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1. INTRODUCTION

The LAGEOS is the first in a series of satellites designed to
investigate the discipline of earth and ocean dynamics. The program
dedicated to this study is the Earth and Ocean Physics Applications
Program (EOPAP). Its primary goals are to identify, develop and
demonstrate relevant'spa.ce techniques that will contribute significantly
to close monitoring of plate and crustal motionus, polar motion, earth
rotation-rate variation, ocean-surface conditions and ocean circulation.
The LAGEOS is concerned with the physical motions and distortions of
the solid earth that are responsible for earthquakes, tidal waves, volcanic
eruptions, mineral differentiation, mountain building, etc. Predictions of
probable time. location and intensity cof earthquakes could lead to enormous
savings in lives and property. The LAGEOS will make available, for the
foreseeable future, the capability for laser ranging of maximum accuracy.

The LAGEOS Assembly Operation is a2 9-month effort devoted to the
assembly, handling and shipping of the LAGEOS, to be performed by the
Bendix Aerospace Systecms Division, Ann Arbor, Michigan,

Assembly of the satellite will utilize the spherical structure (ball)
that was manufactured for a Dynamic Balance test model and subsequently
completed to the flight configuration by MSFC. Also, due to the long lead
time for the raw matarial procurement, the cube corner retroreflectors
(CCK's) are in process, on another MSFC contract, at Perkin-Elmer Corpora-

tion and are scheduled to be completed to support this assembly operation.
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Bendix Aerospace has been responsible for development and
verification of the LAGEOS design performance in a study effort devoted to
thermal, optical and dynamic analyses and testing. The LAGEOS experience,
as well as the extensive previous Bendix experience in the design, develop-
ment and test of the three Apollo Laser Ranging Retroreflector (LRRR)
experimeits on the ALSEP program, will be utilized in this assembly vperation

effort.
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2. OPERATION PLAN SUMMARY

The objectives of the LAGEOS Assembly Operation are to accomplish:

. Initial assembly of the LAGEOS satellite at the B:endix
Aerospace facility.

. Providing of a shipping container for transporting the assembled
LAGEOS satellite.

. Handling of the assembled LAGEOS satellite at GSFC during the
LAGEOS optical testing.

. Handling of the assembled LAGEQOS satellite and installation of
flight fittings at the Western Test Range (WTR), prior to mating
of the satellite with the launch vehicle separation adapter.

. Installation of test CCRs in LAGEOS, prior to dynamic tests at
McDonnell-Douglas Astronautics Company-West (MDAC-W) facility,
and subsequent removal at Bendix,

The scope of this plan is to describe the detail tasks requirc: to
accomplish these objectives. The plan also illustrates the interrelationship
and sequence of these tasks in a flow diagram and identifies the task schedule
to meet the contract schedule requirements. The quality assurance functions
to be implemented for verification ~f the operation tasks, the documentation
to be submitted in the course of the operation and the contract guidelines

and constraints are also described in the plan.

-3
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3. ASSEMBLY OPERATION TASK DESCRIPTIONS
The LAGEOS Assembly Operation tasks are described, in detail,

'

in this section. The guidelines and constraix'ats which form the basis for

these tasks are described in Appendix A, herein. Table 3-1 shows the

relationship of these tasks to the Contract Scope of Work (Ref. A).

3.1 Satellite Initial Assembly

3.1, 1 Generate satellite cleaniﬂg and assembly procedures, in tf‘&; Dendix
e Ny

standard procedure format. These shall delineate the steps rg%ﬁlired to be

followed and shall provide the means for decumenting the accomplishment of

the clea. .ng and assembly operations, including the identification and

resolution of hardware and proczdural discrepancies. Release the procedures,

after NASA review and approval, and revise, as required, after procedure

checkout in th~2 training exercises.

3.1,2 Generate a training plan which describes the training exercises to

be accomplished by the personnel who will be involved in the cleaning and

assembly of the LAGEOS, incl ding those responsible for quality control

functions.

3.1.3 Conduct training exercises at Bendix for personnel, including quality

control, who may be assigned to the cleaning and assembly operations of the

LAGEOS. These exercises shall utilize the LAGEOS simulator, GFE test

retroreflectors and mounting hardware and the GFE LAGEOS CCR installation

stand, Successful completion of the required training will result in

certification, by Bendix Quality Control,of the personnel involved,
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TABLE 3-1
Correlation Between Contract SOW and
LAGEOS Assembly Operations Plan
Contract SOW Tasks LAGEOS Assembly Operation Plan Tasks
A 3.7
B 3.1, 3.2, 3.3, 3.5and 3.6 :
C 3.1, 3.2, 3.3 and 3.6
D 3.5
E 3.2
F 3.1 and 3,2
G 3.2 and 3.6
H 3.3
I 3.1 and 3.4
J 3.3

-5-
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3.1.4 Traasport the GFE LAGEOS ball, and other accompanying GFE
hardware, from the NASA aircraft at Detroit Metro or Willow Run to
Bendix,
3.1.5 Receive, inspect for damage and document condition of all GFE
flight hardware, tools and handiing GSE (as identified in Appendix A} at
Bendix.
3.1.6 Desiga and fabricate the fixtures reqrired to accomplish the LAGEOS
v here assembly cleaning, including vacuum bakeout operations. Perform
set-up of the clean’ag and vacuum bakeout facilities.
3. 1.7 Perform the precision cleaning of LAGEOS flight sphere assembly at
Bendix in accordance with the approved procedure. The LAGEOS will be
handled, using an approved Bendix handling procedure, with the LAGEOS
handling GSE, supplied as GFE. The sphere assembly will have heen pre-
cision cleaned after fabrication by MSFC, but subsequently exposed to a non-
clean test area at MDAC, prior to arriving at Bendix. Cleaning at Bendix is
defired as flushing of tapped CCR mounting holes with Freon TF and wiping
of cavity surfaces and outside spherical surfaces with Freon TF, followed by
a vacuum bakeout, at 125°C for 24 hours, in the Bendix 4' x 4' vacuum chamber.
The MSFC LAGEOS lapping fixture will be supplied as GFE for use in the
vacuum chamber, if applicable. Control witness samples, including GFE
test CCIs, shall be insfalied with the ball during the vacuum bakeout.
3.1.8 Design and fabricate any tools and shop aids required to accomplish
the »ssembly operations, except GFE items listed in Appendix A.
3.1.9 IL.stall the LAGEOS flight sphere assembly on the LAGEOS CCR instal-

latio— s'~nd and install the flight retroreflectors in the LAGEOS, using GFE
-6-
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flight r.ardware and Bendix-supplied nylon screws (readily identifiable as
noa-flight). Retroreflectors will not, however, be installed in cavities
utilized for LAGEOS bandling, for the LAGEOS mounting interface with the
shipping coatainer and for the subsequent installation of four gerinanium
retroreflectors. Cavities for the germanium retroreflectors are to be
4efined by NASA/MSFC. An approved procedure will be used to document
each =ration. This task is to include set-up and tear down of the work
area. The assembly operation shall be accomplished in a class 100, 000, or
bettér, clean area. Procure, inspect and clean sufficient nylon screws for
CCR and mounting rinyg installation. Perform a fina® inspection, including an
update review of the ADP, after assembly completion.

3. 1. 10 Remove the LAGEOS from the CCR installation stand, using GFE
handling GSE, and install the LAGEOS in the LAGECS shipping container,
using approved procedures for h.ndling and installation. Transport the LAGEOS
shipping container and handling GSE to the NASA a:rcraft at Detroit Metro or
Willow Run Airports for transport to GSFC,

3.2 Test Suppert at MDAC-W and GSFC.

3.2.1 Provide liaison with MSFC for the planning of the test support at
MDAC-W and GSFC. This shall include two coordination and planning meetings
at GSFC, prior to the start of the test support.

3.2.2 Provide test support at MDAC-W during thc launch vehicle/LAGEOS

dynamic a:ud separation tests as fcllows:
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3.2.2.1 Install nine test retroreflectors and mounting rings and two
accelerometer mounts in the LAGEOS flight structure at MDAC-W prior to
the start of tests. This is to include generation of an appropriate procedure
for operation documentation purposes and for procecural checkout at Bendix
prior to the activity at MDAC-W, Test hardware is to be that provided as
GFE. Remove these test retroreflectors from LAGEOS at Bendix, prior to
the cleaning operation (Task 3. 1. 7).

3.2.2.2 Supporti the NASA review of the LAGEOS data package and hardware
at the turnover meeting for the LAGEOS flight structure at MDAC-W (MDAC-W
tc MSFC turnover).

3.2.3 Provide test support at GSF C during the LAGEOS optical tests at
GSFC as follows:

3.2.3.1 Accompany transport of the LAGEOS shipping container and handling
GSE hardware from the airport to GSFC. Inspect the LAGEOS flight satellite
and the LLAGEOS shipping container on arrival at GSFC. Document the con-
dition of all items.

3.2.3.2 For the purpose of GSFC LAGEOS test support stand checkout, pro-
cedure verification, Bendix operator certification and optical teat checkout,
ship the simulator to GSFC. Inspect the LAGEOS simulator and document iis
condition at GS¥'C, Install the LAGEOS simulator on the GSFC LAGEOQOS test
support stand. Remove the simulator from the stand after completion. Re-
package the simulator and ship back to Bendix *o support final assembly

training (Task 3. 3. 3),
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3.2.3.3 Remove the LAGEOS flight satellite from its shipping container,
and install it on the GSFC LAGEOS test support stand, using an approved
procedure for installation, handling and documentation. Quality ~~ntrol
coverage shall be provided for verification of these handling operations.
3.2.3.4 Install retroreflectors in the open cavities, except for those
assigned to germanium retroreflectors. The germanium retroreflectors
are to be installed at GSFC, if available; otherwise cavities are to remain
vacant. Operat: the LAGEOS/test support stand assembly, in accordance
with the approved procedure and provide one-shift protective monitoring
during the GSFC tests, for a period of up to 25 work days.
3.2.3.5 Remove the LAGEOS flight satellite from the test support stand
and reinstall in a different mounting orientation, once, during the test
period. Perform and document in accordance with the approved procedure.
Quality contrel coverage snall be provided for verification of these nandling
operations.
3.2.3.6 Remove the LAGEOS from the test support stand and reinstall in the
LAGEOS shipping container, using approved procecures for handling, instal-
lation and documentation. Retroreflectors will be removed from specific
cavities, as required for handling and installing LAGEOS in the shipping con-
tainer. Quality control coverage shall be provided for verification of these
handling operations. Repackage the handling GSE. Inspect the simulator and
CCR inastallation stand after arrival at GSFC, Accompany transport of the
LAC®OS and the supporting hardware to the airport from GSFC. Transport

from GSFC to WTR is to be by NASA aircraft,

9=
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3.3 Satellite Final Assembly
3.3.1 Generate a procedure, in the Bendix standard procedure format,

which delineates the st{.ps required to be followed and provides the means

for documentation of the satellite final assembly operations at WTR, Release
the procedure after NASA review and approval, and revise, as required, after
procedure checkout in training exercises.

3.3.2 The training plan for this activity shall be included in the training
plan of Task 3.1, 2.

3.3.3 Conduct training exercises at Bendix for personnel, including quality
control, who may be assigned to the final assembly operations of the LAGEOS
at WTR. These exercises shall utilize the LAGEOS simulator, GFE test
retroreflectors and mounting hardware and the GFE LAGEOS CCR installation
stand and lapping fixture. Successful completion will result in certification,

by Quality Control, of the personnel involved. After completion of these
training exercises, repackage tue simulator, CCR installation stand and
lapping fixture and ship to GSFC.

3.3.4 Provide liaison with MSF C for the coordination and planning of this
activity at WTR. This task shall include one visit to WTR, prior to the start
of the assembly activity.

3.3.5 Accompany transport from airport to WTR. Receive, unpack, inspect
for damage and contamiration and document the condition of the LAGEOS flight
satelliie, the simulator and the GFE CCR installation stand, lapping fixture

and handling GSE upon arrival at WTR,

- 10-
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3.3.6 Install the LAGEOS on the LAGEOS CCR installation stand and
lapping fixture, using approved procedures to document this activity.

Clean or replace any contaminated or damaged hardware, as re-
quired, up to a maximum of 50 items. Spares shall be provided as GFE.
Install the CCR flight mounting screws (GFE), ihe satellite flight nuts and
equator fittings and the CCR's in the open cavities, including the germanium
CCRs. Quality Control coverage shall be provided for critical handling and
installation operations, including documentation of torque values of all final
installation items with quality control verification.

3.3.7 Support the flight hardware ﬁrnover review at WTR. This shall
include a visual inspection of the LAGEOS and a review of the acceptance
data package and supporting documentation.

3.3.8 Repackage all GFE GSE, the simulator and the LAGEOS shipping
container for shipment to MSFC and Bendix, respectively, Shipment is to be
by NASA aircraft. Transport containers from Detroit Metro or Willow Run
to Bendix.

3.4 LAGEOS Simulator

3.4.1 Design, fabricate and assemble a full-scale LAGEOS simulator
which meets envelope and handling interface requirements. This simulator
is intended for use in satellite assembly training and for the fit-check and
operational checkcut of the GSFC LAGEOS test support stand and the
LAGEOS shipping container, Quality Control inspection shall Le limited to

the final assembly inspection of critical dimensions.

11-




LAGEOS-73
Oct. 1975
3.4.2 Conduct a stress analysis of critical portions of the simulator
to ensure structural integrity during its intended use.
3.4.3 Fabricate and assemble a set of handling GSE for training use,
~ based on the MSFC handling GSE design.
3.4.4 Conduct a fit-check of the simulator on the LAGEOS CCR inrtal-
lation stand. The procedure of task 3, 6. 3 shall be used to document this
action. Provide the simulator for use in tasks 3.1, 3.5 and 3. 6.
3.4.5 After use of the simulator in tasks 3.1, 3.5 and 3.6 at Bendix,
package the simulator for transport to GSFC.
3.5 LAGEOS Shipping Container
3.5.1 Design, fabricate and assemble modifications in an ALSEP
shipping container to provide for shipment of a fully-assembled LAGEOS
in the container, except as required for handling and irstallation. The
ALSEP shipping container shall be transferred to LAGEOS from the Bendix
ALSEP program. Quality Control inspection shall be limited to the final
assembly inspection and verification, using the simulator.
3.5.2 Conduct a stress and dynamic analysis of critical portions of the
modified shipping container to ensure its structural integrity during the
intended use (i. e., truck and aircraft transport). Tsansportation environment
criteria shall be that appropriate for truck and aircraft transport and will be
defined in the analysis report,
3.5.3 Generate a procedure for installation of the LAGEOS in, and re-

moval from, the shipping container. The procedure shall be in Bendix

]2~
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standard procedure format and shall delineate the steps required and provide
the means for documenting the instailation, and removal. This procedure
shall also have provisions for documenting the identification and resolution

of hardware and procedural discrepancies. Release the procedure, after
NASA review and approval, and revise, as required, after procedure checkout
during the fit-check subtask.

3.5.4 Conduct a hardware operational fit-check and a procedure check-out
for the installation of the LAGEOS in the shipping container, using the LAGEOS
simulator. Use the installation procedure (task 3.5. 3) to document this
activity. Quality control will monitor these activities.

3.5.5 Provide the container to the accomplishment of task 3.1. 8. Direct
the first installation of the LAGEOS in the shipping container, using the re-
leased procedure to document this activity and identify any hardware or
procedural discrepancies. Quality Control will monitor this activity.

3.5.6 Refurbish the shipping container back to the original ALSEP con-
figuration, after its return from WTR; reinstall the ALSEP hardware, if
required. This shall include a receiving inspection of the container upon its
return from WTR.,

3.6 LAGEOS Support Stands

3.6.1 Review the GSFC design of the test support stand for use in the
optical tests at GSFC, The stand design mods will be generated by GSFC

and will provide support for the LAGEOS at its polar attachment points and

its equator attachment points and permit rotation of the LAGEOS about these

attachment points for retroreflector installation at GSFC, It will also provide

-13 -
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motor -operated rotation of the LAGEOS about these attuchment pointas, at
a rotational speed of about 1 rpm, for optical tests at GSFC. The design
data for the stand will be provided to Bendix, The CCR installation stand,
a separate stand, shall be provided as GFE to Bendix for use in the LAGEOS
cleaning and initial assembly at Bendix, Receive, inspect for damage and
document condition of the CCR instaliation stand at Bendix,
3.6.2 Conduct a stress analysis of the polar and equator attachment
points of the LAGEOS flight design to ensure their structural integrity when
used to support the LAGEOS on the test support stand in either of two con-
figurations (polar axis or equatorial axis) and with rotation of about 1 rpm.
3.6.3 Generate a procedure for installation oi the LAGEOS on, and re-
moval from, the CCR installation stand and for operation of the CCR instal-
iation stand during LAGEOS cleaning and assembly operations at Bendix and
WTR, The procedure shall be in Bendix standard procedure format and
shall delineate the steps required and provide the means for documenting the
accomplishment of the installation, removal and operation. The procedure
shall also have provisions for documenting the identification and resolution
of hardware and procedural discrepancies. Release the procedure, after
NASA review and approval, and revise, as required, after procedure checkout
during the fit-check subtask,

Generate a procedure for the installation of the LAGEOS on, and

removal from, the GSFC test support stand and for operation of the test

14
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support atand to rotate the LAGEOS for optical tests at GSFC. The procedure
shall be in Bendix standard procedure formait and shall delineate the steps
required and provide the means for documenting the accomplishment of the
installation, removal and operation. The procedure shall also have provisions
for documenting the identification and resolution of hardware and procedural
discrepancies. Release the procedure, after NASA review and approval, and
revise, as required, after procedure checkout during the fit-check subtask.
3.6.4 Conduct a hardware operational fit-check and a procedure check-out
for the installation of the LAGEOS on the CCR installation stand, using the
LAGEOS simulator. Use the installation procedure (task 3. 6. 3) to document
this activity. Quality Control will monitor this activity.

Conduct a hardware operational fit-check and a procedure check-out
for the installation of the LAGEOS in the GSFC test support stand at GSFC,
using the LAGEOS simulator. Use the installation procedure (task 3. 6. 3) to
document this activity. Quality Control will monitor this activity.

3.6.5 Conduct training exercises at Bendix in the operation of the LAGEOS
in the CCR installation stand for personnel who will be required to perform
this function at Bendix and WTR. The LAGEOS simulator shall be used for
these exercises. The training plan for this activity shall be included in the
training plan .of task 3.1.2. Successful completion will result in certification
of the personnel involved, by Quality Control.

Conduct trairing exercises at GSFC in the operation of the LAGEOS

in the test support stand for personnel! who will be required to perform this

S LE
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function at GSFC. The LAGEOS simulator skall be used for these exercises.
The training plan for this activity shall be included in the training plan of
task 3.1.2. Successful completion will result in certification of the personnel
involved, by Bendix Quality Control.
3.6.6 Provide the CCR installation .tand to the LAGEOS assembly taske,
3.1 and 3.3. Direct the first installation of the LAGEOS on the test support
stand, using the released procedure to document this activity and identify any
hardware and procedural discrepancies. Quality Control will monitor this
activity.

Direct the first in:tbuation of the LAGEOS on the GSFC test support
astand at GSFC, using the re!.easé& procedure to document this activity and
identify any hardware and procedural discrepancies. Quality Control will
monitor this activity.

3.6.7 Package the CCR installation stand for transport to GSFC,
3.7 Project Management

Perform the project management required to provide continuity and
direction of the assemlly operation tasks. This shall include responsibility
for single-point-of-contact for the MSFC project management, as well as pro-
viding liaison with MSFC, GSFC, MDAC and WTR, as required to accomplish
these operation tasks, This task shall include the submittal of contract docu-
mentation, consisting of the Assembly Operation Plan, Procedures, Analyses,
Drawings and Monthly Reports.

Coordinate the packaging and shipment to MSFC of all GFE, contract
residu>] hardware and deliverable items, after completion of the final assembly

operations.
«16 -
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4. OPERATION FLOW DIAGRAMS

The operation flow diagrams for the LAGEOS assembly operations
are structured around the six basic tasks. The interrelation of these basic
tasks is shown in Figure 4-1. The bagic tasks have been organized into
subtasks which identify the detailed activities to be performed. The
interrelationships and sequence of these subtasks are shown in Figures 4-2

thru 4-6.

-17_

i,




LAGECS

Simotster

S

3.5
Shipping
Contain~r
3,6
LAGEOS
Support
Stand
3.1
I___.__..y- LAGEOS
» Initial
Assembly
3,2
Test Support
at MDAL-W
Figure 4-1

Y

ﬂaa,',d m”
'IV%‘

i3

LAGEOS
Final Asey

at WTR

Turnover at
WTR

3.3

Test Support
at GSFC

- Assembly Operation Task Flow Summary

GL6T ‘PO

¢L-SOT OV

i RN

i e



-6'[-

o ,°
o
4
o) : e e m =
(<]
<& .
r_ —_— e . e e e e - — o
. Y ] .

! 1.1 3 | 315 b—!l—'d—--—% ;_—"—‘h‘——-—"
Procedures - Training Receive, | Training Deg/Fad -
Initial Clean. o — - - _.J Plan ! Inspect Test Exercises Vec/Babke ,_.’

@ L Asey @ CCRe ® ® @ @ Fixteres

T 3 |
r— - - - — — — - — e —— —— - — —
] 3.1.6 3, 1.4 o 3 1.5 @.__‘ 3.,7
L, Set-up Transport @—' Receive, Flush & Wipe Vac/Bake
Vac/Bake From Inspect Fit. Ball Fit. Ball .
Clamber @_ﬂ Airport @ Fit. Ball @__‘ ®__
! 1 R
3. 1.9 3, 1.8 3,1.9 3 L3
inetall Ball Des/Fab Procure Receive,
on Stand Tools Nylon *linspect
Screws iNylon Screws
3.1.10 31,10
inal —4 Install Transport
I LAGKOS to Alrpert
LAGEOS ‘ in Container 2

Figure 4-2 -

Task 3, 1-Satellite Initia]l Assembly

§L61 %O

€L-SOCEOVT



-oz-

Figure 4.3 - Task 3,2-Test Support at MDAC-W and GSFC

- * .
3.2.1 3.2.t 3. 2.0 3.2.2.1 3221
Lisisan TDR Support Precedure - Precedure
with e —— - =4 Mtg. e e« —~d Planning . Test l(:“CIl e v gl Checkowt —'
MSFC . Mig. st inatalistion
Q Gs¥c —@ o '
A ———
|
L
| 3.2.2.1 3.2.2.3 3,23 csre ]
" .
Install CCRs rt LAGEOS Receive, Oprics! Remove Simu-
| odat MDAC W urnover st (©— Inepect Slma- —® @ Ten iater From Te
DAC -W lator at GSFC Checkeut Suppert Staad .
b e
‘ 13,2.3.2 o4 23 | 3.2.3.1 @: 3.2.3.3 3233 3.2.3,4
; Repachkage, Treaneport Unpack,’ Install Install N ::‘G“" ‘
w4 Ship to r——-@ Fram Airport ;.AE’.E;S F- - —d LAGE]?: »4 CCRs "n‘m
Bendix to GSFC on Sta .
3,2,3.5 3,2,3.4 3.2.3,6 3,.2,3.6 1)
+{ Change Confi- Remove @-—] tnaall (®— Receive, Inspeel Transport
o T ; s v
mov-/install For Handling n Lo _4 ‘ ree
®— ccre > ®— @ simulater



) H00d 30'
1 govd TIND

AV

{
Y
r

S e ™ v — - — ) . e -
- . 1
.— - [V NI VOV S S SR, I O . ". C . etie v - J— .
. L]
.

y / ———————
3.3, 1 ..._® 3,3,2 ‘ 3.3.3 3.3, 4 ”!I‘
Trocedure ~ Training 4 Traiaing Lisison TDR
Final b— —~~ = o Plan e  w- — <3f Exercizes b—@ w/MSFC = — e el Mg,
: Assy gr__ E

| 3.3.4 3.3.5 3.3.5 3.3.5 (g )

Accompany Unpack & Unpack & . Install on
0 LR S Dt S O—fiamt e
. ® WTR , & Stinulator ® LAGEOS b

— ——

L

33,6 3.3:6 3.3.6 3.3.6 . —“%—

install Fit. Clean CCRs, | Install Install Pols lastall Seush;
Screws, Rings, (netall p—=———-———>>4LAGEOSoOn Fit. Fittinge Neorth Pele

-
Stool CCR
& - Non-Polar CCRe ®__L— _@ !

3.3.6 3,3, ¢ 3.3.7 3.3.8 1 .32
Inswall Eq. Final LAGROS - Repach Repack
“’1 Flt. Fittinge Inepection ™4 Turnover Mtg. L—@ Coatatiner Stand and
) LAGEOS @ Simulater
3.3.8 L 3.3.8
Repack Transport

Tools to Airport }——@
@ | e -

Figure 4-4 - Task 3, 3-Satellite Final Assembly




7

]

-zzn

® ¢

P

- — )
- '\
- i
L Y
3.8.1 342 @ ?_3_%___, . -~ s;u; =
Deeign fe = = S Stress ab/Asey ev/Listesn L .
Stmualator . — — — Analyets et e == ~f Simulater :::%.“" - z;‘tm
g a—— Ramwt—  — — hus—— .
3 4.4 3.4.4 P.!;:.S .l"',l‘ : 3. 4.5
. Provide to chage . . sceive, Inspoct Repacinge for .
it o Tosx e |® @ |umwunre.l-@ @Gnpwcwc €
3.1, 3.5, 8.6 GSFC vide for Tosk
L o @ @ 3.3
s
Figure 4-5A - TasXx 3.4-LAGEOS Simulator
] 1 }
3.3 352 D) | NN | 3,8.3
Dasign pe = == =] Strase/Dyramic Fab, 'Asay Precedure
Contaiver lg— - — — Analysis | w= = < Container
e ———
154 3,56 556 ]
Provide Receive & Refurd to
First ! inspect % ALSEP -——@ .
tasizllation 3 ® & Tranefer -
L_— ]

Figure 4-5B - Task 3.5-LAGEOS Shipping Container

SL6T ‘PQ .

£L°SOXOVT |



3.6.1
S b
Reciew GSFC
Test Scupport
ttand Design

oM

e ———————

r;.u 3

—p————

Procedure -
CCR Inatall.
Stand

——na—

4

-iz-

3.6, 7

Package
L Ship w0

@___,GSFC

POV

g Fit.Check

Simulator, >

@ Test Support
Stand a¢GSFC

|

ing Esercises
at GSFC

Operating Train

®— Perform First

“Jinntallation

@ st GSFC

NASA/MSC Intertace Code

Gode ___ Fusctice

R

-
-0 8P~

LAGEOS Design Dsts
LAGEOS Test Hardware (GFE)
LAGEOS Asey. Tools (GFE)
LAGEOS Flight Herdware (GFE)
LAGEOS Handling GSE (CFE)

LAGEUS Turnover to MSFC/MDAC-W

LAGEOS Handling GSE Deaign Data

1 ransportation Enviroament Criteris
LAGEOS CCR Installation Stand (rem GSFC (GTE}

ALSEP Container Tranafer Approval

LAGEOS Test Support Stand Design Data frem OSFC

Figure 4-6 - Task 3, 6- LAGEOS Support Stards

Coea 3.6.3 ‘ 6.2
Lisison :"‘“““‘" —€9 Stress l:loin, Inepoct
|- — — — — s{Test Suppert Analysis -—G) Install.
with GSFC Stamd e
3.6.5 3.6.5
@’— Training Operating Pn:ﬁ;olbr
Plan — — — ~P] Training .:.“ l. stall
@—— R Exercise ,_@ @ t ret Ia o
A
3. 6.4 3.6.5 @ 3. 6.6

SL6T "PC

£4-503DVT |



LAGEOS-173
. Oct. 1975

5. OPERATION SCHEDULE

The schedule for the operation tasks and subtasks is shown in
Figures 5-1A and 5-1B. It includes dates of various coordination and
review meetings for plax;ning purposes and,dates for submittal of required
dc~Ginentation. |

The schedule is based on a 23 June 1975 start date and provides for
the accomplishment of the various subtasks to meet the contract schedule

constraints, as defined in Appendix A.
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6. QUALITY ASSURANCE

Quality Assurance will be implemented by Bendix throughout

- the performance of the LAGEOS Assembly Operation. Specific Quality
Assurance functions are described in this section. |
6.1 Quality Engineering
A Quality Assurance (QA) Department Engineer wiil be assigned
the responsibility for QA on the LAGEOS program to provide a single-point
contact. Quality engineering functions will include program liaison and
coordination, QA support scheduling, review/approval of operations/test
plans and procedures, review of training plans, preparation of leéson plans
and conducting of training exercises, certification of personnel for LAGEOS
speéial operations, preparation of inspection criteria, preparation and
maintainance of the flight article logbook, and participation in the LAGEQS
QRB.
6.2 Receiving Inspection
It is assumed that all GFE will have been inspected by MSFC and
conforms to drawing and/or specification, prior to shipment to Bendix.
Accordingly, receiving inspection will be limited to verification of the
receipt of all shipped items and visual inspection for shipping damage,
Receiving inspection, by Bendix, at GSFC and WTR will also be
limited to a visual inspection to verify that no shipping damage has been
incurread,

N3 In-Process Jnspection

" spection of the ghipping container modifications, and LAGEOS i

A
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simulator fabrication and assembly will be pe'rformed only at the top assembly

level and will include verification of critical Qimensions and interfaces. Fit

checks will be performed, as defined in the detail tasks of Section 3. 0.

In-process inspection of the satellite assembly operations will be
or a fuli-coverage basis. Operations to be witnessed include flight hard-
ware cleaning, installation of CCR's and mount rings, installation of flight
fittings and screws at WTR, flight hardware handling and installation on, and
removal from, the CCR installation stand and the test support stand, and
flight hardware packaging for shipment.
6.4 Final Inspection

Final inspection of the LAGEOS satellite will be performed at BASD
following the assembly operation before shipment to GSFC, at GSFC before
shipment to WTR, and at WTR prior to turnover of the satellite., This final
inspection will include a thorough visual examination of the satellite, review
and verification of the hardware configuration, and review of the satellite
logbook.
6.5 LAGEOQS Satellite Logbook

Bendix QA will review the flight satellite logbook,maintained by MSFC
up to the time of turnover to BASD. Turnover of the flight article includes
acceptance of the logbook. A follow-on logbook will be initiated, in the BASD
format, to include all work performed by Bendix on the flight article.

“he follow-on logbook will include the following sections:

-28-
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1. Operating Events Log (OEL)

2. Open Items

3. Flight Article Configuration Summary

4. Operations/Test Procedures |

5. Data Sheets

6. Nonconformances

All logbook entries will be signed and/or stamped and dated.
6.6 Nonconformances
6.6.1 Definitions

A deficiency is a nonconformance which will have no effect on the
final flight article assembly.

A discirepancy is a nonconformance which can, or will, afiect the
final flight article assembly. Any nonconformance of GFE is defined as a
discrepancy,
6.6.2 Deficiencies

Deficiencies will be corrected by rework, repair, replacement or
recycle methods and will be documented by variations incorporated in the
"ag-run'' operations/test procedure, Variations will require BASD
Project Manager and QA approval before implementation,
6.6.3 Discrepancies

Discrepancies will be documernted on the BASD Discrepancy Report
(DR) forma:. Review and dispesition of discrepancies will be by BASD
Qu-ii - Heview Board (QRB) action.  All discrepancies identified as "major"

Ly the 6 B will be reported to MSFC before impiemention of the disposition.

«29-
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DR's will be processed in accordance with the methods set forth in BASD
Quality Assurance Procedure #12 and BASD Quality Assurance Instruction
#12-1,
6.7 Operator Training/Certification

Q-ality Assurance will prepare lesson plans and conduct training
exercises for the LAGEOS special operations. Trained operators will be
issued a certificate of proficiency. Special operations will include
installation/removal/handling of CCR's and installation/handling of the
LAGEOS with GSE, the CCR installation stand, the test support stand and

the shipping container.

"30-
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7. DOCUMENTATION SUBMITTAL

The documentation to be submitted during this operation activity

shall be as specified in the Data Procurement Document No. 296 (NASA

Contract NAS8-30656), as modified by this contract change. Specifically,

they will be:

. MA-02
. MA-05
SE-01
. SE-02
RA-01

Report, Letter Progress and Status
(submitted monthly)

LAGEOS Assembly Operation Plan

(updated after negotiation and revised

as required by contractor or government
requested changes)

Engineering Drawings (submitted as released
or revised)

Stress Analysis (submitted as completed)
LAGEOS Handling, Cleaning and Installation
Procedures (submitted 45 days prior to a planned
operation and final as released; "as-run' pro-
cedures will be incorporated in the satellite
acceptance data package)

Training Plan (for review only) (transmittedas
completed)

=31~
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8. REFERENCE
The documents referenced in the plan are:
. Exhibit B, Scope of Work - Assembly Operation for the
Laser Geodynamic Satellite (LAGEOS) of Contract Amendment

5A11, DCN 1-4-21-00261 S5 (1F) and 1-5-31-00376 S2 (1F),

NAS8-30658 dated May 14, 1975.
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APPENDIX A

GUIDELINES AND CONSTRAINTS
The physical characteristics of the satellite structure, CCR mounts
and retaining rings shall be as defined in the Contract End Item (CEI)
Specifications SAT-1 and CCR-1.
The equipment listed in Table A-1, will be provided as GFE (Government
Furnished Equipment) and will be available on or before the dates
indicated.
The satellite will be handled in accordance with the guidelines as outlined
in MMI 6400, 2A Packaging, Handling and Moving of Program Critical
Hardware. Only certified operators and equipment will be utilized to
handle the satellite and associated equipment.
A Test Support Equipment Design Review (TDR) will be conducted no
later than July 30, 1975, Bendix will participate in this review and
provide inputs for required support at GSFC and WTR,
Configuration Management of the satellite assembly, GSE and approved
documentation shall be m: intained in accordance with LAGEOS Con-
figuration Management Manual #LA-CM-2,
Clean areas in accordance with class 100, 000 will be made available at
GSFC and the WTR.
Acceptance of assembled satellite will be by visual inspections, review of
engineering documentation and quality records in the Satellite Acceptance

.hate Package.

1 .
LAGEOS-73
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Shipment of the satellite will be by Government air. Transportation to
and from airfields will be Government furnished except for shipments
at the Bendix facility.

Schedule constraints are outlined below. The assembled satellite and
associated GSE are to be completed and ready for shipment to GSFC

or December 11, 1975. Test at GSFC is to be completed January 29,
1976. Satellite and GSE to be packaged and ready for shipment to

WTR on February 3, 1976. Satellite flight fittings, screws, etc. are
to be installed and the satellite, ready for transfer to MDAC-W for

separation system mating on February 19, 1976.

A-2
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TAELE A-1
' Delivery
Item No, Description Part Number Quantity Date
1. L.'CEOS Sphere Assembly 30M20458C 1 each 10/28/75
2. CCR In-*-llation Stand 30M20485 1 each 8/14/75
3. Lifting Eye 30M20466 2 ¢.ch 10/28/75
4, Handling Beam Assembly 30M20467 1 each 10/28/75
5, LAGEOS Shipping Container  30M20471 1 each 10/28/75
6. CCR Guide Pin 30M20472 10 each 7/29/75
1. Handling Ring Assembly (incorporated with item No. 2) - 8/14/75
8. Material Finish Specimen 30M20478 1 each 10/28/75
9. Retainer 50M23170 440 each 6/11/75
10, CCR 50iv244,1 440 each *
11, Ring Mount, Upper 50M25552 440 each 6/11/75
12, Ring Mount, Lower 50M25553 440 each 6/11/75
13. Screws MS35202-8 2100 each 6/11/75
14. CCR Installation Tool Set 2 each 7/29/75
15, CCR Transfer Tray w/Lids EC-32-CCR-1,2 1,10 each 7/29/75
16, Support Table 30M20486 1 each 10/28/75
17. Deleted
18. Data Package No P/N 1 each 10/28/75
(with itern No. 1)
19, Test CCR No P/N 10 each 7/29/75
20. Test Retainer 2374463 6 each 7/29/75
50M23170 12 each 10/28/75

*100 ea by 10/28/75, 100 ea per wecek, final by 11/30/75

A-3
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Delivery

Item No, Description Part Number Quantity Date
21. Test Ring Mount, Upper 2374461 6 each 7/129/175

50M25552 12 each 10/28/75
22, Test Ring Mount, Lower 2374462 o sach 7/29/75

50M25553 12 each 10/23/75
23. Lapping Fixture 30M20484 1 each 6/11/75
24, CCR Dummy 30M20479 2 each 10/28/75
25, Acceleromcter Mounts 3020473 4 each 10/28/75
26, Accsleroraeter Clips 3020474 4 each 10/28/75
217. Accelerometer Block 30M20480 2 each 10/28/75
28, Load Test Bar 30M20483 1 each 10/28/75
29. Accelerometer ENVECO-2222 5 each 10/28/75
30. Nut - self locking nuts 30M20481 2 each 6/11/75
31, Washer 30M20482 2 each 6/11/75
32. Fitting 30M02462 12 each 10/2€/75
33. Test Article 2374464 1 each 7/29/75
24, Screws, Test MS35262-8 18 each 7/29/5
35. Support Fitting, Becu 50M20462 2 each 8/18/75

(for simulator use only)
36. Nut, Cad. Plated Steel 42FW-1216 2 each 8/18/7%
(for simulator use only)

37. Orill Guide Nao P/N 1 each 9/4/7%
33, Tap Guide No P/N 1 each 9/4/75
39. Cable Assv Ne P/N 1 each 9/4/75
40, Trunn.ons SORAI04 77 2 ¢ach 10/28/75
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