
and without washers. The results of these tests showed that hardmounting
the tracker increased vibration response in the critical frequency range.

A tracker with an improved tube design was then tested on the PIM with
a bushing and washers installed at the S/C-Tracker interface. The PMM
test qualified the tracker at the PIM level and provided data for new
subsystem acceptance and qualification levels.

The tracker with an improved tube satisfactorily passed subsystem level
testing.

The tracker with the improved tube design was used on Mariner IV.

3.2.8.2 Vidicor Camera

Unlike the Canopus Tracker the Vidicon Camera passed ine PIM qualification
test. The first indication of a significant problem was when the camera
failed during subsystem qualification. The failure occurred in weld
Joints and conductor leads.

Sine and random tests were then run oz hardmounted vidicon tubes to
determmine critical frequencies and response variations between tubes.
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3.2.8.2 (Continued)

The tube was then tested on a structural mockup of the camera chassis
using hard and soft tube mount configurations. These tests indicated
that a soft tube mount afforded the maximum tube protection. Extensive
tests were run using different test techniques in an attempt to preserve
the criginal hardmount design.

The soft tube mount passed qualification tests and was adopted for the
flight configuration.

Attempts at modifying the normal subsystem qualification test and test
techniques were made to solve both the Cancpus Tracker and Vidicon Camera
prcblems. The actual solutions were obtained by design modifications.

In the case of the Canopus Tracker, the tube was modified by intermal
structural stiffening. The vidicon solution was cbtained by vibration
isolation. This points toward the realization that the best approach

to environmental type problem areas is that of design improvement and

not test technique and/or specification modifications.

3.2.8.3 Lockheed (LSMC) Instrumentation

Microphone for measuring flight acoustic enviromment displayed unaccep-
table behavior during system acceptance test on MC-3 and MC-2.

Microphone mounting bracket was highly resonant and microphone was
sensitive to local pressure fiuctuations from the lahoratory air
conditione..

Modifications to the microphone system on MC-4 spacecratt tests did not
solve the problems. The micropione was removed and a vibration transducer
was added at the adapter/Agena interface in lieu of the microphone.

3.3 FLIGHT FATLURES

Shroud failed to jettison on Mariner III. The possibility was suggested
of a shroud structural failure due to skin separation from the fiberglass
honeycomb core. Immediate action was taken to subject a test shroud to
a combined thermal-vacuum test. The shroud skin delaminated and further
evaluation indicated thas the flight failure mode probably was similar.
There was no evidence of a vibration-induced problem.

The failure (skin separation from the core) was of such a nature that it
could have been detected only by tests under combined environments
(temperature, vacuum, and time). Such tests were not performed on the
shroud system until after the failure of the Mariner III shroud.

3-13
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3.b DERIVATION OF TEST LEVELS AND IDENTIFICATION OF TEST FACTORS
3.kl Component Test Levels and Durations

Component testing was not distinguished from subsystvem testing (see
3.102).

3.4.2 Subsystem Test Levels and Durations

3.4.2.1 Vibration Levels

Information available on the method of derivation indicates that

the subsystem vibration levels were determined by applying transfer
functions to the system test levels.

3.4.2.2 Vibratioun Duration

Same as system test durations, see 3.k4.3.

3.4.3 Systems Test Levels and Durations

3.4.3.1 Random Vibration Levels

Acceptance test spectia were established by generously enveloping the
95th percentile level (50 hz bands) Ranger data (see Figure 3-1k4).

The levels were intended to be mild enough to avoid fatigue or reduced
life expectancy, but severe enough to indicate workmanship defects and
subsystem early life failures.

Qualification test levels were established by increasing the acceptance
test spectra 4.5 db (factor of 2.9 on PSD and 1.7 on RMS), as shown in
Figure 3-1i. The qualification levels were felt to be in excess of
Ranger 99th percentile levels.

These levels were never changed during the course of the program even
though the initial levels were continuously reviewed to insure validity.

3.4.3.2 Random Vibration Durations

Acceptance and qualification test durations were rather arbitrarily set
at 1 minute/axis and 3 minutes/axis, » .spectively.

These durations (based on Ranger data) were intended to adequately cover
the period of time during flight that the vibration level would be within
10 db (factor of 3.2 on RMS) of the maximm level,(see Figure 3-15.)
3.4.3.3 Sinusoidal Vibration Levels and Durations

No infcrmation available on derivation methods.

3-14
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3.4.3.4 Torsional Vibration Levels and Durations

No information available on derivation methods, except that the test is
to account for vibration phenomena peculair to the Atlas/Agena launch
vehicle,

3.4.3.5 Acoustic Levels and Durations

The acoustic qualification test level was established using Mercury
launch pad measurements.

Method for derivation of the test duration (1.5 minutes) is unknown.
3ol Source of Data
3.4l.1  Vibration Data

Ranger spacecraft was considered to be of sufficiently similar general
configuration to extrapolate its data to Mariner with confidence.

Vibration data from the Ranger 1-5 flights were analyzed and the 95th
percentile levels used as the predicted. flight environemtns.

Staging torsional transients from the Atlas/Agena vehicle were used to
establish torsional test levels.

3.4.4.2  Acoustic Data

Estimates for the liftoff acoustic environment were based on Atlas/
Mercury launch pad measurements.

3.4.5 Identification of Test Factors
3.4.5.1 System Random Vibration Tests

The following tabulation indicates level and duration test factors for
the various system random vibration tests:

Ratio PSD lLevel RS Level Duration

Qualification to Acceptance 2.9 1.7 3

3-15
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3.4.5.2 Subsystem Random Vibration Tests

Test factors were in general the same as systems factors. However, this
was not a requirement.

3.4.5.3 Comparison of System and Subsystem Tests

Figure 3-16 shows a comparison of system and subsystem qualification
random vibration test levels and durations.

Figure 3-1T7 shows a comparison of system and subsystem qualification sine
sweep vibration test levels and duretions.

3.5 COMPARISON OF TEST LEVELS AND FLIGHT DATA
3.5.1  Flight Vibration Data

Mariners III & IV carried an identical complement of instrumentation for
measurement of inflight vibration data.

Data shown here are from two accelerometers mounted at the Agena/space-
craft adaptor interface, sensitive in the longitudinal axis. Both
accelerometers were on high frequency channels and attached to rigid
structure to avoid resonant mounting characteristics.

A time history of spacecraft adapter acceleration is shown in Figure 3-18.

The %;ftoff PSD plot was taken from a 2.5 second time sample {see Figure
3‘19 °

The transonic PSD plot represents a 4 second time sample (see Figure 3-20). °
The ratio between flight acceptance test vibration response and flight
vibration response at the spacecraft adapter illustrates the conservatism

in the imposed requirements, (see Figure 3-21).

There was one radial and two tangential low frequency measurements on

the adapter oriented to obtain torsional as well as lateral oscillations.
This data was not available.

3.5.2 Flight Acoustic Data

Acoustic data were acquired by two microphones on the umbilical tower
and two microphones on a ground lamppost during Mariner ITI launch.

3-16
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3.5.3 Significant Comments

The wideband transonic vibration build-up and duration observed on
Mariner (Figure 3-18) were unlike that experienced during any Ranger
flight (Figure 3-15). The implication is that the validity of extra-
polating these data to "similar" vehicles should be questioned.

Comparing flight and laboratory data it appears that the nature of
vibrational response to acoustic excitation may require a degree of
similation unobtaineble, except under a flight condition.

3.6 CONCLUSIONS AND RECOMMENDATIONS BY JPL
3.6.1 Conclusions

The Mariners Mars 64 spacecraft equipment was subjected to an orderly and
conservative environmental test program. Clearly defined general testing
requirements enabled attention to be focused on potentially dameging
problems and contributed to the timely accomplishment of the test program.
Satisfactory completion of the testing activity permitted the project
ranagement to approach the launch with confidence in the environmental
integrity of the spacecraft.

The spacecraft acceptance tests, established by enveloping the Ranger
95th percentile probability level, were never exceeded in flight.

The qualification levels, accomplished by scaling in such a way that
the ratio to the acceptance tests were approximately 1.69, appear to
have developed sufficient conservatism for vehicle qualification.

Of the 55 subsystem acceptance test failures,* 14 resulted in redesign.
Ten of these 1i tests had not been preceded by the qualification test.
The remaining 4 failures were identical failures on each of the I flight
units of one subsystem. The nature of the failure was very subtle, and
it is felt that the same anomaly should have been seen during the
qualification test. Discounting these I acceptance failures then, all
10 of the 10 acceptance environmental test failures which resulted in
redesign had one thing in common - qualification testing had not yet
occurred,

The 10 workmanship errors detected during subsystem qualification envir-
ommental* testing indicate the need for a pre-qualification test.

Although not covered in the survey, the shock test resulted in 3 failures;
all 3 were latching relay malfunctions. There were no relay malfunctions

during vibration). Although this represents a small failure rate, there
is an indicataon of fragility of latching relays in a shock environment.

¥I'ot all of these feilures were due to vibration.
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3.6.1 (Continued)

Analysis of problem/failure reports generated during the environmental
testing program indicated a number of parts and processes which were
vulnerable to the launch and space environment. Some of the more out-
standing cases indlcating trends of failure are enumerated for the
benefit of future projects:

1) Ceramic capacitors should not be used for low level amplification
in a vibration environment because of the initiation of piezo-
electric action.

2) Sigma relays are non-operational when exposed to shock environment
in excess of 100 g.

3) Glass (vacuum) tubes constitute a potential major design problem and
should be ruggedized and/or soft mounted. Every vacuum tube
application should be viewed from the very outset as & vibration
problem, but amendable to solution.

From the feasibility studies of damped structures, early in the program,
it was detemined that their utilization for the Mariner spacecraft
would result in large savings of structural weight. Continued investi-
gation in this area appears to be equally attractive for application

to future programs. '

3.6.2 JPL. Recommendations for Future Programs

Many of the qualification envirommental tes*s caused no failures. This
provides a strong implication that if a unit passes certain key envir-
ommental tests, it will pass all tests. Complex wave vibration and
vacuum/temperature would be the key tests. A cautionary word - simply
dropping all tests but themmal vacuum and vibration is not advocated,
rather, it is suggested that by purposefully structuring certain key
tests and acknowledging certain operational constraints, it appears
reasonable to drop less productive tests.

The importance of completing qualification envirommental testing early
in a project camot be overemphasized. Accormplishing required design
revisions and the deletion of v satisfactory subsystems and components,
prior to acceptance testing, saves expensive retrofit and retesting, with
the attendant increased environmental exposure of flight hardware.

Design changes originating &s a result of acceptance test problems
sometimes puralled identical problems arising in a concurrent qualifica-
tion test program. Therefore, it is recommended that an attempt be made
to complete qualification testing at the earliest possible dsta.
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3.6.2 (Continued)

The failures detected during system level enviromnmentel testing illustrate
certain unavoidable deficiencies in the subsystem level testing: some
units (such as spacecraft cabling) are not amendsble to assembly level
tests; subsystem environmental interactions cannot be simulated nor
controlled; and degradation can occur between subsystem level acceptarce
and incorporation into a spacecraft. Systems level testing is the only
solution for such problems.

Because of the present state-of-the-art in estimating vibration envir-
cnments{ and since future programs will be faced with the "same old
problem” of prescribing qualification testing lev-1ls at early dates
with little available informatior, it appears hignly desirable to strive
toward a failure test of the prototype vehicle at an early da:. in the
rrogram. This test would show Just what design margin actually exists.
It would be invaluable to know Just how much inherent but untested
margin there is in a typical design when the need for trade-offs arises
late in the program. A demonstration of margin, by a test to failure,
appears -to be a highly desirable engineering tool.

The laboratory results, observed during the high gain antenna combined
heating and vibration tests, produced only moderate agreement between
the antenna structural response to the swept sine and the decaying sine
transient. The technique presently employed for structural integrity
demonstration utilizes swept sinusoids and generally results in overly
conservative testing. This is due largely to the fact that:

1) Safety factors are used to establish the swept sinusoid
equivalent for a transient impulse, and

2) Detailed knowledge of the dynamic response characteristics of a
particular structure are not fully known at the time when the test
specifications are estahblished.

As a result, spacecraft structures appear to be considerably heavier than
the boost enviromment necessitates and it would appear that large savings
could be achieved on future programs by developing the transient testing
technique. The corollary to this problem is, of course, the development
of the tools and techniques necessary to design and analyze for transient
loads.

Although the overall RMS value of the observed launch vehicle inflight
vibration has been quite similar from flight to flight, the spectrum is
known to be variable. A large effort should be expended in order to
obtain inflight vibration measurements both inside the spacecraft and

on the launch vehicle. Work in areas such as wind tunuel analysis,
acoustical testing of the spacecraft, etc., should be emphasized in
order to better understand the manner in which the mechanism of vibration
is affected and how it is transmitted into and throughout the spacecraft.
Specific emphasis should be placed on obtaining estimates of the response
and transfer characteristics for complex electronic systems due to
acoustical excitaticn.
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3.6.2 (Continued)

Testing of the vehicle on the ground is grossly affected by the fixture
transfer characteristics which modify the input spectrum. To compensate
for fixture problems, such techniques as multiple shaker systems, flexible
fixtures, etc., should be studied in order to increase the dimeusions

in which the vibration testing technique can be controlled.

Improved reporting of environmental testing would permit more rapid
dissemination of information to the project and the cognizant personnel.
All acceptance and qualification tests must be reported on a test result
summary since the total Listory of an item under test is Just as important
as the fact that it passed.

Dynamic modeling of spacecraft - while this area was not of particular
significance to a program such as Mariner, largely because of the vehicle's
relatively small size and weight, the anticipated size of future spacecraft
would indicate that some work needs to be initiated at this time in order
to study the scaling effects on very large/complex structures and the
testing techniques to be employed.

3-20



N2-120001-2

NOLLVYNDIINOD #9 HANIYVIN :I-€ 9an3iq

Z*t

440¢+m_

S
- SAVE
AN LNaWdIND3

o+ — L 13NVd ¥V10S

HOLId + .
\— VNNILNV /ﬁw
NIVO—-HOIH R
N3dWVa 1INV 3VI0S n W k-

fv/l VNNILNY NIVO—-MO1

3-21



ol=2

D2-1%

NOILVININNDO0d WVUDOUd LSAL ¥9 HANIYVW :2-£ eandrJ

S440-AN9
14V¥030VvdS

$3¥NA3J0¥d 1531
TVLNIWNOYIANI
JONYLdIDDY

TIAIT-WILSAS

NOILYDI4iD3dS LS3L
FONYLd OOV
AVINIWNOYIANG

RELY N
WILSAS TVHINTD

SAYNAIO0Nd 1S3L
TTYLNIWNOYIANI
NOILYOIJITVYND
TAAITI-WALSAS

SNVId

NOILYII41I¥YND .
IYINIWNONIANS saLaa

RELY B
WILSAS TIVEINDD ATTENASSY TVY¥ANED

SNOILYDIdIDadS
1s31
TIVANIWNOYNIANG
lvi3aa

NOILYDI4103dS 1534
JONVY1d3DDY

% NOLLYOI4ITYND
TYLNIWNOQUIANS
RELY R

ATTIWASSY TVHINED

SIIVWILSA
TYLNIWNQUIANZ

SANIWANNOIY
® AJI170d 1LO3r0¥d

3-22



D2-120001-2

dAIMS ANIS AONIANDIYA MOT LSAL NOLLVOIJI'TVND WALSXASHNS :€-¢ oandiq

ZH—AJN3ND3 Y

000Z  oool 001 SL ol vy L

dIIMS/NIW 6°L 9 Sd3IMS 2 oL
SIXV/NIW §
NOTIVIna

$.0~T3A37 SWY

3-23



D2-120001.=2

NOLLVYAIA WOANVYH LSAL NOLLVOLJI'TVND WALSASHNS :§-¢ eandtq

ZH - AON3ND3Y4

000Z 0001 00¢€ 001 oL L

120/9p 9

P9l = SWig
TIVI3A0

ZH/;8 20

SIXV/NIW €

10°0

3-24



D2-120001-2

0002

0cnL

dIIAMS INIS ANV NOILLVHAIA
HNOANVY @aNIFWNOD LSAL NOILVOIAITVAD WALSXASENS :g-¢ oanSrg

ZH ~AON3ND3Y4

0S¢ 00t

1} 4

L

oL L

S8 01 SSWaLsAsans

1°0
d33MS
aNIS HiIM GINIGWOD
(TIVYHIA0 SWY 6 ')
ZH 000Z OL SI
WO¥d ZH/,B €10°0 :31ON
o'l
s B¢’
Tl NIW/120 'L
SRR
o o —— S) ZH 000Z-S1
. 5,56 SIXY/NIW 01 oL

NOTIVang

$.6~73A31 Wy

3-25



D2-120001-2

NOILLVYLIA WOANVYH LSTL AONVIdIOOV WALSASHNS :9-¢ oanstd

000Z 0001

ZH ~AJN3ND 3y

001

——— —

L6 = SWY 9 TVH3A0

0L

100°0

10°0

120/9P 9 —

N_._\N° £0°0

1200/9p €

Lo

SIXV/NIW L
NOILVdNA

Zl-l/z5 ~0sd

3-26



D2-120001-2

dIIAMS UINIS ANV NOILVHLIA
WOCNVYH QINIGWOD LSAL IONVIdIOOV WALSXSHNS :2-¢ oandrg

ZH~AJNIND3YS

000 000l 0S¢ oot oy SL 0L L

d33amMs
3NIS H1IM A3NISW0D
(TIVH3A0 SWH 6 0°¢)
ZH 000Z Ol Sl1

o -F N_._\Na $$00°0 ‘3LON

0L

=TT 69 NIW/1D0 Z'v
(NIW 9°1) ZH S1-000Z

(NIW 9°1) ZH 000251 ..—.o_

_ ] ) SIXV/NIW '€
S8 0L S SWaLsAsans NOlLViNa

s6 - 3A37 swy

3-27



D2-120001-2

NOILVHNDIINOD HONAV'T #9 HANIMVIN :8-€ 2anIrg

NOIL33S GYVAIO04 |\“\
VN3OV .

doLdvayv
= 14v¥030VdS

GNOYHS UININYW

3-28



NOILLVHLIA JHIMS TVAIOSANIS LSIL NOLLVOIAI'TVND® WHLSAS :6-¢ aanS1g

ZH ~ ADN3NDINA

D2-120001-2

000Z 000L0SZ OSP 0S¢t 00l ot |
10
8570 S3XY VYLV S oL
S3AXY TV — 6L SIXY T70Y
M SIXV “IVHILY HOVI NI 'NIW p°ZL .
m SIXY T170¥ NI "NIW 21 0°0l

NOi..vana

6 ~73A37 WY

3-29



D2-120001-2

120/9°P ¥t

NOILVHEIA WOANVY LSAL NOLLVOIJITVAD® SWALSAS :0T-¢ 2andrg

w

100

ZH ~AJN3ND3YS
000 OOOL 0SS 0oL oL
181 = swyb
TIVH3A0
120/9p 9
SIXV/NIW £
NOlLvina

ZH/78 20

100°0

ZH/ZB'-'CISd

L0

3-30



FSION JOILSNOOV
I1SAL NOLLVOIIITVAD SWALSXS :I1-¢ aandtg

ZH = S3ION3NDIY4 ¥ILNID ANVE JAVLO0-¢/1L

D2-120001-2

000°01 000L 0£9 SLE 001 0z ]|

A A -l 001

”

s
\ﬁw O]
qp ZyL = 1dS TIVYIA0

0zl
ost
oyl

"NIW §°1
NOILVaNna _8_

(¥ve11200°0 3¥) 9P~SaNVE
JAVLI0-€/1 NI TT3A3T FANSSIAd ANNOS

3-31



D2-120001-2

000 00l

NOILVHAIA dIIMS TVAIOSANIS LSAL IONVIAIOOV WHLSXS :2I-§ aandry

—

ZH AON3IND3IY4
00 001 0z

SAXY Ivy3ivi U |

660

/l SIXY TI0%

oL

1D0/NIW §°0 @ NMOQ '3 dN dIIMS

SIXV/NIW SZ°¢

_zm:.<~= \d

\

Il 10

<
B~3A37 SWY

0oL

3-32



D2-120001-2

NOILVYLEIA WOANVYH LSAL IONVIATOOV SHALSAS :€I-¢ aandig

ZH - ADN3ND3YA
000 0G0L 0SS 001 0L

]iij

L1000

/

1250/9p 9+

120/9pP ¥Z—

10°0

ZH/z8 - QS

SIXV/Nid L
NOlLvinag

L0

3-33



D2-120001-2

STIATT NOLLVHHIA WHLSAS 4O NOLLVAINEA ¥I-¢ JUNDIA

zH ~ ADN3ND3¥L
0002 0001 001 0l

~/ L00°0

4404417

ST3A3T LHOINH
FNINIDY3d HLSH
¢—1 SYIONVY

_

1HOINd

> 1 JINOSNVYL
|
100

(2°01 = SW¥9 1Tv¥3A0)
FONVLd3DDV
p9 HINIYYW

, _

‘ (1°'81= SWi9 711vN3A0)
il NOILYDISITVAD
TH/z8 (0'0 79 HINIAVN

| . L0

\ SIXV € "NIW | FONYLd30DY
H/78 2°0 SAXV ¥ "NIN € NOILLYIIJITVYND
i | SIXY/NOILYYNG 1531

ZH/z6 ~ ALISN3Q TVHL1I3dS "JaM0d

3



D2-1200C1-2

401dVaAY 1d4VaO30VdS
NO a33NSvaw
V1ivd 9 ¥3ONVY

SNOILVHNA LSIL WALSXS JO NOLLVAIMAQ :g1-¢ eandiy

08

04

(NOILYWIXONddY)
SANOD3S ~ 3WIL LHOINA

9 05 oy 0f 02 oL 0
FY
qp 0L
|

- 335 09 = SIXY/NOILYANG e

1531 FONVYLd3OIV SWILSAS
b9 Y3ANIAYW

6 ~ IAIT WY

3-35



D2-120001-2

NOILVYHYIA WOJUNVY - STIATT
NOILVOIJITVN® NILSASENS ANV WALSAS IO NOSIHVAINOD :91-¢ eanSrg

ZH — AON3ND3y4

000Z 000L 0SS OOF 001 oL L
10°0
SWY 6 181 /
WILSAS /
\ Ny
\ /
' 0
_— S
o
\ 10 ._”Z
X
_ﬁ N
ZH/A T sy
W3LSASENS
0l

KW31SASENS
SIXV/NIN € W3LSAS

NOILv¥Na

3-36



D2-120001-2

NOILVIIJI'TVA® WIALSASENS ANV WALSAS 40 NOSIHVAINOD :LI-€ oandrq

NOILVHHIA dTIMS INIS - STIATT

ZH ~ ADN3ND3N4
000z 0001 052 0oL op St oL ¢
0SL  OSp 0s1
&
s
'Ll [ XY ¥ §F 2 ¥ F "} - 0
| S0°S3aXV IvaLvI¢ n X
-
SIXY SWILSAS TV : 'L Sikv 1104
|
Sy —.. |m|
| SWILSASEANS
HH.Luwl. = 3
o1
$67 015 SWILSASENS
SIXV/NIW 0°EL SIXV/NIN 0'EL W3lsAisans
SIXY/NIN T SIXV/NINY L W3 LSAS
SIXY 170¥ SaAXY VALY NOILYNNA

1’0

<
-

oL

s,6 — J2A37 SWY

3-37



D2-120001-2

SATHOLSIH INILL NOILVYLIA LHOITA 40 NOSIHVAWOO :81-¢ oandri

(NOILYWIXOYddY)
SANOD3S ~anIl 1HOId

06 08 0l 09 0s or

301dvYay 14v¥030VdS NI
ATIYNIGNLIONOT GIUNSYIW
ViVa Al ANV (1] ¥INI¥YW.

I Y3INIIYW
/
\4 /
(40LdYAY L4V¥IIVJS) 9 YIONVY Vo

v
(0Z-€¢ 3¥4N9D1d 339)
NOIO3Y JINOSNVYL

SIAXY ¥ ‘SIXV/NIN € SWY9 '8l
SIXV € ‘SIXV/NIW | SWY9 L°0L
NOlLY¥NGa T3A3T

0z oL 0

+

(6t-¢ 3un9Id 235) T?
NOI93¥ 4401417

1531 NOILYDIJITVYND WILSAS
1531 AINVYLLAIDV WIALSAS
79 YANIIYW

6~73A37 WY

3-38



D2-120001-2

JIO0LJIT - STIAIT
LSHL WALSAS ANV VIVA NOLLVYLIA LHDITI 40 NOSIHVINOD :61-¢ 2andrd

IH ~ AON3NDId

0001 (1] oL
J 1000°0

HI ¥INIYW

Al YINIEYW

Viva L1HOINd 4404417

100°0

10°0

-JONVLd3ID0V
W3LSAS
b9 YANIYVYW

TH/;6 ~ ALISN3Q TVHLI3dS ¥3M0d

NOILYDIdITTYND
WALSAS
P9 ANIYVYW

/

.u.._\No L0°0

n_._\Na z'0

3-39



D2-120001-2

LHOITJI DINOSNVYL - STIATT LSHL

WA LSAS ANV VIVA NOILVYHLIA LHOITA 0 NOSIHVAINO) :02-€ oxm3rd

ZH—AION3NDI Y
0001 00t

/

‘..\5‘07 Al 4INIEVN
L A

V1va LHOITd DINCSNYYL

JONV.L1d320V
SWILSAS
79 YINIRIYW

- NOILLYDIJITVND

SWILSAS
P9 YANINYW

1000°0

t90°0

100

L0

zu/zls —ALISN3Q Tvy1D3dS ¥33M0d

3-40



D2-120001-2

AIUNASVIN OL ISNOJSTH NOILLVHAIA LSAL 9V J0 NOSIMVAINOD :12-E oandrg

RATIO OF RMS RESPONSES

000¢

HJALAVAV LAVHOIAOVAS NO ﬂmzonmmﬁm LHOI'TA

0001

ZH~AJN3NDINS
009 ooy

00t

_

SLN3INOJIWOD
40d 3ONVY
AJNAND3IYA
AVILLIND LSOW

//%

N

ot

I 3ZNIYYN =

[

/ _
Y
,////////% Al 33NINYW I\

ZH/79 40 SWY3L NI
Viva LHOIMA/3SNOdS3Y LS31 ‘OlLYY .

RN

9°LE

]

L0

—

=
e

Q
(=)
o

(1]

+V1VQ 1H™Md/,3SNOdS3Y 1S3L~0lLvy

3 41



D2-120001-2

SECTICN 4
MARLYER VENUS 6T
4.0 GENERAI, INFORMATION - MARINFR VENUS 1967
Project Management - Jet Propulsion lLaboratcry
Launch Vehicle - Atlas/Agena D
Spacecraft

M6T-1 - Never Flown. M67-1 was a flight spare made up of the
following:

1. Frane was the Mariner 64 proof test model (PTM).

2. Best remaining subsystems from the Mariner 64 flight spare
(Maxiner V).

3. Some subsystems from the Mariner 64 (PIM).

4. Some subsystems used for qualification tests.

M67-2 - Flown in 1967. M6T-2 was made up of the following:

1. Frame was the Mariner 64 flight spare (Mariner V).

2. New subsystems used if available.

3. Sume subsystems came from the Marirer 54 critical flight
spares.

L, Some subsystems came from the Mariner 64 flight spare
spacecraft (Mariner V).

Mariner 67 Physical Characteristics (See Figure 4-1).
Weight - 575 1lbs.

Diameter - 5 ft. with solar panels folded
17 £t. with sclar panels extended

Length - 9 ft.
The information presented in this section was obtained from Reference 6.

h,1 LABORATORY TEST PROGRAM

1.1 Test Program Rationale

L,1.1.1 General

The philcsophy of the Mariner Venus project was to provide a Venus

fly-by mission using the basic Mariner Mars 1964 spacecraft design and
hardwsre.

The general approach to the environmental iest program was to consider the

Mariner Venus 67 design a derivaticn of the adequately qualified Mariner
Mars bl" d.ESisn .

Ll
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4.1.1.2 Objectives

The goal of the envirouamentel test program was to ensure thal pclicies
were realized - obtaining maximum results without a system qualification
test article.

k,1.1.3 Requirements

A flight spacecraft (M6T-2) and a flight spare spacecraft (M6T-1) were
required to be acceptance tested at botb the subsystem and system level.

Qualification tests were conducted on the Mariner Venus 67 subsystens as
required to verify the design.

The system qualification test (Prcof Test Model) was eliminated from
the Mariner Venus 67 program.

Mariner Mars 64 had the requiremenits that equipment subject tc qualifica-
tion tests would not be flown. However, the Marincr Venus 67 flight
spare spacecraft (M67-1) utilized the system qualification test structure
(PIM) of Mariner Mars 64 plus some Mariner Mars 64 subsystems which had
been subjected tc qualification testing.

h.1.2 Component Vibration and Acoustic Tests

The Mariner program used the terminology assembly, subassembly and sub-
system. This termminology included test articles which are defined as
components and subsystems in this document (see Definitions). Therefore,
the compouent and subsystem level tests are discussed in the paragraphs
describing subsystems since no distinction between the two was made in
JPI, documentation.

4.1.3 Subsystem Vibration and Acoustic Tests
4.,1.3.1 General

The Mariner Mars 1964 program was critically reviewed to determine what
parts of the spacecraft were invalidated by design and mission changes.

The review indicated qualification ar” acceptance test levels for
Mariner Mars 64 were generally adequate for Mariner Venus 67.

Following the review, requalification testing was performed at the
subsystem level if necessgary.

Since there was no PIM, subsystems whose environmentss were either partially
or wholly influenced by tihe spacecraft were qualified ahoard the
structural test model (STM).

Many special developmental and investigative tests were conducted on
Mariner Venus 67 to prove the feasibility and adequacy of the spacecraf:
hardware.
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L,1.3.1 (Continued)

Acceptance tests were conducted on subsystems for each spacecraft.
h.1.b Sdbsystem‘Development Tests

4.1.4.1 General

Development tests were not formal project requirements but were usually
performed by organizations who felt edditional information was needed
prior to formal testing.

Development tests were generally run for one or more of the following reasons:

(1) To evaluate expected environment.

22) To evaluate anticipated problems.

3) To determine compatibility between subsystems.

(4) As a resuit of other systems development problems.

L,1.k.2 Objectives

Tests were conducted to prove the feasibility and adequacy of the space-
craft hardware.

L.l.4b.3 Test Levels and Durations

Test levels and durations were not available for this survey.
L.1.h,4 Test Description and Results

(1) Solar Panel Deployment Tests

A modal test was conducted to verify dynamic analyses (mode shapes,
frequencies and damping). The tests verified the panel properties pre-
dicted by analysis.

Modified Mariner Mars 64 panels were tested to verify suitability of tip
latching scheme. The test demonstrated the soundness of tip latching
and damping approach and verified the suitability of solar panel analysis.

(2) Higr Gain Antenna and Superstructure Tests

fhe Mariner Venus 67 high gain antenna subsystem was a new design. A

test was run to determine the dynamic response of ‘the new design for
comparison with theoretical analyses. Test data indicated the theoretical
analysis amplitudes were conservative by 20% to 30%.

(3) Dual-Frequency-Receiver Test

A vibration test was conducted to determine the response characteristics
of the 432-Hz test specimen. Test levels were derived from STM vibra-
tion tests. The results from the development test verified the

structural adequacy of the design.

=2
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L.l.b.h (Continued)
(4) Temperature-Control-Reference (TCR) Tests

Vibration tosts were conducted to detemine the dynamic response
characteristics and stiuctural integrity cf TCR design. Four tests

were run over the frequency range of 20 to 40C hz at acceleration levels
from 1 to 12 grms. The tests indicated that the structural integrity of
TCR was more than sufficient, and rescnant frequencies were not expected
to couple with solar panels.

(5) Data Automation System (DAS) Subchassis Test

A large subchassis was required for the new DAS design. Tests were
required in order that the subchassis would meet the 40O hz minimum
resonance requirement. The tests resulted in modification to the
standard subchassis (addition cf screws and increased material thickness).

(6) Radio Relay Tests

A reley failure occurred Just prior tc launch of M67-2. The relay was
replaced but a different mounting bracket was used. Two relays were
tested at JPL using th: same relay that was onboard M6T-2. Qualification
random and sine swesp tests were run wivh reiays energized and circuitry
monitored for chatter. 'ine relays passed the test.

L,1.5 Subsystem Qualification Tests

4.,1.5.1 General

To provide assurance of locating design inadequacies qualification tests
are more severe than operational conditions, but not so severe that
regsonable safety limits are exceeded or that unrealistical failure modes
are excited.

Quelification tests are nct intended to pe destructuve tests.

k,1.5.2 Cbjectives

@ubaystem qualification tests were conducted to requalify Mariner Mars
64 subsystens invalidated by Meriner Venus 67 design and mission
changes.

They were sleo intended %o valiuate the acceptance test tochniques.

haly
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4.,1.5.2 (Continued)

The STM tests yielded environmental data to confirmm subsystem test
requirements.

4.1.5.3 Test Levels and Durations
Same ac Mariner Mars 196k (see Section 3).
4.,1.5.4 Subsystems Tected

Of the 38 subsystems that were qualified on Mariner Mars 6k, it was
decided that 25 should be subjected again to some degree of qualification
testing for the following reasons:

(1) 10 because of new design.

(2) 12 because of design change between Mariner Mars 64 and Mariner
Venus 67.

(3) 3 because of new enviromment (not necessarily new vibration or
acoustic envirocmment).

The degree of qualification retesting wac determined by the cognizant
subsystem engineer and spacecraft envirommental requirements engineer.

Because of no PIM the following were either whelly or partially qualified
for vibration aboard the STM:

(1) solar panels

(2) solar panel tip dampers

(3) dual frequency receiver (DFR) antennas
(h} tempercture-control references

(5) high-gain antenna deployment assembly
(6) thermal-control shields and blankets

4+,1.5.5 Special Subsystem Tests

Special testing of the solar pancl system was conducted because most of
the qualification testing of Mariner Mars 64 was voided since Mariner
Venus 67 mission changes affected many of the spacecraft appendages.
The testing sequence was:

(1) Vibration qualification test on the SIM. Selected modes for single
panel qualification test (+4.2 g's @ T4 hz and +9.9 g's @ 111 hz).
No physical damage. No electrical degraiation during or after test.

(2) Vibration development test on a single panel. The test was originally
intended to be formal qualification but changed to development test
because of panel damage due to thermal-vacuum test. Input acceptance
test levels were established during this test {+1.2 g's from 67 to
83 hz, +2 g's from 105 to 120 hz).

45



D2-120001-2

4.1.5.5 (Continued)

(3) Single panel acoustic test in a reverberation room at acceptance
and qualification levels. All appendages werz not on panel.
Exposed to acceptance level for 2C seconds, followed by
qualification levels for 60 seconds. Cell covers broken mostly
during acceptance test. Broken cells probably due to damage
during thermal vacuum test.

(4) Single panel acoustic test in a reverberation room at qualification
levels. The panel was mounted on the STM with all appendages in
place. Test had to be run twice to obtain proper acoustic level
at all frequencies. No damage to panel or appendages.

L,1.6 Subsystem Acceptance Tests

4,1.6.1 General

Acceptance test levels were intended to equal or exceed flight levels.

4,1.6.2 Objectives

Subsystem acceptance tests were conducted to uncover major problems
prior to system level testing.

4.,1.6.3 Test Levels and Duration

Same as Mariner Mars 64 (see Section 3).

4,1.5.4 Subsystems Tested

35 of the 38 subsystems for each spacecraft were subjected to & sub-
system acceptance test prior to spacecraft assembly. Mariner Mars 6k
tests were still valid on three subsystems.

4.,1.6.5 Special Subsystem Tests

Special vibration acceptence testing was conducted on 3 solar flight
panels. The panels were tested separately. Difficulties in controlling
the vibration response levels established during qualification tests
resulted in a decision to include the panels as part of the systems
level test.

4.,1.6.6 Subsystem Retest

Five M6T-1 subsystems underwent limited subsystem acceptance retests
because of rework following system level acceptance tests. They were:

(1) Data automation subsystem, (4) Power Subsystem,

(2) Rapid subsystem, (5) Dual frequency receiver.
(3) Tape recorder subsystem,

4-6
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4,1.6.7T Operational Requirement

Subsystems were required to operate during acceptance tests as required
during the spacecraft mission.

.27 System Development Tests

4.1.7.1 General

See paragraph L.1l.4t for a discussion of development testing.
k,1.7.2 Test Description

System developmental tests were conducted as part of the system qualifica-
tion test, see paragraph 4.1.8.

i,1.8 Systems Qualificalion Tests
4.,1.8.1 General

Since Mariner Venus 67 was considered to be a derivative of the adequately
qualified Mariner Mars 64 the project management decided early in the
program to eliminate the PIM (system qualification test vehicle) in order
to save both time and money. In some édases, however, the Mariner Venus

67 ST was used as a substitute for the PIM to qualify subsystems whose
vibration enviromment is strongly influenced by the spacecraft system.
System level test objectives could not always be satisfied on the STM
which sometimes led to an unusual system test on the spare spacecraft
(M6T-1), or in rare cases an unavoidable deficiency in the test program.

4.1.8.2 Objectives
Systems qualification tests were conducted to:

Validate the environmental techniques for use in acceptance testing.

Verify the spacecraft's ability to structurally withstand the boost
environment.

Obtain supplenental dynamic response data required by late design
changes. ’

Provide data for confimming subsystem test requirements.

4,1.8.3 Test Levels and Durations

The Mariner Mars 64 system level acoustic test was considered valid for
Mariner Venus 67 except for the solar panel tests, see Paragraph k.1.5.
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4.,1.8.3 (Continued)

The spare spacecraft (M67-l) was subjected to limited qualification test
levels. The levels were higher than M67-2 vibration acceptance lecvels
below 800 Hz, but less than Mariner Mars 64 PIM levels. These levels
did not invalidate M6T-1 flight worthiness.

4.1.8."r Test Configuration

The structural test model (STM) was composed of flight structural items
and structural simulation of all spacecraft components.

4,1.8.5 Test Description and Results

The initial vibration tests on STM were low frequency structural develop-
ment and design ultimate load tests were run for torsional, lateral and
roll axes with four uncelled sclar panels. Low frequercy and complex
wave vibration tests were run for the roll axis and two lateral axes to
qualify the one celled solar panel. Low level tests were run in the

roll axis to determine dynamic response of the PIPS. The ST withstood
design ultimete-load and structural-qualification dynamic-load tests.
Total vibration time was 208 minutes.

Final vibration tests on STM were conducted on a modified version of the
initial Mariner Venus 67 STM.

The tests were run Lo supplement dynamic response data required by late
design changes and to qualify structure not included in initial tests.

The test also -rerified complex vibration test procedures to be used on
flight spacecraft. Low frequency structural development and qualification
dynamic load tests were run for the roll axis and two lateral axes.

The STM withstood the qualification dynamic load test. Total vibration
time was 60 minutes.

4.1.9 System Acceptance Tests
4,1.9.1 General
Acceptance levels were intended to either equal or exceed flight levels.

Both spacecraft were acceptance tested to conservative levels for
vibration.

4.1.9.2 Objectives

System acceptance tests -iere conducted to give assurance that the flight
hardware is a representative sample of the design subjected to the
qualification test and to identify any manufacturing defects that may be
present in the flight hardware.
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4.,1.9.3 Test Levels and Durations

System acceptance test levels were the same as Mariner Mars 64 (see
Section 3).

4.1.9.4 Test Configurations
The M6T-1 spare spacecraft was acceptance tested and consisted of flight
hardware with the exception of the post-injection propulsion system

(PIPS), pyrotechnic actuators, and 2 solar panels.

The M6T-2 flight spacecraft was acceptance tested and consisted of flight
hardware except for the PIPS and pyrotechnic actuators.

4.1.9.5 Subsystem Retest

Five M6T-1 subsystems had to undergo limited subsystem acceptance retest-
ing becau.2 of rework necessary following the M67-1 system test, see
Paragraph 4.1.6.

4.1.9.6 Operational Requirements

All systems are required tc operate during acceptance tests as required
during corresponding periods of the spdcecraft mission.

.2 LABORATORY TEST FAILURES

2.2 Component Vibration and Accustic Test Faiiur-~s
Included in subsystem data (see Paragraph 4.1.2).

4.2.2 Subsystem Development Test Failures

No failures noted.

4.2.3 Subsystem Qualification Test Failures

4.2.3.1 Vibration Test Summary

TOTAL ITEMS FATLURE
TESTED FATLED RATE
21 5 23.8%

A failure is considered to be one unique problem, i.e., if several units
failed due to the same problem, it was considered as one failure.



D2-120001-2

4.2.3.2 Failure Categories (see Table L4-1 for Details)

CATEGORY NUMEER
Design Deficiency and Age 1
Unrealistic Test Condition 1
Design Deficiency and Faulty Workmanship 1
Age 1
Unknown 1
4.2.4 Subsystem Acceptance Test Failures

h.2.4.1 Vibration Test Summary

TOTAL ITEMS FAILURE
TESTED FAILED RATE
117 T 6.0%

All subsystem acceptance failures were followed by a successful rerun
of the acceptance test. A failure is considered to be one unique
problem, i.e., if several units failed due to the same problem, it was
considered as one failure.

Lh.2.h.2 Failure Categories (see Table 4-2 for Details)

CATEGORY NUMBER
Design Deficiency 3
Faulty Workmanship 3
Faulty Procedure 1

L-10



D2-120001-2

*98331 STU3 Jo A3TPITRA 3Y3 399FFe 30U

PIP 08 ‘aJ03J92Q 20TM} Pa9S99 UOTHBOTIITEBND
ATIngssa00ns uaaq pvY YOTUM AIFINOITO PIO UT
SBM SanTiel aYL °Hdd JO 4TNSaSI B SB Popps
PIBOQ SPOTP oYz Jo £3TIJqUT SUYJ HO8YD 03
poreadas svmM 4899 O °*UOTIBI(TA UOTQBO
-T3TTenb passed ATsnotaaxd pvy aTnpow STYJ

*Jutpuoq Aq1T8nb I9q409q Juraq s®

P3TJITISA agoM sqTun JUITTI 92Uz pur ‘watqoad
STU3 DOSTIQIUX® 3Tun 3YSTITI ou ‘usayeys

-3I TIIO30BISTIBS SBM 3TUN UOTRBOTIITBND
9Yg S90UIS °*SINTIBI STUF JISAO0 WISBDUOD ON

‘uoTgouny TTT38 03 A317Tqeded jquatorrgus

P8y S9TIS394®q 9Y3 FUITTI UT INodO 09 aIaM
2INTT8F JIBTTUTIS B8 JI °8qTun’ D JISUTIBR UO
P23STX9 UOT4TpuUCD aues oYy *Axa498q 943 9pPIS
-UT SOITM JI3pBOY 913 JO SWOS IOIq UOTUM

apou YsoTs 8 uydnoayz o8 sagwTd Lraqquq

Y3 (zH ¢ °xoxdde) satousnbaay MOT AISA 3y

*sqaTUN JO 3a8e Jut

-I9pTSuUcd Jurstadang ;0u SwWwaTqoxd °*) JISUTIBR
uo 3urqso3 uoT4eoTITTeND possed JIaAT908a

ay3 pue ‘Surysog L9 SNUSA JSUTIBK FutInp
£4TMOTIJTP ou paouatradxs ofpsI 2Y3 JO
suotqrod QY asnwdaq §8900NS UOTSSTW 03

gy woTqoad STY3 JISA0 WIIDOUOD OU SBM 3I3Y],

NOTLILOV DNTLIINSHY

(?8vy) *Arasdoxd

sousnbas 04 paTIBI 2qoxd wvusBTd

(dTysusuniIon

£3TneI pus LoUDTOTISP udrse(q)
*TBUTWLIS} JI9PTOS a3 YBIIq

09 9ITM a3 JO UOT3OW POMOTT®
puUB 3SO00T 9YOIq PBST B UO
puoq q0ds ® ‘uorgaBIqTA JUTINg

(UOTATPUOD 9893 OTESTTRAIUN)
A135970q UT 9)0Iq SSITM I8pBSY

Amww pus

KouatotTyop ufrsep) sxoqroeded
U3 T weTqoxd udtsap 0g anp
SSOT UTBS puB JI02309UUCO 98007

( XMODEIVD )
DINTIVL NOLIVIAIA

SHMNTIVA ISEL NOTLVOLITIVAD WALSASHNS °I-t TIGVL

3qoxd BWSBTJ

(4dQ) JoATI09Y
Lousnbaxg 1o

62 % g2 ‘le s,N/g
‘Axaqyeqg

2 N/s
‘otpey xspuodsusag,

WLLSASANS

T

k11



D2-120001-2

*PadIOMaI aa9M g UInoayl € NS

s3Tun ‘Isasmoy ff 2 £ NS UO PIIINDDO BIn
-TIBd °*3aNTIBI STIY] JOAO POUTBWSI UISOUOD
OU PUB UOT4RD3IIOD a9enbapt ur 23 09 3T9F
sesn utd ToMOp 89Uz JO UOTQIDPPR SYL °*IOBID
swes sUjq PoIlIqIUXe OSTE 9T PUB ‘pautTwexs
sBM FUT9S27 [RIUSWUOITAUS OU paduaTtszadxa
PEY 9BUZ TOpPOW 3599 BUUSQUB UY °*Ppaqo0u
usaq ATsnotaaxd q0u peRY 98Y3 PUNOI SBM
}oBJIOD B ‘pOUTWEXSSI 9BM UCTEBOTITTEND ayj
usyM ‘ssanrel oouwqdooor 2U3 I99JB 4nq
fq0u seM 3] °*SWT] 38U 1B POIOU USDQ 2ABY
pInoys aany BF STtuy ‘souwidecow 09 aotad
POIINDO0 DPBY S4S299 UOTqBOTITITEND aoutg

»poosTdag
wIed *sanTIBl J04T0wdRO puw TBASAIOD
J0J 9T1qtsuodsox gvm aantrel AIvd-woord v

*8SaTUN TT®B
UO PaqnqIqSUT S8BM 9T ‘asasmoy ‘oTdmrs gBM
Lpswax udTssy SYq FOUTS  °*UOTIBIQTIA JO DU
93 9B UNTATPUCY TBUTISTIO S3T 29 uUIngal
sfBMATR® DUB UOTYBIQTIA JO STOADT UTBRWIDD IBP
-un ATuo Inodo 09 uMmouy SBM YoTYM ‘waTtqoad
a3 JUTQO8II0D JNOYZFTM YounsT 07 pPayoBas
ud9sq PBY UOTISTOSp B ‘owrq suo 3v ‘q0BJF

T fgdd £3TABO JuTung 9] JIDAO WIDOUOD

ou gBM axayl ‘*waTqoad ayq paIno 9T

18U3 POTJITIOA pu® £3TABD ay3z JO J998wTIad
9y3 punoaw qnd ssM Jurpuoq Jo 3STTTLI V

NOLIOV ONIILTINSHH

SHINIIVA ISEL JONVIIHOOV WELSASENS

(AoustoTra(q udrsa(Q)

*94SBW 89U} UO JUTFITI SY3 TTelsd
04 u8Ttsop 9yl 03 PoOppe sem urd
ToMOop SvT3I92qTI B pue ‘Sutaro
Sutanp uorgeaevdas poasnsBd 4SBU
8y3 pue SJUTIITI SY3F US9MIDq
SQUDTOTIIO00 UOoTsuUBedxs UT S30UD
=I9JJTP 9BUL DPOUTIMIS]SD SBA 1T
*POqOU SBM 3SBW UMUTUMTE 9Y3
pue SurqaTI OTTousud ® tsaMlLq
HoBIO B ‘UOTq4BLJTA SU:MOTTOJ

(LousToTysg udrseq) ‘L NS uo
PoTTBI J04TordRd puR TBRSAID

(LouaToTIOdE USTSS(Q) ‘SOTPRI Q
R ) ‘2 NS 9U3 uo s® SIa9yj0 uo
9TQEeOT30U SB 30U SBM ~nq SOTpBI
TT? UO PO1STX3 UOTATPUOOD UBTSIP
sTYL, *ALousanbaxl ut sjBNlONTI

09 T®9s£10 quaoelpe U PasnNBD
puB UOTIBIGTA JISFUN SISSBYO

93 P220oVAUOD PUY SUTPUBUIDAO
2y, °spus sqT 9B poroddns jqou
sBM £3TABD Sutung padeyg-] uy

( HODFVO)
TINTIVA NOLIVIETA

*1I-% TV

h %R

€ N/s swvuusquy

JHA ‘x2AT®0

-3y AKLousrbaxg TvNJ

L N/s
‘otpry Jopuodsuray,

9 ‘L ‘2 s,N/s
‘oTpey Jspuodsued],

WHLLSASENS

L-12



D2-120001-2

*po3soqad ATTIO0}0BISTRES
1TUN 98Ul puB PoqoaIIod seMm LourdaIosI(

* UI20U0D ON

*SUOTRTPUOD TT®B .- opun ure3 aj3snbaps

uT pajInsax aanpadoad meu STYL, ‘96T SIBN
JBUTIBY UO pasn aanpsdoxd syjz o0q szTnsag
JoTxadnsg aaBS axnpeooad SuTrzZiqoudsuwl MU SYJ,

*suorgeIado 1987 pur BUSDBSBJI

Sutanp syosyo uotrgrsod TTnNU 9qNqI19SUT

07 POUTBWAI WIDUOD Ygnous ‘Maros JFuT
-3O0T 83Uz Jo SutusqudTgal SuTMOTTOIT 28993
9y pessed ATTngssooons 4run aya ySnouszTy

NOLLOV ONILINSHY

(penutquo)) SHMAIIVA ISHL HONVIAMOOV WHISXSANS

Amﬂﬂqusxnoz RaTneg)

(drysueunjzop £3Tneg) cweTqoxd
oures oUq pooustaadxs sqTUNn Y3O0g

*STOAST UYoqTMs uo pwoT Jutads Jo

quawgsnfpe xadoxdwt 03 PodBIg
SBM STYJL °*POAIDSQO SBM JI99
=1BUO 90BRUOD ‘UOTqRIqTA Jutang

(drysueuwsirop L3Tned)

*pogsagax ATINISsao0ons 4TUN

39 pur paoeTdsx SeM 99OmIq
9y, °UOT3BIQTA UT JI334BUD 03
§70BqUOD YOG TMS POSMOTTB 3O)OBIJ
®v uo wesTqoxd TrUOTSUSWID VY

(@anpadoxg LyTned)

*s3098N308 O} UT Sqouldsu
Janbiog ay3 JurzigoudvWl UT
Joaxs Teanpeooxd B 09 PadeIl
AT9qeurTan sesm waTqoxd STYY
*oanbxoq JO SSOT ® PIOUSTI
-adxs pBYy ATqUasse ausA dY3
UT sSx038n3o® 4 TTB 38U} pPa3ou
SBM 1T UOTABIQTA SUTMOTTOJI

*UOTYBIQTA
Sutanp 4IBYS 9Yq UO ISOOT SWEBO
¥ooTq ysurq Jazawotrquajzod ayg,

( ZE0HILVD)
TINTIVI NOLLvYdIA

‘S~ {14V

TITO ‘OTTIO N/S
YoaATMS SuTwmIsoIAg

J9UWTy, POYBTYITUL
uotqeIedag

ATquassy TOI3U0)
J0903A gsSnayy,

LTquassy Toxquo)d
J0q08 9SNIY],

WHLSASHNS

h13



D2-120001-2

L.2.5 System Development Test Failures

System development tests were conducted as part of the system qualifica-
tion test, see Paragraph L4.2.6.

k2.6 System Qualification Test Failures

None of the subsystem test failures recurred during system level tests.
System qualification test failures are summarized in Table L4-2.

L.2.7 Systems Acceptance Test Failures

There were no failures reported on the M6T7-2 flight spacecraft. Systems
acceptance test failures on the flight spare vehicle are shown in Table

Ly,

4.3 FIIGHT FAILURES

No failures were reported by JPL.

Lh DERIVATIONS OF TEST LEVELS AND IDENTIFICATION OF TEST FACTORS

An examination of the general qualification and acceptance test levels
for Mariner Mars 64 revealed that they were approwriate for Mariner
Venus 67. Certain procedure changes which had negligible effects on
test level were made to facilitate testing.

L.5 COMPARISON OF TEST LEVELS AND FLIGHT DATA

No comparisons were available for Mariner Venus 67. The comparisons
for Mariner Mars 64 should be applicable (see Section 3).

L.6 CONCLUSIONS AND RECOMMENDATIONS BY JPL
4.6.1 Conclusions by JPL

All the goals regarding the Mariner Venus 67 test program were realized

in many cases more satisfactorily than those for the Mariner II and
Mariner IV test programs. A greater depth of penetration was possible

on the Mariner 67 program, because of the fact that the spacecraft hardware
and gross design had been previously qualified, permitting emphasis to

be placed on specific hardware items for which either the hardware or

the euvironment had changed.

The current success of Mariner Venus 1967 could not have been achieved

without a highly successful environmental test program designed with
the capability tc identify potentially dangercus problems.

L-1k4
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4,6.1 (Continued)

The qualification failure rate was higher for both vibration and thermal
vacuum >n the Mariner 67 project. This fact most likely reflects the use
of o0ld hardware on the Mariner Venus 67 project, which was left from the
Msriner Mars 64 project, since the test levels were essentially the same
for botis projects. Another reason for the higher qualification failure
rate was due to a lack of developmental testing.

Since there was no PI™M (system qualificaiicn erticle) for Mariner Venus
67, the spare spacecraft, M6T-1, often served as a PIM bui wwc ~hiected
to levels lower than the Mariner Mars 64 PIM. A deficiency in the test
program was that the Mariner Venus 67 flight spare spacecraft system
(Mariner Venus 67-1) was not tested to full PMM levels. This would have
rendered the spare spacecraft unflightworthy.

The sweeping sine vibration test exists in present test programs largely
because of precedent and its use as a diagnostic tool; however, no sine
or sweeping sine vibration occurs in an actual launch environment.

4.6.2 Recommendatiocl:s for Future Programs

The retest philosophy that evolved from the Mariner Mars 1964 and the
Mariner Venus 67 testing programs is recommended for future programs.

If a subsystem has a failure, it is certainly necessary to requalify
that portion of the subsystem that has had to be reworked. If the
subsystem is a gualification unit, it is recommended that the reworked
portion of the subsystem be required to pass a qualification test and,
also, multiple acceptance tests if time permits. If the subsystem is an
acceptance unit, then the reworked portion of the unit should be required
to pass an acceptance test.

b-17
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SECTION 5
LUNAR ORBITER
5.0 GENERAL INFORMATION
Spacecraft Development and Manufacturer - The “oeing Company
Program Managemert - NASA/Langley Research Center
Launch Vehicle - Atlas/Agena
Spacecraft-Lunar Orbiter

Ground Test Spacecraft #1 (Qualification Test Model)
Ground Test Spacecraft #2 (Acceptance and Mission Simulation Test

Model)
Spacecraft ##  Mission I Launched 8/10/66
Spacecraft #  Mission II Launched 11/6/66
Spacecraft #  Missiocn III Launched 2/5/67
Spacecraft #7  Mission IV Launched 5/4/67
Spacecraft #3  Mission V Launched 8/1/67

Iunar Orbiter physical characteristics (see Figure 5-1)
Weight - 853 1lbs.
Diameter - 1T7.5 ft. from tip of high-gain antenna to tip of low-
gain antenna
5.0 ft. with antennas and solar panels folded
Height - 7 ft.

The information presented in this section was obtained frou Reference

Te

5.1 LABORATORY TEST PROGRAM
5.1.1 Test Program Rationale
5.1.1.1 General

The test program in general was based cn three major test phases:
(1) development testing, (2) component testing, (3) system testing.

Specific allocation of program hardware was defined early in program
to meet test and flight program requirements.

All tests leading up to the acceptance testing of final configuration

assemblies may be considered to be part of tne development and qualifica-
tion test program.

5-1
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5.1.1.2 Objectives

Developmental tests were conducted to generate engineering data, to
resolve technical problems to verify or improve design concepts.

Qualification tests were conducted to detemine that design and fabrica-
tion procedures were adequate to allow for expected variations in
individual articles and environments.

Acceptance tests consisted of functional tests to assure compliance with
performance specification and flight level environmental tests to
demonstrate the adequacy of hardware items for flight use.

Mission simulation tests were performed to verify spacecraft operation
under a realistic flight environment; demonstrate performance and
susceptibility to mission environments; demonstrate reliability and life
cycle capability.

Major portions of the spacecraft were subjected to spacecraft test
levels with the prime objective of qualification and/or acceptance of
components or subsystems.

5.1.1.3 Requirements

Systems qualification vibration and acoustic tests were performed on
ground test spacecraft #l.

Acceptance and mission simulation tests were performed on ground test
spacecraft assembly #2.

Acceptance tests were required on all flight spacecraft.
Components were acceptance tested before being qualification tested.

Development tests were conducted on the Dynamic Development Models I
thru III.

Equipment sut jected to a qualification test was not flown.
5.1.1.4 Environmental Test Program Outline
Figure 5-2 shows the relationships betwsen enviromnmental tesis. In

practice, the various test types were interspersed with parallel
development and concurrent testing at all levels.,

5-2
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5.1.2 Component Development Test

Component vibration development testing was performed using Dynamic
Development Models (DDM) as test beds. More information on these tests
including test levels was not available for this survey.

At least one component acoustic development test was performed. The

rocket engine heat shield was tested in a reverberaticn chamber at the
levels and durations shown in Figure 5-3.

5.1.3 Component Qualification Tests

D¢1.3.1 General

A general test requirement was set for components; however, the general
requirement was modified as required to provide a more realistic test.

Two methods were used to modify the requirements:

(1) Define requirements based on measvrements taken during system
level tests.

(2) Qualify component during system level test.
Certain component tests were waived if the tests were no. relevant.
5.1.3.2 Objectives
Component qualification tests were intended to determine that design and
fabrication techniques were adequate to allow for expected variations in
individual articles and environments.
5¢1.3.3 Test Levels and Durations
Vibration tests consisted of:

Sinusoidal sweep in each of three orthogonal axes (see Figure 5-4).

Random vibration in each of three orthogonal axes (see Figure 5-5).

Random vibration levels are the same for component and system level
testing.

No acoustic test was required.

>-3
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5.1.3.4 Operational Requirements

Following completion of the qualification tests, components were
considered not flightworthy.

Components were required to operate within tolerances before and after
the test.

The components must have successfully completed acceptance tests before
qualification testing.

S.l.h Component Acceptance Tests

5.1.4.1 General

A general test requirement was set for components; however, the general
requirement was modified as required to provide a more realistic test.

Two methods were used to modify the requirements:

(1) Define requirements based on measurements taken during system
level tests.

(2) Acceptance test component during system level test.
Certain component tests were waived if tests were nct relevant.
5.l.k.2 Objectives

Acceptance tests were conducted t¢ demonstrate the adequacy of components
for flight use.

5.1.4.3 Test Levels and Durations

Vibration tests consisted of:
Sinusoidal sweep in each of three orthogonal axes (see Figure 5-6).
Random vibration in each of three orthogonal axes (see Figure 5-T).

Random vibration levels are the same for component and system
level testing.

No acoustic test was required.
5.1.4.4 Operational Requirements

Components were required to operate within tolerances before and after
the test.

The components must have successfully ccmpleted acceptarce tests before
qualification testing.

5=l
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5.1.5 Subsystem Vibration and Acoustic Tests
Extensive dynamic testing at the subsystem level in distinct contrast
to either component or system level tests was not conducted on the
Lunar Orbiter. The photographic subsystem was independently tested by
the subsystem vendor; however, gualification and acceptance testing of
the photographic subsystem was performed with the camera package installed
on the Boeing-furnished spacecraft assembly designated as a Dynamic Test
Fixture (DIF), with test level inputs based cn the system test criteria.
Similar system tests were conducted with particular attention to other
components or subsystem elements.
5.1.6 System Development Teste
There were no systems acoustics development tests performed on the Lunar
Orbiter. Systems vibration development tests were performed using the
DIM hardware, but detailed information was not available for this survey.
5.1.7 Systems Qualification Tests
5¢1.T.1 Objectives
System qualification tests were performed to determine that design and
fabrication procedures were adequate to allow for expected variations in
individual articles and environments.
5.1.T.2 Test Levels and Durations
Vibration tests consisted of:

Sinusoidal sweep, lateral axis (see Figure 5-8).

Sinuscidal sweev, longitudinal axis (see Figure 5-9).

Random vibration, three axes (see Figure 5-5).

Torsional sine test (see Table 5-1).

Random testing at four input levels is unique to the Lunar Crbiter
program.

A significant feature of the system level sine test is the provision
for notching to reduce input amplitudes at major spacecraft resonances.

Acoustic tests were conducted in a reverberation room (see Figure 5-3).
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TABLE 5-I. SYSTEMS QUALIFICATION TEST TORSIONAL VIBRATION LEVELS

One sinusoidal sweep at L octaves/minute a3 felleows:

Frequency Level
2C-60 Hz 8.6 radians/sec®
60-150 Hz +17.2 radians/sec?

Following the above sweep, a O.4 second tone burst of angular vibration
shall be applied as follows: If a torsional resonance of the spacecraft
structure is noted in the 60-T5 cps band during the foregoing swecp,

this rescnance frequency shall be used as the frequency of the burst.

If no such resonance is noted 68 cps shall be used. The tone burst shall
be amplitude-modulated by a half-cyclg of 2.5 cps sinusoidal modulation
with an amplitude of 96.6 radians/sec<.

This tone burst shall be repeated in the same manner, except that, if
the frequency of the major resonance varies with amplitude, the second
tone burst shall be applied at the frequency which will produce the
greatest response.

5¢L.Te3 Test Procedure
Testing in each axis was generally conducted in the following sequence:

(1) Preliminary diagnostic surveys with sinusoidal test inputs at
1/2 the prescribed acceptance input level.

(2) Sinusoidal sweep testing at the full qualification test input
level (spacecraft #1 only)

(3) Random vibration testing progressing from the lowest to the
highest of four input levels dictated by qualification test
input criteria (spacecraft #l1 only).

5.1.7.4 Test Configuration

Vibration «nd acoustic gqualification tes*s were conducted on ground
test spacecraft #1 (qualification test model).

All assemblies were fully representative of the flight configuration
spacecraft assembly with the following exceptions:

(1) Prcpellant masses were simulated with substitute inert fluids.

(2) A Dynamic Simulation Model (DSM) of the photographic subsystem
was incorporated cn all -ribration test models. Flight configura-
tion was used for spacecraft #l acoustic test.

(3) The Lunar Orbiter shroud and themmal barrier were incorporated
for selected tests and test conditions only.

All dynamic tests were conducted with major appendages cf the spacecraft
in stowed position.
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5.1.7.4 (Continued)

Vibration tests were conducted with the spacecraft mated to the Agena
adapter. The input accelerometer was at the base of the Agena adapter,

5¢leTed Onerational Requirements

Functional performance of operational components and subsystem elements
was monitored during the test.

Functicral discrepancies noted during or after tests were documented
and investigated.

The resolution of a discrepancy was verified by retest.
5.1.8° Systems Acceptance Tests
5.1.8.1 Test Levels and Durations

Sinusoidal sweep test levels and durations are shown in Figure 5-10 for
the longitudinal axis.

Sinusoidal sweep test levels and durations are shown in Figure 5-11 for
the lateral axis. '

Random vibration levels and durations are shown in Figure 5-T for all
axes.

5.1.8.2 Test Configuration

A1l tests were conducted with the spacecraft mated to an Agena Adapter
installed on the vibration test fixture.

All assemblies for the spacecraft acceptance test program were fully
representative of flight configuration spacecraft with the following
exceptions:

(1) propellant masses were simulated with substitute inert fluids.

(2) a Dynamic Simulation Model (DSM) of the photographic subsystem
was incorporated on all vibration test models.

(3) the Lunar Orbiter shroud and thermal barrier were incorporated
for selected tests and test conditions only.

5.1.8.3 Requirements
Prelininary diagnostic surveys were required with sinuscidal test inputs

at 1/2 the prescribed acceptance input levels followed by sinusoidal
sweep testing at the full acceptance test input level.
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5.1.8.3 (Cont: nued)

Random vibration tests were required to progress from the lowest to the
highest of four input levels as dictated by the acceptance level criteria.

5.2 LABORATORY TEST FAILURES
5.2.1 Component Vibration and Acoustic Test Failures

Component failure inrormation was not documented at the time of this
survey.

5.2.2 Subsystem Vibration and Acoustic Test Failures

There were no formal subsystem tests conducted.

5.2.3 System Development Test Failures

No information was available.

5.2.4 System Qualification Test Failures

A broken weld was discovered during reinstallation of the high-gain
antenna on the spacecraft following the qualification thermal-vacuum
test. This defect was not detected during or immediately following
the vibration test phase. Attribution of the broken weld to the

vibration test ic therefore tentative and subject to conjecture. However
*he following summary is included for information.

CATEGORY
ENVIRONMENT OF FAILURE RESOLUTION
Vibration High-Gain Design X-ray inspection of this weld
Antenna., on all antennas showed only two
Broken Weld were adequate. An aluminum ccllar

was epoxied over weld on ull
flight units. The repair was
qualified at the component and
system level.

Two flight spacecraft had been delivered when the broken weld was
discovered. Flight acceptance testing did not disclose the existing weld
defects. Notwithstanding consideration that the defect should have been
disclosed at the component test or inspection level, it must be noted
that qualification/flight acceptance test conduct and the associated post-
test inspection functions did not incorporate adequate provisions

for detection of this defect.
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5e2e5 System Accepiance Test Failures
Table 5-2 lists the system acceptance test failures.
5.3 FLIGHT FAILURES

No flight lfailure or anomaly was severe enough to cause mission failure.
The number of identified flight railures and anomalies are tabulated below:

MISSION FAILURES ANOMALIES
I 10 .
II 8 T
111 4 15
IV 5 8
v 2 L
TOTAL 29 34

Only two out of the sixty-three problens were related to the vibration
environment. These are:

PROBLFM
MISSION DESCRIPTION CAUSE RESOLUTTION
I Transponder Temperature and/o» None, not considered
Teleme ry vibration effects a problem.
Pover on the signal
Variation sampler position
Iv Transpcnder Vibration varied None, problem did not
power grcund RF probe warrant design or
variation resistance operational change.
5.k DERIVATION OF TEST LEVELS AND IDENTIFICATION OF TEST FACTORS
5.4.1 Derivation of Levels and Durations

Lunar Orbiter test criteria was based on flight response data measured
at the base of the spacecraft/booster adapter in previous missions
employing the same (Atlas/Agena) booster configuration.
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S.l.1 (Continued)

The test criteria was also an "evolution” resulting from discussions

and negctiations between NASA/Langley and Boeing. Negotiations were
conducted from the time of initial specification of test criteria, thrcugh
development, the early part of spacecraft qualification and acceptance
testing.

5¢5 COMPARISON OF TEST LEVELS AND FLIGHT DATA

Mission V flight measurements of random vibration response to lift-off
and transonic acoustic enviromments are shown in Figures 5-12 and 5-13.
The prescribed test levels defining inputs tc the base of the spacecraft
for random vibration acceptance tests are also shown. The ccomparisons
of flight and test data shwwn in Figures 5-12 and 5-13 for Spacecraft
#3 are representative of corresponding data for other flight spacecraft.
These comparisons generally reveal that flight responses were substant-
ially lower in level than the responses induced by the acceptance test
environments,

Tre ratios of flight levels to eacceptance test levels at corresponding
locations for the Mission V spacecraft are shown for comparison in
Figures 5-1i and 5-15.

5.6 CONCLUSIONS AND RECOMMENDATIONS BY BOEING-LUNAR ORBITER
5.6.1 Conclusions

Successful performance of the Lunar Orbiter spacecraft in mission
applications is sttributed to the stringent implementation of test,
review, and control functions comprising a comprehensive overall program
to assure spacecraft reliability.

Specific provisions of dynamic testing, representing a single function
cf the overall program, cannot be shown to be essential to subsequent
mission success, since flight failures attributable to inadequate dynamic
testing did not exist.

There is no suggestion in the flight history that any problems arose
from the launch and boost vibro/acoustic environment nor does the flight
history suggest that the spacecraft were overtested.

The vibration test history also discloses that there was no significant
failure that occurred or was detected during or immediately after the
vibration test.
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5.6.1 (Continued)

One is forced to the conclusions that the spacecraft acceptance vibration
tests had little significance to the success of the Lunar Orbiter except
as they afforded an additional step in the inspection procedure.

The Lunar Orbiter, during flight, did not experience steady-state
sinusoidal vibrations. Therefore, only the random tests simulated the
environment.

The modifications of test levels during Lunar Orbiter program were
downward. Measured flight vibrations were lower than test levels; there-
fore, the test criteria must be considered more than adequate as far as
levels are concerned.

5.6.2 ° Recommendations for Future Programs

Test plans and testing techniques should be adapted so that high level
test responses are similar to those which are expected in flight. That
is, rardom vibration tests should be used for random environments, pulse-
like testing for pulse-like events, and steady-state testing only when
sinusoidal vibrations are expected to occur on the vehicle.

More attention should also be paid to the comparison cf the test results
with theoretical predictions. Comparisons of prediction and experiment
can then be made during the tests, and detection of anomalous responses
could aid in failure detection.
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0.3 ACCEPTANCE
TEST
INPUT

10-1 17.2 GRMS
20 SEC.

12.0 GRMS
20 SEC.

NOTE:
FLIGHT DATA FROM
MISSION V SPACECRAFT 3 6 GRMS
LATERAL DIRECTION 20 SEC

o
T
~N

POWER SPECTRAL DENSITY~g2/HZ

LIFTOFF
10-3
A Y ™
\
1 GRMS
\
TRANSONIC/ \ 40 SEC
FLIGHT \
10-4 \
\
i
\ |'I\
'
\
%
20
1 10 100 1000 2000

FREQUENCY~HZ

Figure 5-13. COMPARISON OF ACCEPTANCE TEST LLEVELS WITH
MEASURED FLI HT RESPONSE LEVELS, RANDOM VIBRATION
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SECTION 6

GEMINI
6.0 GENERAL INFORMATION - GEMINI
Spacecraft Development and Manufacturer - McDonnell-Douglas, St. Louis, Mo.
Project Management - NASA Manned Spacecraft Center

Launch Vehicle - Modified Titan 11, Two Stages

Spacecraft Launch Date Remarks
Gemini I L/8/64 Unmanned
Gemini-II 1/19/65 Unmanned
Gemini III 3/23/65 Manned
Gemini IV 6/3/65 Manned
Gemini V 8/21/65 Manned
Gemini VI 12/15/65 Manned
Gemini VII 12/4/65 Manned
Gemini VIII 3/16/66 Manned
Gemini IX 6/3/66 Manned
Gemini X 7/18/66 Manned
Gemini XI 9/12/66 Manned
Gemini XII 11/11/66 Manned

Gemini physical characteristics (see Figure 6-1).

Weight - TOOO 1lbs.
Diameter - 10 ft.
Length - 19 ft.

The information presented in this section was obtained from the data
shown in Appendix B.

6.1 LABORATORY TEST PROGRAM
6.1.1 Test Program Rationale
6.1.1.1 Objectives

Provide a method to uncover design or workmanship deficiencies that
could have been sources of problems with equipment 'in operational vehicles.

6.1.1.2 Requirements

The test programs had to be financially compatible with the overall
program and provide satisfactory results at reasonable cost.

Cost effectiveness approach resulted in carry-over of test procedures
from Mercury, qualification by similarity, elimination of testing for
non-gensitive items and omission of formal development testing.
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6.1.1.3 Tests Conducted

Multiple level testing was used for qualification and acceptance to
provide the most realistic tests at the earliest possible times. A
list of the tests conducted is given below.

Development Qualification Acceptance
Component None* Vitration and Accustic Vibration
Subsystem None Vibretion None
System None None Vibration

¥Some development tests were conducted by McDonnell subcontractors but
are not reported here.

6.l.lth Vibration and Acoustic Test Program Outline

The laboratory vibration and acoustic test program relationships are
shown in Figure 6-2.

No feedback loops are shown in Figure 6-2. But if a failure or undesirable
condition were detected during an acceptance vibration test, changes
would be made in manufacturing and/or desigii to correct the condition.

6.1.2 Component Vibration/Acoustic Tests

Gemini component tests drew heavily on Mercury experience. Procedures
were similar for sine vibration and acoustic tests with some changes
in sine test levels and reduction of resonance dwell times.

Major difference was the incorporation of random vibration tests for
Gemini.

Components which were complex were vibration tested to only the random
vibration requirements.

Simple components were subjected to only sinusoidal vibration.

Tecsts were not conducted on Gemini hardware if the components were
qualified to equivalent levels for some other program.

Many designs were qualification tested before the acceptance tests were
incorporated and were not subjected to acceptance tests. Therefore,

a failure in a qualification test required a review of the acceptance
test history of the test article.

Tests were eliminated on items considered insensitive to the environment.



D2~120001-2

6.1.3 Component Development Tes.

There was no requirement for component development testing. Some
development tests were conducted by McDonnell subcontractors but are
not reported here.

6.1.4 Component Qualification Tests

6.1.4.1 Objectives

To provide a method to uncover design or workmanship deficiencies

that could have been sources of problems with equipment in operational
vehicles.

6.1.4.2 Test Levels and Durations

The range of levels and duratiors for sinusoidal vibration qualification
tests are shown in Figure 6-3. Sinusoidal levels varied to account
for launch, orbit and re-entry conditions, see paragraph 6.L4.1.

The range of levels and durations for random vibration qualification
tests are shown in Figure 6-4. Random vibration varied to account

for launch, orbit and re-entry conditons, see paragraph 6.L4.1.

The range of levels and durations for acoustic qualification tests are
shown in Figure 6-5.

6.1.4.3 Components Tested
A summary of component qualification tests is shown in Table 6-1.
6.1.k.4 Test Configuration

Components were generally hardmounted using flight fasteners for vibration
tests. If the item was vibration isolated, isolators were included.

Compenents were suspended as softly as practicable for acoustic tests.
6.1.4.5 Operational Requirements
Satisfactory component operation was required vefore and after the tests.

Operation was required during the test only if che component was required
to function during the corresponding fiight phase.

A component might be tested non-operating to a survival environment and

then re-tested operating at a lesser environment to demonstrate functional
capability.

€-3
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6.1.5 Component Acceptance Tests
6.1.6.1 General

Acceptance tests were generally initiated by vendors of electronic devices.
Environments bore little relation to qualification or expected environ-
ments but most acceptance environments were revised during program.

Revised levels and durations were sclected so that the test would be
significantly less severe than the qualification requirement. One
exception was the spacecraft digital computer. The vendor recommended
testing at qualification levels- This was done, but it resulted in

the elimination of re-use capability of the flight equipment.

Decision not to acceptance test based ou relation of cosl to expected
results and/or'because the life of the item might be severely reduced
by the test.

6.1.5.2 Test Levels and Durations

The levels and durations used for the tests were selected so that in all
cases the test would be significantly less severe than the qualification

requirement for the co ponent.

The extreme levels and the durations for sinusoidal vibration tests are
shcwn in Figure 6-6.

The extreme levels and the durations for random vibration tests are
shown in Figure 6-7.

No acoustic acceptance tests were conducted.

6.1.5.3 Components Tested

A summary of component acceptance tests is shown in Table 6-2.
6.1.5.4 Test Configuration

Components were hardmounted for acceptance vibration.

6.1.5.5 Operational Requirements

Operation was usually required during the acceptance tests.

If the component was not required to operate during the period of severe
flight vibration, then no operation was required during acceptance tests.
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TABLE 6-II. GEMINI COMPONENT VIBRATION ACCEPTANCE TEST SUMMARY

TOTAL NO. TESTED

COMPONENT TOTAL NO. VIBRATION VIBRATION
TYPE OF COMPONENTS SINE RANDOM
Electrical 108 3 16
Electronin 43 2 33
Mechanical 126 2 0
Electro- 33 1 20
. mechanical
Structural 66 0 1
Instrumenta- 97 89 0
tion
Other 21 0 0
TOTAL Lok T2
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6.1.6 Sutsystem Vibration Tests
Only vibration qualificaticn tests were conducted on Gemini subsystems.
6.1.6.1 Objective

Demonstrate the cepability of the components to withstand the environment
as a subsystem.

Assure satisfactory installation of the components.
6.1.6.2 Test Levels and Nurations

Test levels and durations are shown in Figure 6-8.
6.1.6.3 Subsystems Tested

A single suusystem of each type was tested.

A summary cf the subsystems tests is shown in Table 6-3.
6.1.6.4 Test Configurations

Test configurations are described in Table 6-3.

Transducers to control the test levels were as near the place of
excitation as pcssible.

6.1.6.5 Operational Kequirements

The tests simulated launch conditions and therefore ornly the fuel cell
module was fully operational.

Satisfactory operation before and after the tests were demonstrated.

6.1.7 Syster. Vibration Tests

6.1.7.1 General

Only acceptance vibration tests wers conducted at the system level on
Gerini. The first 3 flight spacecraft were tested. Decision to eliminate
tests after spacecraft 3 based on estimated cost effectiveness. Although
a *est on spacecraft 4 might have required 1/3 less effort, cost was

deemed excessive i1 view of expected returns.

System acceptance t.sts most effective on ea~ly vehicles before learning
curve improvcment takes place.
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TABLE 6-III. GEMINI SUBSYSTEM VTBRATION QUALIFICATION TEST SUMMARY

RANDOM SINE
VIBRATION VIBRATION
SUBSYSTEM S
DESCRIPTION LEVEL DURATION LEVEL DURATION

Fuel cell module (Note 1) 7.0 g 8 min. Low level surveys

each of

3 axes
Orbit attitude maneuvering T.0 g 8 min. Low level surveys
system module (14 day) each of
(Note.Q) 2 axes
Orbit attitude maneuvering T.0 g 8 min. Low level surveys
system module (2 day)
(Note 3)
Re-entry control system 8.8 g 15 min. Low level surveys
module (Note L4) each of

3 axes
Rendezvous evaluation pod T.0 g 1 min. Low level surveys
(Note 5) each of

3 aces
Notes:
1. The fuel cell module consisted of two fuel cell sections, a hydrogen

tank, an oxygen tank, pressure regulators, valves, and associated
tubing and wiring installed in a production structure adapte:.

The lli-day orbit attitude maneuvering system module (OAMS) consisted
of a pressurant tank, a fuel tank, an oxidizer tank, regulators,
valves, and tubing and wiring installed on production structure.

The 2-day OAMS was identical to the lhk-day OAMS preceding except
that it included an additional pressurant tank, fuel tank and oxidizer
tank.

The re-entry control systen (RCS) test included production structure
vith a pressurant tank, a :‘uel tank, an oxidizer tank, regulators,
velves, thrust chamber asseuplies, and tubing and wiring. Flight
vehicles included a second redundant system but it was not included
ir tte test.

The rendezvous evaluation pod (REP) was a Gemini radar transponder

package to which was added 2 spiral and 1 dipole antennas, 2 flashing
lights and 2 batteries to supply power. A sunshade and the deployment
mechanisms for the sunshade and for the REP were included in the test.

6-R
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6.1.7.2 Objectives

System acceptance tests were conducted to demonstrate satisfactory
operation of the flight systems during a simulated launch.

6.1.7.3 Test Levels and Durations

Test levels and durations are shown in Figure 6-9.

6.1.7.4t Systems Twsted

A summary of the systems level tests is shown in Table 6-L.
6.1.7.5 Test Configurations

Production herdware was used for all systems except for pyrotechnic
elements. '

Tests leveis were controlled by an accelerometer mounted on the fixture
as near the attachment of the vehicle as practicable.

6.1.7.6 Operational Requirements

All syst-ms normally operating during the launch phase were operational
and monitored 4during the tests. )

Satisfactory system operation was established before and after each
test phase.

6.2 LABORATORY TEST FAILURES

The feilures repcrted in this section were taken from a review of
Gemini malfunction summary reports and test reports of Gemini equipment.
in some cases the level at failure was determined by reviewing the
failure report and the equipment test requirements and the probable
level inserted.

6.2.1 Component Vibration/Acoustic Test Failures

A summary of failures during component qualification tests is presented
in Table 6-5 and for component acceptance tests in Table 6-6. Detailed
failure information is presented in Appendix

Failures zre not included where the fault was either test procedure or
test error since these do not have any bearing on the flight capability
of the equipment. The letter D or A is included on the appendix tabula-
tions to indicate whether the failure was detected during or after the
test.
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TABLE 6-iV. GEMINI SYSTEM VIBRATION/ACOUSTIC ACCEPTANCE TEST SUMMARY

SYSTEM

DESCRIPTION

Spacecraft 1

Spacecraft 2

Spacecraft 3

LEVEL
8.4 g

6.2 g

5.2 g

RANDOM
VIBRATION

DURATION

3 min. in
long. axis

1 min. each
of 2 axes
(1ong. and
lateral)

1 min. long.
axis, 1.5
min. lateral
axis

6-10

SINE
VIBRATION

LEVET, DURATTON

Low level surveys
plus
+ .6 g at 11 cps for
20 sec. (POGO simulation)

Low level surveys
plus
+ .3 g at 17 cps for
10 sec. (POGO simulation)

Low level surveys
plus
+ .3 g at 17 cps for
10 sec. (POGO simulation)
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6.2.2 Subsystem Vibration Test Failures

No table is included since the only failure reported was a structural
problem dnring the 14 day orbital altitude maneuvering system (C:iMS)
module qual.ification tests. The test was random vibration at 7.0 g's
ms and a fault in design was detected when a crack occurred at a weld
on the bracket holding the pressurant tanks. The structure was modified
by a beef-up which was also incorporated in the 2 day OAMS. The failure
was not detected during component testing since it was structure which
supported several components and so was first tested at the subsystem
level.

6.2.3 System Vibration Test Failures

Table 6-T presents a summary of the failures reported for the system
acceptance vibration tests performed on Gemini. Detailed failure informa-
tion is presentea in Appendix B.

6.3 FLIGHT FATIURES

The in-flight problems which could be connected with vibrations or
acoustics are listed in Appendix B. For some of these failures the
chances that they are associated with vibration is very smal’, yet the
possibility remains and so they are incdluded. For items possibly more
closely associated with vibration a note is included to indicate where it
was thought that the failure might have only been displayed due to
inflight vibration.

One thing not included in the tables, which also cannot be assessed, is
the fact that a failure might have been caused by some event which might
occur after the vibration tests ard therefore could not be elimirated by -
the ground tests. This, of cou~.. 1is a major problem since all vehicles
will be moved and worked on after ill tests are complated.

The total number of spacecraft problems detected immediately prior to
flight, during flight, or dvring pust-flight tests was 228. Not all of
the flight problems can be classified as fallures but the distinction is
not clear-out. The McDonnell estimate of the number of those properly
classified as {failures is 127,

6.4 LCERIVATION OF TEST LEVELS AND IDENTIFICATION OF TEST FACTCRS
bkl Cemponent Test Levels and Duistions

6.4.1.1 General

Test levels were derived for three flight conditions, launch, orbit
and re-entry, see Figure 6-2 and 6-10.

6-13
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TABLE 6-VII. SYSTEMS VIBRATION ACCEPTANCE TEST FAITNRE SUMMARY

NUMEER CF

FAILURE CATEGORY TAILURES
Design 1l
Part failure 3
Workmanship 1
Fabrication L
Handling 1
Unknown g
TOTAL 19

6-1h
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6.k.1.2 Random Vibration Levels - Launch Environment

The original random spectrum for launch was based on a statistical analysis
of Mercury measured data (20-1200 hz) considering the vibration to be
linearly correlated with dynamic pressure.

The mean plus 29({95% confidence level) was the original qualification
requirements. (See Figure 6-11)

The shape of the random srectrum was changed based on data from the first
Gemini flight (GT-1). The change was based on comparsble data between
Gemini and Mercury (see Tigure 6-12).

Blast shield measurements from GT-1 indicated lower levels than did the
GT-1 re-entry vehicle measurements resulting in the creation of a separate
spectrum for this region (see Figure 6-13).

In addition, special spectra were derived for speciric items during the
program.

6.4.1.3 Random Vibration Levels - Orbit Environment

Orbit vitration wae estimated as simply low level band-limited white
noise since there were no significant sources of environmental vibration
on the vehicle, see Figure 6-10.

6.4.1.% Random Vibration Levels - Re-entry Environment

Re-entry random vibration levels were originally estimated from the
relationship of g's versus dynamic pressure derived for lsunch, see
Figure 6-10.

Although GT-1 provided no re-entry data the random vibration spectrum
for re-entry was modified to be identical with the frequency distribution
of the launch curve.

6.4.1.5 Random Vibration Durations

Qualification test durations encompassed two flight capability.

Qualification test duration normally 15 minutes per axis tc account for
the following:

5 minutes for vibration tests on flight hardware.

5 minutes (3 minutes for launch and 2 minutes for re-entry) for
each of 2 flights.

Items which did not re-enter or were not reused were tested to approp-
riately shorter times.
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6.4.1.5 (Continued)
Acceptance tests durations were conducted for 1 minute per axis.

Mercury flight time histories used for derivation of Gemini durations
are shown in Figure 6-1k.

6.4.1.6 Sinusoidal Vibration lLevels

The sinusoidal qualification levels used for the Mercury spacecraft at
launch were used for Gemini with a reduction incorporated in the high
frequency range to account for lower dynamic pressure levels.

Orbit and re-entry sinusoidal levels were estimated to be lower than
launch consistent with the random spectra, see Figure 6-10.

6.4.1.7 Sinusoidal Vibration Durations

Sinusoidal qualification test durations included two 15 uirute sinusoidal
sweeps per axis and 10 minute dwells at significant resonances.

Durations were reduced for itzms which did not re-enter or were not
reused,

Sinusoidal acceptance tests, consiSuing of sweep tests only, were
conducted for 5 minutes per axis.

6.4,1.8 Acoustic lLevels and Durations

Acoustic sp2ctra were based on Mercury in-flight measurzment, considering
transmission losses due to structure, see Figare 6-15.

Transmission losses were estimated es i0 db for the adapter area, 20 db .
for the equipment bay areas and 30 db for inside the cabin, see Figure
6"16-

Acoustic noise qualification test duratiors were 30 minutes. If the
facility provided a progressive wave, reorientation of the test
article was required at 10 minute intervals. Mercury time histories
are shown in Figure 6-17.

6.4.2 Sources of the Data

6.4.2.1 Vibration Data

Inflight vibration measurcments frow three Mercu—y vehicles, MA-2,
MA-3 and MA-l were used to establish Gemini test spectra.

The data used were taken from radial accelerometars located on a
primary structural ring, see Figures 6-18 and 6-19.
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6.4.2.1 (Continued)

The sinusoidal test procedures of the Mercury qualification requirements
were a source of data.

Inflight data from the Gemini GT-1 were used to revise qualification

requirements (only the measurements showing the highest levels were used
in the derivations).

6.k.2.2 Acoustic Data

Mercury vehicle acoustic noise data were used tc establish Gemini
requirements. Thece data were measured under a shingle on MA-1 and
inside the cabin on MA-2 and MA-k.

6.4.3 ° Identification of Test Factors
6.4.3.1 Random Vibration Levels

The ratio of power spectral densities of the qualification tests to the
corresponding acceptance tests was 2 to 1.

This ratic provided qualification tests at a level in excess of the
mean plus 24& and acceptance test levels near the mear plus 10 .

Subsequent to GT-1 flight the acceptance test procedures of the vendors
were standardized. For items that had been qualified in random vibration
the acceptance power spectral density was set at 1/2 of qualification
level. This results in the rms level being 0.7 of qualification level.

6.4.3.2 Random Vibration Duration

The test durations for qualification included a 5 minute test period
intended to demonstrate the capability of the design to withstand expected
flight vibration plus ground test vibrations, including re-tests if
necessary. The time relation is not simple since the levels are not
one-to=-one for the time period.

6.4.3.3 Sinusocidal Levels and Durations

‘mple relation exists for sine tests since sine gqualification
le  _ls were a carry over from Mercury.

Sine acceptance levels were maae less than qualification levels by
one or more of the following techniques:

(1) Eliminating resonant dwel's,
(2) TFewer sweeps,

(3) Faster sweeps,

(L) One axis test.
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6.5 COMPARISON OF TEST IEVELS AND FLIGHT DATA
6.5.1 Flight Vibration Data

GT-1 and (T-2 instrumentation locations are shown in Figures 6-18 and
6"190

GT-1 and GT-2 vitration time histories are shown in Figure 6-20 and
comparisons are mad: with Mercury data and laboratory test durations.

Comparison plots of GT-1 and GT-2 re-entry vehicle vibration measurements
durin, launch and test requirements are shown in Figure 6-21.

6.5.2 Fligt Acoustic Data

GT-1 scund pressure level time h*story is compared with laboratory test
duration in Figure 6-22.

| GT-1 acoustic spactrum is compared with test requirements in Figure 6-23.
6.6 CONCLUSIONS AND RECOMMENDATICNS BY MCDONNELL-DOUGLAS
6.6.1 Conclusions

The significance of the vibratii a and hcoustic tests which were performed
during the Gemini program should be evaluated in these ways: The flight
problems which they avoided, the confidence which they provided and

the cost compared +o their value.

The ribration tests of components and subsystems resulted in many
failures. Although many of these might not have occurred in flight even
had they not been corrected, the procedures for these tests were .
realistic so that many of these failures could have occurred in flight.
The costs of these tests are high, hut a grezt deal of confidence .s
placed in equipment when a vibration test is successfully completed.

The Gemini system tests revealed some problem arcas, but not mury in
comparison to testing at other levels. Th=2 system level test :_.s not
fully effective in that vibration levels were not transmitted throughout
the vehicle. Therefore, even though some subsystems successfully
completed the test only a liwited amount of confidence would result.

6.6.2 Recommendetions for Future Programs

If the environment is considered to be random in amplitude, and the
vehicle is of similar size and complexity to Gemini, then all tests
would pe conducted with a random forcing functicn.

/11 test times should be comparable to the expected flight durations,
but “scaling" test times should be avoided if at all poseible.

The use of qualificatio: ard acceptance vibration tests for components
should be incorporated.
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6.6.2 (Continued)

Development tests to qualification levels can be eliminated with very
little effect on the outcome of qualification tests. The savings of
development test costs should offset the additional gaalification
testing that would become necessary.

Acoustic noise tests should be eliminated from all non-sensitive egquip-
uent, especially if the level is 135 db or less.

Perhaps the biggest change that we would recommend for future programs
compared to the Gemini procedures is the thorough evaluation of acoustic
excitation for vehicle acceptance and qualification tests. The use of
acoustic noise for these tests would provide a step closer toward simula-
tion of the expected dynamic forcing function, as compared to vibration
testing. System acoustic tests might require the use of development
tests, but it would be serving to develop the *est techniques for the
vehicle rather than to develop the vehicle or its components.

The need for improved techniques was demonstrated for Gemini when it
was found that the test levels were not transmitted satisfactorily
throughout the structure. BRegions close to uhe shaker atiach points
were subjected to the desired levels, but elsewhere the levels were
down considerably. )
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SECTION T

SURVEYCR
T.0 GENERAL INFORMATION - SURVEYOR SPACECRAFT
Project Manegement - JPL (Prime) - Hughes (Secondary)
Launch Vehicle - Atlas/Centaur
Spacecraft

SD-1
SD-2
Sc-1
S2-2
sc-3
Sc-4
SC-5
Sc-6
SC-T

Surveyor physical characteristics (configuration shown in Figure T-1).

Weight - 220 lbs.
Jiameter - 14 ft. (landing configiretion)
Iength - lo ft.

The information presented in this section wss obtained from Referencz 8.
T.1 LABORATORY TEST PROGRAM

T.1l.1 Test Program Rationale

Subsystems used as qualification test hardware were classified 4T upon
test completion. This prohibited their use as flight equipment. No
other information available on Surveycr test rstionale.

T.l.2 Component Vibration and Acoustic Tests

Surveyor documentation uses the term *control item' 4o describe the

level of tests. Discussions with JPL perscnnel indicate this designation
covers both components and subsystems as defined in this survey. Since
no distinction was made between components and subsystems all 'control
item' tests are discussed in the subsystem section for convenience.

T.1.3 Subsystem Vibration and Acocustic Tests
Environmental testing at the subsystem level was performed to qualify

the subsystem and to establish their flight acceptability before the
subsystems were integrated into a spacecraft system.

T-1
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T.1.3 (Continued)

This minimized the impact of subsystem failures or deficiencies on the
spacecraft system integrity, program schedules and cost control.

Fach subsystem to be qualificaticn tested wes f'rst acceptance tested te
establish its workmanship and compcnents as being adequate.

All subsystems to be flown or used as flight spar=s were acceptance
tested Lefore being classified as flight acceptabie.

Acceptence tast levels for some subsystems were greater than the
qualification levels. The main battery, main battery switch, planar array
antenna and shock absorbers were examples of “negative" qualificaticn/
acceptance margirs.

T.1.4 - Subsystem Develcpment Tests

No irforuation avaiiable.

Tel.5 Suvsystem Qualif-cation Tests

T.1.5.1 Objectives

Qualify the subsystem design as functionallv andfor structurally
adequate. Meet the specification requirements while exposed to syecific
environmental conditions.

Tel.5.2 Test Ievels and Durations

Most subsystem sine sweep vibration tects covered th= frequency range
of 40 to 1500 hz. In each of three orthogonal axes an envelope of sine
levels is shown in Figure 7-2. The figure enveloped 29 spectra.

Random vibratici was superimposed on the siuusoidal input between 100~
1500 hz at a constant PSD level in each axis of tecst. The random
vibraticn levels varied from 2.0 to 6.75 gms.

Total time duration in ea-h axis was 12 minutes for all subsystems with
a few exceptions. Sweep durations vere 6 minutes, > minqtes or 2
minutes. Sweep rates varied from 1.1 oct/min to k.1 oct/min.

Acoustic testing was not performed.

Tele5.3 Subsystems Tested

Vibration qualification teste were pe.formed on 55 subsystems out of a
total of approximately TO subsystems.
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7.1.5.4 Operational Requirements

Subsystems required to operate during the descent phase of the mission
were given a special functional vihration test. During this vibration
testing (random and sine) the units were required to function in the
operational mode they would be in during the descent phase of the
flight mission.

T.1.6 Subsystem Acceptance Tests

T.1.6.1 Objectives

Verify integrity of workmanship and ability of the units to function
as required in the expected flight environments.

Establish workmanship and components on qualification test subsystems
as being adequate. '

T.1l.6.2 Test Levels and Durations

Sinusoidal vibration testing of all flight units in eack of three
orthogonal axes. Figure T-3 shows the envelope cf test levels.

Total time duration per axis of sinusoidal vibration was 6 minutes.
Generally, sine sweep rate was about 2.6 oct/min.

Random vibration testing was performed on three subsystems (see Figure T7-h4).
Random test durations were at least two minutes.

T.1.6.3 Suosystems Tested

All units to be flown or used as flight spares were acceptance tested.

T1.7 Systems Development Tests

7.1.7.1 General

Early in the Surveyor program, the need for special structural test

vehicles was established which resulted in the S-1, S-2, S-2A and

S5-9 series of vehicles.

These vehicles evolved both in response to need for test vehicles and
to changes in design configuration.

These vehicles were comprised of representative structural members and

had ballast, dummy or qualification subsystems installed which
simulated c.g., mass, inertia and function.

-3
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T.l.Te2 Test Configurations
Four test vehicles were used for vibration development tests:

The 5-1 structural test vehicle represented an early Surveyor
configuration and was used for initial sinusoidal vibration testing.

The S-2 structural test vehicle represented the A-21 spacecraft
configuration and was used for sinusoidal vibration testing.

The S-2A structural test vehicle was a modification of the S-2
vehicle in which spacecraft design changes were incorporated and
component simulation improved. This vehicle was subjected to
beth sinusoidal and random vibration.

The initial S-9 structvral test vehicle configuration represented
the final A-2]1 configuration and was subjected to a torsional
vibration test. After the S-9 configuraticn was upgraded to the
A-2]E configuration, it was subjected to both sine and random
vibration levels.

T.l.T-3 Objectives

S-1 vibration tests vere performed to simulate the specification
vibration input and to show flexibility effects of the adaptor.

S5-2 vibration tests were performed to qualify the Surveyor space frame
and subsystem integrating structures fcr dynamic loads experienced during
launch.

S-2A vibration tests were perfcrmed to verify structural integrity
~f the space frame uwr . development test levels.

S-9 vibration tests (A-21 configuration) were intended to:

Demonstrate that a vehicle with an A-21 flight space frame and sub-
structure and an engineering payload could withstand the specified
tersional environment.

Meas're the dynamic responses of the thermal compartments and
antewaa/solar panel positioner for comparison to design loads.

S-9 vibration tests (A-21E configura* .on) were performed to:

Verify the functional operation of the antenna/solar panel positioner
after exposure to simulated launch vibrations;

Verify the structural integrity of SC-5 type hardware.

Demcinstrate adequate dynamic clearance between the Centaur shroud
and the antenna/solar panel during launch.



D2-120001-2

T.1.T.4 Test Description and Results

S-1 vibration test consisted of a lateral sinusocidal vibration level
of 0.25 gms input at the separation plane in the frequency range from
5 to 200 hz.

Three configurations were tested:

Mounted rigidly to the vibration table,

Mounted on the Centaur payload adapter,

Mounted on the Centaur payload adapter with damping tape applied
to ths adapter.

S5-2 vibration tests consisted of a longitudinal axis test and a series
of lateral axis tests with the S-2 mounted rigidly to a fixture at the
separation plane. Input vibration levels are shown in Figure T7-5.

S-2A vibration tests were conducted in three orthogonal axes with the
S-2A rigidly mounted to a test fixture at the spacecraft/adaptor attach
points. The input vibration levels are shown in Figure T-6.

S5-9 torsional vibration tests were performed with the vehicle in the
stowed position and attached to the Centaur payload adaptor which was
rigidly attached to a test fixture. The torsional environment was
applied about the vehicle's roll axis and controlled at the spacecraft/
adapter attach points. The levels are shown in Figure T-T.

S5-9 vibration tests were conducted with the vehicle rigidly mounted
to the test fixture at the spacecraft/adaptor attach points.

The vibration inputs are showr in Figure T7-8.

7.1.8 Systems Qualification Tests

T.1.8.1 General

Qualification tests were performed to qualify the complete spacecraft
systen.

This was the first test phase to qualify the =lectronic subsystems
integrated into the spacecraft system.

7.1.8.2 Objectives

Verify functional operation and structural integrity during and after
vibration.



D2-120001-2

7.1.8.2 (Continued)

Establish test criteria level and standards for use in system acceptance
testing.

Verify adequacy of clearance between spacecraft and centaur shrcud
during launch.

Qualify Surveyor spacecraft design for establishment of test methods,
techniques and procedures used in system acceptance tests.

T.1l.8.2 Test Levels and Durations

Swept sinusoidal vibration tests were performed in three axes from
5-100 hz (see Figure T-9).

Complex wave vibration tests consisting of coubined sinusoidal and
random vibration from 100-1500 hz, were performed in three axes (see

Figure 7"9) .
7.1.8.3 Test Configuration
T-21 spacecraft vehicle was used for all systems qualification tests.

The T-21 configuration represented the flight spacecraft design electri-
cally and mechanically.

All functional requirements of the flight spacecraft were imposed on
the T-elo

Control for sine tests was obtained from three fixture-mounted
accelerometer sensitive in the direction of shake.

Control for random tests obtained from a single fixture-mounted
accelerometers sensitive in the direction of shake.

T.1.8.4 Test Results

No major failure occurred during the systems qualification test program
which would have demonstrated Inherent design weaknesses.

There were, however, a considerable number of minor problems which
developed during the test program and were zleared up prior to the first
spacecraft flight.

T.1.9 Systems Acceptance Tests

Tele9.1 ObJjectives

Verify functional operation during and following simuleted launch.

Serve as a quality control check on fabrication and spacecraft assembly.

7-6
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7.1.9.1 (Continued)

Verify that spacecraft subsystems alignments were not degraded by
exposure to vibration.

T.l.9.2 Test Levels and Durations

Vibration inputs to the spacecraft in each of three orthogonal directions
(one longitudinal and two lateral) consisted of:

Low frequency (5-100 hz) sine tests (see Figure T7-10).

High frequency (100-1500 hz) combined sine-random tests (see
Figure T-10).

Control was obtained from fixture-mounted accelerometers sensitive in
the direction of shake.

T.2 LABORATORY TEST FAILURES
T.2.1 Component Vibration and Acoustic Test Failures

Components not distinguished from subsystems by Surveyor documentation
(see paragraph T.1.2).

T.2.2 Subsystem Development Test Failures
No informmation available.
Te2.3 Subsystem Qualification Test Failures

Detailed failure information is not available for the Surveyor subsystem
test program. The following comments were made relative to the sub-
system qualification test results.

Documentation for SC-T indicates that all subsystems except four have
passed all required qualification tests. These four units had been
reviewed, and were cleared for the flight spacecraft. The SC-1 documenta-
tion indicated five subsystems had not successfully passed or had not
been exposed to all required qualificzation tests.

Approximately 35 SC-1 subsystem test specifications had discrete require-
ment differences from the general test specification. There were also
indications the qualification tests were not always performed exactly

to subsystem specification recuirements. "

In some instances the acceptance tests of flight equipment were completed
before the qualification of the equipment design was accomplished. These
early acceptance tests contributed to the evaluation of design adequacies.
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T.2.3 (Continued)

Design configurations of the flight equipment were modified as necessary
during the course of the surveyor program. Qualification tests were
required by the cognizant engineers as deemed necessary to requalify

the unit. Many design changes were not requalified.

Some configuration changes were qualified with a partial re-qualification
test. An example of a partial qualification test is a vibration test
performed on an electrical chassis to qualify revised welding techniques.

Examples of complete requalification testing are the ASPP, TV camera,
boost regulator, battery charge regulator, transmitter, helium tank,
solar panel and the altitude marking radar. These units were redesigned
for t%e SC-5 through SC-T spacecraft. (JPL qualified the new solar
panel).

T.2.4 Subsystems Acceptance Test Failures

Detailed failure data were not available for the Surveyor subsystem
acceptance test program. The following comments relate to the acceptance
test results.

The acceptance test history of many subsystems consists of a very
significant number of retests. The retests were required primsrily

by repairs and rework following failures. In some cases the units

were upgraded and retested. Hughes Aircraft Company placed no limita-
tions on the number of environmental tests that could be performed

on any unit unless fatigue analyses limited the number of test cycles.
The retest decisions were dictated by the failure and resulting repairs.

The qualification and acceptance test configurations of environmental

tests conducted by the contractor were not always consistent. Examples
of these differences are shown below.

VIBRATION TEST CONFIGURATION DIFFERENCES

Qualification Acceptance
Subsystem Conf guration Configuration
Ant/Solar Panel Installed on S/C Installed on
Positioner Structure Shake Fixtuvre
Secondary Sun Installed on Solar Installed on
Sensor Panel Substrate Shake Fixture
Attitude Control Tested at Tank Tested as Assem-
Tas Suprly level with Mass bly with Valves
Prombing Mockuns and Regulators

n
5
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Te2.5 System Development Test Fallures
No information availlable.
T.2.6 System Qualification Test Failures

No major failures occurrved during the system vibration qualification test
program which would have demonstrated inherent design weaknesses.

Considerable amount of minor problems occurred which were cleared up
by ECR (Engineering Change Request) prior to the first flight spacecraft
test.

T.2.T System Acceptance Test Failures
T.2.7.1 General

On several occasions during more than two years of flight spacecraft
testing, minor anomalies in either test procedure, test control or
data analysis occurred.

Only one anomely was of sufficient proportion to require major spacecraft
rework and retest. This was a transient input to the SC-2 spacecraft.

Te2.T.2 SC-2 Shaker Transient Input

A transient was introduced to the SC-2 spacecraft through the shaker
system during systems acceptance vibration testing.

The transient input in the direction of shake resulted in levels greater
than 30 g's peak, and lasted approximately 110 millisecoids.

The resporise of the retro motor in longitudinal, perpendicular to shake,
and axis of shake direction was greater than 30 g's, 9 g's and 9'g
respectively.

Based oii retro design constraints, the maximum acceleration level permitted
for the retro during test was 15 g's. These transient levels then

yielded serious damage potential and accounted for retro motor support
system failure at leg 1.

Major effects on spacecraft were:

(1) Retro motor support system at leg ). failed.

(2) Bathtub fittings at legs 1 and 2 failed.

(3) Column base fittings inspection indicated hol .s for attachment
to adapter out of alignment .0005-0015 inches.

(4) One solar panel support brace disengaged from the solar panel
during the transient and the threads were founé to be elongated.

-9
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T.2.7.2 (Continued)

"Further, compartments A and B support tubes were visually inspected

and X-rayed and no failures were noted. Torque on all accessihle bolts
were within specs the ASPP was stepped and functioned properly; all
other accessible support structures were visually inspected. Additional
low frequency vibration tests (one at low level, the other at full
level) were performed and the agreement in response between the same
test before and after the transient appeared to demonstrate that
structural integrity of the spacecraft had not been compromised."

T.2.T.3 Spacecraft Retests

During the course of the Surveyor system level acceptance vibration
program, four spacecraft underwent retesting.

SC~l--complete one axis test performed to subject redesigned flight
hardware to z axis vibration. Special tests and troubleshooting sequerces
were performed tc qualify reworked and upgraded equipment for flight
readiness.

SC-2-~to demonstrate confidence in the integrity of the spacecraft and
to further investigate a possibility of failure following the transient
input, two low frequency tests in a lateral axis were run. They con-
sisted of 2 octave per minute sine sweeps from 5-100 hz at 0.25 g

o-pk ané 1l.33 g o-pk respectively. Agreement between these runs and
the one prior to the transient helped to insure flight worthiness.

SC-3--a short in ground equipment during initial spacecraft mechanical
operations at AFETR resulted in failure of the flight control sensor.
group and suspected electrical overstressing of other units, necessitat-
ing considerable rework; bladders on two oxidizer tanks were inadvertently
collapsed alsc during this period. A decision was made to re-verify
spacecraft integrity with & complete roll axis vibration test.

SC-6--low frequency test between 5-100 hz in the lateral axis to verify
that the pins on the pinpullers on the ASPP did not exceed their moticn
tolerance and back out.

T.3 FLIGHT FAILURES

"There were no flight failures attributed to the vibration enviromment."
Tk DERIVATION OF THST LEVELS AND IDENTIFICATION OF TEST FACTORS
Tl Component Test Levels

No digtinction made between components and subsystems (see Paragraph
T.1.2).

T-10



D2-120001-2

T2 Subsystem Test Levels and Durations
7.4.2.1 Vibration Levels

Structural test models were vibrated with a sinusoidal input to
determine the response of individual subsystems.

Using these responses and the environmental predictions made early in
the Surveyor program for systems level tests, the response levels for
each subsystem were extrapolated.

The envelope of these response levels were used tr derive test require-
ments for individual subsystems.

T.4.2.2 Test Durations
No information available on derivations at subsystem level.

However, the duration per axis of test (12 min) is the same as is the
systems qualification tests.

T.4.3 Systems Test Levels and Durations
T.4.3.1 Random Vibration Levels

Random vibration acceptance test level represents the mean of the
Ranger spacecraft random vibration flight data.

Mcan level specified for two reesons:
Surveyor less subJect than Ranger to acoustic excitatior because
of Surveyor being further away from acoustic source on +he Centaur
vehicle.

Shroud protecting Surveyor was assumed to provide more attenuation
of acoustic energy.

T.4.3.2 Sinusoidal Vibraticn Levels

Original sinusoidal envli:ronment was based on Ranger data.

Original estimate higher than Ranger data in the lower frequencies
because it was felt that Surveyor/Centaur would have & higher modal
density in the lower frequencies than the Ranger/Agena.

Original estimate corresponded to the maximum from the Ranger data in
the higher frequencies.

Original estimates were lowered because:

The origiral assumptions were questionsbic,
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7.4.3.2 (Continued)

Dyaamic data from Atlas/Centaur AC-2 flight indicated that the
vibration lesvels might te lower than anticipated.

T7.4.3.3 Torsional Vibration Levels

The torsional pulses resulted from a JPL study cf toreional motion of
the Atlas launch vehicle.

No other information availsablie.
T.4.3.4 Vibration Test Durations

Sweep rates for the sire por-tion of the various tests, qualification,
development, acceptance, also determined the duration of the random
vibration.

"Acceptance test sweep rate was derived by first determining the duration
of the Atlas/Centaur AC-2 wideband acoustic time hictory at a level
whose ratis to the total level represenis the ratic cf the response of’
a single degree of freedom oscillator when excited by the random portion
of the specified test levels to the response of the combined sine and
randi.m portions."

This duration was theun equated to the duration speat in bandwidth of
a swept sine to compute the sweep rate.

The sweep rate provided a duration of excitation in a resonaunce band
simulsting the service use duration.

Th.% Source of Data
Th.b.1 Vibration Levels

Original test levels were obtained from Ranger spacecraft data using
Atlas/Ag pa launch vehicles.

The accelerometers supplying this data were located in the adapter
connectiug the Ranger tc the Agena booster.

T.4.4.2 Test Durations

Durations for all vibration tests were derived from Atlas/Centaur
launch vehicle dsta. primarily from the 4C-2 flight.
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TS Identification of Test Factors

T-4.5.1 Systems Level Tests

Ratio between qualification and azceptance test levels generally follows
the ratios established for Raager and Mariner except in the 1-15 hz
range for the lateral axes. The ratio was lower in this range because
of critical resonances of the spaceframe.

The ratio of development to qualification test levels was set at 1.15
for 1-50 hz and 1.0 above 50 hz for all axes, which compares with 1.33
for Ranger and Mariner.

The ratio of 1.0 for development %o qualification was chosen for the
higher frequencies since it was felt that the high frequency vibration
was rot critical for structural loads. Table T-1 summarizes the systems
test factors.

T.4.5.2 Subsystems Level Wests

fzenerally, the ratio of qualification levels to acceptance . ~vels
wvas 1.5 to 1. There were exceptions as noted in T7.1l.3.

T.5 COMPARISON OF TEST LEVELS AND FLIGHT DATA
Te5.1 Flight Vibration Levels

The SD-1, SD-2 and SC-1 through SC-4 Atlas/Centaur--Surveyor flights
provided a data base upon which to characterize the 95% vibration
environment at the spacecraft/adapter separation plare.

On SD-1 and SD-2 there were three longitudinal accelerometers (one at
each column base), one tangential accelerometer and one radial acceler-
cmeter, .

On SC-1 through SC-lI there were three longitudinal accelerometers
(one at each column base).

Because of the smsll sample size, the 95% sinusoidal flight environment
was obtained by adding 6 db to the steady state sine equivalent of the
maximum envelope of the shock spectra .f the measured flight transients
for 5% of critical damping.

Figure T-11 compares the 95% flight random vibration environment at the
spacecraft/adaptor separation plane and the systems acceptance test
level. The measured environment is less than that predicted, especially
asbove 400 hz. In specifying a test level based on the measured data,

the levels would be increased at least 1.5 db as a test tolerunce,

making the comparison much closer. Considering the basis of the original
estimate, the agreement between the two envircnments is quite good and,
as ig desi.able, test conservatism was obtained in the original estimate.

7-13
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TABLE T-I. WELATIONSHIP BETWEEN SYSTEMS VIBRATION TEST LEVELS

RELATIVE LEVEL ‘
FREQUENCY, HZ ACCEPTANCE QUALIFICATION DEVELOPMENT

Iongitudinal (Roll) Axis

5 = 50 1.0 1.5 1.73

50 - 1500 1.0 1.5 1.5
Lateral Axes

1 - 15 1.0 1.25 1.4k

15 - 50 1.0 1.50 1.73

50 - 1500 1.0 1.50 1.50

T-14
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Te5.1 (Continued)

Figure T-12 conpares the 95% flight longitudinal axis equivalent
sinusoidal vibration environment at the spacecraft/adqptor separation
plane and the systems acceptance test level. The dip in the 30240
separation plane environment in the 10 to 50 hz range represents the
attenuation of' the separation plane vibration levels during spacecraft
testing when the retro motor acceleration levels reach those specified
for the separation plane and control the vibration input. The data

for this portion of the plot were taken from the SC-1 vibration test.
The original estimate is seen to be conservative except in the rauges

of 23 to 4O hz and above 150 hz. The high level equivalent sinusoid

in the high frequencies is due to the transient flight events termed
insulation panel jettison and Atlas/Centaur separation. These are both
pyrotechnic ever*s which generally are characterized by high level,

high frequency response throughout the structure. Main structural
members are generally not adversely affected by high frequency vibration
bacause they are designed for the high strees levels of low frequency,
large amplitude response. Spacecraft functional equipment, both mechanical
and electrical, are subject to high frequency vibration failures because
the components that make up this equipment have many resonances in the
high frequency region comprised of many different modal configurations.
Although the spacecraft was not subjected to any ground vibration testing
to ensure its ability to withstand the magnitude of the high level,

high frequency flight vibration environment or the environmeat in the
region ¢ 23 to 40 hz, no failures during flight were attributable to
the vibration enviromment. Also, the multiple axis ground vibration
tests, both qualification and acceptance, at the unit and system level,
demonstrated a maigin for fatigue failures that would not have been
exceeded during one flight of a spacecraft even with the inclusion

of the high level transients and the 23 to 40 hz environment.

Figure T-13 compares the 95% flight lateral axis equivalent sinusoidal
vibration environment at the spacecraft separation plane and the systems
acceptance test level. The dip in the 30240 separation plane environment
in the T to 25 hz range is the attenuation of the separation plane
vibration levels during lateral axis spacecraft testing due to retro
motor control. Here again, the original estimate shows various degrees
df conservatism up to 150 hz and an unconservatism from 17 to 25 hz

and from 150 hz to 1000 %z. The comments and discussion included in

the comparison of the longitudinal axis measured and estimated 95%
environment apply here also.

Figure T-14 compares the 95% flight torsional equivalent sinusoidal
vibration envircnment and the torsional vibration environment specified
for the S-9 structural test vehicle torsional test. The agreement is
particularly good above 20 hz. Below 20 hz, the original estimate is
conservative. Since three accelerometers were also used tc determine
+the flight torsional environment, eccuracy above 100 hz is questionable.
The environment was extended to 300 hz to be consistent with the S-9
levels, but above 100 hz the torsional eunvironment was made from one
tangential accelerometer. Because this accelerometer would be indicating
either torsionel or lateral vibration, the environment given for sbove
100 hz is not considered reliabie.

T-15
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T.5.1 (Continued)

During flight, the random vibration and the transient events upon which
the equivalent sinusoids are based occur separately except for the
Atlas/Centaur lauacher release transient. The average duration of the
random vibration during flight for acceleration greater than 10 db

down from the peak level is 40 seconds. This compares with a test duration
of 3.9 minutes for the random vibration when combined with a swept sine.
The sweep rate for the equivalent sinusoid, based on the combined flight
transient durations, is 2 octaves/minutes for an up and down sweep.
which is the same as that used for surveyor testing. The sweep rate
computed from the combined durations of the transient events is based

on a model that provides excitation in a resonance band equal to the
service use duration.

T.6 CONCLUSIONS AND RECOMMENZATIONS BY JPL

No information avaijilabhle.,

T-16
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1.0 LABORATORY TEST PROGRAM
1.1 TEST PROGRAM RATIONALE

The purpose of the laboratory vibration and acoustic test programs was to
provide a method to uncover design or workmanship deficiencies that could have
been sources of probiems with equipment. in operational vehicles. To accomplish
this the test programs had to be financially compatible with the overall pro-
gram and provide satisfactory results at resonable cost. The elimination of
tests that were not considered cost-effective was an area of effort throughout
the Gemini program. This was reflected in the use of test procedures which
were carried over from the Mercury program, the heavy reliance on qualification
by similarity whenever possible, the elimination of environmental tests for non-
sensitive items, especially in acoustics, and in the omission of formal develop-
ment tests for most items.

The omission of development tests was not complete because some vendors did
conduct vests L. this type. McDonnell did not specify or control these tests
and therefore cannot report on them as part of the overall program tests.

Multiple level testing was used for qualification and acceptance during the
Gemini program. That is, items were tested at the component level as early as
possible and then many were also tested at a module or subsystem level, or at
the spacecraft level. This was done to provide the most realistic tests at the

earliest times possible. A list of the tests which were conducted is given
below.

Development Qualification Acceptance
Component None# Vibration and Acoustic Vibration
Subsystem None Vibration None
System None Vibration Vibration

* Some development tests were conducted by McDonnell subcontractors but are not
reported here.

The laboratory vibration and acoustiz test program relationships are shown
in Figure Y-1. The sequence of the tests are shown by the arrows. The vendor
component development tests are shown in a dashed box since they were made by
only some of the Gemini subcontractors and are not reported here. No feedback
loops are shown in the figure, although there were for specific items. If a
failure or undesirable condition were detected curing an acceptance vibration
test, changes would be made in manufacturing and/or design to correct the con-
dition. Similar loops would exist for all of the tests.

B-1
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1.2 COMPONENT VIBRATION/ACOUSTIC TESTS

The Gemini component test program drew heavily on experience and results
of the Mercury program. Thus, the procedures for sinusoidal tests and acoustic
noise tests were essentially the same. Changes in the test levels and reduc-
tion of some resonance dwell times were the only differences in the sinusocidal
tests. A major difference was the incorporation of random vibration require-
ments for Gemini. Items which were complex were vibration tested to only the
random vibration requirements, while only the sinusoidal requirements were
.imposed on simple items. Tests were not conducted on the Gemini hardware if
the items were qualified for some otlier program to requirements which were
equivalent or more severe than the appropriate Gemini requirements. In addi-
tion, minor changes in a design would not be requalified by test if the changes
were judged to have no effect on the dynamic capability of the item.

Tests were also eliminated on those items which were considered insensitive
to the environment. Thus, acoustic noise tests were not conducted on mechanical
hardware of heavy mass and small volume. Nor were many acoustic tests conducted
on cabin area equipment where the environment was expscted to be very low.

Tables 1-1 through 1-10 summarize the Gemini component qualification tests
by the spacecraft system in which they were used. This format is compatible
with the qualification ctatus reports furnished the NASA during the program.
Table 1-21 totals all of the spacecraft systems with the exception of target
docking adapter which, of course, was not part of the spacecraft itself.

Acoustic noise levels and procedures for qualification were not changed dur-
ing the course of the Gemini program. Different levels were specified based on
the location of the item in the spacecraft as described in Paragraph 4. Figure
1-2 shows the extreme levels and the durations used for the tests.

Random vibration qualification tests were conducted to spectra which were
revised during the courie of the program. The details of the various require-
ments are given under Paragraph 4, but the extreme levels and the durations are
given in Figure 1-3. The extreme levels and durations for sinusoidal vibration
qualification tests of spacecraft equiument are given in Figure 1-i4.

The mounting of components for vibration tests was generally to a rigid
fixture using the fasteners intended for the flight installation since most com-
ponents were mounted directly to primary structure. If the item was to be vibra-
tion isolated, the isolators would be included. There :253, of course, exceptions
to the hardmounted procedure. These were must predomin if the test article
itself were a structural item, or a mechanical item related to structure. For
acoustic tests the items were suspended as softly as practicable.

Satisfactory component operation was required before and after the tests. It
was also required during the test if a similar requirement existed for the actual
flight phase represented by the particular test. Sometimes this would result in
multiple tests of a component - it might be tested non-operating to an environment
to demonstrate survival only, then be tested operating to a lesser environment to
demonstrate functional capability.

The component acceptance test program was gsnerally initiated by vendors of
electronic devices who recommended them as part of a burn-in program for their

B-2
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components. These generally bore little relation to the qualification or
expected environments but most were revised during the course of the program
to be compatible with the other phases. The initial vendor-originated pro-
cedures which were not actually related to the program usage are not included
in the swmmary descriptions of this report. They included such tests as cir-
cular motion, common years ago in airplane specifications, and excitation by
a source of complex sine waves whose amplitudes were never measured.

No acoustic acceptance tests were conducted, and the type of vibration
test was the same as that which had been used for qualification. Generally
only electronic and electromechanical devices were tested as shown in Tables
1-11 through 1-20. These tables are arranged identically to the qualifica-
tion tables and a table listing totals for everything but the target docking
adapter is given in Table 1-22. The decision not to test items was generally
based on a decision that the cost could not be justified by the expected re-
sulls, and because the item itself might be a life-limited device whose life
might be severely reduced by the test. An example of the latter is the omis-
sion of acceptance vibration of propellant tank assemblies whose bladders
would be abraded during vibration exposure.

Component acceptance vibration tests were not deleted from production
runs once they were incorporated. Many initial units were not vibrated since

the incorporation of a unified acceptance program started later in the Gemini
program.

Many designs were qualification tested before the incorporation of accep-
tance vibration procedures, therefore, these qualification test units were not
subjected to acceptance vibration. No general procedure for this was estab-
lished during the program. The result was, of course, that a failure in a
qualification test required a review of the acceptance test history of the test
article. The results of that review would then have to be included in the
evailuation of the failure.

The levels and durations used for the tests were selected so that in all
cases the test would be significantly less severe than the qualification re-
quirement for the item. The details for their selection are reported in Para-
graph 4. One exceptisn was the spacecraft digital computer which the vendor
recomnended be tested at the qualification levels. This was done, but it
resulted in the elimination of re~use capability of the flight equipment. The
extreme levels and the durations for the random vibration are given in Figure
1-5, and for sinuscidal vibration in Figure 1-6.

Components were hardmounted for acceptance vibration and operation was
usually required during the test. In some instances operation during the
vibration test was not typical of the condition of the unit in service during
the periods of severe vibration. Since no similar condition would have been

qualification tested the system would not be operated during the acceptance
tests.

1.3 SUTGYSTIEM VIBRATION/ACOUSTIC TESTS

Only vibration qualification tests were conducted on Gemini subsystems.
A listing of the tests which were run is given in Table 1-23. Transducers to
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control the “est levels were as near the place of excitation as possible for
all tests except that of the fuel cell module. For this test the eicitation
was at the base of production adapter structure and the coutrol transducers
were located at the blast shield/adapter interface. The tests simulated
launch conditions, and therefore only the fuel cell module was fully opera-
tional during the tests. JSatisfactory operation before and alter the tests
was demonstrated.

The cbjectives of the test were to demonstrate the capability of the
comporicnts to withstand the environment as a system, and to assure satisfac-

tory installation of the components. A single subsystem of each type was
tested.

1.4 SYST.2M VIBRATION/ACOUSTIC TESTS

Acceptance vibration tests were conducted at the system level on Gemini.
These included tests on the first three flight spacecraft and on the first
flight target docking adapter. A photograph showing Gemini Spacecraft 1 is
presented as Figure 1-7. The first flight target docking adapter, TDA 2, is
shown in the photograph of Figure 1-8. These vehicles contained production
hardware for all systems with the exception of pyrotechnic elements which
for safety reasons were not installed until after delivery of {he vehicles.

Table 1-24 presents a summary of the tests which were conducted. The
test levels were controlled by an accelerometer mounted on the f{ixture as
near the attachment of the vehicle as practicable. Although several trans-
ducers were installed on the fixture around the circumference of the vehicle
only one of them was achbually used to control the test.

All systems normally operating during the launch phase were operational
and monitored during the tests. In addition, satisfactory system operation
was established before and after each phase. The objectives of the tests

were to demonstrate satis{actory operation of the flight systems during a
simulated launch.

The decision to eliminate the test after early production spacecraft
was based on the estimated cost-effectiveness of the tests for future vehicles
which were similar to the vehicles on which the testing had been completed.
The testing of Spacecraft 3, the first manned vehicle, represented about 20,000
manhours. Although a test of Spacecraft L4 might have required up to 1/3 less
effort because of the experience gained from the earlier testing, the cost of
such a test was deemed excessive in view of the diminishing returns expected.
System acceptance tests are considered most effective on early vehicles before
normal learning-curve improvement takes place.

The first flight TDA represented a new system which was significantly
different than the previously tested units. 3ince the TDA was passive during
launch and was not complex compared to the Gemini, the cost of the test was
perhaps only 5% that for Gemini. The tests were discontinued after the ini-

tial article, howcvor, bocause it was again judged that results of tests cn
futuro similar vehicles would not Justify their costs.



TABLE 1-1

GEIINI CCMPONIINT VIBRATION/ACOUSTIC QUALIFICATION

D2-120001-2

TEST SUMHARY

SPACLCRAFT SYSTEM: Electrical

Tota”. No. Tested
Component Total No. Vibration Vibration Acoustic
Type of Components Sine Random
Electrical 64 30 30 0
Mechanical 15 15 3 0
Structural 5 5 0 0
Electro~

Mechanical 4 0 1 0
Instrumenta~

tion 2 2 0 0

Sensors
Totals 90 52 34 0

GEMINI COMPONENT VIBRATION/ACOUSTIC QUALIFICATION
TABLE 1-2 TEST SUMMARY '
SPACECRAFT SYSTEM: Guidance and Conmtrol
Total No. Tested
Component Total No. Vibration. Vibration Acoustic
Type of Components Sine Random
Electronic 16 0 16 11
Electricai 9 4 2 2
Structural 9 2 7 .1
Mechanical 11 2 7 1
Llectro-

Mcchanical 10 0 9 4
Other 4 0 4 0
Totals 59 8 45 19
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TADLE 1-3

D2-120001-2 A '
GLIINI CGHPONINT VIDBRATION/ACOUSTIC QUALIFICATION

TiST SUGMARY

SPASLORAFT SYSTiM:

Communications and Signaling

Total No. Tested
Component Total No. Vibration Vibration Acoustic
Type of Components | Sine Random '
|
Electronics 21 7 15 13
Slectrical 10 7 3 2
Mechanical 2 1 1 0
Electro-- 1 | 1 0 0
Mechanical :
Totals 34 16 19 15

CEMINI COMPONENT VIBRATION/ACOUSTIC QUALIFICATION

TABLE 1-4 TEST SUMMARY
SPACLECRAFT SYSTEM: Instrumentation and Recording:
Total No. Tested
Component Total No. Vibration Vibration Acoustic
Type of Components Sine Random
Electronic 6 0 6 6
Electrical . 11 2 9 4
Ins%rumenta- 95 19 3 10
tion Sensors
Totals 112 21 18 20
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GallINI COMPCHINT VIBRATION/ACOUSTIC QUALIFICATION

TABLY 1-5 ‘ TLST SUMARY
i SPASLORAFT SYSTHM:  Crew Station
Total No. Tested

Component Total No. Vibration Vidbration Acoustic
Type of Comporents Sine Random
Electrical 12 8 4 1
E1§§§;2;ical 10 1 9 1
Mechanical - 1 0 1 0 .
Structural 7 ‘ 3 3 G
Total 30 12 17 Z

GE4INI COMPONENT VIBRATION/ACOUSTIC QUALIFICATION

TABLE 1-6 TEST SUMMARY :
b

SPACECRAFT SYSTEM: Environmental Control System -

Total No. Tested

Ccmponent Total No. Vibration Vibration Acoustic

Type _of Components Sine Random

Mechanical 63 44 2 0
Structural 41 18 3 ‘ 0
Electro-

Mechanical 7 3 1 0
Electrical 2 2 0 0
Other 9 6 0 0
Totel 122 75 6 0

B-T
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GZINI COMPONIZIT VIBRATION/ACOUSTIC QUALI

D2-12000L-2

TLST SUGAARY

FICATION

| SPACLORAFT SYSIi:

Landing and Escape

Total No. Tested
Cormponent Total Mo, Vibration Vibration Acoustic
i Type of Components Sine Random ‘
Structural 1 0 0 0
Mechanical 9 4 5 0
Electro- ) '

Mechanical 1 _0 1 0 .
Others 1 1 0 0
Totals 12 5 6 0

GZMINI COMPONENT VIBRATION/ACOUSTIC QUALIFICATION
TABLE 1-8 TEST SUMMARY
STACECRAFT SYSTEM: Sequentials/Pyrotechnics
Total No. Tested
Component Total No. Vibration Vibration Acoustic
Type of Components Sine Random
Mechanical 25 11 13 3
Others 7 6 1 2
Totals 32 17 14 5
B-§

———




GEXURI COMPONINT VIBRATION/ACCUSTIC Q‘JALiP ICATION

TASLE 19 TIST SUMARY
SPASICRAFT SYSTEY4: Structures
Total Yo. Tested
Component Total No. Vibration Vibration Acoustic
Tipe of Components Sine Random
Stri  ural 3 0 3 3
Totals 3 0 3 3

GEAINI COHPONENT VIBRATION/ACOUSTIC QUALIFICATION

TABLE 1-10 TEST SUMMARY

SPACLCRAFT SYSTEM:  Target Docking Adapter

. Total No. Tested

Ccmponent Total No. Vibration Vibration Acoustic
Type of Components Sine Randcm

Electrical 18 7 8 1
Mechanical 6 2 4 0
Electronic 4 0 4 4
Electro-

Mechanical 2 0 2 1
Total 34 9 18 6
B-9 s
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Cemponent Total lo. of Total Compenents Tested
C [l : - . 3
; Scnzzzigfi per Vibration Vibration Acoustic
: P Sine Random
Electrical 64 0 0 0
Mechanical 15 0 0 0
Structural 'S 0 0 (]
Electro- 4 0 4 0
Mechanical
Ins%rumenta- 2 0 0 0
tion Sensors .
Total 90 0 4 0
GaMINI COrPONENT VIBRATION/ACOUSTIC ACCEPTANCE
TABLZ 1-12 TEST SUMMARY
.
. SPACICRAFT SYSTi#{: Guidance and Control
Component. Total lo. of Total Components Tested
Components per . . . . .
Vibration Vibration Acoustic
Spacecraft Sine Random
Electronic 16 2 14 0
Electrical 9 0 2 .0
Structural 9 0 1 O
Mechanical 11 0 0 0
Flectro-
Mechanical 10 0 9 0
Other 4 0 0 0
Total 59 2 26 0
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D2-120001-2

CMINI COMPONLNT VIDRATION/ACOUSTIC ACCEPTANCE

TEST SUMIMARY

SPACECHAFT SYSTINM:

Communications and Signaling

Component Total No. of Total Components Tested
Components per . . . . .
i Spacecraft VlP?atlon Vibration Acoustic
; Sine Random
Electronics 2. 1 14 0
Electrical 10 0 8 0
Mechanical 2 2 0 0
Electro- ‘
Mechanical 1 1 0 0
Total 34 4 22 0

TABLE 1-14

GEMINI COPONENT VIBRATION/ACOUSTIC ACCEPTANCE

TEST SUMIARY

SPACZCRAFT SYSTEM:

Instrumentation and Recording

Component. Total No. of Total Components Tested
gomponents per Vibration Vibration Acoustic
pacecraft Sine Random
Electronic 6 0 5 0
Electrical 11 3 6 0
Ins%rumenta- 95 87 0 0
tion Sensors .
Totals 112 90 11 0




G&YINT COMPONENT VIDRATION/ACOUSTIC ACCEPTANCE

’."[’.\“ ;ng ] _15 TEST SU:-:':ARY
SPACICRAFT SYSTL{: Crew Stationm
Component Total No, of Total Comporents Tested
Cor its . R .
SOZEZZi;}Z per Vibration Vibration Acoustic
P Sine Random
iElectrical 12 : . 0 2 e
i .
wlectro-

Mechanical 10 0 6 . 0
Mechanical - 1 0 0 0 .
Structural 7 . 0 0 0

{
Totals 30 - 0 8 0

GEMINI COi{PCNENT VIBRATION/ACOUSTIC ACCEPTANCE
TEST SUMMARY

TABLE 1-16

SPACEZCRAFT 3YSTEM: Environmental Control System

Component Total No. of Total Components Tested

gom222:2§: per Vibration Vibration Acoustic
pa Sine Random

Mechanical 63 0 0 0
Structural 41 0 ; 0 0
Electro-

Mechanical 7 0 1 0
Electrical 2 0 0 0
Other 9 0 0 0
Totals 122 0 1 0

B-12 2




TAJLE 1-17

Gi2{INI CCUPONENT VIDRATICH/ACOUSTIC ACCEPTANCE
TLST SUIBIARY

SPACTCRAFT SY53T&4: Landing and Escape
i .
Conmpenent Total ko. of Total Components Tested
C Wt t . . .
Soryc envs per Vibration Vibration Acoustic
pacecraft . T
_ Sine Random
Structural 1 0 0 0
Mechanical 9 0 0 0
tlectro- 1 0 0 0
Mechanical -
Other 1 0 -0 0
Totals 12 -0 0 0

GRMINI CO:fPOLENT VIBRATION/ACOUSTIC ACCEPTANCE

TEST SUMMARY
TABLE 1-18
SPACZCRAFT SYSTHE{: Sequentials/Pyrotechnics
Conmponent Total No. of Total Components Tested
Compcnents per . R . . .
Vibration Vibration Acoustic
Spacecraft Sine Random
M2chanical 25 0 0 0
Other 7 0 0 0
Totals 32 0 0 0
B-13




GiMINI COrPORENT VIDRATICH/ACCUSTIC ACCEPTANCE

D2-120001-2

TEST SUMIMARY

TA5LE 1-19
SPACICRAFT CYSTRM: Structures
Component Total No. of Total Components Tested
Components per ) . . . .
Jomponents p Vibration Vibration acoustic
Spacecraft . '
Sine Random
| Structural 3 0. 0 J
Totals 3 0 0 0

TABLE 1-20

GEMINI COIMPONENT VIBRATION/ACOUS1.C ACCEPTANCE

TEST SUMMARY

SPACECRAFT SYSTEM: Target Docking Adapter
Component Total No. of Total Components Tested
gomiozen;i per Vibration Vibraticn Acoustic
pacecra Sine Random
Electrical 18 0 3 0
Mechanical 6 1 0 0
Electronic 4 0 1 0.
Electro- '
Mechanical 2 0 2 0
Totals 34 1 . 6 0
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KT CCHPCLIANT VIBRATION /ACOUSTIC QUALIFICATION

TiST SUMTIARY

N NT A

folt: " se . YR,
SPNSIORART Suodimi:

Gemini Vehicle

. Total Yo. Tested
Component Total Vo. Vidbration Vibration Acoustic
Tice of Components Sine Random '
| Electrical 108 53 48 9
Electronic 43 7 37 30
! Mechanical 126 77 35 7
Electro- 33 7 21 5 )

Mechanical :

Structural 66 28 13 1
Instrumenta-

tion Sensors 97 21 3 10
Other 21 13 5 2
Total 494 206 162 64

GIEAINI COMPONENT VIBRATION/ACOUSTIC ACCFPTANCE
TABLE 1-22 TEST SUMMARY :
SPACEZZRAFT SYSTE{: Gemini Vehicle I

Total No. Tested
Ccmponent Total No. Vibration Vibration Acoustic
Tvpe of Compnonents Sine Random
Electrical 108 3 18 0
. ' .

Electronic 43 2 33 .0
Mechanical 126 2 0 0‘
Electro-

Mechanical 33 1 20 0
Structural 66 0 1 )
Tnstrumenta-

tion Scnsors 97 89 0 0
Other 21 0 0 0
Total 494 97 72 0

T mﬁ —
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GEINI SUBSYSTEM VIBRATION/ACOUSTIC QUALIFICATION
TEST SUMMARY

TADLE 1-23

; Random Sine Acoustic
Subsystem Vibration Vibration
Description o
Level [ Duraticn Level Duration Level Duration

fuel Cell 7.0¢ | 8 min., low level surveys - -
wodule each of

(Note 1) 3 axes

rbit Attitude{ 7.0g | 8 min. low level surveys - -
rianeuvering each of
System iiodule 2 axes

(14 Day)

(Notu 2)
Orbit Attitude| 7.0g | 8 min. low leyel surveys - -
lianeuvering each of
System Module < axes

(2 Day)

(Note 3)
Re=Entry Con- 8.8g | 15 min. low leyel surveys - i -
trol System each of
Module 3 axes

(Note L)
Rendezvous 7.0 1 min. low leyel surve - -
EValuation Pod g each of W ¥3

wote 5) 3 axes

NOTES ¢

1. The fuel cell module consisted of two fuel cell sections, a hydrogen tank,
an oxygen tank, pressure regulators, valves, and associated tubing and wiring
installed in a production structure adapter.

2. The l4-day orbit attitude maneuvering system module (OAMS) consisted of a
pressurant tank, a fuel tank, an oxidizer tank, regulators, valves, and tubing
and wiring installed on production structure.

3. The 2-day OAMS was identical to the li4-day OAMS preceding except that it
included an additional pressurant tank, fuel tank and oxidizer tank.

L. The Re-entry Control System (RCS) test included production structure with a
pressurant tank, a fuel tank, an oxidizer tank, regulators, valves, thrust
chamber assemblies, and tubing and wiring. Flight vehicles included a sscond
redundant system but it was not included in the test.

5. The rendezvous evaluation pod (REP) was a Gemini radar transponder package to

which was added 2 spiral and 1 dipole antennas, 2 flashing lights and 2 bat-
teries to supply power. A sunshade and the deployment mechanisms for the
sunshade and for the REP were included in the test.

B-16



GiLNI 5YSTi{ VIBRATIGN/ACOUSTIC ACCEPTANCE
TEST SUMMARY

D2-120001-2

l System Random Sine Acoustic
! Jesceription Vibration Vibration
! Lﬁ#ﬁl Duration Level Duration Duration
[ .
Spacecraft 1 8.4g 3 min. low levdl surveys -
Longit, axis|plus
: +.6g at | 20 sec.
" 1leps | (POGO simu-
lation)
Spacecraft 2 6.2g 1 min. each|low levdl surveys -
of 2 axis |plus
+.3g at | 10 sec.
17¢ps | (POGO simu-
lation)
Spacecraft 3 6.2g 1 min. - low leve¢l surveys , -
Longit, axis| plus
1.5 min +.3g at|10 sec.
lateral 17¢cps | (POGO simu-
axis lation)
Target Docking | 7.5g 3 min. low lev¢l surveys -
Adapter 2 Longit. '
axis

B-17
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| | FINAL |
5 DESIGN |
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AV \
FABRICATE FABRICATE
STRUCTURE COMPONENTS g
!
COMPONENT
QUALIFICATION
TESTS - VIBRATION |}
AND ACOUSTIC :
NOISE OF
SUSCEPTIBLE ITEMS §
- ' \V4
SUBSYSTEM
QUALIFICATION
TESTS — VIBRATION COMPONENT
OF ORBIT ATTITUDE ACCEPTANCE
——p| AND MANEUVER TESTS — VIBRATION
SYSTEMS, RE-ENTRY | <+ OF ELECTRONIC AND |3 '
CONTROL SYSTEM, ELECTROMECHANICAL
FUEL CELL MODULE, ITEMS
RENDEZVOUS
EVALUATION POD
SPACECRAFT SYSTEMS
TEST - ACCEPTANCE | |
VIBRATION OF EARLY
! UNITS ~ SPACECRAFT
1, 2 AND 3, TARGET
DCLKING ADAPTER 2 $ FLIGHT PROGRAM

FIGURE1-1 LABORATORY VIERATION AND ACOUSTIC
TESTPROGRAM RELATIONSHIPS
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ACCELERATION POWER SPECTRAL DENSITY - gz/Hz

D2-120001-2

.50

FREQUENCY - Hz

FIGURE1—3 ENVELOPE OF RANDOM VIEBRATION
QUALIFICATION TEST LEVELS
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FIGURE 1-4 ENVELOPE OF SPACECRAFT SINUSOIDAL
VIBRATION QUALIFICATION TEST LEVELS
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.1-7 VIBRATION TEST OF SPACECRAFT 1
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2.0 TADORATORY TildT FaILURaS

“he failures reported in this scction were Lalien from a review of Gomini
rallunction surmary reports and test reports of Ceadail equipmenit. In some
instances the documents did not report full detalls of tho level of the test
corducted In those cases the level was deterninl by roviewing the failure
rcport and the cquipment test rcquiremonts and the probabnle level inserted.
The sources for this unce*tuxnty arise ¢ince the random vibration qualiflica-
iion levels were changed during the program, sincc different levels were used
to sirulate different phases of flipght, and in the case of acceptance tests

the procedures were not closcly controlled early in the program.
2.1 COMPCNENT VILWATICH/ACOUSTIC TEST FAILURES

The failure lists for component qualification tests arc given in Table
2.1 ard for component acceptance are given in Table 2.2. The components are
listcd by name and are also categorized as to type. Failures are not included
whcere the fault was either test procedure or test error since these do not
have any bearing on the flight capability of the equipment. The number of
such mroblems whnich were actually rcported was 33 curing qualification tests
and 2L during acceptance tests. All acoustic tests were random, as ceseribcod
in .arabraph 4.0, and so only the lcvel is glvcn for the failurcs shown in the
lists. The Vlb“athu tests are indicated as to whether they were sine or ran-
denm, and only an abbreviated description of the levels is giveni. In the casec
ol randem vibration the level is given by the L3 acceleration in units of g's.
The appropriate power spectral densities can be found in Paragraph 4.0 if de-
gired. Tor sinusoidal tests the zero to peak acceleration levels are given
which correspond to the g versus frecuency spectrum of Paragraph 4.0 which has
the same acceleration levels. The letter D or A is included on the table to
indicate whether the failure was detected during or after the test.

2.2 GSUBSYSTEM VIBRATIOK/ACOUSTIC TEST FAILURES

No table is included since the ornly failure reported was a structural
problenm during the 14 day Orbit Attitude and Maneuvering System (OAMS) module
qualification tcsts. The test was random vibration at 7.0 g's R and a fault
In design was dotected when a crack occurred at a weld on the bracket holding
L pressurant tanks. The structurc was modificed by a beel-up whicl was alse
incorporated in the 2 day OAS. The failure was not detected during component
testing since it was structure which supported several components and so was
first tested at the subsystem level.

2.3 SYSTid4 VIBLATION/ACOUSTIC TiEST FAILUKRES

Table 2.3 prosenls the feilures reporied for the systems acceptanca vibra~
tion Lents perfoma:d on Gudni. Ko failures were reported for the Tarpet dock-
iy "dapter, and so the table is divided by spacecraft number. Dctection during

after Lhe test is notod under comuents and the catepories of tiie failed item
ard of the type 6f failure are given in that order after the description of the
failure. If it was known why the failure was not detected in earlier testing
tce reason is includec under comments,
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3.0 FLIGHT FAILURES

The in-flight problems which could be connected with in-flight vibra-
tions or acoustics are listed in Table 3.1. For some of these failures the
chances that they are associated with vibration is very small, yet the possi-
bility remains and so they are included. For items possibly more closely
associated with vibration a note is included to indicate where it was thought
that the failure might have been caused by vibration or where it was thought
that the failure might have only been displayed due to in-flight vibraticn.
The latter condition would be true in the casc of an open circuit which was
faulty because of a break caused by a workman which would not be detected
until vibration permitted the pieces to separate. Included in the tables are
notes teliing if the failure was considered a fault of design, and a note in-
dicating if the failure might have been detected by qualification or accep-
tance tests, and whether this might be at the component, subsystem, or system
level. One thing not included in the tables, which also cannot be assessed,
is' the fact “hat a failure might have been caused by some event which might
occur after the vibration tests and therefore could not be eliminated by the
ground tests. This, of course, is a major problem since all vehicles will be
moved and worked on after all vibration tests are completed.

The total number of spacecraft problems detected immediately prior to
flight, during flight, or during post-flight tests was 228. Not all of the
flight problems can be classified as failures but the distinction is not

clear-cut. Our estimate of the number of those properly ciassified as fail-
ures is 127.
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4.0 DERIVATION OF TEST LEVELS AND 1DENTIFICATICKR OF TEST FACTORS
4.1 TEST LEVELS

The original Gemini vibration spectra included both random ard siruiecidal
vibration qualification curves shown in Figures 4-1 and 4-2. To be qualified
an item was tested to either the random cr to the sinusoidal vibration as re-
quired by the detailed specification. The curves applied to both components
and to subsystems. The derivation of the random spectrum for launch was tased
on a statistical analysis of lercury measured data (20 to 1200 hz) considering
the vibration to be linearly correlated with dynamic pressure. The mean plus
20 level was carried as the qualification requirement. Spectrum shape was
based on the shape of the power spectral density analyses of the measuved data,
with the levels held constant from 1000 Hz to 2000 Hz. Plots shoving the
measured vibration during Mercury-Atlas (i) launches as well as details of
the statistical analysis are included in Refercnce (1). Figure 4-3 is an
ad justed plot of the MA-2 and MA-L right hand trunnion radial vibration which
was used in the prediction. This adjustment consists cf multiplying the power
spectral densities by the ratio of the squares of the peak dynanic pressures
for Gewini and for Mercury. The corrected plot can thus be considerei a t;pi-
cal "expected" vibration spectra for Gemini bassd on lsrcury cxpsrience. The
criginal launch random vibration spectrum is also shown on Figure 4-3.

Re-entry random vibration was estimsted from the relationship of g's ver-
sus dynamic vressure derived for launch. Orbit vibration was estimated as
simply lew level band-limited white noise since there were no significart
sources of environmental vibration on the vehicle. The curves for orvit and
re-entry random vibration are also shcwn in Figure L-1.

The sinusoidal qualification spectrur used for Mercury launch was ratainzd
for Gemini except that a reduction was incorporated in the high frequency range
to reflect the effect of lower maxdrum dynamic pressures. Orbit and re-zntry
sinusoidal levels were estimated to be lower than launch censistent with the
random spectra. The Gemin: curves are shcwn in Figure L-2.

Accustic spectra were taken as 165 db externally during launch, then re-
duced 10 db for the adapter area, 20 db for the equipment bay areas and 30 db
for inside the cabin. The curves werc based on Hercury in-flight measursments,
considering transmission losses due to structure. Figure L-4 shows the esti-
mated Mercury external levels compared tc the Gemini prediction. Figure 45
shows the measured Hercury cabin levels compared to the requiremsnt for Gemini.
Figures 4—6 and 4-7 show the spectra for the equipment bay areas and for the
Gemini adarpter area, respectively.

The first Gemini vehicle had producticn structure tut only ballast simula-
ting equipmont items. Measureinonbts were taken on this vehicle which were used
to modify the random vibration spectra. The method of incorporating the data
used only th~ comparable radial measureirent in the re-eniry vehicle, GB13, as
another sialistical sample with the lMarcury data. The ana2lysis indicated the
GT-1 neasurcmonts at maximus dynamic pressure were slightly below the statis-
tical man for the three flights. & new shape of the frequency spcctrum was
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selected on the basis of the GT-1 measurement. Because of the existence of
narrow Yanc peaks in the poaser spectral density analyses of the flight measurc-
ment the qualification spectrum which was negotiated with the NASA was slightly
higher than the 3¢ level. Levels at frequencies above 10CO Hz were again held
constant. The resulting spectrum is shown in Figure 4-8 as is the P3D of the
Gemini re-entry vehicle measurement, QB13. The curved portions of the speclrum
corresponds to constant db per octave roll-offs.

Although GT-1 provided no re-entry data the random vibration spectrum for
this was modified to bec consistent with the frequency distribution of the launch
curve. In fact, the re-entry curve was talien to be identical with the launch
curve which resulted in the increase of the M5 level from 8.4 g's to £.8 g's.

Bccause measurecrent QC2L on the Ylast shield, which holds most adapter
equipmen., indicated levels which were lower than on the re-entry vehicle, a
separate spectrum was generated for this region. The shape was bascd on the
blast shield measurement. Since the statistical analysis of the re-catry vehiclz
data indicated the GT-1 measurement was less than the mean to be rxpected on
Gemini flights, the amplitude was obtained by increasing the RS levcl by the
same factcr which the re-entry vehicle measurement had been increaszd te derive
the spectrum for that region. The P3D of the blast shield measurement is showm
in Figure 4-9 as is the resulting spectrum. Again tre curved portions of the
spectrum correspond to constant db per octave roll-offs.

Separate vibration requiremcnts were estatlished for the target docking
adapter which was launched by an Agena. The random vibration level was tzxen
from the g's versus dynawic pressure curve derived for the spacecralt. With the
higher peak q, the shape was selected to bave higher levels in the frequency
range of expected resonances. The resulting spcctrum is shown in Figure L-10.

4 sinusoidal spectrum was established for the adapter using information supplied
by the bocster manufacturer and is shown in Figure 4-11. Acoustic reguirementis
were taken to be the same as the Gemini adapter externally, 165 db, ard inter-
nally, 155 db, Figurus L-i, and L-7, respectively. These spsctra were not revisedi
during the program.

In additicn to the preceding, spzacial spectra were derived for specific itens
during the course of the program. These inclule the inertial platform which re-
quired extensive test data, analysis, and modification to structure to produce 2
spectrum which had reduced input in the region of a significant system resonance.
Otaer examples are adapter skin mounted items, many of which were customer fur-
nished.

While the qualification spectra were being revised after GT-1 the acceptance
vibration test programs initiated by many vendors were reviewed because of the
disparity between the many proccdures and the expected flight envircnments. In
-meny cases the vendor tests on flight equipment were entirely unrelated to the
end use of the items ard unrelated to the qualification requirements. To stan-
dardize acceptance tests so that the procedures would result in tests that could
be compared to the flight levels and to the qualification requirements, the fol-
lowing procedure wzs used. For items that had been qualified to random vibraticn
the acceptance power spectral density levels should be 507 of the qualification
requirement. This results in the RM3 level being 70% of the qualification ro-
quireiient and at a value nearly equal to the mean plus 10" level predicted by the
statisticzl analysis. The sppropriate curves are incluled in Figures 4-S and 4-9.
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No acoustic acceptance tests were conducted, but some sinusoidal vibra-
tion tests were. The sinusoidal spectrum is shown in Figure 4-12, although
some tests were conducted at the qualification levels.

4.2 TEST DURATION

Qualification tests were intended to demonstrate two flight capability
for mest items. For random vibration the duration was normally 15 minutes
which was to allow 5 minutes for vibration tests to btz conducted on the
flight hardware, then 5 minutes for each of two flights. In addition, the
5 minutes representing a single flight was considered to be 3 minutes for
launch and two minutes for re-entry. Items which did not re-enter or would
not be reused were tested to the appropriate time determined by subtracting
the flight times which were not applicable. Typical time histories of the
launch vibrations with the appropriate qualification and acceptance test
durations are shown in Figures 4-13, 4-14 and 4L-15.

The sinusoidal qualification test duration which was used for qualifi-
cation included two 15 minute sinusoidal sweeps and 106 minute dwells at
significant resonances. The procedures incorporated reductions in time
similar to the random vibration procedures.

Acoustic noise qualification tests were conducted for 30 minutes. If
the facility provided a progressive wave then reorientation of the article
was required at 10 minute intervals. A time history of the cabin level with
the test durations noted is shown in Figure L4-15.

No acoustic noise acceptance tests were corducted on Gemini. Random
vibration acceptance tests were conducted for 1 minute per major axis. Sinus-
oidal acceptance tests, consisting of sweep tests only, were conducted for 5
minutes per axis. '

4.3 SOURCES OF THE DATA

In-flight vibration measurements were taken on threse Mercury vehicles,
MA-2, MA-3 and MA-L. MNiA-3 was aborted before reaching maximum dynamic pres-
sure, and therefore was not so useful as iiA-2 and A-L. Acceleromzters were
located on a primary ring. Only the radial measurements on the structural
rirg were used to predict the Gemini environment. Because of the similarity
in wind tunnel data and the similarity in structural design, the data was
assumed to be directly applicable to Gemini with only the differences in max-
imum dynamic pressures having irportance.

Acoustic noise data was measured under a shingle on MA-1 and inside the
cabin on MA-2 and MA-L. These measurenients were used along with estimated
transmission losses to establish the Gemini environments.

In addition, the sinusoidal test proced. .es of the Mercury qualification
requiremcnts should be considered a data source. At the time the Genini envi-
ronment predictions were being made, all Fercury items hzd been qualified to
sinusoidal test prececedurss. Since the Gemini was an advainced version of the
Mercury, many equiprent items and test proccdures were czrried over to the
rnew vehicle. In the case of the vibration environment, this resulted in the
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use of sinusoidal vibration sirwlating an envircnmert which was predicted to
be random. The sinusoidal qunlification procedures rave since been dropped
frow the Gewdni 3 vehicle which is, of course, an advanced version of the
Gemini.

In-flight dynamic measurencnts were taken on Gerdini flights GT-1 and
GT-2, the only un-manned flights. Plots showing approvimate locations of
the measursencnts are sheown in Figures 4-17 and L-1E. Only the data from GT-1
was used to establisn qualification requirements. Agzin, cnly the mecasure-
ments with the highest levels of all applicible measirenents were used in the
derivations. This resulted in the use of data from the parameter (B3, ezuip-
ment bay radial vibration, for the re-cniry vehicle raquirement. leasurement
QC2L was the only parameter applicable tc equipiient supporting structure, and
therefore was the only measurenient uscd for the adapter spectrum derivations.

4., IDERTIFICATICN OF TiST FACTORS

The ratio of power spectral densities of the quaiification tests to those
of the corresponding acceptance test was two to cne. The ratio resulted as a
convenient specification of levels which would provide cualification tests in
excess of the predicted mean plus 20" vibration levels and acccptance tests
near the mean plus 10" vibration levels. The test durations for qualificaticn
included a 5 minute test period which was intended to demonstrate the capatil-
ity of the design to withstand expected {light vibrations plus ground test
vibrations, including re-tests if necessary. The times relation is really not
so simple since the levels are not one-to-one for the timec period, but more
detailed comparison was not made.

No simple general relations exist for the sinusoidal tests. This is
becauce sinusoidal qualification tests were a carry-orer of procedures from
the Mercury program. Sinusoidal acceptance tests wer:z specified only when it
was expected that a component had a simple failure mofe which could be detected
under many conditions of vibration. It was always inlznded that the acceptance
test be significantly less severe than qualification. This w=s dcne by speci-
fying sinusoidal acceptance tests withou! rcsonance dwzlls, with fewer and
faster sweeps and so-2lincs at lower levels or only along a single test axis.
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5.0 COMPARISON OF TiST LEVELS AND FLIGHT DATA

As mentioned in paragraph 4.0, GT-1 flight data were used in the deriva-
tion of test requirements. A sketch showing instrument locations for the GT-1
spacecraft is shown in Figure 5-1. Plots of GT-1 re-crntry vehicle vibration
data are included as Figures 5-2 and 5-3, showing the comparisons of level ver-
sus frequency and level versus time, respectively. Figures 5-4 and 5-5 are the
comparable plots for the adapter measurcment. A single cabin acoustic measure-
ment was also taken, and the comparison plots are shovm in Figures 5-6 and 5-7.
Figures 5--1 through 5-5 are identical to figures given in paragraph L.0 but are
repeated lor convecnience.

Flight measurements were taken on GT-2 during launch and re-entry. The
spacecraft instrument locations are shown in Figure 5-8. The comparison plots
of frequency distribution of the re-entry vehicle radial vibiation measurements
during launch and test requirements are shown in Figure 5-9. RM5 levels versus
time for the measurements are shown and the duration of the test requirements
are shown in Figure 5-10. The neasured re-entry data are not presented because
they were extremely low compared to full scale of the instrumentation.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

The significance of the vibration and acoustic testing which were per-
formed during the Gemini program should be evaluated in these ways: the
flight problems which they avoided, the confidence which they provided and
the cost compared to their value. Accustic tests were not generally con-
ducted on Gemini and in those condu:ted only four Ltest failures resulted.
The elimination of the tests was based on previous experience that only the
most sensitive items might fail when acoustic levels are less than 135 db,
and that some items arc not sensitive to even higher levels. Thuse tests
which were retained did result in additicnal confidence in the flight capa-
bility of th= design.

The vibration tests of components and subsystems resulted in many fail-
ures. Although many of these might not have occurred in flight even had they
not been corrected, the procedures for these tests were realistic so that
many of these failures could have occurred in flight. The costs ol these
tests are high, but a great deal of confidence is placed in equipment when a
vibration test is successfully completed. The Gemini system tests revealed
some problem areas, but not many in comparison to testing at other levels.
The system level test was not fully effective in that vibration levels were
not transmitted throughout the vehicle. Therefore, even though some subsys-
tems successfully completed the test only a limited amount of confidence
would result. This will be discussed further as part of our recormendations
for future programs.

The test level derivations were hampered by the lack of samples to use
in the original predictions. Significant advantag: was gained by having the
first structural vehicle flown used to gather inflight data. In the case of
Gemini the data was made availabie in time for many items to be qualified at
the lower level - in some cases after they had failed under the original
requirements. One of the problems in test level derivation is the disparity
among individuals in the _alerpre*ation of the values assigned to tests.
This problem is not considered to be uniqu¢ to the Gemini, not even unique
comparec. to the environments which are simmlated by ground tests.

Another major consideration ceonsists of recommendations for future pro-
grams, assuming the vehicle to be of similar size and complexily to Gemini.
If the environment is considered to be random in amplitude, then all tests
would be conducted with a random forcing function. The use of sinusoidal
excitation is not warrant i for a new vehicle since current test equipment
permits rardom tests to be performed very easily, and commercial test facil-
ities are readily available for vendors. All test times should be comparable
to the expected {light durations. Changing the test time may be required if
the expected environment cannot be obtained, or if the flight hardware is to
be reflown, but "scaling® test time should be avoided if at all possible.

The use of qualification and acceptance vibration tests for components should
be incorporated. Development tests to qualification levels can be elimirated
with very little offect on the outcome of qualification tests. The savivgs
of development test costs should offset the additional qualification testing
that would become necessary. Acoustic noise tests should be eliminated from
all non-sensitive equipment, especially if the level is 135 db or less.
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Perhaps the biggest change that we would recommend for future programs
compared to the Gemini procedures is the thorough evaluation of acoustic exci-
tation for vehicle acceptance and qualification tests. The use of acoustic
noise for these tests wovld provide a step closer toward simulation of the
expected dynamic forcing function, as compared to vibration testing. The need
for improved techniques was demonstrated for Gemini when it was found that the
test levels were not transmitted satisfactorily throughout the structure -
regions close to the shaker attach points were subjected to the desired levels,
but elsewhere the levels were down considerably. The use of an additional
exciter reduced *h¢ sroblem some, but to simulate the expected environment by
shakers seems to h... severe limitations for vehicles designed for distributed
loadings. JSystem accoiustic tests might require the use of develcpment tests,
but it would ve serving to develop the test techniques for the vehicle rather
than to deveiop the vehicle of its components. '

The derivdtion of test levels for a new vehicle could be made from the
data obtained in-flight on Mercury and on GT-1l and GT-2 with corrections for’
differences indicated by wind tunnel fluctuating pressure tests or expected
trajectories if the structural construction is similar. The use of different
construction would require some vibration testing to estimate the applicabil-
ity of the Mercury-Gemini data. -
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APPENDIX C
STATEMENT OF WORK
A. BACKGROUND

The statement of work presented herein has been prepured in response to

a request by tlie NASA Apollo Project Office. The work represents

a continuation of the vibration and acoustic survey conducted by the
Boeing Company in 1967 in which your organization participated. The
survey results are presented in Boeing Document D2-120001-1. The purpose
of this work statement is to provide reguirements for more detailed
information than was obtained in the original survey.

B. CSCOPE

The contractor shail provide the technical data relative to vibration
and acoustic testing associated with the

program. These data are required in th: specific areas of Laboratory
Test Programs and Results, Flight Test Results, Environment Derivations
and Verifications, Spacecraft Agency Conclusions and Recommendations as
described in the following tasks.

TASK 1 - LABORATORY TEST PROGRAM

8. Discuss the role of laboratory vibration and acoustic testing in
the overall spacecraft program and the rationale of this aporoach.
Utilize charts or diagrams to depict the interrelationships between
laboratory vibration or acoustic tests and other aspects of the
spacecraft program. The following types of vibration or acoustic
tests shiould be included in tr- iscussion and charts.

Development Qualification Acceptance
Component X X X
Subsystem X X X
System X X X

b. Provide the following invYormation relative to component gualifica-
tion and component acceptance tests.

1) Number cf components tested and type of test (random vibration,
sine vibration or acoustic).

2) The specified test levels and durations of the tests. If
different levels and durations were used for different
coxponentes, indicate the extremes and procvide a general
esplanation of the reasons for these variations.

c. Provide the fcllowing informetion relative to gubsystem development
tests, cubsystem qualificatiorn tests and subsystem acceptance tests.




d.

b.
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Descriptive nomenclature for each subsystem tested.

The obJjectives of the test.

The type of tests performed (random vibration, sine vitration,
acoustic) on each subsystem and associated test levels and
durations.

Provide the following informatiorn reletive to system development
tests, system qualification tests and system acceptance tests.

L)

Descriptive nomenciature for each system tested. Provide a
schematic or photograph of the system tested.

Objectives of each test.

The type of tests performed (random vibration, sine vibra-
tion, acoustic) on each system and associat=d test levels
and durations.

Describe the test configuration and indicate percentage of
production components jnstalled during each test.

TASK 2 - LABORATORY TEST FAILURES

Provide the following informatior relative to failures during
component qualification tests, and component acceptance tests.

1)

2)

3)

Identify the type of component which failed and provide a
brief indication of the failure or malfunction.

Indicate the type of test which caused the failure (random
vibration, sine vibration, etc.) and the associated test
level.

Briefly describe action taken as the result of the failure,
i.e., retest, redesign, change inspection procedure, test
requirements revised, etc.

Provide the following information relative to failures during
subsystem development tests, subsystem qualification tests and

subsystem acceptance tests.

1)
2)

3)

1)

Describe the failure or malfunctions.

Indicate the type of test which caused the failure (random
vibration, sire vibration, etc.) and the associated test level.
Briefly describe actiorn taken as the result of the failure,
i.e., retest, redesign, change jnspection procedure, test
requirements revised, etc.

Comment on why the failure was not uncovered during component
level tests.

c-2
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Provide the following iuformation relative to failures during
system development tests, system qualification tests and system
acceptance tests.

1) Describe the failure or malfunction.

2) Indicate the type of test which calsed the failure (random
vibration, sine vibration, etc.) and the associcted test level.

3) Briefly describe action taken as the result of the failure,
i.e., retests, redesign, change inspection procedure, test
requirements revised, etc.

4) Comment on why the failure was not uncovered during component
level tests or subsystem level tests.

TASK 3 - FLIGHT FAILURES

Describe each failure or malfunction occurring during flight.
Identify the cause of the failure or probable cause of the
failure and if the failure could be attributed to the vibration
environment.

Describe the effect of the failure on the vehicle mission.
If the failure is suspected or known to be the result of the
vibration environment, identify the type of test(s) where the
failure should have been detected (compc.ent qualification,

system acceptance, etc.).

Describe action taken to correct failure.

TASK 4 - DERIVATION OF TEST LEVEL AND IDENTIFICATION OF TEST FACTORS

Provide a description of the method or methods used to derive

vibration and acoustic tests levels and durations for the following

types of tests:

Development Qualification Acceptance
Ccmponent - X X
Subsystem X X X
System X X X

Provide at least one comparative graph for each type of test
showing the different between the specified test level and
duration and the measured, predicted or extrapolated data used
to derive the test level and duration.

Identify the source of the data used to derive the test level

and duration. Provide comments on the reasons for usirng subject
data to derive the test levels and durations.
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d. Identify the relationships tztween development, qualification
and acceptance test levels and durations. Provide the reasoning
used to arrive at these relationships.

TASK 5 - COMPARISON OF TEST LEVELS AND FLIGHT DATA
The contractor shall provide graphs showing the relationship between
measured flight vibration or acoustic data and specified test levels.

These graphs shall depict the full range of vibrat.ion or acocustic data
measured in flight.

TASK 6 - CONTRACTOR CONCLUSIONS AND RECOMMENDATIONS
Tre contractor shall provide conclusions and recommendations relative
to the information provided ir Tasks 1 thru S. The conclusions and

recommendations should include but not be limited to vhe following:

a. The significance of vibration and acoustic testing to the subject
spacecraft progran.

b. Relative significance and value of the various types of tests
conducted.

c. Adequacy and/or inadequacies of the test level derivation methods.

d. Inadequacies in the vibration and acoustic test program for the
subject spacecraft program.

e. Recommendations relative to vibration and acoustic ‘test programs
for future programs.

f. Recommendations regarding test level derivation and test procedures
for future programs.

C. PERIOD NF PERFORMANCE

The information described in the Statement of Wcrk is required on or
before April 1, 1968.

D. DEFINITIONS

COMPONENT -~ An integral package such as a camera, a valve, a battery or
a transmitter.

SUBSYSTEM - A group of components which is part of a larger system. An
example of a subsystem is the Cemini fuel cell mcdule consistiag of two
fuel cell secticns, a hydrogen tank, an oxygen tanx, pressure reg.lators,
valves and associated tubing and wiring.

SYSTEM - A complete or major poriuion of a spacecraft.
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DEVELOPMENT TEST - A test to evaluate the performance of a compcnent,
subsystem or system under environemental conditions and to determine

its ability to withstand such conditions. The test is usually run early
in a program to seek out design weaknesses and correct or improve them
prirr to qualification testing.

QUALIFICATION TEST - A test on & component, subsystem or system

to demonstrate design cspability to withstand a critical service
environment.

ACCEPTANCE TFST - A test to detect workmanship deficiencies in a
component, subsystem or system which is de~tined for use in service,

C-5



D2-120001-2

APPENDIX D
PRESENTATION OF SURVEY RESULTS TO THE APOLIO PROGRAM OIXFICE

The information contained in this appendix was presented to the Chief of
Apollo Test, C. 2. Gay, Jr. on May 1, 1968.
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