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PREFACE

This is the sixth in a series of quarterly technical
reports onthe development of the Solar~-Conversion
Power Supply Subsystem for the Nimbus-D Meteor-
ological Satellite, This project is being conducted
by the Astro-Electronics Division ( AED ) of the RCA
Corporation for the National Aeronautics and Space
Administration {NASA) under Contract No. NAS5-
10470, This reportcontains data onRCA activities
and plang that relate to the technical and schedule
pursuance of the contract objectives, and covers

the period from March 15, 1969 through June 15,
1869,

i
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SECTION 1
INTRODUCTION

A, CONTRACT OBJECTIVES

The objective of Contract No. NASH-10470 is to furnish a Solar Conversion
Power Supply Subsystem for use with the Nimbus-D Meteorological Satellite.
This configuration will be identified as the Nimbus-D Solar Conversion Power
Supply Subsystem.

The contract provides for the manufacture of one flight model and a set of three
gpare storage modules. The solar conversion power supply subsystem, con-
sisting of one control module, eight storage modules, and solar array (2 solar
platforms), will be nearly identical to the equipment supplied under Contract
NAS5-9668. Assembly numbers are as follows:

Control Module RCA-1759712-502
Storage Module RCA-1759580-503

' Solar Array (Nimbus-B2)  RCA-1975606-501 and -502
‘Solat Array (Nimbus-D) RCA-1976429-501 and -502

All special test equipment required for-the manufacture and test of the flight
model equipment was manufactured and assembled under previous contracts.

B. SUBSYSTEM DESCRIPTION

The Solar Conversion Power-Supply Subsystem consists of eight identical
storage modules, one control module, and one solar array. Each storage module
contains a battery consisting of 23 series-connected, nickel cadium cells and
a group of electronic circuits designed to provide control and protection for the
battery and other power subsystem components. These circuits and the battery
are housed in cast-magnesium containers with sheet-magnesium covers. The
control module consists of additional power subsystem electronic eircuits housed
in a machined-aluminum container. The solar array consists of two solar-cell
platforms containing N-on-P silicon solar cells which are mounted on one side
of the sun-oriented platforms. The purpose of the subsystem is to provide the
spacecraft with electrical power; during satellite day, the solar array converts
solar radiation to electrical enefcgy that is supplied to the Spacecraft subsystems
and the batteries {charge cycle). During satellite night and peak daytime-load
periods, the batteries supply the power to operate the spacecraft subsystems.



C. CONTRACT DATA

Failure of the Nimbus-B spacecraft to achieve orbit resulted in 2 planning
effort for a Nimbus-B2 mission. The final plan provided for the qualification of
one flight system (two solar platforms, one control module, and eight storage
modules) and the following back-up equipment, one control module and three
storage modules. Specific tasks defined by the Nimbus-B2 program plan are
as follows:

. Manufacture and electrically qualify one solar array from equipment
diverted from the Nimbus-D program

[ Evaluate, refurbish, and rework i1 storage modules (serial numbers
01 thru 09, 16, and 20) and two control modules (serial numbers 03
and 05) supplied as GFE from the General Electric Co.

Delivery of the Nimbus-B2 solar array and the issuance of the final test report.
" Appendix I of Quarterly Technical Report No. 5, completes the requirement for
periodic reports (quarterly) pertaining to the Nimbus-B2 Sclar Conversion Power
Supply Subsystem. Subsequent quarterlies-will contain data pertinent to RCA sup-
poxt of Spacecraft Integration and pre-launch activities requested by the customer.,

D, CONTRACT MODIFICATIONS

Two Contract modifications (Nos, 11 and 14) were issued during the re-—
port period., These modifications specified that an additional output connector
for operating the ACS/CLB of the Nimbus Spacecraft would be added to the con~
trol module. The modification was initiated by conducting joint meetings with
NASA, the General Eleciric Co., and the RCA Corporzation to determine the
technical requirements. The results of these meetings specified that a 15-pin
connector would be mounted on the inboard side of the control module (RCA1759712)
above the Al4 capacitor bank in the R¥I compartment, The installation would
he designed to mount two filters (RCA 1846600-1) and maintain the RFI seal.
The resistance between the capacitor bank and the outside of the control module
was specified as 0.004 ohms maximum,

A program plan developed for the design, installation and fest of the filter is as
follows:

@ Incorporate the feed-through filter into control module EM-01
(engineering model 01} to ascertain the feasibility of the modi~
fication,



o Deliver modified control module EM-01 to The General Electric
Co., for elecirical tests.

® Modify control module 03 if the electrical test at the General
Electric Co., are satisfactory and perform vibration and thermal

tests,

® DModify control module 06 if the vibration and thermal tests of
control module 03 are satisfactory and qualify the design for
flight use (thermal-vacuum tests) .

The status of the modification program is contained in Section 4 of this report.,



SECTION 2
SOLAR ARRAY

A. GENERAL

Each solar array consists of two solar cell platforms comprised of a solar-
cell mounting structure (substrate), solar-cell modules, a transition section, a
latching assembly, a motor drive and gear reduction unit, and a control-shaft
clamp.

B. NIMBUS-B2 ARRAY

A broken solar-cell tab discovered by launch-site personnel was confirmed
by RCA engineering personnel on April 3, 1969. The break occurred at the posi-
tive tab of Module 68, Board M (RCA Part No. 1975608). The nature of the break
is shown on Figure 1.

Two possible methods of repair were considered,

1) solder a hard wire fo the shortened tab, or

2} short the module out of the circuit.

The second method was used as the repair (hard wire to hard wire) provided a
greater degree of reliability than the first method .of repalr (hard wire to tab).
The repair is shown on Figure 2.

Current losses due to the repair are listed in Table 1. The worst case operating
conditions oceur af high temperatures where current losses show up at lower
array voltages. At 50°C, the current loss is 10 ma at 39 volts de, and increases
to 60 ma at 48V. At 35°C and -55°C, the current losses occur at voltages far
below the knee of the I-V characteristics. (Ref. Figure I-1 of Quarterly Report
No. 5.)

The cause of the failure was attributed to improper handling. On March 10, 1969,
the hard wire-tab joint, noticeably distorted, was discovered at the G.E. Co.
Facility. The joint, reformed to eliminate sharp bends or stress points in the
copper tab, was inspected by RCA and G.E. Co. engineering personnel and ac-
cepted by G.E. Co, quality control personnel, The tab failure is attributed to
the method used to attach the spacecraft lifting hardware (handlers i*eaching in-
side the folded platforms fro:m the t0p)
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TABLEli. MAXIMUM CURRENT LOSSES, NIMBUS-B2 ARRAY

Temp. Current Loss Array Voltage
(°c) (ma) (Vde)
~55 90 72
+35 70 52
450 60 48

———

C. NIMBUS-D ARRAY
1. Substrate Fabrication

Two substrates were fabricated for the Nimbus-D Array during the report
period. The left hand platform (Serial No. 01i7) was completed on March 27,
1969 and delivered to the RCA Corporation. A detailed test report containing the
aceeptance test data are contained in Appendix I, Paragraph B. The right hand
platform (Serial No. 018), completed by mid-April, 1969, was rejected because
one of the sample coupons did not meet the peel test requirements set forth in
RCA Drawing 1750081, Revision A, specifically Paragraph 4.4.2.4. This para-
graph specifies that the peel test values shall meet the limitations shown in
Figure 3; the actual fest data obtained from the sample coupons prepared with the
rejected substrate are also shown. A complete test report including the accept-
ance test data is contained in Appendix I, Paragraph C.

On May 6, 1969, the RCA Corporation presented a summary of the test data and
the production processes used on the rejected unit. The data presented and ap-
plicable technical discussions are contained in Appendix I, Paragraph D, This
presentation, conduected at the Goddard Space Flight Center, was attended by -
GSFC, G.E. Co., and RCA Corporation personnel. Its purpose was to consider
an RCA recommendation that an MRB action be undertaken to waive the specifi-
cation limit for 5/N 018 sample coupons. This recommendation was not accepted.
On May 11, 1969, the Goodyear Aerospace Corporation (GAC) was directed to
perform a series of tests to verify the production~process specified in the GAC
RDB-5342 specification. Part one directed that two sample coupons (S-1 and

S-II) and three test coupons (MF, MC, and MB) be prepared as specified in RDB-
5342 and evaluated in accordance with RCA Drawing 1750081, Rev. A. The five
coupons were placed in the mold as shown in Figure 4, cured, and evaluated. The
results of the first part were to clarify the RDB-5342 specification, if necessary.
Part two directed that a second set of coupons be prepared using the original or
modified RDB-5342 specification to further verify the production process. When
these tests were completed satisfactorily, GAC was directed to fabricate a re-
placement substrate. The results of the special test are contained in Appendix

I, Para &, ’
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2. Solar-Cell Module Fabrication and Test

Fabrication of the 10- and 6-cell solar modules was completed March 28,
1969 and post-manufacturing electrical confidence tests were completed satis~
facotrily. '

3. Platform 017 Fabrication

Fabrication of the platform consists of preparing the substrates (platform
and transition) for application of the solar-cell modules, electronic circuits, and
wiring., During this reporting period, the left-hand substrate was drilled,
painted, and cleaned in preparation for bonding the solar-cell modules and com-
ponent boards.

4. Plans For Next Report Period

During the next report period, assembly of platform 017 will be completed
and post~assembly electrical tests will be performed.

Assem‘bly of the right-hand platform, Serial No. 19, will be initiated when the
Goodyear Aerospace Corporation completes fabrication of the substrate. The
confractual delivery dafa is August 1, 1969.



SECTION 3
STORAGE MODULE

A. GENERAL

Each storage module consists of a two~piece magnesium housing, 23 nick-
el-cadmium storage cells, and an electronic board. Eleven storage modules are
supplied with each flight system, eight for use on the Spacecraft and three as
spares.

B. STORAGE MODULE FABRICATION

Fabrication of eight storage modules (serial No. 022 through 029) was
completed by February 28, 1969. Fabrication of the three spare storage mod-
ules (serial No. 030 through 032) was completed in June, 1969, The eight
flight units were integrated with a control module and subjected to system tests.
The three spare modules were prepared for unit tests.

C. STORAGE MODULE UNIT TEST .

Unit test of storage modules 022 through 029 was completed March 5, 1969;
a test data summaxry is contained in Appendix vV, Para C of Quarterly Technical
Report No. 5 (R-3448) issued June 18, 1969. Due to test anomalies observed
during system test, storage module 028 was replaced by storage module 030. A
complete test data summary for the storage modules qualified with control mod-
ule 06 is contained in Appendix II Para C. Unit test of spare storage modules 028,
031, and 032 will be completed when rework of storage module 028, presently in
process, is completed,

D, STORAGE MODULE SYSTEM TEST

System test of a control module and eight storage modules was completed
on May 19, 1969 and the eight storage modules (Serial No. 022 through 027, 029,
and 030) were delivered o the General Electric Company. System test data for
the storage modules are presented in a system test data summary contained in
Appendix II, Para D,



E. PLANS FOR NEXT REPORT PERIOD
Rework of storage module 028 and subsequent unit tests will be completed,

system test of the spare storage modules (028, 031 and 032) and a control module
will be completed, and the units will be delivered to the General Electrie Co.

10



-

SECTION 4
CONTROL MODULE

A, GENERAL

The control module contains the electrical circuits that regulate the d-c
voliage outputs for the spacecraft loads, limits the solar array voltage to safe
load levels, provides telemetry signals for system evaluation, and provides the
interface between the solar array, storage module, and spacecraft loads. The
configuration of the Nimbus~D and Nimbus-B control module is identical except
fer the temperature telemetry cirecuits and the regulated bus output connector
acded to the Nimbus-D control module. The additional telemetry circuits are
deseribed in "Quarterly Technical Report No. 2,'" (R-3340) issued July 15, 1968.
The additional regulated-bus output connector is descrihedin Appendix ITI, Para B.

B. UNIT TEST
1. Control Modale 03

Fabrication of control module 03 was completed in December 1966, and
was designated as the prototype qualification model for the Nimbus-B program
(Contract NASS5 9668). Prototype qualifiéation tests, conducted from February
1967 to May 1967, included temperature-humidity, vibration, acceleration, and
thermal vacuum exposures. In 1968, the unit was reclassified as a back-up
unit for the Nimbus-B2 program which was instigated after the launch failure of
the Nimbus-B mission in May 1968. The Nimbus-B-2 spacecraft, launched
April 13, 1969, contained the Nimbus-B spare flight-control module (serial
No. 05) and the back-up unit (prototype, serial No. 03) was retired from service.

" On April 28, 1969, control module 03 was returned fo the RCA Corboratioﬂ for mod-
ification to the Nimbus-D configuration. The modifications included the addition of
two telemetry sensors (RT-1 and RT-2) and a regulated bus output filter (A-17),
The telemetry sensors are described in "Quarterly Technical Report No, 2",
(R3340) issued July 15, 1968. The regulated-bus output filter is described in Ap-
pendix I, Para B. After modification, storage module 03 was subjected to flight
level vibration exposures and a series of thermal tests in order to qualify the unit
for flight use on the Nimbus-D spacecraft, A test data summary is contained in
Appendix ITI, Para C. An historical summary of control module 03 vibration and
thermal exposures are contained in Tables 2 .and 3, respectively.

The test data obtained during the acceptance program indicates that control mod-
ule 03 is electrically suitable for flight use on the Nimbus-D program. However,
the RCA Corporation recommends that this unit be designated as the flight back-
' up, not the primary flight unit., This recommendation is based on the large num-
ber of vibration and thermal exposures, reference Tables 2 and 3.

11



TABLE 2. SUMMARY OF CONTROL MODULE 03 VIBRATION EXPOSURES

Estimated
Type Exposure Exnosure
Date of Level B . 5 Comments
Exposure (g) Time
(min)
3-6-67 Thrust, Sine 20% 8 Prototype Vib - Faijled, Capac-
itor C5 on bd A12 broke away
%
Thrust, Random 40 4 from bd. (C5 not potted)
Tangential, Sine 20% 8
Tangential-Random 40% 4
3-7-67 Radial, Sine 20 8 Prototype Vib - Failed, PCB
. connectors damaged, Capac-
&
Radial, Random 4 4 itors on bd Ai4 open.
3-19-67 | Radial, Sine 10 Prototype Vib - Repeat, AUTO
. : SIG SELECTOR used instead of
B Radial Random 20 4 AVERAGER on Sine exposure.
3-19-67 | Thrust, Sine 10 8 Prototype Vib - Repeat, Shaker
Thrust, Random 2 3 failed during random rum.
3-20-67 | Thrust, Random 20 1 Prototype Vib - Repeat-TFailed,
two screws to mount the A9
harness board came loose and
shorted two fuses.
3~20-67 | Thrust, Random 20 i Prototype Vib - Repeat-Shaker
failure during exposure.
3-21-67 | Thrust, Random 20 1 Prototype Vib - Repeat-Expo-
sure complete, re-run required
after fuse replacement.
3-22-67 | Tangential, Sine 10 8 Prototype Vib - Repeat-Shaker
Tangential, Random 90 3 failure during random.
3-28-67 | Radial, Sine 10 8 Prototype Vib - Repeat after all
Radial, Random 20 4 repairs - (PCB support added

and fuses replaced) Passed.

* Exposure levels were twice the prototype levels because the accelerometers were
mounted incorrectly.
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TABLE 2. SUMMARY OF CONTROL MODULE 03 VIBRATION EXPOSURES (Continued)

Estimated
Type Exposure EXDoSuTe
. Date of Level Xp, Comments
Exposure {g) Time
{min)
3-28-67 | Thrust, Sine 10 8 Prototype Vib - Repeat-Shaker
Thrust, Random 20 { failed during random run.
' 3-81-67 | Thrust, Random 20 . 3 Prototype Vib - Random run
completed. Passed.
3-31-67 | Tangential, Sine 10 8 Prototype Vib - Repeat, tan-
Tangential, Random 90 4 gential exposure completed.
Pagsed.
6-5-69 Radial, Sine 5 4 Flight Vib -~ Nimbus-D program.
Radial Random 1.7 2 Passed.
i Tangential, Sine 5 4
Tangential, Random 11,7 2
Thrusi, Sine 5 4
Thrust, Random 1.7 2
6-16-69 | Radial, Random 11.7 2 Workmanship vibration after
replacement of Capacitor Cé
on bd A8,
6~16-69 | Radial, Random 1,7 2 Workmanship vibration after

replacement of connectors J1,
Jd5, d6, and J8.
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TABLE 3. SUMMARY OF CONTROL MODULE 03 THERMAL EXPOSURES

Te Estimated
Date Omp Exposure Time Comments
(°C)
(Hrs)
2--25-67 5 8 Past-potting Test Sequence,
£0 9 Nimbus-B program.
2-26-87 45 - 8
5b 2
2-28-67 30+ 14 Humidity test at 95 percent rel-
ative humidity.
3-1-67" 55 24 Post-humidity dry-out.
3-17-87 50 4 Oven cure (bonding of harness
clamp)
3-18-69 40 16 Oven cure (bonding of capacitor,
ass' y Al4)
55 24
4~10 thru . -5 24 Prototype thermal-vacuum test
4-25-67 "o 96 sequence, Nimbus-B program.
45 96
5 8
6-8 thru 0 2 Past-~vibration Test Sequence,
6-10-69 45 3 Nimbus-D program.
55 2

14
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C. SYSTEM TEST

System test consists of integrating eight storage modules and one control
module into a system and conducting an initial test and thermal vacuum tests with
a simulated array input. System tests were conducted from May 2, 1969 to
May 19, 1969; a test data summary is contained in Appendix II, Para D. The
simulated array input, based on predicted array output parameters, is described
in Section 4, Para B2 of "Quarterly Technical Report No. 5", (R3443) issued
June 18, 1969.

D. PLANS FOR NEXT REPORT PERIOD

Modification of control module 06 and electrical confidence checks will be
completed. Upon completion, the unit will be integrated with the spare storage
modules (028, 031, and 032) and subjected to system tests.

Figure 5. Filter Assembly A17 Installation, RFI Compartment of
Flight Quality Control Module

16




SECTION 5

ENGINEERING RELIABILITY

A, INTRODUCTION

" Reliability and Quality assurance Engineering provided consulation on the
resolution of technical part problems encountered during the acceptance test pro-
gram. Seven test descrepancy reports were issued during the report period,

B. TEST DESCREPANCY REPORT SUMMARY

f A summary of all the test descrepancy reports issued on this program are
| contained in Table 4, A description of the descrepancy and the corrective action
: are contained in Table 5 and the following paragraphs.

C. TEST DESCREPANCY ANALYSIS SUMMARIES

Test descrepancy analysis summaries are performed when the cause of
the failure cannot be readily determined. Four analysis have been performed
as of this report period. The problem and the related TDR's are contained in
Table 6. :

1. Heat Sink Transistor Problem

The 2N2016 transistor used in the shunt dissipator circult of the heat sink
\assembly was replaced by a Solitron SDT9903 transistor (RCA Dwg 1970655-1)
as multiple failures were experienced during unif test and pre~conditioning
tests, A complete report is contained in Section 3, Para Cb2 of Quarterly Tech-
nical Report No. 5 (R8443) issued June 18, 1969,

2. Zener Diode Problem

Six TDR's involving the JAN IN944B Zener dicde were initiated during
manufacture and test of the Nimbus-D Power Supply Subsystem from July 1, 1968
to March 27, 1969, All the failed units, manufactured by Motorola, had a single
date code of 6750. In an effort to isolate the problem, all the JAN IN944B devices
were removed from controlled stares and subjected to electrical tests under dy-
namic environmental conditions. The environmental conditions impart mild

17
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.TAB—I.IE 4, TEST DISCREPANCY REPORT SUMMARY .

Traunsistor @4
(2N2016)

Issue ies Equipment, Part or Failure Description
TDR .
No Date Initialed by Document Affected Status Mode of Failure
STORAGE
MODULES
B2349 3-6-69 K. Worrell Storage Module 023 Closed | Workman-~ Refer to Table 5-2
Wiring ship
B3920 11-14-88 | R. Deckert Storage Module 027, Closed | Component | Refer to Tahle 5-2
Heat Sink Ass'y 024, Part and Par B AppendixV
Transistor Q4 of " Quarterly Tech-
(2N2016) nical Report No. 5."%*
B3921 11-14-68 | R. Deckert Storage Module 0286, Closed | Vendor Refer to Table 5-2 )
Heat Sink Ass'y 023, Workman-~ and Par B, Appendix
Transistor Q4 ship V of " Quarterly Tech-
(2N2016) nical Report No. 5."'%
B3922 11-14-68 | R. Deckert Storage Module 022, Closed | Vendor Refer to Table 5-2
Heat Sink Ass'y 022, Workman- | and Par B, Appendix
Transistor Q4 ship V of " Quarterly Tech-
(2N2016) nical Report No. 5. *
B3929 11-19-68 | R.A. Hoffmann Storage Module 028, Closed | Component | Refer to Tahle 5-2,
: Heat Sink Ass'y 023, Part and Par B, Appendix

V of " Quarterly Tech-

nical Report No. 5.'" %

%* (R-3443) issued June 18, 1969
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TABLE 4. TEST DISCREPANCY REPCORT SUMMARY (Continued)‘

Issue . Equipment, Part or Failure Description
TDR Ro. Date Tnitialed by Document Affected Status Mode of Failure

B3930 11-26-68 | R. Hoffmann Storage Module 027, Closed | Component | Refer to Table 5-2
Heat Sink 024, Part and Par B, Appendix
Transistor Q4 V of "' Quarterly Tech-
(2N20186) nical Report No, 5."%

B3935 1-22-69 | R. Devaux Storage Module 024 | Closed | Unknown | Refer to Table 5-2,

B3937 3-10-69 W. De Windt Storage Module 025, Closed | Test Exror | Refer to Table 5-2
Electronics Board, and.Par C2,
Zener Diode VR2
(1N944B)

B3938 3-14-69 . Czyzewski . Storage Module 023 Closed | Workman- Refer to Table 5-2

' Thermistor RT-3 on + | ship and Par C3,

Storage Cell 19,

B3939 3-21-69 . Czyzewski Storage Module 026 Closed | Test Error | Refer to Table 5-2
Electronics Board and Par C2.
Zener Diode VR2
(1N944B)

B3940 3-27-69 . Czyzewski Storage Module 028, Closed | Vendor Refer to Table 5-2
Electronics Board, Workman- and Par C2,
Zener Diode VR2 ship
(1ND44B)

B3953 5-5-69 . Devaux Storage Module 023, Closed | Workman- Refer to Table 5-2
Thermistor RT-3 on ship and Par C83,

Storage Cell 19

%* (R-3443) issued June 18, 1969
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__TABLE 4, TEST DISCREPANCY REPORT SUMMARY (Continued)

Issue e Equipment, Part or Failure Descripiion
TDR No. Date Initialed by Document Affected Status Mode of Failure
B3954 5-6-69 R. Devaux Storage Module 022, Closed | Workman- Refer to Table 5-2
Thermistor RT-3 on ship and Par C3.
Storage Cell 19 -
B3955 5-10-69 R. Devaux Storage Modules 022 Closed | Test Equip- fBefer to Table 5-2.
through 027, 029, and ment F
030. .
B3956 6-9-69 R. Devaux Storage Module 024, Closed | Workman-~ Refer to Table 5-2.
eight Storage Cells ship
B3963 12-10-68 | R. Czyzewski Storage Module 028,- | Closed | Vendor Refer to Table 5-2
Electronics Board Workman~ | 'and Par C2.
Zener Diode VR2 ship - -
{(1N944B)
B3964 1-10-69 R.A. Hoffmamm Storage Module 023, Closed | Mamufactur-| Refer to Table 5-2
Electronics Boaid, ing Work- and Par C2.
Zener Diode VR2 manship
(1N944B)
B3965 1-23-69 | R. Devaux Storage Module 027, Closed | Component | Refer to Table 5-2
Heat Sink Ass'y 024 Part - and Par B, Appendix
Transistor Q4 V of " Quarterly Tech-
(2N2016) nical Report No, 5."#
B3968 3-4-69 R. Worrell Storage Module 028, "Closed Wé)rkman— Refer to Table 5-2.
Thermistor on Cell 12 ship
B4837 4-27-69 R. Czyzewski Storage Module 025, Closed | Test Equip-| Refer to Table 5-2.
Buffer Cable ment
Broken Wire

% (R~3443) issued June 18, 1969
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TABLE 4. TEST DISCREPANCY REPORT SUMMARY (Continued).

Issue . Equipment, Part or Failure Description
TDR No. Date Initialed by Document Affected Status Mode of Failure
CONTROL
MODULE

B0391 7-16-68 | R. Deckert Control Module 06 Closed | Vendor Refer to Table 5-2
Shunt Dissipation Workman~- | \and Par C2,
Ass'y Zener Diode ship
VR3 (1N944B)

B0399 6-27-68 R. Deckert Control Module 06 Closed | Vendor Refer to Table 5-2
Auxiliary Regulator Workman-
Resistors R11 and ship
R29

B3923 11-19-68 | R.A. Hoffmahn Control Module 06 Closed | Workman- Refer to Table 5-2,
Housing~Insulating ship
Washers for Q8 and
Q10 .

B3924 11-19-69 | R.A. Hoffmamn Control Module 06 Closed | Workman- Refer to Table 5-2.
Housing-Wiring ship

B3933 12-3-68 R.A., Hoffmann Control Module 06 Closed | Vendor Refer to Table 5-2
Main Regulator Ass'y Workman- and Par C4, ‘
Transistor Q7 ship
(2N491)

B3905 8-6-69 - ‘Control Module 06 Closed Test Refer to Table 5-2
Thermistor Rt-2 Eduipment” .




TABLE 5. TEST DISCREPANCY AND CORRECTIVE ACTION

TDR
Number

Discrepancy

Corrective Action

B2349

B3S20

B3921

B3922

B3929

B3930

B3935

B3937

Wire from K1-4 to cell 23 (negative)
shorted at screw that secures the
37-pin connector.

Leakage current for transistor Q4
(2N2016) greater than 50 pa at 25°C
on heat sink assembly 024,

Leakage current for transistor Q4
{2N2016) greater than 50 Ua at low
temperatures (~5°C) on heat sink
assembly 023.

Leakage current for transistor Q4
(2N2016 ) greater than 50 ua at low
temperature (~5°C) on heat sink
assembly 022.

Leakage current for transistor Q4
(2N2016) greater than 50 HA at 25°C
on heat sink assembly 023.

Leakage current for transistor Q4
(2N2016) greater than 50 pa at 25°C
on heat sink assembly.

Intermittent open line (From test
rack simulated battery power supply
to terminal E8 on Electronics Board)

Intermittent partial open in Zener
diode VR2 on electronics board.

Repaired wire and rerouted relay
harness away from 37-pin connector.

Replaced Q4 with another 2N2016
transistor., Heal sink assembly

subsequently installed in storage
module 024, )

Replaced Q4 with another 2N2016
transistor. Heat sink assembly
subsequently installed in storage
module 0286,

Replaced Q4 with transistor
1970655-1. Heat sirk assembly 022
subsequently installed in storage

‘module 022,

Replaced @4 with transistor
1970655-1. Heat sink assembly 023
subsequently installed in storage
module 028.

Replaced @4 with another 2N2016
transistor, Heat sink assembly 024
subseduently installed in storage
module 027,

Performed a thorough examination of
module wiring and buffer connectors.
Problem was not identified. Test
rack harnesses was considered the
cause of the problem. Module was
put through the entire test program
with no further indication of the
problem,

Replaced Zener diode (1N944R)
with another part.
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TABLE 5. TEST DISCREPANCY AND CORRECTIVE ACTION (Continued)

TDR . . .

Number Discrepancy Corrective Action

B3938 Input voltage to high temperature Problem was not identified until the
{ Trickle-Charge) circuit measured thermal-vacuum test. See TDR
11.8 volts. Test limit is 11.5 volts. B3953.

B3939 Intermittent partial open in Zener Replaced Zener diode (1N944B) with
diode VR2 on electronics board. another part.

B3940 Open Zener diode VR2 on electronics Replaced Zener diode (1N944B) with
board. ancther part.

B3953 High temperature ( Trickle-Charge) Bonded rew thermistor on cell 19 and
circuit activated at 45°C. Test limit ran special thermal-vacuum test to
is 51.7 +2.8°C. Thermistor on cell verify correct performance.

19 not bonded to cell,

B3954 High temperature ( Trickle-Charge) Same as TDR B3953.
circuit activated at 48°C. Test -
limit is 51.7 £2.8°C. Thermistor
on cell 19 not bonded to cell.

B3955 Digital voltmeter -on data logging Orbital cycling continued without
Unit 1 (System Data) not reading interruption. Control of test main-
correctly during orbits 4 thru 16 of tained by using digital voltmeter on
the 1st 40°C exposure. subsystem test rack, Digital volt-

meter on logger repaired by .orbit 17
of the 1st 40°C exposure.

B3956 Electrical short (In 25~pin connector Replaced the 8 cells with flight
of test harness) across 8 storage qualified spares. Then ran work-
cells in module 024, manship vibration test, special

thermal-vacuum test, and a series
of electrical tests to verify correct
performance,

B3963 Could not adjust charge current to Replaced Zener diode VR2 (1N944B)

1.10 amperes with a voltage of
5.0 £0.3 volis on base of @4, Zener
diode VR2 open.

- with a qualified part.
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TABLE 5. TEST DISCREPANCY AND CORRECTIVE ACTION ( Continued)

TDR

Number Disecrepancy Corrective Action

B3964 Intermittent open Zener diode VR2 Replaced VR2 with another 1N944B
(1N944B) on electronics board 023 in Zener diode,
storage module 023,

B3968 The voltage temperature cirvcuit did not | Removed cell in position 12, repaired
limit the battery voltage. the thermistor assembly.

B3965 Collector current less than 200 ma Replaced @4 with transistor
for transistor Q4 (2N2016) on heat 1970655-1, Heat sink assembly sub-
sink assembly 024. sequently installed in storage

module 027,

B4837 During vibration, all telemetry read Replaced buffer comnector and
erratic, The telemetry ground wire completed vibration test sequence
on the 9-pin buffer harness was found with no further problems.
to be open.

B0391 VR3 (1N944B} on the shunt dissipator Replaced Zener diode 1N944B.
board intermittently open. Defective part turned over to Engi-

neering Reliability for analysis.

B0399 R11 and R29 (each 3.83K) on the Replaced resistors. The 38.3K
auxiliary regulator board were the resistors were labeled 3. 83K by
wrong resistance value (38. 3K). the vendor and mistake was not

identified by the RCA incoming in-
spection cycle.

B3923 Q8 (2N1482) and Q10(2N1420) on the Replaced insulating washers on
main module assembly had collectors Q8 and Q10,
shorted to case. Imsulating washers
for these two transistors were found
to be broken.

B3924 Lead from thermistor RT-2 on the Removed thermistor lead from under
main module assembly shorted to bracket and replaced sleeving on
case. Lead was pinched under thermistor.
bracket for capacitor C1.

B3933 Q7(2N491) on the main regulator Replaced transistor 2N491A.
board intermittently open (emitter Defective part turned over to Engi-
circuit). neering Reliability for analysis.

B3905 Out-of-tolerance readings at 40° C Temperature bridge out of calibration

for RT-1 and RT-2

could not be zeroed. No other units
available - fest data was evaluated
Jand tests were continued,
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“TABLE 6. TDR ANALYSIS SUMMARY

Problem Related TDR
Heat 8ink Transistor B3920 thru B3922, B39%29,
Problem (2N2018) B3930, and B39635,
Zenor Dicde Prcoblem B039, B3937, B3839,
(IN944B) . B3940, and B3964
High Temperature Thermistor ' B3938, 3953, and
Bonding Problem B3954
Unijunction Transistor
Problem (2N491A) B3933

bending and twisting stresses to the devices in a manner similar to that experi- ‘
f‘ enced when the board is bent or flexed, Six units were tested, two were found to
“be defective. e

The remaining units (117) were tested in the normal manner on a curve tracer.
Twenty-nine of these showed charges in the Zener voltage when minor stresses
were applied to the leads, two were open initially. All the tests were performed
with 2 test current of 7.5 mA; voltage instability from tenths to hundredth of
millivolts was observed. Based on these findings, two investigations were con~
ducted simultaneously, one at the vendor, one at RCA,

A data investigation at the vender disclosed no manufacturing test anomalies,
nor any feedback from other companies that purchased these devices (data code
6750} . The thirty one failed units and half of the passed units were supplied to
the vendor. Monitoring the Zener characteristic under vibration quickly con-
firmed all but two of the intermittent failures. The devices, visually inspected
under 20X to 30X magnification, exhibited distinct point contact characteristics
of the arrowhead to the metallization surface of the Zener chip. Thus, both the
visual inspection and electrical performance indicated the point contact condition
as the problem. Further inspection revealed an overheating and sudden cooling
condition as the solder fillet from the arrowhead to the metallization was lost in
some cases even though signs of its presence was apparent on the arrowhead.

It was the vendors opinion that the devices had been exposed to an excessive
temperature condition, one that had no effect on the semi-conductor properiies
but charged the arrowhead interface.
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Simultaneously, an investigation was being conducted at RCA to determine if
conditions capable of causing excessive power dissipation in the devices occurred
during the preconditioning cycle. Examination of the data disclosed that the de-
vices were erroneously subjected to 80-percent of their rated power at ambijent
while operating at 100°C, The actual dissipation was 400mw rather than 202 mw.
The rating of the device (252mw at 100°C) is based on the distance between the
body of the device and point where the leads contact their electrical and heat sink
terminals., The specified distance is 3/8 inch, in actual practice the distance was
3/4 to 1~inch, The above conditions raised to temperature well over 220° C for
300 hours during the precond1t1on1ng cycle., The 220° C temperature is margma.l
as the melting point of the ‘pure~tin solder is 230° C,

During the investigation, the compromised units were replaced with units pur-
chased from another vendor and preconditioned separately. There have been no
other failures of the JAN IN944B diodes on this program.

3. High Temperature Thermistor Bonding Problem

During high temperature tests of storage modules of 022 and 023, the high-
temperature trickle charge circuit cut in at 45° C, the specified temperature is
48,9° C., Investigaiion disclosed that the thermistors mounted on storage cell
19 were not bonded properly. When improperly bonded to the cell wall, the
thermistors experienced higher temperatures then the normally sensed cell
temperatures and the resistance values decreased prematurely. This caused
Schmit trigger (Q15) actuations approximately2® C below the specified limit,

The above failure mode was verified by satisfactory operation after the thermistors
were bonded to the cell wall, '

Circuit functions independent of the thermisfor corrolated satisfactorily with
design predictions. The measured Schmitt trigger actuation on storage module
0238 was 12,08 volts, the calculated value is 11.95 volts. Both modules are
activated by 13 kohm resistors used as thermistor sensors; the calculated thres-
hold resistance is 13.04 kohms,

4, Unijunction Transistor Problem

During unit test of control module 06, the main regulator bus oscillated,
The problem was traced to an open emitter in transistor Q7 (type 2N481A).
The inoperative device was replaced with a qualified unit and was analyzed by
engineering reliability. When opened, a visual examination disclosed that the
emitter was broken at the chip bond., Examination of the wire lead disclosed
several nicks that may have caused the failure and the fault was attributed to
this device.
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APPENDIX I
NIMBUS-D SOLAR ARRAY TEST DATA

A. INTRODUCTION

Nimbus-D solar array test data accumulated during the report period con-
sists of the following:

© Platform 017 Acceptance Data, Paragraph B
& Platform 018 Acceptance Data, Paragraph C
© Platform 018 Data Review, Paragraph D

@ Substrate Production Process Verification
Test Report, Paragraph E

B. PLATFORM.017 ACCEPTANCE TEST REPORT

Evaluation of the fabricated substirate requires the analysis of all physical

dimensions, documented control data, and the requirements of RCA drawing

/ 1750081 Rev A, which includes peel tests, flexure tests, and lap shear tests.
The latter tests are performed on sample coupons prepared simultaneously with
the same production process and from the same materials of construction as
those used to fabricate the substrates (platform and transition). Thermal profiles
for the first and second cure heat up rates are shown in Figures I-1 and I-2.
Detailed temperature data for the entire cure cycles or contained in the Equipment
Log Books.

1. Flexural Strength Test Data

Flexural strength iest data, determined by the test method shown on
Figure I-3, are shown in Table I-1. The specified force required to buckle the
test specimen shall exceed 30 1b per inch of width. The method of calculation is
also shown on Figure I-3.

2. Lap Shear Test Data
i
Lap shear test data is obtained from eight test specimens prepared con-
currently with each substrate and four specimens from the 'structural bar channels
(hat). The test results are listed in Table I-2. The force required to shear the
samples is 1000 psi minimum.
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TABLE I-i. FLEXURE TEST DATA, PLATFORM 0147

Force -f Force/Inch Width
. (1b) b)
Test Specimen i
Front Rear Front Rear

Platform

Sun Side (bag) 89.0 - 59.3 —_

Earth Side (mold) - 106,0 - 70.6
Transition a
-8un Side (bag) 118.0 — 78.6 - —

Earth S.ide_ (;nold) —_ 109.0 - 72.0

TABLE I-2, LAP SHEAR TEST DATA, PLATFORM 017

Force/Square Inch (psi)
Test . Sample No.
i 2 3 4 5 6 7 8
Platform ) ) .
| ist Cure’| ‘6064 | 6245] 5954 | 6172} — - — —

2nd Cure —_ - — - 6012t 6210} 6212 6393
Transition

ist Cure | 6315 1 6147] 6274 ] 6400 -— — — -

2nd Cure — — - — 48101} 5331 | 4224] 5010
Hat 2004 | 2322 | 2089 2028

3.  Peel Strength Test Data

The peel test involves the action of separating a face sheet of the honey
comb sandwich from the honey comb itself. The method used is a 90-degree peel
test performed in accordance with RCA Dwg. 1846329 (90° Peel Test~Ultralight
Adhesive Bonded Honey comb Sandwiches). Acceptance test criteria are shown
in Figure I-4; test data are listed in Table I-3.

4, Dimensional Test Data

The platform and transition substrates were dimensionally checked for
general overall dimensions and interface dimensions.

I-5
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Figure I-4. Peel Test Requirements

TABLE I-3. PEEL TEST DATA, PLATFORM 017

Pull Forece Torn Webs
{Ib) (No.) (%)
Test Specimen
Sun Earth Sun Earth Sun Earth
Side Side Side Side Side Side
Platform -
Front Sample 30 30 0 0 0 0
Rear Sample 28 25 29 43 50 75
Trangition
Front Sample 30 35 23 0 40 0
Rear Sample 35 33 29 0 50 0

I-6



a. General Overall Dimensions

The majority of the dimensions were either within the specified tolerance
or within 30 mils of the specified values. After a review of the parts, the re-
quirements, and the dimensions by a Material Review Board (MRB), the unit was
faccepted for use. The test results are shown on Figure I-5.

b. Interface Dimensions

Critical interface dimensions are summarized in Table I-4. A complete
set of interface dimensions are shown in Figure I-5.

5. Deployment Test Data

In this fest, the hinge lines of the platform and transition are joined and
pinned in accordance with the applicable drawing, and the force required to rofate
the platform from the normal launch position to the deployed position was deter-
mined. Deployment requires that the platform move through an arc of 135° while.
the fransition is in a stationary position (See Figure I-6). The torgue required
to move the platform from the folded (launch position) to the deployed position
shall not exceed 18-inch lbs force. The starting torgue’obtained in four tests and
the average running torque are listed in Table I-5. In addition to the four torgue
tests, the starting and rumning torque at five angular settings are listed in
Table I-6.

6. Weight Data

The completed solar array platform structure which includes the platform,
transition and the required hardware must not exceed 21.7 pounds. The weight
of the individual parts are listed in Table I-7.

C. PLATFORM 018 ACCEPTANCE TEST REPORT

Acceptance test data was obtained as described in Paragraph B, Platform

017, Acceptance Test Data. Specific test data for platform 018 are contained in
the following:

e Heat-up Cure Rates, First and Second Cures Figures I-7 and I-8

¢ TFilexure Test Data Table I-8
® TLap Shear Test Data Table I-9
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TABLE I-4, INTERFACE DIMENSIONS, PLATFORM 017

Parametors Specified Measured Values (Inches)*
(Inches) Platform Transition
Centerline of 3 center
Hinges
Vertical 0,002 . 0, 0050 0. 0058
Horizontal £0,002 - 0,0054 0, 0041
Centerline of 4 outer
Hinges
Vertical +0, 004 1, 0020 G, 0462
Horizonial +0, 004 0.0056 0. 1440
Surface Flatness** _
Length £0, 030TIRT 0,122 ——
Width +0, 030TIRT 0,038 —
* Qut of Tolerance values reviewed by MRB Action. Acceptance based on
torque measurement of transition/ platform interface,
** Meagured on SunrSide of platform
T Total Indicator Run—out

. FOLDED
POSITION

PLATFORM

DEPLOYED
POSITION

TRANSITION SECTION

Figure I-6. Deployment Test Positions
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TABLE I-5. DEPLOYMENT TEST RESULTS, PLATFORM 017

R Measured Vall%e_s {inch- Average Running Tordue
un ounces) at positions )
No- 1 2 3 4 5 (ozf*in) .| (ozf- 1b)

i 6 7 8 12 10 8.6 5.3

2 4 7 5 8 10 | 6.8 4.2

3 6 6 | 8 | 10 | 10 8.0 5.0

4 5 6 7 9 10 7.0 4.3
*Inch-pounds = Torgue (inch-ounces) x 10

16

TABLE I-6. ANGULAR DISPLACEMENT TEST RESULTS, PLATFORM 017

Start Starting Torque* Running Torque*

Position {oz f - 1Ib) (oz £+ 1b)

1 4 4

2 4 6

‘a: 6 8

4 8 9

5 12 10
*Inch—quncesic;f torque x 10 _ Torque (in-Ibs)

TABLE I-7. PLATFORM WEIGHT

Tem Weight (lbs)
Platform 0417 Platform 018

Platform 15.50 15,70

Transition 3. 90 4, 00

Hinge pins, shims and lock rings 0.07 0,07
Latching assembly, nut clamps

and misc hardware 1.40 1,40

Total Weight 20, 80 21.17

1-12
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TABLE 1-8. FLEXURE TEST DATA,

PLATFORM 018

Force (ib) Force/Inch Width
Test Specimen (Ib)
Front Rear Front Rear
Platform
Sun Side (bag) 122 - 81.3 —
Earth Side (mold) — i00 — 66.6
Transition
Sun Side (bag) 100 — 66.6 —
Earth Side (mold) — 104 - 69.3

TABLE I-9. LAP SHEAR TEST DATA, PLATFORM 018

Force/Square Inch (psi)
Test for Sample Number
' 1 2 3 4 5 6 7 8
Platform
ist Cure | 5601 | 5205 | 5812 | 6032 - - — -
2nd Curef — — - — 5639 | 5182 | 4785 | 53561
Transition
ist Cure | 5054 | 4417| 4649 | 4533 | — - - -
2nd Cure| — — — —~ | 3931 | 4200 | 3006 | 3028
Hat 1882 | 1942 2004 | 1272 | — - - —
o DPeel Strength Test Data Table 1-10
® Dimensional Test Data
a. General Overall Dimensions Figure I-9

b. Interface Dimensions

® Deployment Test Data

® Weight

Table I-11 and Figure I-9

Not measured as unit was
rejected on basis of peel

test data.
Table I-7
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TABLE I-10.

PEEL TEST DATA, PLATFORM 018

Pull Force Torn Webs
{1b}
Test Specimen (No.) (%)
Sun Earth* Sun Earth Sun Earth
Side Side Side Side Side Side
Platform
Front Sample 35 38 .9 0 i4 0
Rear Sample 30 ___22 0 0 0 0
Transition
Front Sample 30 25 45 42 80 75
Rear Sample 21 19 14 49 24 85
Finderlined value out-of-tolerance

TABLE I-i1. INTERFACE DIMENSIONS, PLATFORM 018

Parameters Specified Measured Values* (Inche_gl[
(Inches) " Platform Transition
Centerline of 3 Cénféi’" i
Hinges
Vertical +0, 002 0. 0057 0. 0040
Horizontal +0, 002 0,0032 ¢, 0021
Centerline of 4 Quler
Hinges
Vertical +0, 004 0,1093 0, 0520
Horizontal +0, 004 0.0064 0.01i28
Surface Flatnessg**
Length 0, 030TIRT 0.151 —
Wwidth 0. 030TIRT 0.040

* %

Measured on Sun Side of Platform.

1 Total Indicator Run-out

*  Qut of tolerance values reviewed by MRB Action. Acceptance based on
torque measurement of transition/ platform interface. :

D. PLATFORM 018 DATA REVIEW

The data shown on charts 1 through 27 was shown at a presentation con-
ducted at the Goddard Space Flight Center to consider an RCA recommendation
that an MRB action be undertaken to waive the specification limit for the sample
coupons of platform 018. Where necessary, a technical description explaining
this is presented below the chart.
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MATERIALS OF CONSTRUCTION

SKINS-SUN SIDE éosz—n-\a .003T THK.

" (ONE SURFACE TREATED
WITH TEDLAR)

. EARTH SIDE so052-H-19 oos'r-rHK_

HONEYCOMB Y ».001P - 5052
€4 %.001P -5052

. B x.001P-5052

’[- : | : Ve x .002P -5052

 ADHESIVE - BLOOMINGDALE FM-1000

1 ! .045 LBS/SQ.FT.(.006TH

j BLOOMINGDALE. HT-424
; TYPE 0L FOAM

Chart I-1

Discussion: ChartI-1i contains a summary of the materials of construction, Ad-
ditional data are contained in Appendix ITT, Paragraph B of Quarterly
Technical Report No, 5, (R3443) issued June 18, 1969,
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MATERIAL PROPERTI ES

ALLOY _ : 'ALUM 5052
COEF OF THER, EXP (u,s-z:z) o -
PER DEG. F . 3.2 X 10~
_|MoD oF ELASTICITY 1IN o
| Tension pPsy 10.2 10
TENSILE STRENGTH (15'F)
iooopPsi HARD -1 39 (H38)
: HARD 45 (H=9)
YIELD STRENGTH (15°F)
Ioco Py AnMEALED{0) | 13
 HARD 33 (Ha8) 3
ELONGATION (i zuu.?s"F)A '
ANMEALED 25 ’
_ HARD 3 (H=zB)
SHEAR STRENGTH 1000 P<|
A ANMNEALED &
HARDE 23 (H38)
p"-' P
Chart I-2

Discussion: Chart I-2 contains a summary of aluminum alloy 5052 characteristics
as stupplied by the vendor.
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VALUE. OF SKIN MATERIAL.
TENSILE  YIELD ZELONGATION

[ASRECD  PSI Psi  (0.2% OFFSET)
BARE | 4870 46000 6.0
2 48200 45400 20
3 48200 44900 4.0
11 SMBLIZED |
- BARE |l 45700 43000 9

2 45400 43000 ||

3 45700 42000
1T AS RECD

9
CTEDLAR | 5900 480 . 6
COATED 2 51900 48100 5

‘ 3 5900 48I00. G
IV STABILIZED

TEDUR [ 49500 45100 (0.0
- 2 49200 45400 100
3 50000 46200 10.0

TEST METHOD NO.IS{ METHOD 2i1. ]
TYPE. F2 (FEDERAL)

Chart I-3

Discussion: Chart I-3 contains the test results obtained from 12 samples of

aluminum alloy 5022, The method of test is listed on the bottom of
the chart,
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PROCESSING
MCE PREPARATIONS

ALKALINE CLEANER
. TURCO AVIATION
TAP WATER
ETCH
*.  "SODIUM DICHROMATE 4 PBW

.SULPHURIC ACID (L84 Sr.Gr.) 10 PRW

. TAP WATER 30PBW
RINSE WATER (DEMINERALIZED)
STEPS

- L. DEGREASE IN TRICHLOROF_TH‘!LF_NE TANK
. 2.CLEAN PARTS N SOLUTION MAINTAINED AT 170-190°
F FOR A PERIOD OF 8 T0 10 MINUTES

| J.S0AK IN WATER MAIMTAINED AT MO T0 120°F FOR

[ 2 MINUTES

| 4.RINSE WITH WATER

. 5.ETCH IN SOLUTION MAINTAIMED AT (40-150° F FOR
A PERIOD OF ST0 Il MINUTES

. 6.S0AK IN WATER MAINTAINED AT 110 TO 120°F
FOR 2 MINUTES

|- ZTAP WATER RINSE

.| 8WATER BREAKTVEST

b"

Chart 1-4

Discussion: Chart I-4 outlines the cleaning process used during fabrication of the
distruct, 017, and 018 substrates. The cleaning process was sub-
sequently revised during a special test program, Refer to Paragraph
E2 of this appendix,
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. PROCESSING
BONDING SEQUENCE

A CLEAN SKINS AND SHEET METAL PARTS
B DEGREASE CORE - _
C ASSEMBLE IST SKIN,CORE ¢ SHEET METAL PARTS

D JOIN {1ST SKIN, CORE, SHEET METAL 4 MACHINED
PARTS ALOMG WITH ATHESIVES INTO MOLD

E APPLY VACUUM BAG FVACUUIA(20 222 (a)

F PLACE MOLD, PARTS INTO PRE HEATED OVEN

(G RAISE TEMP OF MOLD £ GLUE LINE TO 340°F
WITHIN &0 MINUTES

‘TH CURE GLUE LINE FOR 45-50 MINUTES BETWEEN

340 TO350 °F VACUUM APPLIED DURING ENTIRE
. TIME

I PLACE THERMAL BLANKET ONTO TOP SURFACE.
OF MOLD AT COMPLETION OF CURE PERIOD

'J COOL MOLD ¢ GLUE LINE TO 180°F WiTH
VACUUM APPLIED. COOLING RATE 1° PER
MINUTE

K BOND SECOND SKIN FOLLOWING STEPS
. AJTHROUGH J

Chart I-5

Discussion; ChartI-§ summarizes the bonding and curing process for both the
first and second cure, )
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.'_ - ! : 5A(
TEST COUPON

g ~ PADDLE
1oz caviry. I

T & T TEST COUPON CAVITY.
MOLD PICTURE FRAME

. PLATE
: RE-ENFORY]
' " V] e
. OF {IGLD,
\
) Chart 1-6

Discussion: Chart I-6 delineates the relationship of the sample coupons prepared
with the platform substrate. These coupons are destruct-fested to
verify the qualify of the substrate,
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.. 4B
THERMOCQUPLE PLACEMENT

LA AP PI Y 2

: @ :
W ,
P *i11
I 2 4 5
x X . X
3 7 x9 a
*—2

Chart I-7

Discussion: Chart I-7 delineates the location of the thérmo~couples used to mon-
itor the substrate temperatures during both the first cure and the
second cure,
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THERMAL PROFILE
CURE
FM-IOOO PROCESSING GUIDE
BLOOMINGDALE

: HEAT UP RATES
. 550_-'""'." _—-————-—.—--—-—— -:—_

PREFERRED HEAT UP RATE ﬂlNi‘

100 MAXIMUM . ZONE.

T . T T T 7
10 20 20 - 40 50 @O rd 7]

i . TIME N MINUTES

Chart 1-8

Discussion: Chart I-8 presents the adhesive heat-up rate recommended by the
vendor and the preferred. heat-up rate specified for the Nimbus
substrate. A discussion of the preferred heat-up rate is contained

in Appendix III, Paragraph E5 of Quarterly Technical Report No,5
(R3443) issued June 18,
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THERMAL PROFILE

1T CURE
- S/NV7

] — MIN

© 200

£ s — MAX :
150- — ACTUALOVEN |~
1001 ——— OVEM TEMP SET
b IO 20 30 40 SO 60

y TIME IN MINUTES

Chart I-9

Discussion: Chart I-9 shows the heat-up rate for the first cure of the 017 substrate,

which was supplied for reference purposes, A detailed heat~up curve is
shown on Figure I-1 of this appendix,
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THERMAL. PROFILE

T 2MP CURE
S/N V7

—_ MiN

m.

1754 — MAX

150 1 — ACTUAL OVEN
125 - TEMP

— —-.OVEN TEMP SET

hig o 256 5o’ 40 S0 €0
4 TIME - IN MINUTES
Chart I-10

Discussion: Chart I-10 shows the heat-up rate for the second cure of the 017 sub-

strate, which was supplied for reference purposes, A detailed heat-
up curve is shown on Figure 1-2 of this appendiz,
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. THERMAL PROFILE
ISTCURE
soon . T SNI8
475+ - ) . -
450
. 425
400
375- )
BO] = e e ———
18 5i5~
.
a
:Eirs
e
225 .
 200] - MIN
oIS / — MAX
1501 l — ACTUAL" ovah
125 TEMP
o0+ ' — — . OVEN TEMP SET
™ 10 20 30 40..80 6o 7o
TIME IN MINUTES

Chart I-11

Dlscussmn. Chart I-i1 shows the heat-up rate for the first cure of the 018 substrate.
Detailed heat—up curves are shown in Figure I-7 of this appendix.,
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"THERMAL PROFILE

2NP CURE
S/Ni8

225
. MIN
175 - — MAX .
* 150 — ACTUAL OVEN
1254 TEMP -
190+ _ e OVEN TEMP SET
15 L) L)

1o 20 30 40 50 60 70
TIME N MINUTES

Chartl I-12

Discussion: Chart I-12 shows the heat-up rate for the second cure of the 018 sub-
strate, Detailed heat-up curves are shown in Figure I-8 of this ap~-
pendix,
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[ SAMPLE PREPARAT 0N

TWO TYPE SAMPLES ARE PREPARED
DURING THE PROCESSING OF THE PADDLE

I TEST coupPon

- - ‘THESE UNTTS (Z}ARE. PREPARED IN THE
© MOLD SIMULTANEOQUSLY WITH THE PADDLE,

THE SAME MATERIALS OR CONSTRUCTION

AND SURFACE PREPARATION UTILIZED FOR

]! "THE PADDLE ARE EMPLOYED IN “THEIR

PREPARATION. (5052 #-/9)

I LAP SHEAR SPECIMENS
THESE SAMPLES (4) ARE PREPARED OM
. THE MOLDS SURFACE AT THE SAME TIME
* AS THE PADDLE. ONE SET FOR FIRST CURE
AND ONE SET DURING SECOND CURE. ‘THE
CLEANING ETC IS IDENTICAL TO THAT
USED FOR PAMEL METALLIC. PARTS. THESE
SAMPLES ARE STD SAMPLE SPECIMEN
i, BLANKS MADE FROM 2024 T3 ALLOY

. Chart I-13

Discussion: Chart T-13 delineates the types of sample coupons prepared in con~
junction with the substrate,
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TESTS

LAP SHEAR
FLEXURE
, PEEL

PURPOSE

- LAP SHEAR - paTA DERWED FROM THIS
TEST INDICATES
L i. ADHESIVE CAPABILITY
IR 2.CHECKS CLEANING METHROD
- _ 3.CHECKS CURE TIMESTEMP ¢
' PRESSURE.

-

FLEXURE - para pERIVED FROM THIS TEST
DEMONSTRATES THE STRENGTH

OF "THE BONDED HONEYCOMB
SANDWICH

PEEL DATA DERWED FROM THESE

TESTS PROVIDES. -

1.CHECK OF PROCESSING
TECHNIQUE THAT INDICATE
WHETHER PROCESS IS IN
CONTROL

2. FAILURE MODE OF HONENYCOMB

“. SANDWICH SYSTEM

Chart 1-14

Discussion: Chart I-14.defines the tests and the purpose of the tests conducted on
the sample coupons, Detailed discussions of the tests are contained in

Appendix ITT, Paragraph G of Quarterly Technical Report No. 5, (R3443)
issued Jupe 18, 1969,
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HONEYCOMB TESTING
YEAR  PROGRAM -VENDOR. TEST
o . PEEL FLEX LAP
Fel-E2 NIMBLS Gooo‘rugt ?{m ?;.i-sm ASOF
- h3- NmBuS  marTN “ =
. RYAN a90° . :--v
MRDXCK 90" ° -
MURDOCK 9%0° “ .
GOODYEAR 90" ¢ y

Chart I-15

Discussion: ChartI-15 summarizes RCA experience related to substrate fab~
rication and test.
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CLIMBING: DRUM: -
PEEL TESTER
$ DA
. +

guilssisisis

" OrA

LT NNV
' CIQ"PEEL T ESTER =

Chart I-16

Discussion: Chart I-16 illustrates the two methods of conducting peel tests.
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COMPARISON OF PEEL TEST METHODS

NO.OF ADESVE ROLNGDRM 907
TESTS WT_ MN Avg MAX MIN AVG MAX

4. .025 41 54 80 0]
3 .025 34 48 81()
.7 .040 25 C @
‘0 .040 © 62 6 1820
'8, .060 124 RN ()]
4 .060 66 110 620} -
3 .00 0.6 . @
2 040 81 132 185 '

6 .00 ol 78 93]

10 20% cORE

807% ADHESWE
1(2) 407, CORE :
1 0% ADHESWE
1(3)1007% AHESWE

e L 1 . -

Chart I-17

- Discussion: Chart I~17 lists the test resulis obtained from a series of tests con-
ducted with each peel test method,
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PEEL TEST CURVE

sa—ki - : '

154
i0

M

-

LBS PEEL

NQO OF TORN WEBS

—4 CURVE BASED ON
TEST DATA

— CURVE BASED ON VALUE
1. " DERIVED BY TEST DATA PLUS
; 50% SAFETY FACTOR IMPOSED
: BY BOEING

Chart I-18

Discussion: Chart I-18 shows the peel itest limits established by analysis of test
data obtained on the Nimbus program and the test limits containing a
50-percent safety factor for the Luner Orbiter program,
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PEEL TEST

L4 ] l

I'T I ™

. [COHESVE  ADHESIVE ADHES!VE SYSTEM
FA\\:UEE FNLURF_ FAILURE FAILURE
.. ATSKIN  : AT WEB (TORNWEBS)

o
NO. O TORN WEBS
THE CURVE IS AN ﬁ EPTABLE CRITERIA FOR
FAILURE MODE

THE FAILURE MODES I £11 REQUIRE AD
L INTERPRETATION O DETERMINE THEIR TRUE M%H’rgﬁﬁm

. Chart I-19

Discussion: Chart I-19 defines the various failure modes experienced during peel
tests,

1-38



iflitunitite
e O
Y el

. TYPES OF FAILURE MODES
DURING PEEL ]

T IITT
) : | 'TTT“

ke L]
Ihv4 il

]
s

Chart I-20

Discussion; Chart 1-20 shows pictorial views of the failure modes defined by Chart
. I-19,
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FLEXURAL TEST-

'1’74L-£v-+2-¥;——43——1-
. - | ' 1
I ¢ s

? INTERCEILLULAR BUCKLING '
1 »0037 Micliry
Fune 4BE%-17000 PS) FOR { 000,

. BENDING MOMENT = Feqth= 3} IN-LB/IN.

" CORRESPONDING.  P= 3

(1) SHEAR STRESS (avresive 7o core )

fs ‘ﬁ%‘h"54p for h= .50 IN.
for P-T5Lb(M-30""), .. 1|50 Psi
for Pelo.5 (b (M-66""H) f,- 2540 Ps)

for FMI000 , F -2500 Pl

Chart 1-21

Discussion: ChartI-21 defines the flexure and sheer test requirements.

1-40


http:P*IG.5Lb(M.6u

FLEXURE ; !
Susssesee

S
' TYPE OF FAILURE MODE DURING
" FLEXURE TEST

LTI ITTTII7C

e

PREFERRED
MODE :

— N

T I TITTIITT.

Chart I-22

Discussion: Chart I-22 illustrates the preferred failure mode for the flexure test,
Detailed descriptions of the flexure and sheer tests are contained in

Appendix III, Paragraph G of Quarterly Technicsl Report No. 5,
(R3443) issued June 18, 1969,
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85
Uﬁl IT [~ LEFT HANDFLIGHT S/N 17
PNFT TRANSITION | PADDLE
. SAMPLE FRGNT BACK |FRONT BACK
ELTEST )
BAG SIDF 30 | 35 30 28
MOLD SIDu 35 33 30 25
TORN WEBS -
BAG SIDE 23 | 2o ) 29
OLD SIDE o 0 [ 43
*TORN WEBS
BAGSIDE 40 50 ) )
MOLD SADE [ o (o) 75
FLEXURE
B& SIOE. na 89
. MOLD SIDE 109 106
Y, LQ/IN.WIDTH
AG SIDE 8.6 598 |
‘ LM%LgSIEER 72.0 70.6
S%MPLE . MEIEAEYEARERE
ISTCURE(® 064624515954 @72
ZND CURE (P Goiz |ez105212 {xo3
ISTCURE 3 5 6147|624 €420
ZNDCURE 4E10 15331 |GeeA {5010
]
Chart I-23

Discussion: Chart I-23 contains a summary of sample coupon test resulis for
substrate 017, which were supplied for reference purposes,
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_ 203 D
SOLAR ARRAY PLATFORMS
PEEL,FLEXURE & LAP SHEAR TEST DATA

UNIT RIGHT HAND FLIGHT 5/N 18
PART TRANSITION | PADDLE
SAMPLE [FRONT] BACK | FRONT | BACK
. PEELTEST
b BAG 3IDE - 30 { 21 35 50
. - MOLD SIDE z5 [ 18 35 22

“ . TORN WEBS
. BAG SIDE Ta5 [ (4 C)

MOLD SIDE | 42 | 43 o
" *LTORN WEBS

Qo) 1010

BAG SIDE 80 23 11 -
MOLD SIDE 75 | 86 O
FLEXURE
AG SIDE 100 122
OLD SIDE 104 100
vgkélN.WIDTH -
SIDE G&.& 38
MGLD SIDE &5.3 .8
LAP SHEAR
SAMPLE 1213|4156l 715
IST CURE(P) | 560{l520815517
= ZNDCURE(R) I [F639/3152 4395|5351
! ASTCURE(T) I_LOM 417 i
2ZRDCURE(T) ~|5931 Z0<] 30063020

Chart I-24

_ .Discussion: Chart 1-24 contains a summary of sample coupon test data for substrate
018,
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' SAMPLE. OF FM-000 ADHESIVE
FILM- RETURNED TO BLOOMINGDALE
FOR TEST

" SAMPLE. LAPSHEAR  HONEYCOMB

' RI. I&0F PEEL
B-2945 6225 3285 TOP lO
B-26-68 (370 3430 PBOTToM (o8

| 1Wslte NT NT T-85

B-11G
0/3lees NT NI T-i4
, B-102
421/69 "60p 3800 . T-82
RETURNED 6450 2550 B-97

FROM GOODYEAR 3200

PEEL HAS DROPPED 177% BELOW

“JORIGINAL VALUE, PERHAPS NOT EVEN
A SIGNIFICANT DIFFERENCE, AND LAP |

|SHEAR \/ALUE%I. ARE UNCHANGED.

-
LA ]

Chart I-25 _°

Discussion: As 2 result of the peel test failure of substrate 018 a sample of the
adhesive lot was returned to the vendor for analysis and fest, The
test results are shown on Chart I-25.
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NIMBUYS
UNITS PRODUCED IN 1962
NQ| SPECMEN |LOAD IN | NO. TARK | FALURE MODE | FLEXURE
POUNDS |  WEBS | AT SKIN [ATCORE | ToTAL | FALUE
PER S@.iN.| % 7% FORCE | “7inwW
| |PRe PROTO
! MOLD SIDE] 29 Q a$c 10 | 138 | 46
. BAG SIDE | 22 Q S 95
i
12 |PRE PRow(RN
, Mo sor 7 24 o 70 20
BAG SIDE 20 i 5 <5
3 |rRe PRcRolodned
Moo se” | 28 | 50 50 | 36 (453
BAG SIDE 27 § [ as -
4 |PROfO (ToP)
Mo soet 8 o oo | o [isz {506
BAS SIDE 18 o o0 e
5 |paotoaoriond] _—
Mo sieE| 2o o 100 O 132 | 4«4
BAG SIDE 42, Q@ o o
Chart I-26

Discussion: ChartI-26 confains a summary of flexure, peel, and sheer test
data obtained from tests conducted on Nimbus program substrates,
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NIMBUS D"
SAMPLE HISTORY

SERIES-A
SERIES'B
SERIES-C
SERIES-D

SERIES-E
SERIES-F
SERIES-G
SERIES-H
SERIES-1
series-]

SERIES- K

SAMPLES MADE IN PRESS-{NITIAL
WORK ON PROCESSING TECHNIQUE

SAMPLES MADE ON LOO IN AL.SHT.
TO EST. PROCESSING TECHNIQUES

SAMPLES MADE ON PADDLE MOLD
TO EST. PRODUCTION PROCESS

SAMPLES MADE WITH DESTRUCT
TRANSITION BY THE EST. PROCESS

SAMPLES MADE WITH DESTRUCT UNIT- PADDLE!
SAMPLES CUT FROM DESTRUCT TRANSITION

SAMIPLES CUT FROM DESTRUCT PADDLE \
SAMPLES MADE WITH FLL.I PADDLE S/NI7
SAMPLES MADE WITH FIT.T TRANSITION SM 17
SAMPLES MADE WITH FLTEL PADDLE S/NIs

SAMPLES MADE WITH FLTIL TRANSITION SM\8

Chart 1-27

Discussion: Chart I-27 contains 2 summary of the Nimbus~D substrate fab-
rication program,
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E. SPECIAL PRODUCTION PROCESS VERIFICATION TEST REPORT

As the result of Platform 018 failing to meet the peel test requirements set
forth in the procurement document (RCA 1750081 Rev A), a special test program
wags initiated. A test series was designed to verify the capability of the existing
Goodyear Aerospace Company (GAC) production process (GAC specification

' RDB 5342). The test series was divided into three parts, Sample Lot One, Sample
\ Lot Two, and Data Evaluation.

1. Test Plan

Using the existing platform mold and the specified materials of construction,
a set of five individual samples was processed in accordance with the GAC speci-
fication RDB 5342. During the aciual building sequence, all the operations were
monitored and pertinent data was recorded. At the completion of the manufacturing
operation, the samples were sectioned and tested per RCA 1750081 Rev A, The
test results and the notes made during the preparation of the samples were then
evaluated to verify the production process and the quality of the samples.” In
addition, the data could be used to determine the true correlation between the
standard test coupons and the samples bonded within the platform area of the
mold.

The instructions governing the production processes were monitored carefully
during fabrication and reviewed with the test data. Any deficiency or lack of detail
would be corrected and used during the fabrication of Sample Lot No. 2.

A second set of five samples was produced in accordance with the existing or mod-
ified GAC RDB 5342 specification. The same ground rules applied to this test as
those applied to Sample Lot No. 1. At the completion of the test, the test data
from Sample Lot No, 2 was evaluated in the same manner as Sample Lot No. 1.

Data evaluation of entire test series was then conducted to insure the adequacy of
the data and the production process. When completed, the Goodyear Aerospace
Corporation was advised of additional controls and/or operations required to
ensure the fabrication of flight quality substrates.

2. Sample Lot No. 1 Test Conditions and Resulis
Five samples were fabricated in accordance with the test plan; three samples
(MF, MC, and MB), were 16 inches square, two samples (SI and SII) were 16 x 6

inches. Figure I-10 shows the position of the samples in the mold. Samples SI
and SII are always made concurrently with a flight substrate and destructed after
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fabrication to validate the flight hardware. The materials of constructlon and the
specifications used are as follows:

The honeycomb used was 1/4~inch cell x {-mil cell wall and pur-
chased 0.62-inches thick. This material was then machined to
0. 50 inches prior to bonding.

The adhesive used was American Cyanamid FM-1000 with a 0. 04-
pound per square foot weight and the material is from Baich No.
B-3137, Roll No. B-47452.

The skins of the samples weye 3.7 mil 5052 aluminum alloy, one
plain and one coated with Tedlar.

The processing of the samples was done in compliance with the
Goodyear Specification for the fabrication of Nimbus Solar Cell
Platform, RDB 5342, dated December 2, 1968.

After the machining process of the honeycomb, a problem arose in the cleaning
process that removes the polyethylene glycol (type E-4000) used to hold the honey-
comb to flat plates during the machining process. The problem was the presense
of a heavy residue on the webs of the honeycomb after the prescribéd cleaning
process was completed. Since the residual stains could not be removed, four

- honeycomh blankets (Serial Nos. 1 through 4) were rejected. An analysis of the

i problem, conducted by the GAC Materials Group, indicated that the cause was
city water that contained 2 high percentage of algae at this time,

Based on this conclusion, a series of samples were processed with the E~4000

glycol wax and

used to develop a suitable cleaning method. This exercise produced

the following cleaning method.

(a}
()
(e)

(d)
(e}
5]

Remove wax from core in oven set at 180°F.
Steam clean the core {0 remove remaining wax residue.

Rinse core in distilled water maintained at 145°F to
remove last traces of wax.

Rinse core in Acetone to remove water
Dry

Vapor degrease core prior to bonding.

The sample cores processed this way indicated a suitable cleaning method had
been developed. However, during the cleaning of the replacement core blankets
(Serial Nos. 5 through 8), it was found that there were still traces of the wax

present.

I-48



At this point, a cleaning process was developed which cleaned the core satls-
factorily. This method is as follows:

(a) Steam clean core with steam to remove from metal plate.

(b) Rinse core in water maintained at 145°F minimum.

(c) Wash core in detergent solution maintained at 145°F minimum.
(d) Rinse core in water maintained at 145°F minimum.

(e) Rinse in Acetone.

(f) Dry core on Kraft paper for 10 minutes at 300°F.
This method is now the standard for cleaning core blankets for the Nimbus project.

The bonding of the samples was performed in accordance with the standard RDB
5342 process, which is identical to that employed when processing the rejected
plaiform substrate. Fourteen thermocouples and five samples were mounted on
the platform mold as shown on Figure I-1i. The test samples were constructed
[ from honeycomb blankets Serial Nos. 5 and 6. The heat-up rate for both cures is
shown on Figures I-12 and I-13; the temperature indications for all the thermo-
couples, recorded every 5-minutes, are listed in Tables 1I~12 and.I-13.
When the bonding was completed, the samples were identified and cut as shown
on Figure I-14; and subjected to peel, flexure, and lap shear tests as specified
in RCA Dwg 1750081, Rev A, Peel test, flexure, and lap shear data are con-
tained in Tables 7-14, I-15, and I-16, respectively. The peel test data, plotted
on graphs containing the acceptance criteria, are shown on Figures I-15 through
I-22.

Based on the data obtained from Sample Lot No, 1, the Goodyear Aerospace Cor-
poration was authorized to fabricate Sample Lot No. 2 using the RDB~3452 speci~
fication as modified during the fabrication of Sample Lot No. 1, and to perform
evaluation tests identical to those specified for Sample Lot No. 1.

3.  Sample Lot No. 2 Test Conditions and Data

Five samples, using materials of construction prepared in conjunction with
the materials for Sample Lot No. 1, were prepared. The test samples, prepared
from honeycomb blankets 07 and 08, were instrumented as shown on Figure I-11,
and cured in the same manner as Sample Lot No, 1, The heat-up rate is shown
on Figures I-23 and 24; the temperature indications for all the thermocouples,
recorded every 5 minutes, are listed in Tables I~17 and I-18.
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When the bonding was completed, the samples were identified and cut as shown

on Figure 1-25; and subjected to peel, flexure, and lap shear tests as specifica-
tion RCA Dwg 170081, Rev A, Peel, flexure, and lap shear test data are con-
tained in Tables 1-19, 1-20, and I-21, respectively.. Peel test data, plotted on

graphs containing the acceptance criterion, are shown on Figures I-26 through

I-32,

The results of Sample Lot No, 2 were satisfiactory and a comparative evaluation
of Sample Lots No, { and No. 2 was initiated.

4, Test Data and Fabrication Process Evaluation

A comparative evaluation of the data obtained from sample Nos. 1 and 2
was made and the following ohservations were made:

® Torn core was observed on all the samples

@ Three peel values below specified levels were cbserved on
Sample Lot No. 1.

® Two peel values below the specified levels were observed on
\Sample Lot No. 2.

® ,f'I‘he core used in Samblé T.ot No, 2 had areas where the hex core
had bowed or curved cell walls instead of angular configuration.

® In some areas of the machined surface of the core, there was
evidence that the edges of the core where bent due to machining
operation.

& The fillet of adhesive at the junction of the core walls was minimal.
This was true for both lots and for both skin-bond lines.

@ All flexure test data exceeded the requirement of 30 pounds per
inch of width as specified in RCA Dwg 1750081 Rev A,

8 The appearance of the bond line after peeling of the mold side
and bag side were decidedly different. The mold side appearance
was typical for honeycomb bonds. The bag side (machined side)
displayed the effects of a bent core, yet the test data was adequate
in all but five cases.

© The overall processing specification, Goodyear Acrospace Corpora-
tion document RDB 5342, describing the fabrication of the honey-
comb substrate provides the direction necessary to ensure a good
product.
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@ The detailed instructions used by floor personnel are vague and
need to be clarified.,

@ Quality control provisions are not specific and require greater
detail for the individual inspectors.

® The operation of the oven during the cure cycle requires greater
control or automatic control to insure uniformity of heat-up
profile.

© There is a lack of understanding of individual operations and their
limitation by the engineering staff, more intimate contact w1th
the product is required.

5. Conclusions

There were conditions such as bent and curved cores along with minimal
fillets that contributed to the five low peel values. However, there is no corre-
lation between specific test conditions and the out-of-tolerance data,

Further study of the samples would be beneficial as the findings could improve
the processing technique which requires more stringent controls. -

Based on the overall appearance, test data, and an analysis of the failure modes,
the production process and materials of construction were considered capable

of producing flight-level hardware if the changes, additions, and rework of the
controlling documents are incorporated and used. This statement is based on
the provision that the same level of control is exercised during the fabrication of
the replacement substrate (Senal No, 019) as was exercised during the special
tests.

PICTURE FRAME OF

]6" 16" MOLD \
4 MF 16" Me MB  §s-il

Tigure I-10. Size of Samples and Layout in Platform Tool
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TABLE I-12. THERMOCOUPLE TEMPERATURE, FIRST CURE
SAMPLE- L.OT NO. 1
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305 40 So0 499 33 |Foe [B2zo {z92 |21t {293 | 342 | 290 }302 (2491 | 303 | 212 ZeF [2T¢
o9 45 seo Spo |32z 131z | 227 | 302 {324 |30z | 22t | Jor |30z | 363 | 2w | 295 | 275 | 3o/
s 0 415 Lo |336 326|340 |31y 334 | 316 1333 |31 | 326 | 330 | 337 | 307 | 3o | 317
3:20 £ 425 445 1393 | 337 | 392 | 329 [23¢ | 225 | 239 [ 3271 | 33L | 330 | 339 |332 | 3/ j327
3:24 Lo 425 430 |34y |2ee | 34y | 332 j333 |33z | 244 | 335 (342 | 337 |345 |330 | 731 | 337
3:29* b5 3y 400 3687 |3q9 |234¢ {294 [ 2492 | 331 | 345 |34z | 347 | 345 (350 | 237 {322 | 24L
3135 70’ F{%3 It0 380 |3%50 |350 [3so |392 | 361 | 240 |3as [349 | 399 | 550 j2eo }317 | 349
2:40 75 265 355 356 (350 | 350 {341 |392 |342 |34 |350 |35 | 350 | 350 (342 | 332 | 250
395 80 365 Bho 350 | 35e | 349 1a¢a |35 343 | 249 | T4r | 350 |3=e 1550 [34F | 4o ] 249
3:50 Bs 36s 358 350 | 350 | 249 | 399 |34L |34¢ [ 399 |369 } 350 [3sr 3511344 |342 | 350
3:55 > s 3p0 350 | 350 1249 |3s0 |34k | 399 L350 lase lasr |a3se a4t |24x j242 1350
#.00 5 3bs 2bo 350 (349 | 249 | 356 |346 |35 J3ss | 349 |35+ |35 | 350 345 | 343 350
4105 1o 35 3eo 450 [350 [ 349 | 35¢ | 34k 1346 | 350 | 350 |Isz (355 | 350 Ire | 343 |3fe
440 {05 368 342 747 (347 |347 [ 347 |337 |29C | 350 [ 350 |38 [3s1 | 350 | 3ab | 344 | 350
LaE) 10 WS 3o 349 | 24T 347 1361 [24T [ 347 (349 [3s0 (355 (355 (350 AL |44 350
420 118 | 36s 360 341 | 391 | 347 | 397 |3e1 |59y [2er 350 [350 f3ss [ Fee [346 |34 | 350
4:25 120 | 3es 3bo 243 297 |34 |34c [397 {347 [34F [35e |3sr 351 |3k (346 [3te {I4%
A3t J25 | 365 3o 326|346 |3¢6 396 |39¢ |345 |39z 3495 302 350 [3¢4 {314 |342 | 345
435 120 b 2% 233q | 337 {370 [2337 [ 334 {233 |240 [Z45 (342 [34q |34a |34e |36 |32
440 135 245 1332 {339 321 1334 {233 {337 (339 l3eL 1390 1237 |336 j237 (234 (3237
4.45 140 240 228 | 329 {326 |330 |330 |333 j333 336 |332 |33% |329 |334 |33/ |384
4.55 1 &80 220 316 |17 302 |32 [¥22 | 324 |IRZ 327 | 329 |32 37 it | 30 | /X
S8 | 160 21a 304 1304 |3ob |Zio [lro |3tz |370 [314 |346 |30z |324 |3r4 |Fo 3ol
5.0 17e 1fo 292 | 293 |29¢ 2o [Joo |Foe |29F 3oz [286 |29 l21e | Jaa | 276 |204
5:15 {80 130 296 |z l2vo fave |2ve |290 [20¢ j 29y (298 |23/ | 277 | 290 233 | 276
5138 190 s 26e |26% |2eF 272 lz7e |z%0 |27z [27¢ [ze7 ey |2t | 217 |23 | 2é
5195 '| zoo ile 252 {252 | 296 [ 259 [ 264 | 2467 | 26o |26+ j256 |26 | 253 | 263 28T | 26/
§158 210 1bo 233 | 235 | 294 fzac l2g2 l2se [250 |zsz [2es [29s5 | 294 [20C [2e | 240
bos 220 155 |2z¢ |230 [2%4 |23u |293 |zee |23t |2ee {233 |z1e {230 {2¢p [z9e | 230
&I 230 - 15 2206 [220 [224 {z2z® |23¢ |238 |22y |230 |2:3 |z24 |22o {236 |23% |z2s
1y 240 145 2 |20 205 {2rr |22¢ |22¢ | 208 |z20 |24 |25 22 222 [224 |22
5138 250 140 20t | 200 |207 |2ie |2rs 2w |20 212 |264 260 [2e4 (217 e [2e2
hTes 2ko 3 195 | 796 | 202 1264 |28 | 200 | 202 |03 frer | 196 | 156 {210 -| 206 | 198
biss 270 'ED) 153 | 29% 1791 | 156 | 2oz |30z | 19e Jug7 (192 | 190 | 200 202 | 492 |20
Yo 280 2o rpo {12 Jprd | 156 | 4190 usz |J2E V127 tin 122 |13 9t | iFs | 177
115 | 290 Hs 4 | e Lave | ias s Juzqe Li7e {172 |uze Vrae |ias {rse 283 (172

* Cure perlod started
** Cure period ended

***Oven heat turned off, fans left on
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TABLE I-13. THERMOCOUPLE TEMPER ATURE, SECOND CURE

SAMPLE LOT NO. 1

‘Time QOven Temperature Thermotouple Nos. .
TIr/Min | Elapsed | Settmg | Actaal | T-1 | B-2 | T-3 | 84 | T~5 | B=6 | T-7 | B-8 | 1-% [B-10 [M-11 I M-12[M-13][M-14
1i:55 (=] 500 4bo g8 | z¢ {1es 137 | us 192 |r05 | 25 £k (& 1oz | 101 ) 01 H]
12tc0 s Sco 415 118 l1og lisz Vieso Vo9 liio V133 lioe J429 bio2 Jra0 ) joe)] —~ -
1208 [1=] 509 S500 142 {3 11756 [137 |19z fieo |ist | 132 (160 |17 Jigo J14t iSO {isg
12110 15 509 495 172 [ref {198 |65 |2i5 |47 | 187 | 16w | 181 Jrer | 170 | 66 | 170 | 1TC
p2s 20 s09 Loe 2a3 | 197 Y220 | 197 |235 |r9% |207 |iz7 |204 {727 | 497 |19/ 1152 | /42
j2izo 25 S04 So08 232 | =237 |zer |z2s |25z |22+ |232 |=247 |232 [2s2 228 |24 |202 [20L
12:25 30 509 S00 250 |za3 tzoee |235 | 270 [232 [ 299 |232 [249 |235 |294 | 235 227 |23é
12:306 35 509 Soo 21s |26F [2%2 |26s |23 |25 {261 J293 | 209 |28F [267 |286 | 248 | 240
12:35 40 509 Sob 297 Jz9z {299 | 295 | Zoo J2¥ |29/ {297 292 | 273 ) 292 |27V |2eo 62
12140 45 S0%F Sa0 206 | 30% | 304 |30z |33 | 300 |30 297 § 307 |30+ |2ef | Tao | 290 | 243
1245 50 415 Soo 322 323 [330 |32 [3B3e [347 [324 |3r¢ [327 [323 |3%0 [317 |3e5 |3ie
12:50 £y 400 465 327 {337 |23y {33 |sss faer 332 [ 328|326 |33s 1337 |38 1347 314
12155 Lo 31 44 343 | 39¢ | 295 [ 340 | 340 {3233 | 333 {330 1342 342 344 | 332 |32 |325
| -1 65 378 400 345 |3¢3 | 347 | 3435 |34s (339 | 342 |342 [34¢ [34c |3sL |33F 374 |34¢
Jio5 70 | 3L% 3%0 as | 3s |35 |3si |2e7 346 |3eF [34F [34F [349 j350 344 |40 342
110 15 L5 350 35t | 350 | 381 }a3sy RE-1pi PMD on| RECIEDER 241 |35e
by 8o 36S E3] 353 | 350 lasy J3: |zas | 344 | 349 [349 |34% |32 |55 |245 | 345 350
1:20 as E1% 385 5o | 350 |3ce {243 | 345 |3¢¢ |350 [349 J352 | 352 |350 | 34 [343 |30
1.25 Jo 24LS 35% 349 |30 | 350 | 340 | 347 |3¢c |FSo |3SE [3st |35 |3so |34l 349 (350
130 L5 3 bs 355% 349 {345 |24t [ 345 {347 |347 [350c [350 |2351 [35¢ |34F |347 |34C | 350
1135 too 365 35% 34y {348 [34% [34% [3%1 397 |35 | 350 |IFt |35+ | 343 247 | 3% 347
ic4o 105 EYY 353 34 1397 |39 (342 1397 (249 ) 3se lave Jase l3sr l3¢7 |347 J344 {349
145 1o 365 355 2¢f |24% |3¢2 {341 (347 |34% |2ce |[330 | 3Sr |35 | 347 | 247 (344 349
1:50 118 {73 3ba 37 13¢1 1347 |37 |34z |gse | 350 |2s0 {331 |33y [347 | 347 347 | 397
1313 izo IS 3155 2ot 1260 [397 [3¢7 [342 [243 |350 [3€0 [380 |35/ [3¢e |347 (346 |34F
2io0** 125 i 290 1337 |333 |333 |340 |[335 |240 340 |243 l3ec 343 [33F )74 | 342 | 262
205 Y- 2to F12 |33 |33 234 | 337 {320 |23 | 239 {235 [ 336 {2323 [334 [236 |[3Fé
2310 138 245 12% |326 |33 | 327 |33+ |33r |33+ |333 {330 227 (332 |[332 |37/ | 322
28 140 220 224 324 |323 [3rs [azz |22¢ {325 [329 |322 (32§ [32® (337 [32% |38
2.8 | /50 260 |3t [308 |301 30 1369 |23 {30k [303 |357 [30F [3023.[|306 |3r0 |3Me
2:35 160 138 237 {287 J230 {29% ] 290 |296 {293 [29s |23e l2ry [2#y |24 | 295 | 297
2.45 170 1% 273 {273 1273 |26 |27% | 233 jz¥e [2¥2 [273 jIS |7 @33 jadz | 2T/
2:55 18¢ 169 260 1260 | 200 |264 |20 |297 (277 {279 |26e [2e1 {257 l27/ |26 | 265
EXCES 150 16z lz2a7 {291 |21 [2m [zs¢ 259 |25+ |2sC |247 [25e [2q7 |289 {259 |es/
EMES 200 157 235 1230 l23¢ Q240 |2e¢3 |247 |29z |24 J23x 240 1231 [29¢ 24+ | 236
3.2% 210 150 227 227 |2e7 |2z3z 234 [23% {23% (236 [23% j230 |22% [24r {233 227
335 220 j50 219 l2:9 |20y | 223 {227 |23+ {2ts |3236 |2Zo |[220 (220 |23t [213 | 207
345 230 i¢s are |z1e |20 |21 lzie [zze |2 |20x | =12 Jarr |22 j2zz |214 | 200
355 2490 140 201 | 2ot |2e2 [20t | 208 {212 | 2ot | 207 |201 203 {204 |21z [ 206 |30/
405 250 130 192 | s5z | 193 {193 | 2oe | 2ot | s34 |ivw | s92 | 414 195 | 204 | 197 | 92
4.15 260 125 128 brgg Visy live |i9z |i9e | 190 Dige Vrgx [25C 186 194 1190 | 114
425 270 2o 130 Jaxe Jets Jrex baye (257 frze 403 (78 jris jerr | 13% | 462 | Hb
435 280
445 2490 9t {93 |33 [ | yr a9 | vz Les |72 132 |28 |sra | 478 |70

® Cure period siarted
** Cure peried ended
*** (ven heat turned off  fans left on
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TABLE I-14. PEEL TEST DATA, SAMPLE LOT NO. 1

Test Specimen Pull Force Torn Webs
Number (Ib) " (No.) (%)
S81-1
A-Bag Side 25 28 - 48
B-Mold Side 15 42 72
Si-2
A~Bag Side 22 39 67
- B-Mold Side 13 51 88
SII-1
A-Bag Side 25 b3 91
B-Mold Side 24 See Note 1 41 71
MC-1
A-Bag Side 25 57 98
B-Mold Side 25 56 97
MC-3 :
A-Bag Side 10 35 60
B-Mold Side 19 39 67
MC-5 '
A-Bag Side 25 43 74
B-Mold Side _ 14 43 . 74
MC-6 . )
A-Bag Side 24 52 80
B~-Mold Side 20 42 72
MB-1
A-PBag Side 32 50 See Note 2 86
B-Mold Side 18 53 9
MB-3
A-Bag Side 19 46 79
B-Mold Side 18 53 91
MB-5 - s - -
A-~-Bag Side 30 52 See Note 3 a0
B-Mold Side 20 50 ) 86 _
MB-6
A-Bag Side 30 47 81
B-Mold Side 20 47 81

Note 1. 9-cell area-adhesive pulled from skin

Note 2. 22-cell area-adhesive pulled from skin

Note 8. 2-cell area-adhesive pulled from skin
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PEEL TEST DATA, SAMPLE LOT NO. { (Continued)

TABLE I-14.
Test Specimen Pull Force Torn Webs
Number (Ib) (No.) %)
MF-1
A-Bag Side 25 See Note 4 53 See Note 4 91
B-Mold Side 20 50 See Note 5 86
MF-3
A-Bag Side 30 55 See Note 6 95
B-Mold Side 25 48 See Note 7 83
MF-5 '
A-Bag Side 35 38 See Note 8 66
B-Mold Side 19 . 46 79
MF-6 -
A-Bag Side 34 " 46 See Note 2 79
B-Mold Side 22 47 81
Note 4. 15-cell area-adhesive pulled from skin
Note 5. 3-cell area-adhesive pulled from skin
Note 6. 9-cell area-adhesive pulled from skin
Note 7. 5-cell area-adhesive pulied from skin
Note 8. 18-cell area-adhesive pulled from skin
Note 9.

9-cell area-adhesive pulled from skin

TABLE I-i5. FLEXURE TEST DATA, SAMPLE LOT NO. 1

Test Specimen Force/Inch
. ° : Faf)‘)’e " Width Comments
No. Size (lb)

§-T-2-MT 101 67.3 Failure in test area
MB-4-BT 98 65.3 Failure in test area
MB-2~-MT 94 62.7 Failure at skin
MF-4-BT 3.0 x 103 68.7 Failure in test area
MF-2~MT 0.509 inch 93 62.0 Failure in test area
MC-4-BT 94 62.7 Failure in test area
MC-2-MT 92 61.3 Failure in test area

*MT — Mold Side Test
BT -— Bag Side Test
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TABLE I-16.

LAP SHEAR TEST DATA SAMPLE LOT NO. 1

Test Specimen

Force/Square Inch (psi) for Sample No.

1st Cure® 6638 | 6625| 6547 ) 6695| 6910} 7232 - -
qu Cure 5912 5577 5826 | 4910 5045 5752 | 5i10| 4870
Extrag** 6540 ] 6533.) 6593 | 65937 6748 6796 - -
1st & 2nd Cure® - - - - - - | 6182 6291

*S8amples joined incorrectly
**Samples made during first batch, cured during second cure

4 samples made during first cure, also given second cure
Note 1. Approximate size of samples was 0. 98 x 0.49 x 0.475 inch
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TABLE I-17. THERMOCOUPLE TEMPERATURES, FIRST CURE,

LOT NO. 2

7T | 2 T Seving |t | T B AR TR TR 5 o e o
- -5 | B-6 | T-7 | B-8 | T-9 | B~10 | M-11]| M-12] M-13} M-14
125 o s0% 452 |84 | ge los |56 Jae |82 |87 |35 |22 122 |37 |37 [*v3 2%
130 1 509 445 136 1#32 | ves |38 |jbo 1132 |35 Li32 19 | 127 |132 [132 11+ 116
1:35 o 505 46 |1y fiss |1e2 lise | 126 {ist V22 |iso |rez |14z |59 |53 1137 |13C
140 {E3 S04 497 194 |1t |209 |72 | 200 | 12e tziz | 478 Ja90 (476 | 483 | e | 172 | s62
Fi4T 20 Lo 457 217 | 2066 (225 bzos 1238 {200 {229 V2ee [wog isd97 j21 202 iz |482
150 25 509 4982 237 {230 [ 299 | 220 [246 | 22e {247 |25 |22q [203 |22p |27 J21Z [ 24
1:85 30 56¢ 499 25h | 252 [202 {24 [zt 239 |20 |239 |297 [23F (249 238 |23 [ 23/
gie0 3y 5649 49¥ 290 | 773 {284 |26z | 231 257 |2ue |2ee |2e7 |259 [272 |337 ]283 {274
308 40 504 g9 294 |z¢F 1347 |25 (292 {2 295 J4y3 |23z {27% |23% |73 | 270 {272
e 45 589 seo 205 {204 1 3t0 |26 {306 {262 |3to | 293 1297 {291 [2o% |25 |25 | 274
UL 50 $o% Sop 325 | 32¢ 325 | 310 | 319 | Jo6 |32z | 303 1373 {207 |32s j3ek | ez 387
$i2e 85 So7 Sd0 2306 | 230 {33¢ [ 322326 )35 |323 |32 {3257 (320|332 |3/4 [ 313 316
3.5 bo 415 41 74 1340 |3a0 |332 {335 |321 [239 |33 |334 |33/ [m42 |32 | 326 [332
1 307 65 450 g6s _|3sc fasey |3wz [345 {346 |39 [3so |24¢ |37 245 |35 |34) |36 | 342
2:35 70 IS 411 251 J2¢7 | 350 | 351 {350 | 397 |354 | 350 |35z [35e |20 | 34T [ 342 (250
B:40 75 263 390 357 1251 | 20w j3s€ [3gr |350 Jaey f3sy |35y |3sC 369 | 390 |34 352
Bia5 80 3uy 270 3e7 l2s1 |36 356 2z 352 | YW [ase |35 |23y |¥eR |2z (347 |3SL
g:50 85 Jog 256 256 257 [3sh |3se [3sv lasa | 2 f3st [3%7 |337 357 1352 [34% |3sT
£:5% Yo 36¢ 357 |2s% (38T |3y |azg Jawi |35 350 | 257 j3%7 [3s1 | 333 | 34% |37
200 L[5 3ex 36o 356 | {I1s< | 3SY |2oe |354 o ]3%7 175% [3s® (2st. |53 [ 3RT | 2CT
308 too 36e 350 254 |350 {2353 |3c3 |33 {353 | & (157 |§v7 38T [357 |398 350 |35%
90 | 405 | 3o z5¢ | 3c3 |3%3 |33 [3s2 33 [353 | P |35t [35% 356 [334 |353 1347|354
L H1S ii1o 3o ~| 350 351 351 | 352 (352 [esz | 352 35t | 2% |2ce |2tz 322 |3¢7 (2SS
-+ Q20" 115 | 36o 35z 2@ |30 [3st jzsr |3 |2 35¢ f3sc |25% 850 |35 |34 |25
Gi25 | 120 | ° | Bos 34s |24a [390 (346 |343 {347 [3e 350 [347 350|344 343 |TeC (332
%:35 13 245 335 | 235 | 23v 337 237 |34 [3e1 [3e2 |24z |393 | 337 |3az |3B7 [332F
Q40 135 220 | 321|327 | 227 |22y | 229 [335 |23C 337 |33 {337 (329 |336 |3¥s 315
G4 | 140 210 |319 |317 |39 |32/ |32 | 230|380 1331 (323 (327 [3/F {327 (324|310
q:8y | 150 190 |3ce |30a |20o |3e5 (310 [316 (216 (316 [314 1313 |3es 318 | 3io {296
100V | 16O 175 |z2re [223 1223 12490 |295 [304 309 [30¢ |293 [292 |274 (Fe2 (277 |27¢
ol 110 TS |26t 267 (267 1270|223 1277 (282 (390 27V 2%5% 249|296 |28 (277
Jp:2y' | 180 Tbo |2%9 [253 |287 jzér 273 277 (2717 (=271 |=271 |29 254 |277 |18 | 207
1038 ) 190 1so |2ze3 |243 | 247 {250 [2L2 [267 |206 (260 1260 |260 254 |267 258 | 254
04y 200 150 | 235|235 1235 {232 |25 [253 |2S3 |253 | 299 |299 |23¢ 253 246 |242
la:sy| 210 145 227922 (226 (237 (240 j204 |297 1243 |239 239 | 224 |243 | 237 |233
1Hiay | 220 140 |2is{2re {2y |2ep |227 [237 |230 272 [206 1224 214 |227 | 224 | 22a
Hay | 230 135 1205|207 |20r {202 [ 209 [220 221 {220 217 212 (206 |222 (20 | 202
Hiy 240 130 2680 | 206 (2ot (223 |24t (24 {213 (218 {214 210 {280 20% | 288 | 244
i35 | 250 12% 93 {193 [193 |19 |Zoo {203 |282 |20z |207 207 | 195 197 ) 192 | 154
e8| 260 126 test {isy [rep laga | 198190 (/94 {190 | 193 |/93 (122 196 190 127
1.55 § 270 12¢ | dks 14rs [ sge e |136 {199 |20% (727 (197 1187 |402 725 lirs | 129
* Cure perlod started )
** Cure period ended d
**% Cwron heat turned off . fana left on
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TABLE I-18. THERMOCOUPLE TEMPERATURES, SECOND CURE, LOoT NO. 2

~

s

| Time ‘Omn 'rer-npemmre Thermoecuple Nos.
Hr/Min | Elapsed | Sctting | Actual | T-1 [ B-2| T-3 | B~ [ T-5 [ B-6 | T-7 | B-8 | T-8 [ B-10 | M-11fni-12]a1-13 ] M-14
18 00 o) Soqg 4bo ¥o0 |50 | B0 | 50 |20 | §0 |50 | 2o | Pol¥c | 20 {80 |20 | 86
18- 0% g 509 476 w2 (1o s32 (1o [ i34 |Jo3 |28 Jiroz | 120 |ioz (10 (tob | 78 | 75
L) 10 L09 500 1Se [142 | 162 | 149 j15g |32 |10 {132 [i5¢ {139 (142 {136 | 128 /32
1031y 1 50§ 500 173 (b | 727 |63 jras | 757 s+ 1150174 lasg 167 1is3 1357 | /54
1020 20 509 500 202 (196 {2a0 | 105 1202 | 720 | 206 {182 (158 {170 |15 1174 | 165 | 162
ipi2y 25 8589 soe 2292 197 (226 1224 1236 | 216 (202 | 227 | 207 [203 |22F jRo9 [2e& | 210
1p'3e 30 S04 459 |24b |240 250 |23% [252 222 [242 |228 256 |24b |253 |23 |227 |20
10°3S 35 569 Soe 276 |27 {278 |25y |267 {2492 |2L® |2492 |270 |27 |273 (245 247 | 257
10490 40 S0 So00 244 | 260 256 |272 {276 {205 (252 |272 |294 [22x |22 |26 | 260 |28
jo 4V 45 So5 500 314 | ez | 316 (200 258 [27% (302 {227 |30k (297 |374 |2F2 271 297
i6:80 50 475 500 {320 |226 |32¢ {314 |30 |299 [314 [ 263 {330 |12 226 (294 | 283 |Ra0
1058 g 425 s 1341 |230 (337 [330 |323 (312 [329 (322|334 (332|347 {313 | 302 | 327
Hise Lo 428 4G 1244 12421341 1324326307 | 332 | 324 1339 |335 |345 J2/2 |34 | 329
1H: ey &5 31y 415 |350i3%e |24 (342 |323¢ 324 |32 |32¢ [394 | 2494 | 354 | 227 | 322 | B4e
NHIMENC 2bs 398 |356 (350|356 1350 {344 | 241 |34 1342 |34L [34L | 350 347 | 330 |29L
(LY 75 s 3% [3r2 (393 |3%3 [ 353 {394 {334 | T4 [394 |367 |347 | 334|393 | 2333 | 24¥
2o 8 306s 355 25r 350 1350 | 250 |3a¢ {346 | 346 |347 | 24% |35S0 | 352 | 298 | 336 [ 347
iy 85 | 3Ls 2o | 351 [351 1350 |30 [ 294 | 344 | 397 [207 [ 347 [ 350 [I51 1347 (336 [24%
11:30 10 s 360 | 250 [356 {350 |2ss |3e9 {293 (347 [250 |35 357|251 |399 1337 |24}
i1 35 35 EIAS 357 2cs 12350 {350 |3f0 |3%0 {295 {29¢ [2eo {35y | 352 |25 |3995 |240 | 247
t1.40 oo 368 e "] 250356 1350 |26 | 250 |350 |2S0 {356 |3S0 {23 |21 |2%50 [280 | 348
114 | ;o5 | 265 2o gst {2 |3St |25 |35 |35 |=e {32 |35 |351 |3 1351|390 |24F
IS0 | ure 368 260 |3t |3s1 Jast |35t |R5s |25 |35 {38) |35 {354 |35 |35 341 (3242
IS | 145 | 368 3o {3vi |21 |29 |35 |35 |30 |35t (350 j3st 135t 351 5350 (392 |34%
12:00 ] 120 |36% 3o {251 |25y [2s1 f351 |3ST §3%s |35 |x5 |2 {351 |35 [3IST (342 (34
12:0%*9 izs 3o [35) |25t f3Ss Y28s (35t f3sy (350 (35s | 3ss b2ssj2ss (35 [343 [ 341
igiio | 130 3o 24s |240 | 23C (3421835 | 202 | 340 |390 290 |34 |24r | 247|397 242
j28 | 138 265 236|230 337 (3321237337 |3¢s |33%|29s |274 [23% {TTF |32y |22
12:20| 140 240 226 | 226|326 {332 j236 |333 | 335 |337 |233 |334 [236 |229 | 230 |33
1238 | 150 225 |31t (243 |319 {324 {325 |22¢ |32% |33t (324 [326 | 313 |sz22 l3ze |B2F
1240 1é&0 210 o |20 | Bt | 316 | 247 | 328 | 322 | 326 | %20 [320 [3i0 | 314 [216 [312
12:85p | +t70 240 202 | %oz |30% |Xea | 314 [J1Y [3i& [ 320 {311 (31T [Fo2 |2t2 |3t | 301
X [ 3T 80 14 294 | 293 [2%% | 364 [3t0 |3 [3jo [ s | ToT [ted [ 293 [ X4 {Zer |31
dite 150 Jir 288 236 a2t |29¢ (3oL | 2elL [30f {204 | 256 |19F | 22¢ [ 270 |277 | 2ea
120 | 200 179 215 |214 | 272 1233 |zec | 3es |29 [247 | 223 |207 [ 278 [ See | 205 | 294
i: 30 2:0 172 267 | 267 | 270 |276 |29t | 293 {236 a2t |zte |rro fzes | 2g9e | 272 |2RG
l.40 220 Ite 25y |267 | 23 262 232 | 2e7 297 [ 280 | 272 | 272 [ 250 | 282 | 267 | 280
g0 | 230 1% [262 l2ga | 259 {zer lzvr [ze 117 [ 276 | 200 267 f250 |23 §zes | 274
200 240 I3 244 | 740 | 2350 | 225 | z7¢ 271y | et | 278 | 2o Lhat 246 | 206 |.20a | 274
2:to | 250 sy 230 J23r | 237 |2¢e | zgs 2wz 252|254 lzow |iee f230 f2er | 280 | 2e2
2:%0 260 150 209 L2 a2y | 3z¢ |2¢6 [2st |zer |2e2 [23¢ |738 J213 250 |wey {223
30| 270 145 2ot | zoq {2re | 207 | 234 [z40 |23e |23 | 236|223 } 249 |23y |23 §z2s
2:!4p 1 280 140 200 |ie2 J204 | 282 (226 | 226 |220 } 222 [20e e |s45 {229 |247 | 212
2:56 | 290 133 10 | 167 1490 | 200 {200 [ 220 {202 {2102 [208 [210 {140 [2207 |21 [24¢
3la0 300 132 4z | 120 | 1vo | 52 | 206 |2t0 [202 | 204 |96 {132 |s35 | 210 | 203 | 114
3i0 i35 131 V177 P 1134 1200 (2o {94 192 | 190 192 {176 {262 [2o4 | 122
320 122 (e f otz Frgs | g | a9t | v |see | 0X Jrrr | AR 70 | 115 |19e | 2o
330 1} ] ter Jabs | a7 { 7o Ja3s |17 |72 faae Japs | 178 | it {087 (027 |73
* Cure poriod started )
** Cure period ended
*%% Oven heater turned off, fans left on
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TABLE I-19. PEEL TEST DATA, SAMPLE LOT NO. 2

Test Specimen Pull Force Torn Webs
Number (Ib) (No. ) %
81-1
A-Bag Side i5 56
B-Mold Side 19 41
S1-2 .
A-Bag Side 33 54 See Notes 1 & 2
B-Mold Side 25 51
SI-3 "
A-Bag Side 15 56
B-Mold Side 21 44
S11-2
A-Bag Side 32 55 See Note 3
B-Mold Side 35 13 See Note 3
MPF-1 '
A-Bag Side 17 5b
* B~-Mold Side 23 45
MPF-3
A-Bag Side 10 57
B-Mold Side 15 47 "
MF-5
A-Bag Side i4 56
-B~Mold Side .. 22 46
. ‘M¥-6~ ’ o
. A-Bag Side 21 55
..— B~Mold Side e 28 47 - I
MC-1
A-Bag Side 30 55
B-Mold Side 25 42
MC-3
A-Bag Side 30 54 :
B-Mold Side 23 42
MC-5
A-Bag Side 20 53
B-Mold Side 19 53

Note 1. 6-cell area-adhesive pulled from skin
Note 2. One of three test areas had two torn webs
Note 3. 4-cell area~adhesive pulled from skin
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TABLE I-19. PEEL TEST DATA, SAMPLE LOT NO. 2 (Continued)

Test Specimen Pull Foxce Torn Webs
Number {tb) (No.) (%)
MC-8 )
A-Bag Side 17 54
B-~-Mold Side 25 50
MB-1
A-Bag Side 24 43
B-Mold Side 30 33
MB-3 ’
A~Bag Side 25 52
B-Mold Side 31 33
MB-5
A-Bag Side 22 41
B-Mold Side 17 53
MB-6
A-Bag Side 17 54
B-Mold Side 25 34
' TABLE I-20. FLEXURE TEST-DATA, SAMPLE LOT NO. 2
Test Specimen Forees Force/Inch
(1b) Width Comments

\ No. * Size « (b)

; S-11-2-BT 74 47 Failure in test area
MF-2-MT 90 60 Failure in test area
MF-4-BT 87 57 Failure in test area

| MC-2-MT ~3.0 % 88 . 58 Failure in test area
MC-4-BT 0.512 83 54 ~ )
MB-2-MT 86 57 Failure in test area
MB-4-BT 89 60 Failure in test area

*MT -~ Mold side test

BT - Bag side

test

1-73




TABLE I-21. ILAP SHEAR TEST DATA, SAMPLE LOT NO. 2

Test Specimen Force/ quuare Inch (psi) for Sample No.
(See Nothe 1) | 2 3 4 5 5
ist Cure 7056 | 6839 1 7192 | 6895 - -
2nd Cure 5982 | 5987 | 6299 | 6182 | 6391 | 5093
ist & 2nd Cure* - - | - - 6938 | 6915

*Samples made during first cure, cured with 2nd cure.
Note 1. Approximate size 0.988 x 0.49 x 0.475
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APPENDIX II
STORAGE MODULE TEST DATA

A. INTRODUCTION

This test data summary contains sufficient data to demonstrate that the
eight flight storage modules (Serial No. 022 through 027, 028, and 030) and con-
trol module 06 have successfully met all the flight acceptance test requirements
and are capable of performing their intended function in flight.

This report summarizes the test activities performed on the flight equipment
listed above from January 1969 to July 1969. A chronological summary for the
report pericd is contained in Table II-i. Significant events listed in the table
are discussed in detail in the body of the report.

B. PROGRAM TEST PLAN

' The flight acceptance test sequence for the Nimbus-D power supply subsys-
tem (eight storage modules and one contro! module is presented in Table II-2.

The test program is essentially divided into five phases. Phase one includes all
testing on the units after final assembly but prior to the final conformal-coating
cycle. During phase one, both the electronic eircuits and the battery performance
'are examined to ensure that the entire unit is functioning properly prior to final
potting. Phase two testing is initiated after all potting has been completed and
the unit is released frem Manufacturing. Electrical eircuit testing at 5, 25, 45,
and 55°C includes calibration of the battery charge current, battery discharge
current, and battery voltage telemetry cirecuits; and calibration of the battery
temperature telemetry cireuits from -5 to 55°C. Phase three includes all testing
associated with the vibration exposure. Post-vibration electrical performance is
assured by a battery short test and an electrical circuit test at 25°C. Phase four
consists of three tests. The first two tests of phase four are conducted with the
storage modules electrically connected to a control module for testing in a power
subsystem configuration. The first test is a system bench test at room ambient
environment. The initial system test is conducted to verify correct performance
of the power subsystem configuration and the associated test equipment prior to the
thermal-vacuum test cycle. The second test is the thermal-vacuum exposure where
all aspects of storage module performance are examined. Successful completion
of the thermal-vacuum test cycle demonstrates storage module flight acceptability.
The third test of phase four is a post-environmental examination of the individual
storage modules to ensure that each storage cell in the modules has remained sealed
during the thermal-vacuum exposure. Since the unit has to be opened and partially
disassembled for the electrolyte leakage examination, a final eleetrical circuit
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TABLE II-1., CHRONOLOGICAL SUMMARY OF EVENTS, FLIGHT STOBAGE
AND CONTROL MODULES

Storage Module

t
Date Serial Number Event

1-6-69 0622 Unit delivered to engineering for pre-pot tests.

1-7-69 022 Circuit alignment and electrical test performed — results
satisfactory. ' 4

1-9-69 023 Unit delivered to engineering for pre-pot tests.

1-10-589 023 Circuit alignment and electrical test started — failure
of 1N944 B Zaner diode (VR2 on the electronics board)
occurred and TDR B3964 was generated. Unit returned
to manufacturing for replacement of diode.

1-14-89 023 Unit returned to engineering for pre-pot tests after
replacement of 1N%44 B Zener diode.

1-15-69 023 Circuit alignment and electrical test performed — results
satisfactory.

1-15-69 022, 023 _ Start battery conditioning cycle. .

1-17-69 024 Unitf delivered to engineering for pre-pot tests.

1-21-69 02z, 023 Complete battery conditioning cycle — results
satisfactory. Start battery short test,

1-22-69 022, 023 Complete battery short test — results satisfa-ctory.

1-22-69 024 Circuit alignment started —~ simulated battery voltage
could not be read at the test rack and TDR B 39235 was
generated. BSubsequent testing indicated problem was
nof in the module.

1-23~-69 - 022, 023 Battery capaéity test performed — results satisfactory.

1-24~69 022, 023 Units delivered to manufacturing for final module potting.

1-24~69 025 Unit delivered to engineering for pre-pot tests,

1-27-69 024, 025 Circuit alignment and electrical test performed — resulis
satisfactory. Start battery conditioning cyele.

1-31-69 024, 025 Complete battery conditioning cycle — resulis
satisfactory. Start battery short test.

2-1-89 024, 025 Complete battery short test — results satisfactory.




TABLE II-1.

CHRONOLOGICAL SUMMARY OF EVENTS, FLIGHT STORAGE

AND CONTROL MODULES ( Continued )

Storage Module

 Date Serial Number Event

2-3-69 024, 025 Batiery capacity test performed — results satisfactory.

2-4-69 024, 025 - Units delivered to manufacturing for final module potting.

2-5-69 022, 023, While in the final potting operation a decision was made

024, 025 by the Nimbus Project Office to replace the 2N2016
transistor (shunt dissipator transistor Q4 on the heat sink
assembly ) with a new type of tranistor (RCA Part
1970655-1) in rack storage module. Rework of the four
assembled units (022, 023, 024, 025) was started on this
date.

2-25-69 022, 023, Units delivered to engineering for performance fest

024, 025 sequence. Delivered units compleiely assembled and
potted with new shunt dissipator transistor.

2-26-69 022, 023 Electrical performance test at 25° C performed — results

024, 025 satisfactory. Telemetry calibration at 25°C performed —

) resulis satisfactory.

2-28-69 026, 027 Units delivered to engineering for pre-pot test (the new
shunt dissipator transistor 1970655-1 already added to
assembly).

3-3-69 026, 027 Circuit alignment and electrical test performed — results
satisfactory. Start batiery cond1t10mng cycle.

3-4-69 022, 023 Electrical performance test at 55°C performed - results
satisfactory. Telemetry calibration at 50 and 55°C
performed — results satisfactory.

3-5-69 022, 023 Electrical performance test at 5°C performed — results
satisfactory. Telemetry calibration at -5, 0, 5 and 10°C
performed — results satisfactory.

3-5-69 029 Unit delivered to engineering for pre-pot test (the new
shunt dissipator transistor 1970655-1 already added to
assembly ).

3-6-69 022 Electrical performance test at 45°C performed - results

satisfactory. Telemetry calibration at 40 and 45°C
performed — results satisfactory.




TABLE II-1. CHRONOLOGICAL SUMMARY OF EVENTS, FLIGHT STORAGE
_ AND CONTROL MODULES ( Continued )

‘Date

Storage Module
Serial Number

Event

3-6-69

3-6-69

3-7-69

3-7-69

3-7-69

3-7-69
3-7-69

3-10-69

3-10-69

3-10-69

3-11-69
3-11-69

023

026, 027

022

023

024, 025

026, 027
029

024, 025

024

025

026, 027
029

Electrical performance test at 45°C started — holding
screw for the 37-pin connector shorted power line of
battery to module casting and TDR B 2349 generated.
Battery was not affected by this failure because power
return line in open condition by test rack switches at the
time of failure,

Complete battery conditioning cycle — results satisfactory.
Start batiery short test.

Harness rerouted away from the 37-pin connector by
engineering. Repeated electrical performance test at
25°C after rerouting work — resulis satisfactory.

Unit delivered to manufacturing for repair of damaged
battery power line and for a rerouting of harness away from
the 37-pin connector.

Harness rerouted away from the 37-pin connector by
engineering.

Complete battery short test — resulis satisfactory.

Circuit alignment and electrical test performed — results
satisfactory. Start battery conditioning cycle.

Electrical performance test at 5°C performed — results
satisfactory. Telemetry calibration at -5, 0, 5, and i0°C
performed — results satisfactory.

"Electrlcal performance test at 55°C performed — resulls
satisfactory. Telemetry calibration at 50 and 55°C

periormed — resulis satisfactory.

Electrical performance test at 55°C started — failure of
1N944B Zener diode (VR 2 on the electronics board)
occurred and TDR 3937 was generated. Unit delivered
to manufacturing for replacerent of diode.

Batiery capacity test performed — resulis satisfactory.

Complete battery conditioning cycle — results satisfactory.
Start battery short test.
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TABLE II-1.

CHRONOLOGICAL SUMMARY OF EVENTS, FLIGHT STORAGE

AND CONTROL MODULES ( Continued)

Storage Module

3-21-69

Date Serial Number Ewtrent

3-12-6% 026; 027 Units delivered to manufacturing for final module
potting,

3-12-69 029 Complete battery short test — results satisfactory.

3-13-69 023 Unit returned to engineering after repair of damage
wire (see 3-7-69 entry)., Harness routing inspected —
was found to be sufficiently clear of the 37-pin connector.

3-13-69 029 Battery capacity test performed — resulis satisfactory.

3-14-69 023 Electrical performance test at 45°C started — high
temperature circuit input voltage was too high and TDR
B 3938 was generated. Subsequence testing revealed
that the problem was an unbonded thermistor on storage
cell 19, .

3-14-69 029 Unit delivered to manufacturing for final module potting.

3-17-69 026, 027 Units delivered to engineering for performance test
sequence. Delivered units completely assembled and
potted. )

3-18-69 026, 027 Elecirical performance test at 25° G performed — results
satisfactory.

© 8-19-69 026, 027 Electrical performance test at 5°C performed — results
satisfactory. Telemetry calibration at -5, 0, 5, and 10°C
performed — results satisfactory.

3-20-69 026, 027 Electrical performance test at 45 and 55° C performed —

) results satisfactory. Telemetry calibration at 45, 50,
and 55° C performed — results satisfactory,

3-21-89 023, 024 Electrical performance test at 45° G performed — results
satisfactory. Telemetry calibration at 40 and 45°C per-
formed — results satisfactory.-

3-21-69 026, 027 Telemetry calibration at 25 and 40°C performed — -
results satisfactory.

026 Electrical performance test at 25°C repeated — failure

of 1IN944 B Zener diode (VR2 on the electronics board)
occurred and TDR B 3939. was generated. Unit delivered
to manufacturing for replacement of diode.




TABLE II-1,

CHRONOLOGICAL SUMMARY OF EVENTS, FLIGHT STORAGE

AND CONTROL MODULES ( Continued)

Storage Module

Date Serial Number Event
3-21-69 030 Unit delivered to engineering for pre-pot fests. .
3-24-69 030 Circuit alignment and electrical test performed — results
satisfactory. Startedbatteryconditioning cycle.
3-26-69 029 Unit delivered to engineering for performance test
sequence., Delivered unif completely assembled and potted.
3-29-69 029 Electrical performance fest at.25°C started — failire of
1IN944 B Zener diode (VR2 on the electronics board)
occurred and TDR B3940 was generated. Unit delivered
to manufacturing for replacement of diode,
3-27-69 030 Complete battery conditioning cycle — results satisfactory.
Start battery short test.
3-28-69 022, 023, Units delivered to manufacturing for replacement of Zener
024, 027, diode 1N944.B (VR2 on the electronics board). The re-
029 placement of the 1N9%44 B diodes in each storage module
was directed by the Nimbus Project Office. Subsequent
investigation revealed that the repeated failures of the
1N944 B diodes was the result of electrical overstressing
during the power burn-in cycle.
3-28-69 030 Complete battery short test — results satisfactory.
3-31-69 030 Battery capacity test performed — results‘ satisfactory.
4-1-69 030 Unit delivered to manufacturing for final module potting
and replacement of the IN944 B diode (see 3-28-69 entry).
4-9-69- 022, 023, Units returned to engineering after replacement of the
024, 025, 1N944 B diodes.
026, 027,
029
4-10-69 022, 023, Realignment and electrical circuit test of the charge
024, 025, controller performed — results satisfactory,
026, 027,
029
4-11-69 025 Electrical performance test at 25 and 55° C performed —

results satisfactory. Telemetry calibration at 25,
50, and 55°C performed — results satisfactory.
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TABLE II-1.

CHRONOLOGICAL SUMMARY OF EVENTS, FLIGHT STORAGE

AND CONTROL MODULES ( Continued)

Storage Module

 Date Serial Number Ever%t

4-14-69 025 Electrical performance test 5°C performed — results
satisfactory. Telemetry calibration at -5, 0, 5, and
10°C) performed — results satisfactory.

4-14-69 029 Electrical performance test at 25°C performed — results
satisfactory. Telemetry calibration at 25°C performed —
results satisfactory.

4-15-69 025 Electrical performance test at 45°C performed — results
satisfactory. Telemetiry calibration at 40 and 45 C
performed — results satisfactory.

4-15-89 - 029 Electrical performance test at 5°C performed — results
satisfactory. Telemetry calibration at -5, 0, 5, and
10°C performed — results satisfaciory.

4-15-69 029 Electrical performance test at 45 and 55°C performed —
resulis satisfactory. Telemetry calibration 40, 45, 50,
and 55° C performed — results satisfactory.

4-16-69 022, 023, Performance test data review completed and all units

024, 025, released for vibration test sequence.
026, 027,
029

4-17-69 030 Unit delivered to engineering for performance test
sequence, Delivered unit completely assembled and
potted, including replacement of the 1N944 B diode (see
3-28-69 entry). -

4-21-69 030 Electrical performance test at 25° C performed — resulis
satisfactory. Telemetry calibration at 25°C performed —

" results satisfactory.
4-22-69 030 Electrical performance test 5°C performed — results
’ satisfactory. Telemetry calibration at -5, 0, 5, and
10°C performed — results satisfactory,
4~-23-69 030 Electrical performance test at 45 and 55° C performed -

results satisfactory. Telemetry calibration at 40, 45,
50, and 55°C performed — results satisfactory.




TABLE II-1.

CHRONOLOGICAL SUMMARY OF EVENTS, FLIGHT STORAGE

AND CONTROL MODULES ( Continued)

Date

Storage Module
Serial Number

Event

4-24~69

4-24-69

4-26-69

4-28-49

4-29-69

4-30-69

5-1-69

5-2-69

5-3-69

030

022, 023,
024, 025,
026, 027,
029, 030

022, 023,
024, 025,
026, 027,
029, 030

022, 023,
024, 025,
026, 027,
029, 030

022, 023,
024, 025,
026, 027,
028, 030

02z, 023,
024, 025,
026, 027,
02g, 030

022, 023,
024, 025,
026, 027,
029, 030

022, 023,
024, 025,
026, 027,
022, 030

022, 023,
024, 025,
026, 027,
029, 030

Performance test data review completed and unit released
for vibration test sequence.

Pre-vibration charge performed — resulis satisfactory,

Vibration test started.

Vibration test completed — results satisfactory.

Post~vibration battery short test performed — resulis
satisfactory. '

Post-vibration electrical test at 25°C performed —
results satisfactory.

Units connected electrically with control module 06 a:nd
charged as a system — results satisfactory.

Initial system test at room ambient temperature performed
using control module — results satisfactory.

Thermal-vacuum test cycle started (control module 06
used with the eight storage modules).




TABLE II-1.

CHRONOLOGICAL SUMMARY OF EVENTS, FLIGHT STORAGE

AND CONTROL MODULES ( Continued)

Storage Module
Dat
aie Serial Number Event
5-20-69 022, 023, Thermal~vacuum test cycle completed — with the ex-
024, 025, ception of the high temperature trickle charge circuit on
026, 027, modules 022 and 023, all test resulis were satisfactory.
029, 030 The high temperature circuit thermistors in modules
022 and 023 (located on storage cell 19 in each module)}
were not properly bonded to the storage cell. The result
was premature operation of the trickle charge circuit
during high temperature testing, TDR B 3953 and TDR
B 3954 were generated at the first occurrance of the
premature operation.
5-22~69 022, 023, Electrolyte leakage test performed on each batiery —
024, 025, results satisfactory.
026, 027,
029, 030
022, 023, Special resistance measurement made on the high
024, 025, - temperature circuit thermistors in each module — results
026, 027, satisfactory.
029, 030
024, 025, Post thermal-vacuum electrical test at 25°C performed-——
020, 927, results satisfactory. )
‘ 02g, 030
feo men =
1 H5-27-69 022, 023 Mechanical examination of the high temperature circuit
thermistor (on storage cell 19) in each unit was per-
formed. Thermistor was not bonded to the storage cell
( see 5-20-69 entry).
5-28-69 022, 023 Units delivered to manufacturing for replacemenf of
cell 19 thermistors.
6-2-69 022, 023 Units returned to engineering after replacement and
rebonding of cell 19 thermistors.
6-2-69 022, 023 Elecirical test at 25°C performed — results satisfactory.
6—-2-69 022, 023 Pre-vibration charge performed — results satisfactory.
6-3-69 022, 023 Workmanship vibration test performed — results
satisfactory.




TABLE -1,

CHRONOLOGICAL SUMMARY OF EVENTS, FLIGHT STORAGE

"AND CONTROL MODULES ( Continued)

Storage Module

Date Serial Number Event

§-5-69 022, 023 Post vibration electrical test at 25°C performed — results
satisfactory.

6-6-69 022, 023 Special thermal-vacuum test started.

6-7-69 022, 023 Special thermal-vacuum test completed — results .
satisfactory. ) ’

6-8-69 022, 023 Post thermal-vacuum electrical test at 25° C performed —
results satisfactory,

6-9-69 024 During set-up for final system test, storage cells 15
through 22 short-circuited by test harness. TDR B 3956
was generated at the occurrence of this failure.

6-10-69 024 Unit delivered to manﬁfzicturing for replacement of
storage cells 15 through 22,

6-19-69 022, 023, Units connected electrically with control module 03 and

025, 028, charged as a system — results satisfactory.
027, 029
030
6-20-69 022, 023, Final system test at room ambient temperature performed
025, 028, using control module 03 — results satisfactory.
027, 029, - \
030

6-20-69 024 Unit returned to engineering after replacement of the
eight storage cells,

6-21-69 024 Battery short test performed — results satisfactory.

6-21-69 022, 023, Pin retention test performed - results satisfactory.

) 025, 028,
027, 029,
030

6-22-69 024 Electrical circuit test performed — results satisfactory.

6-22-69 024 Pre-vibration charge performed — resulis satisfactory.

6-22-69 024 Workmanship vibration test performed — results

satisfactory.
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TABLE II-1,

CHRONOLOGICAL SUMMARY OF EVENTS, FLIGHT STORAGE

AND CONTROL MODULES ( Continued )

Storage Module

Date Serial Number Event
6-22-69 024 Post vibration electrical test performed - results
satisfactory.
6-23-69 024 Battery short test performed — resulis satisfactory.
6-24-69 022, 023, Units shipped to GE Co., Valley Forge, Pa.
025, 026,
027, 029,
- 030
6-25-69 024 Special thermal-vacuum test started.
6-27-69 024 Special thermal-vacuum test completed — resulis
satisfactory.
6-30-69 024 Post-thermal-vacuum capacity test performed — results
satisfactory.
7-1-69 024 Post thermal-vacuum electrical test performed — results
satisfactory. )
7-2-G9 024 Pin retention test performed — results satisfactory.
024 Unit shipped to GE Co., Valley Forge, Pa.

7-3-69
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TABLE II-2. NIMBUS-D PdWER SUPPLY SUBSYSTEM TEST PROGRAM

Phase Test Sequence Test Procedure
1i. Electrical Circuit Alignment and Test (1) TP-CT-1759580
Battery Short Test (1) TP-BT-1759580
Battery Capacity Test (1) TP-BT-1759580
2 Electrical Performance Test (1) TP-CT-1759580
Telemetry Calibration (1) . TP-TM-1759580
3 . Vibration Test (1) TP-HVA-1759580
Battery Short Test (1) TP-BT-1759580
Electrical Cireuif Test (1) TP-CT-1759580
4 Initial System Test (2} TP-FTV-1846666
Thermal-Vacuum Test (2) TP-FTV-1846666
Battery Electrolyte Leakage Test (1) 1846070
Electrieal Circuit Test (1) TP-CT-1759580
5 | Final System Test (2) TP-FTV-1846666
NOTES: (1) TFlight storage modules tested as individual units.
(2) Flight storage modules tested as part of the power
subsystem, .

test at 25°C after reassembly of the storage modules, is performed to complete
the post thermal-vacuum testing sequence. Phase five of the test program is a
final system bench test in an ambient environment before sell-off of the units.
The customer wiimesses the final system test. ¢

The vibration testing was performed on each storage module individually during
the Nimbus-D flight acceptance program. The exposure conditions for vibration
were:

6 Sinusoidal (all axes; thrust and two transverse)
Frequency Range: 5 to 2000 Hz
Vibration Level: 5g (0 to peak)
Sweep Rate: two octaves per minute, all axes, from the lowest
o the highest frequency.

@ Random (all axes)
Fregquency Band: 20 to 2000 Hz
Spectral Density: 0.07 g2/Hz
Vibration Level: 11i.7g (RMS)
Duration: 2 minutes each axis
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The test fixture used during vibration tests, shown in Figure II~1, mounts directly
{o the vibration table. The table vibration levels were controlled by signals from
the control accelerometers {also shown in Figure II-1). During the sinusoidal
exposure, four control accelerometers actually determined the vibration level,
during the random exposures the average of the four control accelerometers
determined the vibration level.

" The thermal-vacuum tests were performed with the eight flight storage modules and
the control module electrically connected-in a power subsystem configuration. A
functional block diagram of the subsystem configuration is presented in Figure II-2.
The thermal-vacuum installation for the Nimbus-D flight power subgystem was
identical to that used on the Nimbus-B flight acceptance program. The installation

- detailg for the Nimbus~B program are fully described in the Nimbus-B "Quarterly
Technical Report No. 7', (R3205) issued August 15, 1967. The thermal-vacuum
temperature profile and electrical test sequence for the Nimbus-D power sub-

.system is shown in Figure-H-3. The major portion of thermal-vacuum testing
consisted of repetitive electrical cycling of the subsystem in a simulated orbital
condition consisting of 35 minutes of battery discharge followed by 73 minutes of
solar array illumination. The regulated bus load was maintained at the maximum
energy-balance value throughout each orbit, and included a simulated S-band
transmitter load of 73 watits superimposed for 5 minutes on the constant load,
beginning at. 18 minutes before the end of spacecraft daytime. Three consecutive
minimum load orbits were run at each of the points shown in Figure I-3. During
the minimum load orbits, the regulated bus load was maintained at 50 watts. A
system performance test was conducted near the end of exposure at each tempera~.
ture plateau. The purpose of system tests'was to examine electrical parameters
not normally measured during the simulatéd orbital cycling. The thermal vacuum
test sequence was concluded with a system capacity test and a gystem short test.

C. STORAGE MODULE UNIT TEST
1. Electrical Circuit Performance

With the exception_ of the charge-controller circuitry in the storage module,
all electrical circuits performed satisfactory during unit testing. Failures in
Zener diode IN944 B (VR-2 on the electronics board) caused numerous charge~

-controller test discrepancies and lead to the replacement of that Zener dicde in
all storage modules during phase two of the test program. The details of the
IN944 B Zener diodes failures are discussed further in Paragraph E, Test Dis~
‘erepancies of this appendlx.

The electrical circuit performance for each flight unit is summarized in Table II-3.

This summary includes performance data taken after the replacement of the
IN944 B Zener diode.
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NIMBUS |
STORAGE

FIXTURE
SK 1727391

RADIAL

TANGENTIAL

NOTES.

1. THRUST ACCELEROMETERS Z1, Z2, Z3, AND 24
+ ARE LOCATED ONE INCH FROM TOP OF FIXTURE

2. TANGENTIAL ACCELEROMETERS X1, X2, X3, AND X4
ARE LOCATED IN THE MILLED LOCATIONS, TWO
INCHES FROM TOP QF FIXTURE,

3. RADIAL ACCELEROMETERS Y1, Y2, ¥3, AND Y4 ARE
LOCATED AT TOP OF FIXTURE, A5 SHOWN, °

THRUST

Figure II-1. Storage Module Vibration Test Fixture and Instrumentation
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TABLE II-3. ELECTRICAL CIBCUiT PERFORMANCE FOR FLIGHT STORAGE MODULES

, Parameter

Temperature

Measured Data For Storage Module Serial Numbers Shown Below

Test Limiter 022 023 024 025 026 027 029 030
Maximum Charge Current {ln Amperes) 5°C 1.100 £0.050A [ 1,098 | 1,100 | 1,095 1.101 | 1.100{ 1.099| 41.098} i.098
25°C i.104 | 1.400 | i.400{ d.402 | 1.401) 1.104) 1.401] 1.100
- 45°C 1.401 1 1.405 | i.406 | 1.109 | 1:108| 1.106] 1.109] 1.1i04
Trickle Charge Current (In Amperes) 5°C 0.150 £0.025A |} 0.147 | 0.148 ¢ 0,150} 0.150] 0.147] 0.148( 0. 152 | 0.150
Simulated High Temperature Signal 25°C 0.15¢ | 0.450 | 0.150 | 0,451 | 0.14%{ 0.150! 0.152 | 0.150
at 5°Q, 25°C, and 45°C, Actual High 45°C, 0.452 ] 0.150 | 0.456 ] 0,154 | 0.155| 0.454| 0.1571} 0.154
Temperature Signal at 55°C. 55°C 0.152 | 0.151 ] 0.155| 0.156 ; 0.156| 0.155} 0.156| 0.154
Battery Voltage Limit (In Volts) 5°C 34.5 20.2V 34.56 | 8¢.5 | 34.5 | 34.6 | 34.6 | 34.5 | 34.6 | 34.¢
: 25°C 33.6 £0.2V 33.5 1 33.5 | 33.5 | 33.6 | 33.5 | 33.5 | 33.6 { 33.6
45°C 32.7 20.2V 32.7 | 82.7) 32.7 | 32:6 | 32.6 | 32.6 | 32.6 | s2.7
Charge Current T/M Voltage at 1.2A (In Volta) 5°C 6.0 0.2V 6,023 | 6.035 | 6.047] 5.982| 6.038| 6.020| 8.049{ &.040
25°C 6.006} 6.024 | 6.037| 5.978] 6.025) 6.010} 6.028| 6.037
45°C 5.985| 6.0i3 | 6.048 ] 5.970 | 5.995| 5.99¢( 6.002[ 6.020
Discharge Current T/M Voltage at 2. 44 (In Volts) 5°C 5.8 +0.2V 5.812| 5.855| 5.821 | 5,791 | 5.801| 5.800| 5.855| 5.843
25°C 5.796 | 5.830 | 5.816) 5.769| 5.790| 5.800| 5.835| 5.833
45°¢C 5.773| 5.814 ] 5.800) 5.731| 5.769{ 5.785| 5.8111 5.808
Battery Voltage T/M Voltage at 30V (In Volts) 5°C 3.1 20.2V 3.110| 3.105| 3.139| 3.111| 8.105{ 3.102] 3.147] 3.136
25°C 3.110§ 3.108| 3.138| 3.110| 3.107| 3.100} 3.147| 3.135
. 45°C 8.410} 8.410| 3.138] 3.408| 3.105| 3.098| 3.146| 3.132
Battery Temperature T/M Voltage (In Volts) 5°C 1.7 20,2V 1.728 [ 1.715| 4.730| 1.715} 1.695] 1.710| 1.70%| 1,702
25°C 3.1 0.2V 3.178) 3.120| 3.18L| s.151| 3.i50| 8.130| 3.120| 3.111
45°C 4.5 0.2V 4.580] 4.5565| 4.550] 4.587| 4.572| 4.541] 4.546| 4.550
Shunt Dissipator Voltage at 2A (In Volts) -5°Q less than *38.20F 38.i6)- 38.16| 38.181 38.21} 38.17] 38.19! 38.15
25°C 38.3V 38.16| 28.20] 88.21| 38.17{ 38.18{ 38.16| 38.20{ 38.18
- 45°C | 38.16| 38.20{ 38.16| 38.16| 38,18 38.16| 38.21| 38.16




2. Battery Performance

The battery performance for each storage module was measured during
phase one of the test program. Prior to the initial battery short test, each unit
was conditioned in accordance with the following schedule:

(1} a 40-hour, 200 milliampere charge

(2) a 2-ampere discharge until the voltage of one cell equals
11,150 volts

(3) |a 4-hour letdown (a one-ohm resistor connected across each
cell)

4) ja 20-—11,our, 400 milliampere charge

(6} ia 2.0 ampere discharge until the voltage of one cell equals
1,150 volts

(6) ia letdown until each cell voltage was less than 20 millivolts.

The initial battery short-test results were excellent. Table II-4 presents the
20-hour open-circuit cell voliage data for the test. An examination: of this data
reveals that the Iowest storage cell voltage was 1.184 volts (module 026) after

__ the 20-hour stand. The specified lower limit for this test sequence is 1.150
volts. The battery capacity-test conducted after the initial short test, produced
‘excellent results. Tables II-5 and II-6 present the end-of-charge and the end-
of~discharge cell voliage data. Table II-7 presents the capacity measurements.
All capacities were well over 5 ampere-hours; the specified lower limit for this
test sequence is 4.5 ampere-hours.

During phase three of the test program, a second battery short test was performed.
(No conditioning cycle was run before this test.) Table II-8 presents the 20-houxr
open-circuit cell voltage data for this test. As with previous battexry tests the
results of this short test were excellent.

3. Vibration Test Performance

During the vibration test exposure, each unit was discharged at 700 milli~ -
amperes. Individual cell voltages were continuously monitored with a Tektronix
Scope, and electrical circuit parameters (including discharge current) were con-
tinzously monitored with the Digital Voltmeter on the test rack. All the storage
modules performed excellently throughout the vibration test sequence. The post-
vibration tests indicated no significant deviations from prior performance data.
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TABLE II-4. SHORT TEST, TWENTY-HOUR OPEN-CIRCUIT
CELL VOLTAGES (IN VOLTS)

Cell Storage Module Serfal Numbers
Eﬁiﬂ:;: 022 - 023 024 025 026 027 029 030
1 1.211 1,230 1.221 I.205 | 1l.206 1.211 1.227 1,220
2 1.225 1.226 1.224 l.220 1.211 1.20% 1.225 1,219
3 1.225 1.232 1.222 l.211 1.193 1.218 1.230 1:226
4 1.242 1.230 1.221 1.216 1,214 1.218 1.228 1.224
5 1.240 1.232 1:222 1.218 1.194 1.218 1.222 14221
6 1.228 14229 1.224 1.213 1.216 1.218 1.227 14218
7 1.229 1.224 1.221 1.218 1.203 1.214 1.226 1.221
8 1.226 1.232 1.222 1.215% 1,216 1.210 1.231 1.221
9 1.220 1.223 1.221 1.211 1.217 1.21% 1.228 1.224
. ¢ 1.230 1.227 1.221 1,211 1.200 1.21% 1.232 1.221
i1 1.232 14225 1.218 1.212 1.186 1.219 1.233 1.195
12 1.226 1.229 l.221 1.215 1.216 1.218 1.230 1.222
13 1.231 1.227 l1.222 1.218 1.190 1.219% 1.231 1,222
14 {1.218 1.220 1.219 1.210 1.216 1.21% 1.232 1.211
15 1.226 1.216 1.220 1.216 1.216 1.216 1.229 1.193
16 1.209 1.232 1.209 1.220 1.213 1.21% 1.237 1.210
i7 1.229 1,229 1.221 1.209 1.188 1.218 1.225 1.222
18 1.228 1.231 1.208 1.218 1.184 1.216 1.230 1.220
19 1.229 1,229 l1.222 l1.211 1.212 1.21% 1.230 1.220
20 1.226 1.229 1.222 1,220 1.214 1.213 1.229 1,203
21 1.227 i.231 1.222 1.214 1.212 1.216 1.225 1.213
22 1.221 1,231 1.208 1,212 -] 1.188 1.210 l1.228 1.214
T 23 1.228 1.237 1,218 1.211 1.195 1.217 l.221 1.219
TABLE IT-5. CAPACITY TEST, END-OF-CHARGE
CELL VOLTAGES {(IN VOLTS)
Cell Storage Module Serial Numbers
Position
Number | = 022 023 024 025 026 027 029 030
1 1.477 1,403 1.418 1,416 14426 1.423 1.417 14208
2 1.406 14409 1.418 letlé 1.425 1.428 1.419 14417
3 1.4t 1495 1.421 1.419 1.428 1.427 1.416 1,413
4 1.41% 1.405 -] 1.41% 1.419 1.426 1,426 1.419 14411
5 1.411% 14406 1,419 l1.418 1.425 1.423 1.414 1,418
6 1.495 1.401 1.418 1,421 1,425 1.424 1.418 1,417
7 1,405 1.6408 1.421 1.419 1.425 1ob24 1.418 141l
8 1,408 1.652 1.419 1,419 1.420 1.424 1.414 1.410
9 1.409 1.404 1.429 1,418 1,029 1.423 1.418 lesll
10 1.415 14407 1.423 1,418 1,420 1.423 1.420 1.410
i1 1.407 1.405 1.42% 1,422 1.420 1+419 l.418 1.411
12 1.406 1404 1o419 1,421 1.421 1.419 1.419 1.410
13 1.405 1,403 1.420 1.420 1,421 1,419 1,418 1.411
14 1.41C 1.405 Te42l 1,417 1.417 l1.41R 1,420 l.411
i5 1.496 1,402 1,418 1.417 1.417 1.421 1.416 1.410
i6 1.407 1,404 1.41% 1,419 1e42] 1.421 1.427 14 %09
17 1.409 1.401 L1.416 1.421 14920 1,420 1.415 1,410
18 1.408 1.452 1.417 1,418 1.421 1.419 1.421 1.409
i9 1.405 1.401 l.41% 1,421 1.428 1,626 1.418 1ev1l
20 1.408 14422 1.417 1,426 1.421 1.418 1.419 1.413
21 leal3 1,402 1.418 1.422 1o429 1.421 1.415 lewl2
22 1.456 _1.403 le4l6 1,424 1.423 1.431 1.415 1,010
23 1.408 1.401 l.418 1.421 1.425 1.419 1.421 1.410
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TABLE II-6. CAPACITY TEST, END-OF-DISCHARGE
CELL VOLTAGES (IN VOLTS)
- ru - e .
Cell
Position Storage Module Serial Numbers
Number | 022 023 024 025 026 027 029 030

1 1.167 1.173 1.167 le182 1,173 1.176 1.166 1.188
2 1.176 1,167 1.180 1.186 1.171- ] L1.173 1.164 1.18¢
3 1.1R2 1,173 1.176 l1.171 1.177 1,168 1.179 1,189
4 1.176 1.176 1.169 l.174 1.190 1,179 1.180 14189
5 1.168 1el04 1.160 l.168 1.179 l.181 1.111 14189
6 1.179 1.178 1.174 le16} 1.188 1.192 1.182 1.187
7 1.183 1.180 {.1.170 1.168 1.188 1.181 1.138 1.176
8 l.180 14175 1.166 1.174 1.186 1.183 1.1R8 1,178
9 1.161 1,185 1.178 1,177 1.186 1.169 1.180 14174
io 1.185 1.178 1.143 1.172, 1.182 1,165 1.177 1.17%
11 1.18¢ 14185 1.169 1.171 1.199 1.178 1.180 1,148
i2 1.182 1179 la174 1.164 1.180 1.180 1l.168 1,179
13 1.1R2 1,172 1.176 1174 1.183 1.171 1.17% 1.172
14 1.168 1.174 1,168 1.162 1.17% 1.173 1.179 1.181
15 1.179 1.182 1.160 1,177 Le184 1.183 1.182 1,171
16 1.101 1.184 1.178 1,172 1.184 1,177 1.182 1,140
17 1.182 1.158 1+175 1.168 1.184 1.167 1.169 1.178
18 1.178 1.160 1,169 1,156 1,183 1.184 1.155% 1.177
i9 1.182 1186 1.169 1.168 1.076 1.126 1.183 1,155
20 1-178 1.174 1.174 1.159 1.176 14179 1.170 1.171
21 1.128 1.166 1.175 1.168 L1166 1.173 1.179 1,172
22 1.146 1.168 - | 1.153 1,168 1.157 1.183 1.174 1.18%
23 1.164 1.172 1.158 14147 1.159 1.186 1,146 1,173

TABLE TI-7. STORAGE MODULE CAPACITY MEASUREMENTS

Storage Module Capacity
Number (ampere-minutes)
022 316
023 317
024 328
025 326
026 327
027 323
029 331
030 321

NOTE: Measurements made at 25°C
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TABLE IT-8. POST VIBRATION SHORT TEST, TWENTY-HOUR
OPEN-CIRCUIT CELL VOLTAGES (IN VOLTS)

Cell Storage Module Serial Nummbers
~ { Position]
Number| 022 023 024 - 025 026 027 029 030

1 11.247 1.248 1,247 1,248 1.236 1.239 1,262 1,238
2 j1.246 1.247 1.248 1,267 1.235 1.263 1.243 1.239
3 |1.245 1,248 | .1.268 1.245 1.210 1,242 1.245 o241
4 [1.2645 1268 1.248 1,246 1.235 1.2643 1.242 le241
5 {1.246 1.247 1.248 l.246 1.235 1,263 1.241 14240
6 {l.245 1,244 1.248 1.243 1.237 1.246 1.264 1.239
7 li.246 1.2489 1.247 1,244 1e237 | Y.242 1.243 la24]
8 |l.268 1245 1.247 1.244 1.234 le2bt 1.242 1.239
9 |1.243 1,241 1,245 l.2494 1.234 le2b4 1.262 1e241
10 |1.248 1247 1.248 1,241 1.226 1,244 1.244 1.23%
11 p.247 1.247 1.245 1.243 1.235 le241 1.245 1.240
12 fl.247 1.248 1.2646 1,242 1.236 1e244 1.246 1.240
13 |1.247 1e247 1.248 1,242 1.237 1.243 1.246 f.262
14 |1.242 1,248 1.247 1.247 1.234 1.242 1.266 1,236
16 {1.247 1247 1.246 1,246 1.232 1.242 1.243 1e240
16 l1.246 1,249 l.246 1.247 1.236 1.242 J1.238 1e240
17 1.247 1.247 1.247 1.245 1.235 1.263 1.260 1,239
18 jl.247 14247 l.244 1,248 1+236 le241 1.243 1s240
19 |1.247 14249 1.2645 1,246 1.238 1.239 1.242 1.240
20 ql.246 1.26R 1.246 1.249 1.237 1,240 1.242 1,241
21 |1.247 1.247 1.248 1.246 1.234 1.244 1.241 14262
22 h.248 1,246 1.2646 1.249 1.237 1,262 1.243 1.217
23 |1.248 1.249 1.246 1246 1.237 1e264 1.244 1.239

4, Post Thermal-Vacuum Unit Test

After completing the thermal-vacuum test sequence, the eight flight modules

were pariially disassembled and subjected to the standard electrolyte leakage
test specified in RCA test procedure 1846070. No leakage was observed in any of

. the 184 storage cells. Storage modules 024, 025, 026, 027, 029, and 030 were

* then reassembled, and subjected fo their final unit electrical test at 25° C, Modules
022 and 023 were removed from the normal test program for a special investiga-
tion of the high~temperature trickle-charge circuit (refer to Paragraph E, Test
Discrepancies, of this Appendix). Modules 024, 025, 026, 027, 029 and 030 suc-
cessiully passed the final unit electrical test with no significant deviations from the
performsance test data listed in Table II-3.

5. Telemetry Calibration

During phase two of the test program, telemetry data was measured for each
flight storage module. This data was used to generate the computerized telemetry
calibration tables listed in Tables II-9 through II-16. The same telemetry data,
expanded into smaller increments by means of linear interpolation, was used to
verify the storage module telemetry performance during the thermal-vacuum test
sequence.
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- TELEMETRY
VOLTS S/N 022
0,300 0.000
0,500 0,010
6,600 0,032
0.:700 0.054
DiBo0 0.077
04900 D099
1.000 0.121
1,100 0.143
1.200 D166
1,300 0.188
1.400 0.210
1.500 0233
1,600 0,255
1.700 0.277
1,800 0.300
- 11900 0.322
2,000 04344
2.100 0367
2.200 04389
2,300 Oe%ll
24400 0.432
2.500 0+454
24600 0.475
2.7C0 0.497
2,800 0.518
24900 04540
3.000 De561
3,100 D+583
3,200 0.605
2,300 0626
3,400 0.648
3,500 0.669
3,600 04691
34700, 0712
3,800 0.734
3,900 D«755
4 000 0.777
44100 0798
4,200 0819
44400 0.862
4,500 0.883
4,600 0904
4,700 0.925
4,800 0946
4,900 0.967
. 5,000 0.988
5,100 1.009
5,200 1.030
5,300 1.051
5,400 1.072
5.500 1.093
5.600 1.114
5,700 1.136
5,800 1.157
5,900 1.178
6,000 1.199
6,100 1.220
6.200 1.241
6,300 1.262
.1.283

CHARGE CURRENT (AMPERES) TELEMETRY AT 25°C

LI

S/N 023 S/N 024
" 0,000

0,000
0,010
0¢032
0.055
0:077
0.099
0.122
0.144
0,166
0.188
0,211
0,233
0.255
0.277
0.300

0.322.

0344
0,366
0,389
0,411
0.432
0454
0.475
0,497
0.518
0,540
0.561
0.583
0.604
0.626
0,647
0+669
0,690
0.712
0.733
0.755
0,776
0.798
0.B819
0.840
0.860
0.881
0.202
0.923
0,944
0.965
0.586
1.007
1.028
1.049
1.070
1.090
1,111
1,132
“1,153
1.174
1,195
1,216
1,237
1,258
1.279

-

pRpTen

'

#

“....\..,_.. = g T o S & b b et e e m v o

= CHARGE CURRENT {IN AMPERES) -

0.000
0.000
0.010
0.032
0.054
0076
0s098
Q.12
0+143
04165
0.187
0+209
0+231
0.254
0276
0.298
0+320
Q342
0+365
0.387
0.409
0.430
0:451
Cea3
D«454
0«516
0537
0.559
0«580
04602
Geb23
Os 645
0+666
0«687
0.709
0.730
0752
Q.713
0.795
Q0«8l5
0.837
0.858
0878
0.899
0+920
0+941
D962
0+983
1.004
1.025
1.04%46
1.067
l.088
1.109
1.129
1.150
1.171
1.1%2
1.213
1.234
1.255
1.276

S/N 025

0,000
0,000
0.013
0,036
0.058
0.081
D.103
0.125
0.148
0+170
0.192
0.215
0.237
0.260
0.282
0.304
0.327
0.349
0+371
0.394
D.4l6
03‘037
0.459
0.480
0.502
0,523
0.545
0.566
0,588
0.609
0.63)
0.653
0.674
0.6%
0.717
0.73%
0.760
0.782
0.803
0.B24
0.B4p
0.867
0.888
0.900
00930
0.951
0|972
0.993
1,015
1,036
1.057
1.078
1,099
1.120
1.141
1.162
1.184
1.205
1.226
1,247
1.268
1.289

S/N 026

]

€.000
0.000
0.006
0.028
8.050
0.073
0.095
0.117
0.140
0,162
0.184
0.207
D.229
0.251
6.274
0.2986
0,318
0,341
0.363
0,385
0.407
0.429
0.450
0,472
0.494
0.515
0.537
0.558
0.580
6.601
0.623
0.644
0.0666
0.687
0.T0%9
0.731

0.752.

- D774

0.795
0.8l6
0,837
0.858
0.879
0.900
0.921
0e943
0964
0.985
1.006
1.027
1.048
1,069
1.090
1.111
1"132
1,153
1,174
1.195
1.216
1.237
1.25¢8
1.279

S/N 027

0.000
0.003
0.027

0.049

0.071
04093
D115
04137
0+159
0,181
0.203
04225
04247
0.26%
0.291
0.313
0335
04357
04379
D.401
0+422
Osbb4
04465
04486
0.507
04529
0.550
0.571
0.592
D+613
0.635
" 0.656
0,677
04698,
0.719
0. T4}
0.762
0.783
0.804
0.825
0.846
0.866
0.887
0.908
0,928
0,949
0970
0,991
le0ll
1.032
1,053
1.074
1.0%4
1,115
l.136
14156
1177
1.198
l.21%
1.239
1.260
1.281

S/N 029

0.000
0% 000
D.017
0,039
0.061
0083
0s 105
0.127
0sl46
0sl72
0el94
0,216
0e238
0+260
0+282
0:+204
D326
0,348
0,371
0393
Oa4l4
0e436
Q457
0.478
0500
~0¢521
Oe342
0:564
0+588
0806
0628
0.649
01670
0+691
0:713
10.734
0.155
0.777
0.798
04819
0:840
D+8561
D«BB1
0902
0e%23
04944
0765
01986
1.007
1.027
1:.048
1,069
1090
1,111
1132
14152
1.173
1194
1.215
1,236
1.257
1.278

S/N 030

0,000
0.000
0.000
G017
0040
0,062
0+.085

0107
0+130
0.152
0,174
0197
0e219
0e242
04264
0.288
0.30%
£4331

G.354
0376
0'398

04420
De442
0.464

04485

0.507
0.529
0.550
De572
0.594%
0.616
64637
0.659
0.681
0.702
Da724
DeT46
0.768
0.7B9
0.811
D.832
0.853
C.874
0.8%6
0.917
0.938
0559
0.980
1,001
1.023
1.044
1,068
1,085
l.107
1.129

1.150

1.171

1.192

1,213

1.235

1.256

1.277
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TABLE HO-10. DISCHARGE CURRENT (AMPERES) TELEMETRY AT 25°C

TELEMETRY
VOLTS

0,300
04+400
0,500
04,600
0,700
0,800
0,900
1,000
1,100
1,200
1,300
1,400
1.500
1,600
1.700
1.800
1,200
24000
2.100
2:200
2.300
2.400
2.500
2600
2.T700
24800
2,900
3,000
34100
3,200
3,300
3,400
3.500
3,600
3,700
3,800
3,900
4,000
4,100
4,200
4,200
4,400
4.500
4,600
4,700
4,800
4,900
5,000
5,100
5,200
5,300
5,400
5,500
5.600
5,700
5,800
- 5,900
‘6,000
6,100
6,200
6300
6.400

S/N 022 S/N 023

0,000
0,000
0,011
0057
0.104
0.150
0.196
0.243
0.+289
Q335
0.381
0.428
O+474
0.520
0.567
0.613
0.659
0.706
0.752
0,758
0.843
0.888
0.933
0.278
1.022
1.067
1.112
1.157
1.202
1.247
T1.291
1,336
1.381
1:+426
1.471
1.516
1,561
1.605
14650
1.694
1,738
1.782
1,827
1.871
1.915
1.959
2.004
2.048
2.092
2.136
2.181
2.225
2.269
24313
24358
2.402
24446
2.490
2534
2.579
2.623
2.667

0.000
0,000
6,000
0,035
0,082
0.128
0.175
0.221
0,268
0,314
0,361
04407
0.454
0+500
0547
0,593
0.640
0.686
D.733
0.780
0.825
0.870
0.915
0,960
1,005
1.050
1.095
lel4l
l.186
1,231
1,276
1,321
1,366
la4ll
1,501
1.546
1.591
1.635
1,680
1.724
1,768
1.812
1,856
1,901
1,945
1,989
2.033
2,077
24122
2,166
24210
24254
2.298
2.343
2.387
24431
2.475
2.519
2.564
2,608
2.652

- DISCHARGE CURRENT [IN AMPERES) -

S/N 024

2000
0.0CN
0000
0.051
0.087
0+134
o.180
0.227
0+2773
0.320
04367
0413
0e4abD
0506
0553
0599
0+ 646
0.692
0.739
0.786
D.831
0.876
0.921
0966
1.011
1.056
1101
14145
1,191
1.236
1282
1.327
1.372
1.417
1.462
1.507
1.552
1597
1+641
1.685
1.730
1774
1818
1.862
1.906
1.951
1+9G65
2+039
2083
2128
2e172
2¢216
2.260
2+304
24349
2-;93
2437
24481
2+526
2+570
2+614.
2+658

S/n 0258

0.000
0.006
0,052
0.098
0.1%4
O- 190
0.236
0.281
0.327
0.373
0.419
Cs465
0,511
0+557
0.603
0.649
0.6%4
0,740
0.788
0.831
0.875
0.920
0.964
1.008
1.053
1,097
1.141
1.186
1.230
1.274
1.319
1.363
1.407
1-452
1.4%6
1.54%0
1.584
1.628
1672
1.71s
1.75¢9
1,803
1.84%46
1.8%0
1.93¢
1.977
2.021
2.065
2,108
24152
2.195
2.239
2.283
2.326
2,370
24414
2457
2.501
2544
2.588
2.632
2675

S/N D26
.

0.000
0.000
0.021
0.067
0113
0.160
0.206
De252
0.298
0e345
0.391
04437
5,483
0+530
0.576
0.622
D669
0,715
D.761
0807
D+852
0.897
0.942
0.986
1,031
1.076
1.121
1166
1.211
1.255
1300
1345
1.390
1,435
1479
1.524
1.569
1.614
1.4658
1701
1,745
1.789
1.832
1.877
1.921
1965
2+.009
2+052
2,097
2.141
2.185
2229
24,273
2317
2360
2+404
2.448
24492
2.536
2.580
2+624
2.668

S/N 027

0.000
0.000
0.000
0.043
0.090
0.136
0.183
04230
0277
0.323
0.370
0.417
0,463
04510
0.557
0.603
0.650
0.697
Q0.743
0,790
0.836
0.881
D.926
0.971
1.016
1.061
1.107
1.152.
1.197
l.242
1.287
1.332
1377
14423
14468
1.513
1.558
1.603
1.647
1.692
1.736
1,780
1.824
1,869
1.913
1.957
2002
220496
2.0%0
24134
2.179
2.223

2.267‘

2.311
2356
24400
24444
2.489
24533
2.577
Z+b2%
2.666

S/N 029

0.000
0.:000
0.019
0,065
0elll
0s157
0.203
Ds249
04295
De341
04387
0s432
02478
0524
04570
0016
04662
91708
OITEﬂ
0.800
0+844
0,889
04933
0.978
14022
71,067
1.111
1155
14200
14244
1:289
14333
1,377
1a422
14466
1e51L
14555
1,600
1.643
14687
1730
14774
1,818
1,861
14905
14949
1.992
2036
2.079%
24123
2,167
2,210
24254
24297
24341
24385
2.428
24472
2.516
2.559

2+603 .

2.646

5/N 030

0.000
0,000
0.013
0,059
0,105
0,151
04197
0.243
0.289
0.235
0.381
04427
0.473
04519
0+565
D.611
0,657
0+703
0+749
0.795
04840
0.885‘
0.929
0.%974
1.018
1,063
1,108
1.152
14197
1.241
1.286
1330
14375
1:419
14464
1.509
1.553
1.598
1.642
1,685
1,729
1,773
i.817

- 1,860

1.904
1.948
1.992
24035
2079
24122
24167
24210
24254
24298
24342
2.386
24429
24473
2+517 °
2.561"
2604
2,648
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ITE

LEMETRY
VOLTYS

3,000
0.100
0,200
0,300
0,400
0.500
0,600
0,700
0.800

. 04900

1.000
1.100
1,200
1,300
1,400

114500
T 1.600

1,700
1,800
1.900
2,000
2,100
24200

- 24200

24400
24500
2+600
2,700
24800
24500
34000
34100
3.200
3,300
2,400
3.500
3.600
3. 700
3,800
3,200
4,000
4,100
4,200
4,300
4,400
4.500
4,600
4,700
4,800
4.900
5,000
5,200
5,300
5:400
5.500
5,600
5,700
5.800
5.900
64000
6,100
6,200

. 63300

6,400

TABLE II-11.

S/N 022  S/N 023

19.39
19,73
20.07
20.41
20.75
21.10
2144
2l.78
22.12
224406
2280
23.14
23.48
23:82
24417
24451
24485
25,19
25.53
25.87
2621
26.55
26.90
2724
27.58
27492
28.26
28.60
28.94
29.28
2962
29.97
30.31
30.65
30.99
3l.33
31,67
32.01
32.35
32469
33,04
33,38
33.72
34.06
34440
34.74
35.08
35.42
35.76
36.10
36.45
37.13
a7.47
37.81
38415
38.49
38.83
39.17
39-51
39.86
40420
40454
40.88
4%.22

19.329
19.73

20,07

20.4)
20.75
21.10
Z1.4%4
21.78
22.12
22446
22.80
23.14
23.49
23.83
24417
24.51
24.85
25.19
25.53
25.88
26.22
26,56
26.90
2724
27.58
27.%2
28.27
28.61
2B495
29.29
29.63
29.97
30.31
30.65
31.00
31.34
31.68
32.02
32.36
32.70
33,04
33.28
33.72
34.06
34,40
34,75
35.09
35.43
35,77
36,11
36445
37.13
37447
37.81

38415

38.50
38.84
39.18
39.52
39.86
40420
40454
40.88
41.22

BATTERY VOLTAGE (DC) TELEMETRY

.. < BATTERY VOLTAGE (IN VOLTS) -
S/N 024  S/N 025  S/N 026 S/N 027

19,29 19,39 191240 19,43
19.64 19.73 19474 -~ 19.77
19.98 20.07 20.08 20,11
20,32 20,91 20,42 20,45
20,66 20,758 20476 20,80
21.00 21.10 2110 21,14
21.34% 21.%4 21 o444 21,48
21.68 21.78 . 21.78 21,82
22.02 22,12 22,12 22,18
22.36 224496 22447 22450
22,71 22.80 22481 22,84
23,05 23,14 23.15 23.18
23,39° 23.48 23¢49 - 23,52
23,73 - 23.82 23,83 23.8¢6
24,07 24417 24417 24,20
24.41 24,51 24s52 24.55
24c75 24-85 24186 24089
25.09 25.19 25420 25,23
25,44 25453 . 25454 25,57
25.78 25,87 25,88 25,91
26,12 26421 26222 26,25
26,46 26,455 26356 26.59
26,80 26,90 26490 26,93
27.14 27424 27325 27427
27.48 27.58 27+59 27461
‘28-16 28126 28.27 28|30
28,51 28460 28,61 28,64
28,85 28.94 28,495 28,98
29.19 29.28 29429 29.32
29.53 29.62 2963 29.66
29,87 29.97 ?9.98 30,00
30,21 30.31 30432 30.34
30,55 30,65 30466 30,68
30.89 30.99 31400 31,02
31.23 31.33 31434 31.36
31,57 31,567 31,68 31,70
.31.91 3z.01 32,02 32,04
32,25 32.35 32,+36 32.38
32,59 32.69 32.70 32,73
32,93 33,03 33,404 33,07
33,27 33,37 33,38 33,41
33,61 33.71 33,72 33,75
33,96 34,05 344,07 34,09
34030 34939 34!41 '34.43
34,64 34,73 , 34,75 34,77
34.98 35-08 35!09 35.11
35,32 35,42 35,43 35,45
35,66 35,78 35477 35,79
36.00 36,10 36411 36,13
36.34 36.44 35,445 36,47
37.02 37.12 37,13 37.15
37.36 37446 37447 37449
37.70 37,680 37,81 - 37.83
38,04 38.14 38,15 38,18
38,38 38,48 38450 38.52
38.72 33,82 38:+84 38.86
39.06 39.16 39,418 37,20
39,40 . 39,50 39452 39,54
39.74 39.8¢4 39,86 39,88
40,08 40.19 40420 40,22
40.42 40453 . 60:54 40,56
40.76 40.87 40+88 40,50

41.10 4l.2} 41422 41.24

S/N 029

19.28
19.62
19.94
20.30
20.64
20.98
21.32
2164
22.00
22434
22468
23.02
23.37
23.71
24.05
244+39
2473
.25.07
254
25.75
26.09
26443
26.77
27-11
27.45
“2T7.80
28414
28.48
28.82
29.16
29050
29.84
30.18
30.52
30.86
31.20
31.54
31.88
32.22
32.56
32.90
33.24
33.58
33.%92
364.27
34.61
34.95
35.2%
35.63
35,97
36,31
36.99%
3T.33
3T«67
38.01
38.35
38.69
39.03
39.37
39.71
40.05
4Q«39
40.73
4107

S/N.030

19,31
19,65
19,99
20.323
20,67
21.01
21.35
21.70
22.04
22.38
22.72
22,06
23,40
23,74
24.08
24.42
24,77
25,11
25,45
25,79
26,13
26,47
26,81
27.15
27.49
27.83
28.18
28,52
28,86
29.20
29.54
29,88
30.22
30.56
30.90
31.24
31.58
31.92°
32,26
32.60
32,95
33,29
33,63
33,97
34.31
34,65
34,99
35,33
35,67
36.01
36,35
37.03
37,37
377}
38,05
38,39
38,73
39.07
39,42
39.76
40,10
40,44
40,78
41,12
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TABLE 1I-12. BATTERY TEMPERATURE TELEMETRY (°C)

TELEMETRY ~ BATTERY TEMPERATURE (IN DEGREES C) = .
VOLTS- S/N 022 S/N 023 $/N 024 S/N 025 S/N 026 S/N 027 S/N 029 S/N 030
1‘200 -3092 ! "3.76 -4.20 -"112 "3.79 '4|17 -3155 -3.55
1.300 "2|06 "1096 -2.20 "2'20 ﬂl.bo "2:08 -1-73 "1-73
1.400 -0.21 ~0.16 -0.,20 ~0,29 Ca48 -0,00 0.08 0,08
1-500 1146 1."9 l-‘fl 1.42 2!01 1.61 1'72 1072
1,600 3.01 3.12 2.97 3,08 3454 3,23 34356 _ 3,36
1.700 4456 4.75 4.53 4475 5:07 4484 5.00 5,00
1!800 6-10 h 6-2? 6-00 y 6-27 6'50 6129 6'56 6.54
1,%00 Te60 T.76 T.43 Te76 7293 T.71 Bel2 8,08
24000 2«10 9,25 8.86 9.25 9¢36 9.14% 9469 9.62
2,100 10:60 10.70 10.29 10,08 10,75 10.56 11.09 11,04
2.200 12.00 12.10 11.71 12.04 12110 11.96 12.45 12,42
24300 13.33 13.50 13.14 13,41 13246 13,36 13.82 13,80
24400 14.66 14.91 14.57 14477 14482 14,77 15.18 15.18
24500 15.99 16.3) 16.00 16,13 16418 16,17 16455 16,586
24600 17432 17.71 17.43 51749 1753 17,57 17.91 17494
2.700 18.65 19.11 18.86 18,85 18489 18,97 19.27 19,32
. 2,800 19.98 20451 20,29 20.22 20425 20,37 20.64 20.70
24900 21.31 21.92 2t.71 21458 21461 21,78 22.00 22.09
3,000 22.64 23.32 23.14 22.%4 22496 23,18 23.36 23,47
3,100 23.97 24.72 - 24,57 24,31 24¢32 24,58 2473 24,85
3,200 25.320 264,11 25.97 25.67 25,69 25.98 . 2611 26.22
3,300 26,64 27.49 27.36 27,03 27207 27.38 27450 27.60
34400 .28.00 2B8.87 2B8.75 28.40 28446 28,78 28.89 28,98
_3.500 29437 30.25 30.14 29,76 29.:84 30.19 . 30.28 30,35
3,600 T 3GeT3 - 31.64 31.53 31,13 3l.22 31,59 “31.67 31.72
. 3,700 32.09 33,02 32.92 32.49 32460 32.99 33.06 33.11
3.800 33.46 34,40 34,31 33.86 33,99 34,39 34444 145.48
3.900 34,82 35,78 35,69 35,22 35,37 35,79 35.83 35,86
4,000 3618 37.17 37.08 364,59 36475 37.20 37.22 37.23
44100 37.55 38.55 38.47 . 37,95 38,13 38,60 38461 38,61
4,200 38.91 . 39.93 39.86 39,32 . 39,52 40.00 4000 39,99
44300 40433 41,36 41,32 40,74 40496 . 41,47 4144 41,42
44400 42.00 42,79 42,79 42.23- 42144 42,54 42«89 42,85
4.600 ‘05-35‘ 45-70 ‘}5¢83 45-21 45!42 45 1-97 65‘84 45|33
4,700 47408 47.27 47.50 46,80 47400 47,58 47443 47.50
44800 48.81 48,83 49,17 © 4B.40 #8,58 49,19 69.03 49.17
4,900 50.54 50,51 50.90 50.00 50,22 51.00 50.82 51,01
5.000 52,27 52455 52.70 52,31 52444 53,00 52.93 53,02
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TABLE II-{3. CHARGE CURRENT (AMPERES) TELEMETRY AT 5°C

TELEMETRY ) - CHARGE CURRENT {IN AMPERES) =~

VOLTS = S/N ©¢22 - S/N 023 S/N 024 S/N 025 S/N 026 S/N 027 S/N 029 S/N 030
0,300 -0.000 0,000 0.000 0.000 0,000 0.000 0.000 0.000
0,400 0000 0.000 -0.000 0.000 0.000 0,003 04000 0,000
0,500 0.006 0.008 Ne00L 0,013 0.003 0.025 04013 0.000
0.600 0. 028 0.030 D028 0,035 5.025 0. 047 D:035 0.017
0. 700 0+050 0.052 0.050 0.057 0047 04069 D:057 0.039
0.800 0.072 0.075 0.072 0.080 0.070 0.091 0,079 0+062
0900 =~ 0.094 0.097 0094 0.102 | 0.052 0.113 D.1l02 0.084
1.000 0.117 0,119 0.117 0.124 0.114 0.135 D:126 0,106
T.100 0.139 0s141 0+139 0,147 0,137 7 04,157 Delé46 0.129
1.200 0161 04164 D.161 0.169 0.159 0179 DelbB 0.151
1.300 0.183 0.186 0.183 0,191 0,181 0.201 0.1%0 0s174
1,400 0.206 0.208 0,205 0.214 0.204 0.223 04212 0196
1,500 0.228 0.230 0227 Ge238 0.226 0245 De234 D«218
1.600 De250 0.253 0e249 0,259 0.248 0267 D+256 0s24]1
1.700 0.272 0.275 0272 0.281 0,271 0.289 0+278 0.263
1,800 0.294 0.297 0,294 0303 0.293 0.311 04300 0.286
1.900 0.317 0,219 0.3106 0.326 0.315 0,333 04322 0,308
2.000 04339 0.342 0.338 0.348 0.338 0355 Oe344 0.331
2,100 ‘Ve361 0,364 0+360 0-370 0.360 04377 D366 0.+353
2,200 0+383 0.386 0.382 0.393 0,382 0,399 D«389° 0.375
2.300 0.405 0,408 0.404 0.415 0,405 0.421 Be410 0.398
2:400 0.427 0.430 0+426 0.436 0,426 0442 De432 0+420
2.500 0449 0.451 0.447 0.458 0,448 0.463 Ds453 LY
2,500 C+470 0,473 Q469 0479 0.469 D.484 Ded T4 D463
24700 0492 04494 0.490 0.501 0,491 Q.505 D+495 D.485
2.800 n.513 0.516 0.512 0.522 0.512 0,527 L 0e517 . 04506
2,900 0.535 04537 . 0.533 ‘D544 0.534 0e548 D«538 0.528
3,000 Ve556 0.559 “0.555 0.566 0.555 04569 Da559 0.550
3.100 0.578 D.580 0.576 0,587 6.577 0+590 D581 0.572
3,200 0.59¢ 0602 0+598 0.609 0,598 0+611 De 602 0,593
3.300 0.621 0,623 0+619 0-630 0.620 0.633 01623 D.615
3.400 04643 0.645 Deb4l 0.652 0.641 D+654 Ds645 04637
3,500 Geb6G 0.666 0662 0673 0,663 0675 Ds666 0.658
3,600 0,686 0,688 0+684 04695 0+685 0696 D+687 0.680
3.700 0.707 0.709 0+705 DeTl6 0.706 0+717 0+709 0702
3.800 0.729 0.731 0727 0738 0.728 0.739 D+730 D.724
3,900 0.750 0.752 Qe748 D.759 0,749 0+760 04751 0745
4,000 0.772 0.774 0770 0.781 0.771 0.781 D773 0767
44100 0.79 0.795 - 0791 0.803 0,792 0+802 0:+794 0.789
4,200 0.815 0.8l& D.813 04824 0.813 0.823 De815 D.B10
4-‘300 0-836 0.837 i 0-534 0.8{'5 Ql834 0.844 00336 00831
4,400 0.857 0.858 0«855 . [ 19 -1-T 0.856 0986_’0 D856 0.853
4,500 0.878 0,879 0.876 0.887 0.877 0.885 0+877 0.874
44500 0.899 0,900 0.8%6 0.908 0.898 De906 04898 0895
. 4,700 0.920 0.921 0.917 0D.929 0,919 0.926 D0+919 0916
4,800 0942 0.942 0+938 0.950 0.:.940 04947 04940 04937
5.000 - 0.984 0.984 C.980 0,993 0,982 0.989 D.981 0.980
5,100 1.005 1.004 1.001 1.01l4 1,003 1.00% . 14002 1,001
5.200 1.026 1.025 . l.p22 1.035 1.024 1.030 1.023 1,022
5.300 1.047 1,046 1.043 1.056 1,045 1.051° L4044 1:043
5,400 1.068 1,067 1.064 1,077 1.066 1.071 1,065 1,064
5,500 1.089% 1.088 1.085 1.098 1.087 1.092 1:086 1.086
5,600 1,111} 1.109 1.106 l.119 1.108 1,113 1.106 1.107
5,700 1.132 1.130 1.127 l.14%0 1.129 1,134 1.127 1.128
5,800 1,153 1.151 1+148 1.162 1.150 1.154 1,148 1:149
5,900 1.174 1.172 1169 1.183 1.171 1.175 12269 . 1.170
6,000 1.195 1,193 1190 1.204 1.192 1.196 1.190 1.192
6.100 1.216 1.214 12211 1.225 1,213 1,217 16211 1.213
6,200 1.237 1.234 1.232 1,248 1.234 1.237 1.231 1+234
6.300 1.259° 1,255 1.253 1.267 1.255 1,258 12252 1.255
6,400 1.280 1.276 . 1.274 ° 1.288 1.276 1279 14273 1276
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TABLE II-i4. DISCHARGE CURRENT (AMPERES) TELEMETRY AT 5°C

-%

TELEMETRY - DISCHARGE CURRENT {IN AMPERES) -~ -
VOLTS S/N D22 S/N 023 S/N 024 S/N 025 S/N 026 S/N 027 S/N 029 S/N 030
0,400 0.000 0,006 - 0.000 0.000 0.000 0,000 0,000 0,000
0,500 0,001 0.000 0000 0.042 0.016 0.000 0,010 0.008
0,600 | 0.047 0.022 0037 0.088 0.062 0.043 0.056 0054
0,700 0.094 0,069 0.084 0.134 0.108 0.0%90 GelO2 04100
0.800 0,140 0.116 0.131 0,180 0+154 0,136 D+148 Ds146
0,900 . 0.186 0,162 0.177 0,226 0,201 0.183 0:194 0.192
1.000 0.233 0.209 G224 0.271 0.247 0.230 04240 0,239
1,100 0.279 0,255 0.271 0.317 0.2%93. 0.277 D+285 0.285
1,200 0.326 0.302 0+317 0,363 0.340 0.323 0,331 0,331
1,300 D.372 0,349 0.364 0.409 D.38& 0.370 0:+377 0.377
1,400 0.418 0.395 0411 0.458 Da432 0.417 De423 04423
1.500 0+465 0,442 0457 0.501 0.478 0.463 . D.469 03469
1,600 0511 0488 0504 0.547 D.525 0510 04515 0515
1.700 0.558 0.535 0.550 0.593 0.571 04557 0.561 0.561
1,800 0+504 0.581 0597 0.5638 0.617 0.603 0607 0607
1,900 0.651 0.628 0644 0.684 0.663 0.650 0653 0,653
2,000 T 08697 0.675 05690 0.730 0,710 0.697 D.699 0.699
2.100 0.743 0,721 04737 0.776 0.756 0.743 [ PRLY] 0.745
2.200 0.790 0.768 0:784 0.821 0,802 0.790 0791 0.7%1
2,300 0.835 0.814 0.829 D868 0,847 0.836 0.838 0.836
24400 D.B889 0.859 0874 0.%10 0.892 0.881 0.880 0.880
2+500 0.925 0,904 0.919 0,954 0,937 0.926 0:924 0.925
2:600 0.970 0,949 0964 0.9%9 0.982 0,971 0269 04969
2.700 1.015 0,954 1.009 1.043 1.026 1.016 1,013 1.016
2.800 1.060 1.039 1.054 1,087 1.071 1.061 1.058 1.058
2.900 1.105 1,084 1.099 1,132 1.116 1.107 _1la102 14103
3,000 1.150 1,129 1+144 1.176 1.161 1,152 1¢146 14148
3,100 14195 1.174 -1.189 . 1.220 1:206 14197 1,191 1,192
3,200 1.240 1.219 1.234 1.264 1.250 1.242 14235 14237
3,300 1285 1,264 1.279 1.309 - 1.295 1,287 1+280 1.281
3,400 -14330 1.309 1.324 1.353 1+340 1,332 14324 1.326
3,500 1.375 1.354 1+369 1,397 1.385 1.377 14369 1370
3,600 1.420 1,400 14415 1,442 1,430 1,423 1.413 14415
3,700 1,465 1,445 1460 1.486 1+475 1.468 1,457 1460
3,800 1.519 1,490 1.505 1,530 1.51% 1.513 1,502 1,504
3,900 1.555 1.535 1550 1,575 1.564 1.558 t 4546 1.549
4,000 1.600 1.580 1.595 1.619 1.609 1.503 1591 1.593
4,100 1.644 1.624 1+639 1.662 1.653 1.647 1,634 14637
4¢200 1.688 1,668 1683 1.706 1697 14692 1.678 1,681
44300 1.732 1,713 1727 1.750 1.7%1 1.736 1,722 1,725
4,400 1.777 1.757 1772 1.793 1.785 1,760 1.768 1.768
44,500 1.821 1.801 1.816 1.837 1.828 1.824 14809 14812
4,700 1.90% 1,889 1+904 1.924 1.916 1,913 1,896 1,500
4,800 1.953 1,934 1+948 1.968 1.960 1.957 1,540 1.944
4,300 1997 1.978 1.993 2.011 2.00% 2.002 1.983 1.987
5.000 2.04} 2.022 2037 2.058 2.048 2.046 2,027 2.031
5,100 - 2.086 2.066 24081 2.099 2.092 2090 2,071 2.075
5,200 2+130 2,110 2,125 2,142 2.136 2.134 2.114 2:119
5:300 24174 2,155 . 24170 2,186 2,180 2179 2,158 24162
5.400 2+:218 2.199 2214 24229 2.224 2223 2+202 2.2006
5,500 2.262 2.2%3 2.258 2.273 2.268 2.267 24245 2.250
5,600 2306 2.287 2302 2.317 2,312 24311 2.289 2.2%9%4
5,700 2.351 24331 2346 2.360 2.356 2+356 24332 24337
5.800 2+395 2.376 2+391 2.404 2+400 2:400 2376 24381
5,900 2.439 2+420 2435 2448 2.443 2444 2420 24425
6.000 2e483 24464 2+479 2.491 24487 2+489 2.:463 24409
6.100 2.527 2.508 2.523 2.535 ?2.531 2.533 2507 24512
6,200 2.571 2.552 2-568 2.578 2-575 24577 2!550 24556
6,300 2.615 2.597 2612 2.622 2.619 24621 2+594 2600

6,400 2+660 2+64) 2:656 2+668 24663 2.0666 24638 2+644°7
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TELEMETRY
voLrTs

0,300
0400
0.500
0,600
0.700
0.800
0.900
1,000
© 1,100
1.200
1.300
1,400
T 14500
1,600
1.700
1,800
1,900
2,000
2,100
2.200
24300
2200
2.500
2.600
2.700
2:.800
2,900
3,000
3,100
3,200
34300
3,400
3500
3.600
3,700
3,800
3,200
4,000
4,100
44200
44300
4400
4500
44600
4,700
4,800
44900
5,000
5,100
5,200

5.300
5.400

5,500
5,600
5,700
5,800
5,900
6,000
6,100
6.200
6.300
- 64400

. 3

S/N 022 S/N 023

0,000
D.000
D.014
0.036
0.058
0+081
0.103
0.125
‘Del48
0.170
0.192
0215
0.237
0.259
De282
04304
0e326
0.349
0.371
0+3%4
04415
04437
D+458
0.480
0.502
De523
R.545
0566
0.5889
0.610
G631
0+653
Q674
046%6
0.718
0.73%
0761
De78?7
0.804
0,825
0+845
04857
0.888
0«90%
D930
0.951
0.972
0993
1.014%
1.035

1,056
14077

1.098
1.11%
1.149
1.161
1.182
1,203
1.226
1245
1,266
1.287

04000
0,000
0.015
0.037
0.059
0.081
G.103
0el25
0.147
0,170
H.192
0.214
0.236
0.258
04280
0,302
0,325
0.347
D.369
Q.39
0,413
0434
04456
0477
0,499
0.520
0.542
0.563
0.585
04606
0.628
0.649
0.5671
0.692
Q.714

0.735

0.757
0.778
Q.800
0,821
0.842
0,863
0,883
0.904%
0,925
04946
0967
0.988
1.009
1.030
1.051
1.072
1,093
l.113
1,134
14155
1.176
1197
1.218
1.239
1.260
1.281

S CHARGE CURRENT (IN AMPERES) -

S/N ¢24

0.000
0+000
0014
0.036
0.058
0+081
0r103
0.125
0.147
0.170
0.192
0e¢214
0+226
0.259
0.281
0.303
0.325
0347
0370
0.392
Qeblh
De435
0457
0478
04499
0.521
0+«542
0564
64535
0.607
0.628
0649
0671
0692
0714
0.735
0757
0.778
0.799
0.820
0+841
0.862
0.883
0.904
0.925
05946
Q967
0+987
1.008
1,029
1.050
1.071
1.092
l.113
1.134
1,155
1.176
1.196
1.217
1+.238
1.25¢9
1+ 280

S/N 025

0,000
0.000
0.015
0.038
0.060
0.082
0.105
0.127

0.149 .

0.172
0.194
0.217
0.239
6.261
0-284
0.308
0.328
0.351
0,372
0+296
0aalT
0.439
00460'
0482
0.503
0.525
0.547
0.568
0.5%%
D.611
D633
D634
0.676
01697
0.71%2
00741

- 04762

0.784
0.805
0.826
0.847
0.868
0.890
0.911
0.932
0.953
G.974

0995 -

1.018
l.037
l.058
1,080
1.10)
.1l.122
1.143

- l:164
l1.185 -

1.206
1.227
1'249
1.270
1-291

S/N 026

0,000
0.000
0.012
0.035
0,057
0.079
0.102
0.124
0.146
D169
0191
0.213
0.236°
0.258
0.280
0.303
0.325
0347
0.370
0.392
Detlé
04435
0,457
0.+478
0.500
0.521
De543
0.565
0-556
0.608
0.629
0.651
0.672
0.6%94%
0‘115
0.737
0.758
0.780
0.801
D.822
0.844
0,865
0.885%
0,907
0.928
0,949
0.970
0.991
1.012
1,033
1.05¢4
1.075

" 1.096
1.117

1.138
1.159
1.180
1.201
1.222
1.243
1.264
1.285

5/N 027,

0.000
0.009
0.031
0:053°
0.075
0.097
0.119
Oelédl
0.163
0:185
0.207
0.229
0.251
0:274%
0.296
0.3218
0+340
0.362
0.384%
0.406
Qb7
0+448
0.469
0,490
0.512
0.533
0.554
0.575
0.596
0.618

04639

0.660
0.681
0.702
0.724
01745
0.766
0,787
0.808
0.829
0.850
0.870
0,891
0,912
0.932
D.%53
0.974
0.995
1.015
1.036
1.057
1.078
1.098
1,119
1.140
lelbl
1.181
1.202
1,223
1e244
14264
1.285

- T

TABLE II-15. CHARGE CURRENT (AMPERES) TELEMETRY AT 4506

S/N 029

0,000
0+000
0020
0:043
0: 065
04087
0109
0el31
6.154
02178
0el98
0+220
D243
0,265
0287
0:309
0.331
04354
D+376
0+398
OshlY
e84l
De462
Be4B83
0.505
D«526
“Ge 547
0569
0s390
04611
0:633
0+654
04675
02697
0+718
0¢739
0.761
0+782
0+803
0,824
0+845
G806
0.887
0.+908
0928
0+949
6.570
0991
1,012
1033
1:054
1.074
*1.095
1.116
14137
1.158
14179
14200
1.220
11241
11262
12203

S/N 030

0.000
0:000
0.000
0.021
0044
00656
0.089
0e111
04133

. Delb56

0+178
6:201
0.223
0e245
0.268
0.290
0313
0.335
0357
0.360
0,402
Beb24
Debbb
0467
0.489
0.511
0.532

. 04554

I

0576
0598
0619
0+641
Q563
0¢6B4
0.706
0.728
0+750
5771
8.793
D.814
De836
0,857
B:878
0.89%
D520
DeS42
0,963
DeG84
1,005
1.026
1,047
1,069
1,090
1.111
1.132
1152
14175
1,196
1.217
1.238
1.259
1.281

e
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TELEMETRY

—

’ TABLE II-16. DISCHARGE CURRENT (AMPERES) TELEMETRY AT 45°C

VOLTS

0,300
0.400
0.500

0,600

0.700

. 04800

A4a

0.5%00
1,000

1.100

1,200
1,300
1,400
1,500
1,600
1,700
1,800
1.%00
2,000
2+100
2.+200
2,300
24400
24500
24600
2.700
2.+800
2900
3.000
3.100
3,200
3,300
3,400
3,500
3,600
3,700

73,800
3,900

4,000
44100
4.200
44300
402400
4,500
44,600
4,700
44800
44900

5,000
5,100

5,200
5,300
5,400
5,500
5,600

5.700

5,800
5,900
6,000
6,100
6,200
6,300
6400

5/N oz2

0.000
0.000
0,022
D.068
0.115
0.161
D.208
D254
0.300
De347
De393
0.440
0+486
04532
De579
0.625
D672
0.718
G764
0.810
0855
049200
0,945
0990
1.034
1.079
1,124
1.169
1.214%
1.258
1.303
1.348
1.393
1.438
1.483
1.527
1.572
1.617
1661
1.705
1.749
10793
1.838
1.882
1926
1.970
2,014
2.059
2103
2.147
2.191
2.235
2.279
2324
2.368
2,412
2458
2+500.
2544
2589
2+533
245677

S/N 023

0,000
0,000
0.000
04044
0,090
04137
0,183
0.230
0,277
0.323
0.370
0.416
0,463
0,509
0,556
0,602
0,649
0,695
0,742
0,788
0.834
0,879
0,924
0,969
1.014
1.059%
1.104
1.149
1.1%4
1,239
1.284
1.329
1,374
1,419
1,464
1,509
1.554
14600
l.644
1.688
1,732
1,776
1.821
1,865
1,909
1,953
1.997
2,042
2.086
2,130
20174
2,218
2.263
24307
2,351
24395
2,439
2.484
2.528
24572
2.616
24660

" 2.000

0«00
0.001
0047
0.094
0140
0.187
0234
0.280
0«327
0374
0420
O+ 467
0+¢514
0+560 .
0.5607
0.654
0.700
0747
0.793
0.839
0.884
0.929
D974
1.019
1.064%
1.10%
1.154
1.1%99
1,244
1.289
14334
1.379
1424
1469
1.514%
.1¢559
L1604
-1+648
1-692
1.737
1+.781
1.825
1867
1914
1.958
2002
2045
2+090
2+135
2.179
2.223
2.267
2.312
24356
2+400
2+044%
2+488
2+533
2+577
2+621
2665 °

£

0.000
0,022
0.068
O.l14

t.1606"

0.206
0.252
0.2%8
0.344
0.29%0
0.436
0.482
0.528
0.574
0.620
0.666
0.712

0,758
T0,804

G848
0.892
0.937
0.981
1.025
1.069
1:.114
1.158
1,202
1.247
1.291
1,335
1.380
1+424
1.468
1.5123
1.557

“1.601

1l.b45
1.689
1.732
1.776
1.819
1.863
1.207
1-950
1.994
2,038
24081
24125
2.168
2,212
2.256
24299
24343
2.386
24430
2474
2.517
2.56%
24605
24648
2:692

S/N 026

6,090
0,000
0.030
0.077
0.123
0,169
0.216
0.262
6,308
Q4354
0.401
G447
0.493
0,539
0,586
D.632
0.678
0,725
0.771
0.817
0.861
0.206
0.951
0.996
1.041
1.085
1.130
1.175
1+220
1265
1.310
1+354
1,399
1.444
1.489
1,534
1.578
1.623
1667
1.711
1.755
1799
1.842
1.886
1.9320
1974
2.018
2.062
2.1006
2.150
2.194
2,238
2.282
24326
2.370
2.414
2.458
2.501
2.545
2.589
2.633
2677

»* - DISCHARGE CURRENT (IN AMPERES} -
S/N 024 S/N 025

S/N 027

0.000
0.000
0.008
0.055
c.l01
0.148
0.195
0241
0.288
0.335

T 04,382

0428
CeaT5
0.522
0.568
0.615
04662
0.708
0.755
0.802
0.847
0.892
0.937
0.582
1.027
1.071
1.116
1.161
1.206
1,251
1.296
1341
1386
l.431
1.476
1,521
1.566

1.611°

1.5655
l.699
1.743
1.787
1.832
1.876
1,920
1.964
2,009
2-053
2.097
2.141
2.186
2.230
2274
2318
2.362
2.407
2+451
2.495
2,539
2.5B4
2.628
2.572

S/N 029

0,000
0.000
0.030
0,076
0s122
0«l68
0«214
0+260
0306
0.352
0.398
LT
04490
0536
te582
04628
02674
04720
04,766
DeBl2
0D.856
0.900
0s945
0,989
1,034
/10078
1a122
12167
1211}
14256
14300
1 ¢345
1:389
1,433
1478
1,522
1567
1.611
1:654
1,698
1:742
1785
1.829
1.872
14916
14959
2.003
2,047
2:090
2.134
2.177
24221
2e264
2308
2:352
24395
2439
24482
24226
2.569
2613
2,657

S/N 030

0,000
0,000
0.024
0,071
0.117
0.163
0.209
0,255
0,301
- 01347
04393
D439
Q485
04531
0577
0.623
0,569
04715
0.761
D.807
0,851
0.896
04940
0.+985
1.030
14074
1,119
1-}63
1,208
1.252
1,297
14341
1.386
1,431
1475
1.520.
1564
1.609
1.653
1.696
14740
1,784
1.828
1.871
1.915
1.959
2,003
2,046
2.090
2+134
24178
24221
24265
2209
24353
2,396
2+440
2.484
2528
2.572
24615
2.659
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6. Final Inspection and Clean-Up

After completing all electrical testing, each of the flight storage modules
was subjected to a final inspection and clean-up. The ingpection included;
module weighting, a pin retention check of the connectors, and a check of the
outer housing dimengions. The clean~up included; removal of all foreign ma-
terials from the ouier housing surfaces and the connectors, touch-up of all sur-
face scratches with DOW 18, and final packing for shipment. .

The pin retention check was performed with a standard one-ounce go/no go g'age.
All flight modules passed the pin retention check without difficulty. Minor de-
viations from drawing specifications were found during the check of the outer
housing dimensions. Fach of these deviations were discussed with the customer
and were judged to be insignificant. The weight of the flight storage modules are
listed in Table I-17.

TABLE II-i7. STORAGE MODULE WEIGHTS

Serial Number Weight (Ib)
022 15.29
023 15.28
024 i15.16
025 15.29
026 15.21
027 15.28
029 15.35
030 15.48

D. NIMBUS-D POWER SUBSYSTEM TESTS
i Thermal-Vacuum Test Sequence

The eight flight storage modules (Serial Nos. 022, 023, 024, 025, 026, 927,
029 and 030) and a control module (Serial No. 06) were subjected to flight accept-
ance testing in a thermal-vacuum environment from May 2, 1969 to May 20, 1969,
The test plan followed is shown in Figure II-3. With the exception of the high-
temperature trickle-charge circuit in storage modules 022 and 023, the test
.resulis for all the units were excellent and no deviations from the specified test
limits were noted. This section of the report presents a summary of the test
data measured during thermal-vacuum sequence. The details of the trickle-
charge circuit failures are discussed in Paragraph E, Test Discrepancies, of
this Appendix.
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a. Maximum Load Orbital-Cyeling Tests

Repetitive orbital cycles were run at each of the temperature plateau shown
in Figure II-3. The regulated bus load current was varied from orbit to orbit
until the charge/discharge ratio presented in Figure II-4 was achieved. The
power subsystem was then cycled at that load value until the end of the tempera—
ture plateau. Maximum energy-balance load power was established during this
test. Since the load capability of the power subsystem is a very sensitive func-
tion of the solar array output, the solar array simulator {located in the Subsys-
tem Tester) was adjusted to correspond as closely as possible to that portion of
the 40°C Nimbus-D solar-array I~V curve which lies between 31 and 38 volts,
the region of operation during spicecraft daytime. Figure II-5 presents the pre-
dicted Nimbus-D solar-array characteristics. Figure II-6 presents the maxi-
mum energy-balance load for Nimbus-D. Figure II-7 and II-8 illustrate
typical performance of the power subsysiem during maximum load orbital ey-
cling, After the recommended charge/ discharge ratio had been established for
several maximum load orbits at each temperature plateau, subsystem voltages
and currents were recorded with the data logging equipment every two minutes
during an entire 108-minute orbit cycle. A time integration of the eight storage
module currents was performed in order to determine how closely the storage
modules shared the charge and discharge ampere-minutes. The results are listed
in'Table I-18. The power subsystem performance specification requires that
the ampere-minutes into or out of any battery during the charge or discharge
portion of an orbit shall he within +10-percent of the average charge or discharge.
The actual percentage deviation of each battery from the average charge or dis-
charge at the various temperature plateaus is shown in Figures 1I~9 and II-10,

Orbital cycling at the high temperature plateaus was interrupted at the points
shown in Figure -3 to conduct a special high temperature test. This special
test was performed to measure the temperatures at which the trickle-charge
circuit of each storage module operated., The internal temperatures of the mod-
ules were varied by charging the battery in a mode that would generate heat. This
special test was instituted, with the full approval of the NASA technical officer
after storage medules 022 and 023 went into premature trickle ~charge during the
45° C exposure, A summary of the temperature measurements during that spe-
cial test effort is presented in Table II-19. The specification limits for the
trickle-charge set mode is 51.7 +2.8° C and for the reset mode is 49,0 =2.8°C.;
The data listed in Table I-19 clearly demonstrates that the trickle charge cir-
cuit was not working properly. During portions of the high temperature testing,
the trickle-charge circuit in storage modules 022 and 023 was inhibited by the
test equipment {only the high-temperature circuit and not the voltage-temperature
circuit) so that orbital cycling at maximum load could continue unabated. The
failure of the trickle-charge. circuit did not in any way compromise the test re-
sults obtained from the maximum load orbital cyeling test. Subsequent exam-
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SUBSYSTEM VOLTAGES (VOLTS)
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TABLE 11-i8. STORAGE MODULE CHARGE AND DISCHARGE

SHARING DURING MAXIMUM LOAD ORBITS

Test Storage A-M A-M e¢/D
Conditions Module No. Charge . Discharge Ratio
022 47.35 37.94 1.248

023 49.63 39. 46 1.258

024 50.10 39.91 1.255

Orbit 14 025 47.25 38.21 1.237
45°C Exposure 026 "50.23 38.95 1.289
027 52. 89 39. 83 1.328

029 53.60 41.54 1.290

030 55. 51 41.95 1.323

Average 50. 82 39.72 1.279

022 42.31 40.96 1.033

023 44,14 42.75 1.032

024 43.08 41.72 1.033

Oxrbit 12 025 42, 30 40.75 1.038
5° Exposure 026 43.47 41.94 1.036
027 45,04 43.48 1.036

029 44.75 43.48 1.030

030 47.10 45.23 1. 041

Average 44,02 42,54 1.035

022 42.95 41.24 1,044

_ 023 44.73 43.08 1.039
Orbit 18 024 43.67 42,09 1,038
First 10°C 025 43,38 41. 32 1.050
Exposure 026 44,47 42. 36 1.050
027 45.83 43.57 1,052

029 45,42 43.68 1.040

030 46.73 44.81 1,043

Average 44,65 42,77 1.044

022 46.52 38.41 1.241

023 49.29 40. 38 1.221

Oxbit 16 024 48.75 40.00 1.219
First 40°C 025 46.25 37.78 1.224
Exposure 026 49.26 39.67 1.242
027 51.87 40.75 1.273

029 52. 98 42,48 1.247

030 54.54 42.62 1.280

Average 49. 93 40. 26 1.240
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TABLE II-18. STORAGE MODULE CHARGE AND DISCHARGE SHARING
DURING MAXIMUM LOAD ORBITS {Continued)

Test Storage A-M A-M C/D

Conditions Module No, Charge Discharge Ratio

022 42.98 « 41.22 1.043

Second 10°C 024 -25. 41.5 .04
E 025 42.09 40.15 1.048
Xposure

026 43.93 42,00 1.048 |

027 45.57 43. 85 1,046

029 46.05 44,27 1.040

030 48.01" 45.65 1.052

Average 44,67 42. 97 1.045

022 T 45.46 38.32 1.186

023 48.27 40.59% 1,189

Orbit 16 024 48. 38 39.63 1,221

Second 40°C 025 45.39 37.58 1.208

Exposure 026 48. 01 39. 55 1.214

027 50.48 40.73 1.239

. 029 52.06 42.86 1.215

030 53.38 42.99 1.242

Average 48.93 40.28 1.215

ination after the thermal-vacuum test revealed that the problem with the trickle-
charge circuit was improper bonding of the high-temperature circuit thermistor
to storage cell 19,

b. Minimum Load Orbital Cycling Tests

Three minimum load orbital cycles were run at fixture temperatures of 25,
10, and 40°C. Figure II-3 shows the points in the thermal-vacuum test seguence
at which this effort occurred. A 50-watt regulated bus load (illustrated in
Figure II-6} was used for the minimum load orbits. During these orbits, the
storage modules were subjected to severe overcharging under the protection of
the charge~controller circuitry. Typical storage module performance under these
worst-case conditions is plotted in Figure II-11., When the solar array was
turned on, the storage module voltages reached the voltage-temperature limits
within seven to thirteen minutes. The rapid reduction in charge current to maintain
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TABLE I1-19, TRiCKLE CHARGE CIRCUIT PERFORMANCE

Temperature (in °C)
Storage Module Trickle-Charge On Trickle-Charge Off
_ Serial Numbers {Set Mode) (Reset Mode)

022 48,2 45,0

023 44.9 42.2

024 51.1 48.5

025 50.6 48.3

026 51.9 49.1

027 51.3 49.3

029 51.2 49.1

030 51.86 48.9
NOTE: All temperature data measured by a thermocouple on the

outside of storage cell 19.

the voltage limif can be seen in Figure 1I-11. The reduced charge current at
10°C was low enough to prevent a rise in the cage temperature of the storage cellg
during the remainder of the orbit; therefore, the charge voltage and current re-
mained constant. At 25 and 40°C, the higher value of tapered charge current
generated enough heat within the storage modules to increase the cell tempera-
tures and lower the corresponding voltage limits. At the 40°C fixture tempera~-
ture, the cell temperatures became high enough during the orbit to activate the
high-temperature cutoff circuit, which placed six of the eight batteries into
irickle~charge operation (150 milliamperes). Figure II-1i shows the incremental
charge reductions as each storage module is set in trickle-charge. The pre-
mature trickle-charge operation of storage module $/N 023 can also be seen in
Figure II-11, as the circuit was not inhibited during the minimum load tests.

The constant 50-watt load supplied by the power subsystem during this orbital
cycling test causes the charge—controller operation in the voltage-limiting mode
during most of the daytime portion of the orbit. A summary of this operation for
each storage module is presented in Table II-20,

During the 10°C minimum load orbital cycling charge, the worst-case condition

of storage cell voltage divergence and the highest values of cell voltage throughout
the thermal-vacuum test sequence were observed. Figure II-12 is a histogram

of these cell voltages just prior to the onset of voltage limiting (the point of maxi-
mum spread in individual cell voltages). The highest cell voltage measurement
was 1.530 volts. The maximum specification limit is 1. 537 volts at 13°C.

‘Figure II-13 is a second histogram of cell voltages, 22 orbital minutes after the
ifirst histogram, This histogram was presented to illustrate the normal regrouping
:of cell voltages and the reduction of the highest voltage to a lower level,
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TABLE II-20. VOLTAGE LIMITING DURING MINIMUM ORBITS

Test Parameters

Storage Module Serial Numbers

022 023 024 025 026 027 029 030

Fixture Temperature (°C) 25 25 25 25 25 25 25 25
Cell No. 5 Telemetry Temperature (°C) 26.2 | 27.2 [27.1 |26.6 | 28.0 [28.,0 |28.1 |27.9
Estimated Cell No. 12 Temperature (°C) 29 30 30 30 31 31 31 31
Upper Batt, Voltage Limit at Cell 12 Temperature (Volts) |33.65| 33.60|33.60|33.60] 33.55|33.55|33.55|33.55
Measured Batt. Voltage (Volts) 33.40{ 33.39(33.88{33.40| 33.32(33.34|33.32(33.26
Lower Batt. Voltage Limit at Cell 12 Teraperature (Volts) {33.18{ 33.13|33.1333.13| 33.08|33.08|33.0833.08
Minimum Charge Current (Milliamperes) 377 | 400 (404 359 | 464 561 560 |678
Fixture Temperature (° C) 10 10 10 10 10 . {10 10 10
Cell No. 5 Telemetry Temperature {° C) 10.4 | 10.8 [10.5 [10.5 | 11.4 |11.8 |12.3 {12.3
Estimated Cell No. 12 Temperature (°C) 13 14 14 14 14 15 15 15
Upper Batt. Voltage Limit at Cell 12 Temperature (Volts) |34.38] 34.33}34.33|34.33| 34.33|34.29| 34.29(34.29
Measured Batt. Voltage (Volts) 34.22( 34.20[34.19134.22{ 34.18|34.46(34.410134.09
Lower Batt. Voltage Limit at Cell 12 Temperature (Volts) {33. 91| 33.87|383.87|33.87| 33.87|33.83|33.83(33.83
Minimum Charge Current (Milliamperes) 236 | 265 [267 213 | 279 |352 |416 [438
Fixture Temperature (°C) 40 40 40 - 40 40 40 40 40
Cell No. 5 Telemetry Temperature (°C) 41.2 [ 41.8 |43.2 [42:7 | 43.4 |43.4 |43.3 |43.2
Estimated Cell No. 12 Temperature (°C) 45 45 47 47 47 47 47 47
Upper Batt. Voltage Limit at Cell 12 Temperature. (Volts)' |32. 92| 32. 92 |32. 83| 32.83| 32.83|32.83|32.83(32.83
Measured Batt. Voltage (Volts) 32,62] 32.63|32.53132.53| 32.52|32.56]32.52 |82.56
Lower Batt. Voltage Limit at Cell 12 Temperature (Volts) |32.45 32.45)32,35(32.35| 32.35|32.35]32.35(32.35

606 704 699 590 736 857 584 1005

Minimum Charge Current (Milliamperes)

Notes: All data associated with the 25°C fixture was obtained from the 77-minute readout, all data associated
with a 10°C fixture was obtained from the 107-minute readout, and all data associated with a 40°C fix-

ture was obtained from the 61-minute readout.




c. System Performance Tests

During the thermal-vacuum test sequence, system performance tests were
run to examine electrical parameters not normally measured during simulated
.orbital cycling. The tests were conducted at the end of each temperature plateau
(see Figure II-3). For each test, the measurements were found to be well within
specified limits, The greatest deviations observed during thermal-vacuum per-
_formance testing are presented in Table I1-21.

The five ground commands that are available for the power subsystem were sim-

ulated during each of the performance tests. These commmands are: PWM regu-

lator switchover, trickle-charge override and reset, battery disconnect, and

battery connect. The commands functioned properly at all {imes, as verified by
) telemetry voltages and hard-wire readings of battery currents.

The accuracy of all telemetry points in the power-subsystem was examined during
each of the performance tests. Acceptable tolerances for comparison of the te~
lemetry voltages and the hard-wire readings of voltages and currents (taken
simultaneously with the telemetry voltage printouts) were one-half of the specified
accuracy of the individual circuits. All telemetry circuits performed well and
met these stringent requirements. A thermocouple was placed on cell No. 5 of
each gtorage module, and the temperature was read with a Leeds and Northrup
potentiometer. All battery-temperature telemetry data agreed with the appro-
priate thermocouple reading within the accuracy of the instrumentation plus the
tolerance for the telemetry circuit itself. The worst-case telemefry measure-
ments are summarized in Tables 11-22 and 1I-23.

d. . Efficiency Test

The power subsystem was subjected to a special test {0 determine the power
losses over the range of anticipated operating conditions. The tests were con-
ducted in the thermal-vacuum chamber at a temperature of 25°C (see Figure I1-3).
With the solar array turned off, system voltages and currents were recordéd for
regulated bus load currents of 1, 3, 6, 9, 12, 16 and 20 amperes, and witk the
solar array simulator turned on, for load currents of 6, 9, 12, 16 and 20 am-
peres. With the solar array on and four batteries disconnected, system voitage
and current prinfouts were taken at load currents of up {o 9 amperes to.obtain
system losses under conditions of shunt dissipator operation. TFigure II-i4is a
plot of the measured system losses during spacecraft night (SLy) and spacecraft
day (SLp) as a function of regulated bus load power. The nighttime losses (SLyy)
were determined from the expression:
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TABLE II-2i, WORST-CASE MEASUREMENTS DURING THERMAL-VACUUM TESTS

Worst-Case Measurements

Funection Specified Limits Test Conditions
Temperature Measured Value
PWM Regulator Voltage 24.5 £0.25 V Ig=204A 5°C 24.35V
PWM Regulator Ripple Amplitude less than 100 mVp-~p Vy = 37.6 5°C 90 mV
Auxiliary Regulator Voltage 23.5 x0.25 V I, =0.75 A 45°C 23.52 V
Clock Bus Voltage 23.8 £0.25V I, =0.76 A 45°C 23.92 A
(From 24.5 V Bug)
Clock Bus Voltage 22.5 £0.25V I; =0.75 A 45°C 22.87V
(From 23.5 V Bus)
Bus Comparator Switching Voltages | 26.0 0.25 V (high limit) | I =10 A 40°C 26.05 V
23.0 =0.25 V (low limit) | Iz =10 A 40°C 22.92V
24.5 V Bus Deviation 1.0 V (max) IR=8A 10°¢C 0.04V
(During Switching) c
Shunt Dissipator Current Sharing 5to 20% at 2 A Isp=2A 40°C 11.4 to 13.4%
10 to 15% at 7 A Isp=T7A 5°C 12.2 to 12.8%
10 to 15% at 11.3 A Igp=11.3 A 45°C 12.3 t0 12.8%
Maximum Charge Current 1.4 %0.05 A Vgap = 38.0V, 45°C 1.108 to 1. 116 A
Ig=2 A
Trickle Charge Current 150 £50 mA Simulated high 25°C 156 to 164 mA

temperature signal

Legend: Vy

= Unregulated Bus Voltage, Vy = Regulated Bus Voltage,

I;, =Load Current, Igp = Total Shunt Dissipator Current,

Vgap = Solar Array Bus Voltage, I =Regulaled Bus Current.
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\'I'ABLE‘ II-22, WORST-CASE STORAGE MODULE TELEMETRY DEVIATION DURING THERMAL-VACUUM TESTS

a4 pa a o . .

|
¢ Storage Module Serial Numbers
Telemetry Parameters|Test Limitex

022 023 024 025 026 027 029 030
Charge Current +0,02 A 10.045 A|0.044 A}0.012 A }0.011 A|0.015 A 0,016 A [0.017 A} 0.016 A
Discharge Cuzrent +0,04 A 10,021 A]0.021 A[0.029 A [0.012 A[0.009 A]0.022 A [0.023 A|0.024 A
Battery Voltage £0.20V 0,44V [0.10V |0.43V [0.41V [0.09V {0.14V [0.46V [0.15V
| Battery Temperature £2.5°C  |1.8°C 1,7°C [1.8°C 2.0°C {1.9°C [1.7°C . |1.8°C |1.9°C

!TABLE I1-23. WORST-CASE CONTROL MODULE 06 TELEMETRY DEVIATIONS DURING THERMAL-VACUUM TEéTS

Telemetry Parameters L:}i:‘tzsizs Mszf;l::d
Solar Array Current - +0.18 A ©0.09A
Regulatéd Bus Current +0,26 A 0.23 A
Regulated Bus Voltage +0,20 V 0.06 V
Unregulated Bus Voltage +0.25V 0.05V
Auxiliary Regulator Voltages +0,20V 0.04V )
Thermistor RT-1 Temperature £2.5°C 1.1°C
Thermistor RT-2 Temperature +2.5°C 1.9°C
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where

Vg is the average of the eight battery discharge voltages,
I is the sum of the eight battery discharge currents, and

I;, is the ~24.5V regulated-bus load current.
And the spacecraft daytime losses (SLD) were determined from the expression:

SLp = (Iga —IB—ISD)>_< VgaRr —24.5 x Iy,

where - -

Isa is the solar array output current,

Vgap 1s the voltage on the solar array bus in the cqntrol module,
In is the sum of the eight battery charge currents,

Isp . is the sum of the eight shunt dissipator leg cﬁrrents, and

Iy, is the -24.5V reguiated—bus load current.

e.\ System Capacity Test

A system capacity test was performed at the completion of the thermal-
vacuum test. The capacity test consisted of; a full letdown, system charge for
52 ampere-hours, and an 8-ampere system discharge until the unregulated bus
voltage reached 26.5 volts. The system capacity measured was 42, 99 ampere-
hours— the specification limit for system capacity is 35,0 ampere-hours, Figures
I-15 and 1I-16 present histograms of the storage cell voltage distributions at the
end-of-charge and end-of-discharge for this system capacity test.

f. System Short Test

A system short test was performed after the thermal-vacuum chamber was
vented but before the units were disassembled from the system test configuration.
The storage modules were letdown and then charged for five minutes at approxi-
mately a 0.5 ampere rate per storage module (charging power was obtained from
the solar array bus, set up at a reduced voltage level). After completing the five-
minute charge, the storage .modules were placed in a true open-circuit condition
by removing the 9-pin and 37-pin connectors. The storage module cell voltages
remained above the specification limit of 1. 200 volts throughout the ensuing
twenty-hour open-circuit stand. Figure II-17 presents a histogram of individual
cell voltages at the end of the twenty-hour stand. ) :
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2. Initial System Test Sequence

The eight flight storage modules S/N 022, 023, 024, 025, 026, 027, 029,
030 together with control module 06 were subjected to the Initial system test on
May 1, 1969, The performance of the eight flight storage modules and control
module 06 was excellent with no deviations from the specified test limits. The
initial system test data is presented in Table II-24.

3. Final System Test Sequence

_ On June 9, 1969, while setting up for the final system test, storage module
024 was damaged by an external short circuit in the test harness. The short circuit,
across storage cells {5 through 22, created a condition where some of the storage
cells were reversed (voltage polarity change by a forced discharge sifuation). This
module was temporarily removed from the test program (listed in Table II-2) and
placed in a rework cycle. The details of the rework cycle plus the post-rework
tests are discussed in Paragraph E, Test Discrepancies, of this Appendix.

On June 20, 1969, the seven remaining flight storage modules (Serial Nos. 022,

023, 025, 026, 027, 029, 030) were connecled with a control module (Serial No. 03)
for the final sell-off system test. Control module 03 Was used in place of module

o-49



50

4D

BATTERY CURRENT =~ 1 AMPERE
BATTERY TEMPERATURE 2225°C
MEAN VOLTAGE = 1.182

LOWER TEST LIMIT = 1.150

30

NO. OF CELLS

20

10

0 i I |
1.1405 1.1605 1.1805 1.20056 1.2205 1.2405

CELL VOLTAGE (VOLTS DC)

Figure II-16. Histogram of Cell Voltages at End-of-~Discharge,
Post-Thermal Vacuum Capacity Test

06 hecause module 06 was being modified with a new filter assembly at this {ime.
The performarice of the seven flight storage modules and conirol module 03 dur-
ing this final system test was satisfactory with no deviations from the specified
test limits. The test data is presented in Table II-25.

E. TEST DISCREPANCIES

The complete summary of all Test Discrepancy Reports (TDR's) issued
against flight storage modules 022, 023, 024, 025, 026, 027, 029, 030 and control

module 06 are presented in Section 5, Engineering Reliability, of this report
‘These discrepancies can be classﬁled into four significant failure areas.
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1. Shunt Dissipatof -(éNf.;,Oiﬁ) Transistor Failure |

During the months of December 1968 and January 19269 multiple failures of
the 2N2016 transistor, both during screening and assembly testing, forced a
design change in the storage module shunt dissipator transistor. Six TDR's
(No. B3920, B3921, B3922, B3929, B3930, and B3965) were generated against
the 2N2016 transistor during the heat sink assembly test effort. The shunt dis- -
sipator transistor chosen foxr the replacement part was a Solitron Transistor
SDT 9903 (RCA Part No. 1970655~1). This part was selected because it met the
electrical, mechanical, and thermal requirements of the Nimbus-D program.
The details of the part selection effort are presented in " Quarterly Report No, 5"
(R-3443) issued June 18, 1969.

The replacement of the shunt dissipator transistor was ¢completed during phase
one of the test program (Table II-2 of this report). Since this part was a new
item in the storage modules, particular attention was given to the performance
of the shunt dissipator cirecuit during the subsequent test effort. Critical exami-
nations, especially during the thermal-vacuum test sequence, verified that the
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TABLE II-24.

INITIAL SYSTEM TEST DATA

Function Specified Limits Test Conditions Measured Value

PWM Regulator 24.5 £0.25 V¥ Ip= 20 A 24,34V

PWM Regulator Ripple Amplitude | less than 100 mVp-p Vu=37.6V 60 mV

PWM Regulator Current Max legs than 26 A Vg =10V 22.96 A

Auxiliary Regulator Voliage 23.5 0,25V Ii, = 1.0A 23.50V

Clock Bus Voltage 23.8 £0.25V I, =0.75 A 23.90V

(From 24,5 V Bus)

Cleck Bus Voltage 22.5 0,25 V I, =0.75A 22.86V

(From 23.5 V Bus)

Bus Comparator Switching Voltages| 26.0 £0.25 V (high limif) | Iz =104 26.01 v
23,0 x0.25 V {low limit) In= i0A 22.92V

24,5 V Bus Deviation 1.0 V {max) = 8A 0.03V

(During Switching)

Shunt Dssipator Current Sharing | 5to 20%at2 A Isp=2A 11.6 to 13.4%
i0to 15%at7 A Ign="74A 12.2 to 12.6%
10 to 5% at11.3 A Igp =11.3 A 12.4 to 12.6%

Maximum Charge Current 1.1 to 0,05 A Vgap =98.07, 1.104 t0 1,109 A

IR =2 A
Trickle Charge Current 150 £50 mA Simulated high 153 to 161 maA

temperature signal

Legend: Vy

= Unregulated Bus Voltage, Vy = Regulated Bus Voliage,

13, = Load Current, ISD = Total Shunt Dissipator Currcnt,

Vgap = Solar Array Bus Voltage, Ir =Regulated Bas Current.

P
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TABLE 11-25. FINAL SYSTEM TEST DATA

Function

Specified Limits

Test Conditions

Measured Value

PWM Regulator Voltage

PWM Repulator Ripple Amplitude
PWM Regulator Current Maximum
‘Auxiliary Regulator V'oltage

Clock Bus Voltage
{From 24.5 V Bus)

Clock Bus Voltage
{From 23.5 V Bus)

Bus Comparator Switching Voltages

24,5 V Bus Deviation
{During Switching)

: | Shunt Dissipator Current Sharing

Maximum Charge Curxent

Trickle Charge Current

24.5 £0.25 V
less than 100 mVp-p
less than 26 A
23.5 =0.25 V

23.8 £0.25 V
22.5 £0.25 V

26,0 20,25V (high limit)
23.0=x0.25V {low Mmit)

1.0 V (max)

5t020%at 2 A
10 to 15% at 7 A
10 to 15% at 11.3 A

1.1 20.05 A

150+ 50 mA

Ip=20 A
Vg =376V
Vg =10V
I, =1.0A

1, =0.75 A
I;,=0.75 4

Ig=10A
IR=10A

IR=‘8A

lsn=2 4
Igp=T7TA
ISD= 11.34

Vsap=38-0V,
I = ZA

Simulated high
temperature signal

24,43V
55 mV
23.83 A
23.50V .

23.90 V-

22.86 V

26.07 Vv
22.98V

0.08¥

11,4 t0 13.1%
12.2 o 12.6%
12.3 to 12.6%

1.105to 1.{10 A

153 to 162 mA

Legend: Vy

= Unregulated Bus Voltage, Vg = Regulated Bus Voltdge,

I3, = Load Current, Igp = Total Shunt Dissipator Current,

VsAp = Solar Array Bus Voliage, Ip = Regulated Bus Current.
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performance of the shunt dissipator circuit with the replacement Solitron Tran-
sistor was identical to the performance of previous storage modules tested on
the Nimbus-B program.

2. Zener Diode (1N944B) Failure

One 1N944B zener diode is used as part of the blasmg mrcmtry in each of
the storage module charge-controllers and one is used in the control module
shunt dissipator circuit. Four TDR's (Nos. B3937, B3939, B3940, and B3964)
for the flight storage modules and one TDR (No. B0391) for control module 06
was generated against this diode during the Nimbus-D program. The bulk of the
failures occurred during phases one and two of the storage module test program
(Table II-2 of this report). Subsequent investigation revealed that RCA had
damaged a whole procurement lot by overstressing during the preconditioning
power burn-in (further details are presented in Section 5, Engineering Reliability,
of this report.

All 1N944B Zener diode failures on the Nimbus-D program were part of the over-
stressed lot. After the multiple failure condition became apparent, the 1N944B
diodes were removed from all units and replaced with the identical part from a
newly procured lot, Since the Zener diodes were replaced in the storage modules
after the unit test program had begun and after the charge confroller alignment
had been completed, a repeat alignment and additional testing of the controller
was performed prior to the release of the unit to phase three of the test program
(vibration test sequence).

As was the case with the shunt dissipator circuit, the charge controller perform-
ance was given extra attention during the thermal-vacuum test cycle. 'The storage
module charging circuits in all units performed flawlessly; with results similar
to those previously measured on earlier Nimbus programs.

3. High-Temperature Trickle-Charge Circuit Failure

The function of the high-temperature trickle-charge circuit is to set the
charge controller into the trickle-charge mode (150 milliamperes constant cur-
rent) when the temperature of storage cell 19 reaches 51.7 +2.8°C and to restore
the chdrge controller to the maximum current level (1.1 amperes) when the tem-
perature reduces to 49.0 x£2.8°C. Three TDR's (Nos. B3938, B3953, and B3954)
were generated against the performance of the high-{emperature circuit during
the program, Itwas not until the thermal-vacuum test sequence, however, that
the failure of this circuit was isolated to the thermistor on cell 19. During the
first high-temperature exposure in the thermal-vacuum test, modules 022 and
023 went into the trickle-charge mode at temperatures below the lower specifi-
cation limit of 48. 9°C. Subsequent testing of the trickle-charge eircuit using a
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simulated signal from the subsystem test rack, instead of the actual signal from
the thermistor on cell 19, verified the performance of all elements of the high-
temperature circuit except the thermistor itself, A post-thermal vacuum me-
chanical examination identified the problem to be an unbonded thermistor.

A new thermistor was installed on cell 19 in the two discrepant modules and the
following additional test cycle was performed:

(1){ Post-Rework Electrical Test
{2): Workmanship Vibration Test

{3) Post-Vibration Electrical Test
(4) Special Thermal Vacuum Test

(5) Post-Thermal Vacuum Test

This additional testing was carried out to verify performance after the installation
of the replacement thermistors. The three electrical tests were performed at
25°C using the standard storage module circuit test procedure TP-CT-1759580
and the workmanship vibration was a flight level radial, random exposure only —
following procedure TP-HVA-1759580. The speclal thermal-vacuum test ex-

\ posure was one temperature cycle (two hours at 45° ¢ and two hours at 10° C) '

\ followed by one~hour test period at 45°C, and a one-hour test period af 40°C.
The pressure was maintained at less than\i x 1070 TORR, during the exposure,™
During the first one hour test period the storage modules were activated and
charged in the maximum heat generation mode (but under control of the pro-
tection circuits). The internal heat rise triggered the high~temperature trickle-
charge circuits and cell 19 temperature measurements were made at the onset of
this frickle-charge operation, The fixture temperature was then reduced to 40° C

_for the second one-hour test period and the modules were operated in the -minimum
heat generation mode (low charging current and no shunt dissipator current). At
ihe return of the charge controller to normal charge ({rickle-charge circuit reset),
the cell 19 temperature measurements were repeated, The results of this special
test are presented in Table II-28,

The additional test cycle demonstrated satisfactory pexrformance for storage

modules 022 and 023, The two units were then returned to the normal test flow
for the final system test sequence (phase five of the test program),

4, Storage Cells short Circuit Failure

On 6-9-69, during the sef-up for the final system test, the test harness
caused a short circuit across cells 15 through 22 of storage module 024. TDR
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TABLE II-26. TRICKLE-CHARGE CIRCUIT PERFORMANCE
AFTER THERMISTORS REPLACEMENT

Temperature (in °C)
Storage Module Trickle-Charge On Trickle-Charge Off
Serial Number (Set Mode) (Reset Mode)
022 51.0 50.0
023 ' 50.5° 49,2

NOTE: All temperature data measured by a thermocouple on the outside
of storage cell 19.

\

No. B3956 was generated to cover the test discrepancy. An examination of the
test harness revealed that a small piece of solder, at the base of the wiring side
of the connector, created the short eircuit condition. This small piece of solder
appeared to have been present since the day the harness was made (approximately
five years ago) and had worked itself into the short condition during the handling
of the harness just prior to the final system test. The initial discharge current
from the eight storage cells at the start of the short circuit condition was esti-
mated at 52 amperes. However, the available energy in the cells before the short
was 15 ampere~minutes maximum thereby limiting high discharge currents to a
very small time interval (probably less than two minutes). This discharge cur-
rent limiting saved the module wiring from damage and confined the problem area
to the eight storage cells. Seven of these eight cells were discharged into a
voltage polarity reversal condition by the short circuit. Since the precise current
levels and time duration of the discharge could not be defined for the period that
the cells were reversed, it was agreed upon by RCA and the NASA technical officer
that all eight storage cells should be replaced. A subsequent examination of the
storage module wiring confirmed that no wiring damage had occurred as a result
of the short circuit. ~

The module was delivered to manufacturing for cell replacement on June 10, 1969.
The eight replacement cells were obtained from the spare-cell module (which was
cycled at the same time and at the same test levels as the flight units during the
thermal-vacuum test sequence). Selection of the replacement cells was made 80
that the new cells would match as closely as possible the electrical characteristics
of the ghorted cells. The installation of the eight replacement cells was com-—
pleted on June 20, 1969 and the module was then subjected to an additional test
cycle to verify module performance after rework. The eight shorted cells were
sent to the Nimbus Project Office for subsequent delivery to NASA (The NASA
Technical Officer requested that these shorted cells be delivered to him so that

he could subject them to special testing). :
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The additional test cycle performed on storage module 024 was:

(1} Post Rework Battery Short Test

(2) Post Rework Electrical Test

{3) Workmanship Vibration Test

(4) Pogt Vibration Electrical Test

(5) Post Vibration Battery Short Test
- (8) Special Thermal-Vacuum Test

(7) Post Thermal-Vacuum Battery Capacity Test
(8) Post Thermal-Vacuum Electrical Test

All electrical tests were performed at 25°C using the standard storage module
eircuit test procedure TP~CT~-1759580 and all battery tests were performed using
the standard battery test procedure TP-BT-1759580, The worlamanship vibration
was a flight level radial, random exposure only — following procedure TP-HVA-
1759580, The special thermal-vacuum test was similar to the test performed on
storage modules 022 and 023,

The data from the e}ecti‘ical circuit fests demonstrated that all circuits were
performing satisfactory after the rework and the additional environmental ex-
posures, The special thermal-vacuum test measuredithe new lemperature values
for trickle-charge on and off (the removal and replacement of cell 19 and its
corrvesponding thermistor created the requirement for the test), The new value of
trickle—charge on (set temperature) and the new value of trickle-charge off (reset
temperature) was measured at 51,0°C and 48,2° C respectively. The resulis of
the two battery short tests are presented in Figure I1-18, The separation of re-
placement cell voltages from the balance of the cells during the first short test
was the result of electrical inactivity prior to the installation into module 024,
Cell voltage regrouping into one distinct class can be clearly observed at the
post-vibration short test, The final battery capacity measurement yielded 320
ampere-minutes — very close to the original battery capacity., Table II-27 pre-
sents the end-of-charge and the end-of-discharge cell voltage data for this final
capacity test,

The final electrical test, performed on.July 1, 1969 and witnessed by the customer,
was considered the sell-off test for this module,
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Figure II-18. Histogram of Cell Voltages at End of the 20-Hour

Open-Circuit Stand, Battery Short Tests for

Module 024

TABLE I-27. FINAL CAPACITY TEST FOR STORAGE MODULE 024,

END-OF-CHARGE AND END-OF-DISCHARGE CELL

VOLTAGES (IN VOLTS)

Cegui);;?on End of Charge End of Discharge
i 1.424 i.177
2 1,423 1.181
3 i.425 1.178
4 i.422 1.175
5 1,426 i.477
6 1,424 1.180
7 1.425 1.180
8 1.423 1.177
9 1.429 1,177

10 1.428 1.175
i1 1.427 1.182
12 1.426 1.179
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'TABLE -27, FINAL CAPACITY TEST FOR STORAGE MODULE 024,

END-OF-CHARGE AND END-OF-DISCHARGE CELL

VOLTAGES (IN VOLTS) (Continued)

Cell Position

End of Charge

End of Discharge

Number
i3 1.432 1.183
14 i.426 1.180
i5 1.426 i.166
ig 1.425 1,172
i7 1.425 t.1%74
i8 1.425 1.177
19 1.424 1.170
20 1.423 i.165
21 1.42% 1.157
22 1.423 1.134
23 1.419 1172 -
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APPENDIX IIT
CONTROL MODULE TEST AND MODIFICATION DATA

A. INTRODUCTION

Test data summaries and control module modifications performed during
the report period are as follows:

@ Design Changes )
@ Control Module 03 Unit Test Data Summary, Par. C

® Control Module 06 Unit Test Data Summary, Par. D
® Control Module . EM-01 Unit Test Data Summary, Par. E.

B. DESIGN CHANGES
-1, Introduction

The design changes incorporated into control module 03 are itemized by
contract modifications 5, 11, and 14 of Contract NAS5-10470. Mocdification 5,
issued May 6, 1968, authorized the addition: of two internal temperature sensors
(RT-1 and RT-2); modification 11 and 14, issued February 25 and May 23, 1969
authorized the addition of filter assembly A-17. In addition to the modifications,
a survey of the control module components was made to ensure that all the parts
conformed to the Nimbus-D program requirements. These changes are delineated
on the following drawings.

© Assembly 1759712-502
e Schematic 1976286
® Wiring List 1970997

2. Temperature Sensors RT-1 and RT-2

At the start of the Nimbus-D program two thermistors designated RT-1 and
RT-2 were added to control module 06, Design data are coniained in ' Quarterly
Technical Report No. 2', (R-3340) issued J uly 15, 1968. Alignment and test data
are contained in " Quarterly Technical Report No. 5", (R~3443) issued June 18,

1969. Control module 03 was returned as GFE equipment and the thermistors
were installed.
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3. Filter Assembly A17
a. Description

The filter assembly, mounted on the right-hand side wall of the RFI com~
partment (See Figure 5), provides power to the Attitude Control System of the
spacecraft via a connector that projects through the housing (See Figure IHI-1).
The filter assembly contains two high-current, hermetically sealed feed-through
capacitors that isolate the PWM output (capacitor bd Ai4) from the external
circuits (See Figure ITI-2).

b. Mechanical Analysis
(1) General

A mechanical stress analysis, conducted during the report period,
indicates that the mounting configuration of the filter assembly, will withstand
the stress requirements outlined by the Nimbus-D environmental specification
(GSFC 5~320-NI-3).

(2) Mounting Configuration
The mounting configuration consisted of cuiting a hole in the housing
wall o accept the new filter assembly, and securing the filter with six 4-40 steel
(Fry = 30,000 psi) bolts. The new filter was mounted in the center of the wall
and remote from the main load paths of the remainder of the unif.

(3) Analysis

Based on the mounting configuration, it was deemed adequate fo con-
sider the local loads and stresses in the immediate vicinity of the filter assembly.
A major stress induced in the vicinity of the new filter assembly was caused by
capacitor assembly Ail4, therefore its effects were also considered. Specifically,
the following items were investigated:

® The bolt clamping load required to transmit inertial shear loads.

¢ Adequacy of the bolt material

® Bolt torque required to develop a clamping load
o Siructural adequacy of the wall
o Deflection of the filter assembly to preclude contact with other

components
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Figure III-1. Connector J15 Configuration

Al4

NSRRI R

9 10 11 12 13 14

DC RETURN -24.5 VvDC
TO SPACECRAFT ATTITUDE CONTROL SYSTEM

Figure III-2. Filter Schematic, Assembly A17
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© Acceleration of the filter assembly to ensure that the filter
is within its fragility curve

® Response frequency of the filter assembly and capacitor board
Al4 to determine system response accelerations, system de-
flections, number of damaging fatigue cycles, and allowable
fatigue stress

The foregoing analyses were performed for both the sinusoidal and random quali-
fications test levels of the GSFC environmental specification; and were carried
out for the three axes of excitation with transmissibilities obiained from the Pro-
totype Qualification test data. '

(4) Conclusions

. The six mounting screws (4-40} are structurally adequate with a
safety margin of +1.41 for the critical test condition (random excitation, thrust
axis), The mounting torque is .95 in-1b above the locking feature for lubrlca,ted
assemblies and 3. 25 in-1b for dry assemblies.

The wall stress was critical for excitations in the radial plane, The calculated
margin of safety was 4+0.015, This value was calculated by considering the wall
as a beam; in reality it is a plate supported on four sides. Hence, the wall should
be capable of carrying an additional i5-percent load. The critical section of the
wall is located between the capacitor assembly and the filter assembly. The
margin of safety was based on bending fatigue.

The deflections of the filter will cause no interference with any of the other com-
ponents. The radial deflection is 0. 0294 inch-limit; the tangential deflection is
0. 0147 inch~limit at the filter center of gravity.

The resonant frequency of the capacitor assembly and filter assembly is 141 Hz
for radial excitation, 850 Hz for thrust excitation and less than 500 Hz for tan-
gential excitation. The corresponding critical response accelerations are 60 g
for radial sine exeitation, 120 g for thrust (3 sigma) random excitation and 92.5 g
for tangential (3 sigma) random excitation.

The allowable bending-fatigue stress for the radial excitation (critical) is 36,500
psi. This is based on the need for three complete series of tests.
4. Component Parts Survey

. As a result of the survey, capacitor C6 on board A8 was changed to correct
‘Ehe gize {22{?,u,f to 8,3 uf), The remaining parts meet the program requirements,
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C. CONTROL MODULE 03 UNIT TEST DATA SUMMARY
Unit test of control module was conducted in accordance with the test pro-

cedures listed in Table I-1. A complete chronological summary of events for
Nimbus-D acceptance is contained in Table III-2.

TABLE IlI-i. TEST SEQUENCE AND PROCEDURES, CONTROL MODULE 03

Test Test Procedures Completion Date
Electrical Test (Bench) TP-BT-1759712 6-4-69
Vibration Tests TP-HVA-1759712 6-5-69
Thermal Tests TP-EA-1846689 6~-10-69

The electrical performance of the unit compared favorably with the data accumu-
lated on previously conducted programs. Typical performance of the unit is
shown in Figures -3, II-4, and III-5. Worst case measurements obtained
during the Nimbus~D acceptance program are listed in Table II-3. An examina~
tion of the data reveals that the main regulator current limit is outside the speci-
fied test limits of 23.00 amperes at 24.5 +0.25 volts de. The 23.15 ampere
indication at the regulated bus voltage of 24 volts is controlled by the current
limit threshold adjusfment in the control module which is approximately 0.5 ampere
too high. The threshold adjustment was increased during the Nimbus-B2 program
and was not re-adjusted during the Nimbus-D test sequence. The present adjust-
ment level is considered safe. ‘The current limiting operation at 25°C (See Figure
I0-4). maintains the maximum current at 24 amperes,

Figure II1-6 presents the electrical measurements for the thermistors RT-1 and
RT-2. The measured data is nearly identical with the measurements taken on
control module 06.

Telemetry data, measured during the Nimbus-D test sequence, was used to gen-
erate up~to-date telemetry listings shown in Table ITI-4 through ITI-8. These
listings are computer tabulations of measured information expanded into smaller
increments using linear interpolation. The new telemetry tables from the Nimbus-D
program were compared with the telemetry calibration tables generated during the
Nimbus-B2 program. The Nimbus-B2 telemetry data agreed favorably with the
recenfly measured data. The worst-case telemetry variation found during the
comparison was the regulated bus current telemetry. At full scale (20 amperes)

_the difference in regulated bus current telemetry voltage was 59 millivolts (see
Figure II1-7). The specification limit for the regulated bus current telemetry
voltage is +2 percent of the full scale value of 120 millivolts maximum allowable
variation,
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TABLE IT-2. CHRONOLOGICAL SUMMARY OF EVENTS FOR
CONTROL MODULE 03 ACCEPTANCE

Date Summary of Events

4-28-69 Unit returned to RCA Corporation from GE Co., Valley Forge, Pa, for the
installation of the A17 filter assembly and internal thermistors RT-1 and
RT-2.

6-2-69 Modification of unit completed.

6-4-69 Electirical Test at room temperature completed. i

6-5-69 Full vibration test (flight-level exposure) completed.

6-6-69 Electrical performance test and telemetry calibration started. Performance
test temperature exposures at 5, 25, and 45°C. Telemetry calibration
temperature exposures at 0, 5, 25, 45, and 55°C.

6-10-69 Electrical performance test and telemetry calibration completed.

6-12-69 Component parts survey made {o ensure that the unit was completely
upgraded to the Nimbus~D flight configuration. Capacitor C6 on the
Board A8 (Current Sensing and Current T/ M) was found to be the 220 uf
instead of the 3.3 uf now required on flight units. Board A8 (17569582-501,
S/N 03) was sent to mamufacturing for replacement of capacitor C6. The
new value is 3, 3 uf.

6-16-69 Replacement of capacitor C6 on the Board A8 completed.

6-16-69 Electrical test of the regulated bus current telemetry performed.

6-16-69 Workmanship vibration (flight level, radial, random exposure only)
performed.

6-17-69 Electrical Test at room temperature completed.

6-18-69 Unit weighed; new weight is 21,7 Ib,

6-19-69 Engineering survey of vibration and thermal exposures started. The survey
requested by the NASA Technical Offices on 6-17-69, survey contained on
Tables 2 and 3 of this report.

6-19-69 Unit connected with seven flight storage modules for system performance
test sequence.

6-20-69 System performance test using control module 03 and storage modules 022,
023, 025, 026, (27, 029, and 030 performed.

6-21-69 Pin relention test performed on all outer commecliors. Four connectors

{J1, J5, J6, and J8) failed the‘pin retention reguirement of one ounce.
Connectors J1, J5, J6, and J8 (part 172148%~-5) replaced.




TABLE OI-2. CHRONOLOGICAL SUMMARY OF EVENTS FOR CONTROL

MODULE 03 ACCEPTANCE ( Continued)

Date Summary of Events
6-26-69 Connector replacements completed.
6-26-69 Engineering survey of vibration and thermal exposure history completed
(see 6-19-69 entry ).
6-27-69 Electrical test at room temperature completed. )
6-30-69 Workmanship vibration {flight level, radial, random exposure only)
performed.
6-30-69 Electrical test at room temperature completed.
7-2-69 Unit shipped to GE Co., Valley Forge, Pa.
85
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TABLE III-3. WORST CASE MEASUREMENTS,

IFOR CONTROL MODULE 03

Parameter

Test Limits

Worst-Case Measurements

Measured Value

Measurement Condifions

Solar Array Diode Leakage
Battery Diode Leakage
Battery Diode Current Sharing

Clock Bus Diode Voltage
(From Main Bus)

Clock Bus Dicde Voltage

(From Awtiliary Regulators)
Main Regulator Voltage Regulator (J8)}
Main Regulator Ripple Peak (J8)

Main Regulator Current Limit (At VR=24V)

Mam Regulator Output Impedance

Main Regulator Transient Response
{Recovery Time to 24.5 0.5 V)
Auxiliary Regulator Voltage Regulation

Main Regulator Voltage Regulation {J15)

Main Regulator Ripple Peak (115)

25 mA max
25 mA max
+10% of average

less than 0.80 V,
less than 0,80 V
24,50 x0.25V
100’mv {p-p}

23 A max

less than 0. 192
(10 to £0,000 Hz)

less than 3 ms

23.50 £0.25 V

24.50 20.25 V

100 mv {p-p)

6.5 mA
1.0 mA
2.4%

0.73V
0.75V
24.33 v
90 mv
23.15 A

0. 09582

2 ms
23.47V
24.56 ¥

160 mv

T=45°C, V, =40V, I, =24
T =45°C, V=40V
T =45°C, V¥, = 32,

T=5C, Vg =24.5V,
Clock Bus A

T=5°C, vy =23.5V,
Clock Bus B

T=45"C, V, =26V, I; =20 A,
Regulator #1

T=25°C, V, =38V, I, =20 A,
Both Repulators

T=5°C, V=267,
Both Regulators

T=5%C, V=26V, I,=54,
Isc=1A, F =500 Hz,
Both Regulators

T =235°C, V, =26V, I =16 A,
4, = 4 A, Both Regulators

T=45°C, Vy=38VIg~=1A4,
Both Auxihary Regulators

T=45°C, V=38V, I; =10 A,
Regulator #2

T=25°C, V, =38V, I, =104,
Both Regulators

Legend: T = temperature, Vy = unregulated bus voltage, 11, = load current
Iz = sclar array current, Vg = regulated bus voltage
VA = awaliary regulator voltage, Iy = auxiliary regulator current
Ipne = a-ccurrent, Alp, = change in lvad current
Alp = change in auxiliary regulator current, Igy = shunt dissipator current
F = frequency, TLM = Telemelry, P-P = peak-to-peak
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TABLE Iii-4. CONTROL MODULE 03 CURRENT TELEMETRY

SOLAR ARRAY TELEMETRY  SOLAR ARRAY TELEMETRY SOLAR ARRAY TELEMETRY SOLAR ARRAY TELEMETRY SOLAR ARRAY TELEMETRY

CURRENT VOLTAGE CURRENT VaLTAGE CURRENT VOLTAGE CURRENT VYOLTAGE CURRENT VOLTAGE
{AMPERES) {VaLTs) (AMPERES) {voLTs) . {AMPERES} (VBLTS) {AMPERES} {VoLTS) (AMPERES) {(YOLTS)Y
2.00 , 0.%560 4470 1+310 T.40 2.141 10410 3,008 12.80 3,668
2405 0,574 475 *led24 Tett5 24157 10,15 3,024 12.88 3.803
Z.10 0.587 4.680 1.339 7.50 2.173 lo.20 3,040 12.90 3.8%9
Z.15 0.401 , 4485 14354 . Te55 2.189 104253 3.056 12+95 3.915
2.-20Q 0,414 4490 14369 T7.60 2.205 10430 3,072 13.00 3.93%
2025 0.628 4495 1.384 T+65 2:221 10435 3,088 13.05 EO AN
2.30 0.641 5.00 1399 T+70 2237 10440 2.104 12.10 3.962
2435 0,655 5+05 1.414 T.75 2.253 10.45 3.120 13.15 3.978
2ol 0.568 5.10 “1.429 7.80 2.208 10.50 3.136 13.20 3.993
2,45 + 0.682 5.15 leb44 7.85 2.284 10455 3.152 13.25 4.009
2.50 0.695 5.20 L4659 T.9¢ 2.300 1060 3,168 - 13.30 JAep2B
2455 0.709 5425 1.473 T.95 24316 10465 3,184 13.35 4,041
2460 0.722 5.30 1.488 8,00 ., 2.332 10.70 3.200 13.40 4,056
2.65 0,736 5435 1.503 8,05 2.348 10475 3.2186 13445 4.072
2,70 0.74% 540 1.518 8.10 2,364 10480 3.232 13.50 4.088
2.75 0,763 5.45 1.533 8415 2380 l0.85 De24B 13,455 4103
2,80 0.776 5.50 . 1.548 8.20 24396 10.90 3,264 132.60 4.11%
2,85 0.790 . 5.55 1.563 B8.25 24412 *10.95 3.280 : 13.65 4¢135
2.90 0.803 Y el 1.578 8,30 2.429 11.00 3.296 12.70 44151
2.95 0.817 5.565 1.593 8,35 24445 11.05 3.312 13.7% 44166
3.00 0.830 5.70 1.608 8.40 ELT-2} 1110 3,328 13.80 4,182
3,05 G.844 5+75 1.622 8,45 24477 11.15 3,344 13.85 4.198
3,10 0.B58 5.80 1.637 8.50 2.493 1l.20 3,360 . 12.90 4,213
3.15 0.871 3+85 14652 8455 2.809 1t.25 . 34378 13.95 4.229
3.20 0.885 590 14607 8.60 2.525 11.30 3,392 14400 %243
3,25 0.898 5.95 1.682 8405 24241 11.35 3,408 14.05 Ae2bl
3.30 0.912 6.00 1.697 8.70 2,557 11.40 3,424 14.10 44276
3435 0.925 6.05 1.713 8.75 2.573 11445 3,440 14.15 4.292
3,00 - D.939 6.10 L.729 .80 2.590 11450 344568 1420 44308
3.45 0.952 [ ] 1:745 4.85 2606 11.55 3,472 14425 be324
3.50 04966 6520 1.760 8,90 . 24622 11460 © 3.488 14+30 4+339
3435 0.979 65.25 1.776 8.95 24638 11465 34504 14435 4+255
300 0.973 &30 1.792 7.00 24654 11.70 3.520 14440 42371
3,65 1.006 6425 1.808 9,05 2,470 11.75 3,536 1445 44386
3.70 1.020 .00 1,824 9.10 24486 11.80 3.552 14+50 4402
3.75 1.033 ' 645 1.840 9415 2+702 11.85 3,568 14453 44438
3.80 1.047 6.50 1.854 9.20 2.718 11.90 2,584 14.60 botidh
2.85 1.060 655 . 14872 9.25 24734 11.95 3.600 14465 4449
3,90 1.074 660 1.887 9.30 2.751 12.00 3.616 14.70 44465
* 3495 ' 1.087 6465 1.9032 9.35 2767 1205 3.632 14475 4a4B]
4,00 - 1.101 670 1.919 9.40 2+783 12,10 34647 14.80 b4y 497
4.05 1,116 675 14935 9.45 2.799 12415 3,663 14.B5 44512
4410 1.131 6.89 1.95) 9.50 2+.813 12420 3.679 , 1499 44528
4.15 1.146 6.85 1.967 9.85 2,831 12.25 3.695 14.95 4a564
4420 1,161 6:90 1.983 9,60 24847 12430 3.710 , 15.00 44559
“e25 1.175 6.95 1.999 F.65 2.863 12435 3.726 15405 4,575
4030 1.190 T.00 2.014 ' 9.70 2.879 L2+40 3,742 15410 44591
4e33 l.205 ° 7405 2.030 975 24895 ¢ 12445 3,757 154135, 44607
4440 T l.220 7«10 2,046 9.80 2.912 12.50 3.773 15.20 44622
4ohS 1.235 715 2+062 9.85 24928 12.55 3.789 15425 448538
4450 1.250 T.20 2.078 9.90 2eR414 12+50 3,805 . 15.30 4.654

4455 1.263 Te25 2:0%4 9.95 2+ 960 12.65 3.820 15.35 LY. 0
4.60 1,280 720 2.110 lo.00 2.976 12.70 3.836 15449 44585

4,68 1.295 7.35 2,126 10.05 ‘2.992 12.15 3.852 15,458 4,701
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TABLE II-5. CONTROL MODULE 03 REGULATED BUS CURRENT (CURRENT RANGE 1.50 TO 14, 95 AMPS)

. REGULATED TELEMETARY REGULATED TELEMETAY  REGULATED TELEMETRY  REGULATED TELEMETRY REGULATED TELEMETRY
3US CURRENT VOLTAGE BUS CURRENT VOLTAGE BUS CURRENT VOLTAGE BUS CURRENT VOLTAGE . BUS CURRENT VOLTAGE

{ AMPERES) tVYOLTS) (AMPERES) (VOLTS) £ AMPERES) {vOLTS) {AMPERES) (voLTs) {AMPERES? (YBLTS)
1.50 D.41% 4420 1.170 6,90 2.017 9440 2.880 12.30 3.737
1455 0,427 4e2% 1.185 6.95 24033 et 2,895 12335 3.753
L.60 0.4490 4430 1.201 T.00 24049 9.70 2.911 12«40 3.768
la68 0.453 4.35 1.218 7.05 2.045 9.75 2.927 12.45 3.784
1.70 0,466 4440 1.232 T.10 2,081 9.80 2.943 12.50 3,799
1.75 04479 4445 1+247 T.15 2.097 9.65 24959 12435 3.815
1.80 0.492 4450 14263 Te20 2.113 9490 24975 1260 3.830
1.85 0.505 4455 1.278 T+25 2.129 9495 2.991 . 12+65 3.B846
1.90 0.518 4.60 1.294 T.30 24145 10.00 3.007 12.70 3,861
1.95 0.531 4465 1.309 7.35 24161 10.05 3.023 12.75 3.877
2.00 0.544 4470 1325 Teh0 24177 10.10 3.039 12.80 3.892
2,05 0.558 4.78 14340 T.45 2193 10.15 . 2,055 12%85 3,908
2.10 G.572 4.80 L.356 7.50 - 24209 1020 3.071 1290 3.924
2.15 0.58% 4485 1.371 7455 24226, 10.25 3.087 12495 3,939
2,20 0,600 4.90 1,387 T.60 2,242 10.30 3,103 13.00 3,955
2,25 0,614 4,95 1.402 T.65 2,258 10435 3.1%18 13.05 3,970
2,30 0.629 5.00 1.418 7.70 24274 10+40 3.134 13.190 3,986
2,35 Q.643 5.05 1.433 7.75 2,290 10.45 3,150 13.15 4,001
2449 0,457 5.10 14449 - T.80 24306 10.50 34166 1320 4.017
2:45 0.671 5.15 1.464 7.85 2,322 10+55 3,182 13.25 4.032
2,50 0.685 5420 1.480 7.90 2,338 10.60 3.198 13.30 4,048
2,55 0.699 5.25 1495 T+35 2,354 10.65 3.214% 13435 4,063
2,60 a,713 5.30 1.511 ° 8,00 * 2.370 10.70 3.230 13.40 4,079
2,65 0.727 5.35 . 1.526 8.05 2.386 1075 3.246 13445, 4,095
2,70 .74 5+ 40 1,542 8.10 2.402 10.80 3,262 b 13450 4,110
2,75 0.755 Y 1.557 3.15 2,418 10+85 3.278 13.55 44126
2.80 Q.770 5450 1.573 8,20 2,434 10,90 3,294 13,60 4a141
2,85 0,784 5455 1,588 B.25 24450 10495 3.310 13.65 44157
2,90 0.758 5.60 1,604 B30 2,466 1100 3.225 13.70 Ge172
2,95 0.812 5.65 1.619 8,35 24481 11.05 3,341 13.75 4,108
3,00 0.826 5.70 1,635 B,%0 24497 11,10 '3,357 13.80 4,203
3,05 . 0840 5.75 1.650 8,45 2.513 11.15 3.373 13.85 44219
3,10 0.854 5.80 1,666 8,50 2.529 11.20 3,389 13.9¢ 4,234
3,15 0.0868 5.85 1.6B1 B.55 24545 11.25 3.405 13.95 4.250
3.20 0,882 5.90 1.697 8,60 2,561 11.30 3.421 14400 4,265
3,25 0.8%6 5.95 1.712 8.65 2577 L1.35 34437 14405 4,281
3,30 0.911 6.00 1.728 8.70 2,593 11440 3,453 14.10 4,297
3,35 0.925 6405 1744 8,75 2,609 11445 3e469 14215 44312
3,40 0.939 .10 1.760 8,80 2.625 11.50 3,485 1420 4,328
3,45 T Q.953 &6.15 1.776 8.83 2.641 11.585 3.501 1425 4.343
3,50 ¢ 0,%67 6420 1.792 8.90 2.657 11460, 3.517 14430 4,359
3,55 Q.981 5425 1,808 8,95 2.673 11.45 3,532 14435 4,374
3,60 0,995 6+30 1.824 9.00 2,488 11.70 3,348 14440 4,390
3.465 1.009 b.35 1+840 9.05 2.704 11.75 3.564 1445 4,405
3,70 1,023 640 1,858 910 2.720 11.80 3.580 14459 4,421
3275 1,027 6445 1+872 915 2.736 ' 11.85 3.5% 14455 44436
3.80 1.052 6450 1.368 .20 2.752 1l1.90 3.612 : 14,40 4,452
3.85 1.066 6455 1+905 9.25 2.768 * 11495 3,428 14465 4,467
3,90 , 1,080 5480 1.521 %.30 2+78% 12+00 34644 14470 4,483
3398 1.09% 6465 14937 9.35 2,800 12.05 3,659 1478 4,498
4,00 1,108 6470 1.953 9.40 2.816 12.10 3.675 14480 4y514
4405 1,123 6475 1,569 9,45 Z.832 12.15 3.691 14.85 4,530
4,10 1.139 6.80 1.988 9.50 2.848 12.20 31.706 14.90 4,549

4e15 1,154 6485 | 2.001 .55 2.864 12425 3,722 1495 hebb)-

*
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TABLE TI-6. CONTROL MODULE 03 REGULATED BUS CURRENT (CURRENT RANGE 7.0 TO 20.45 AMPS)

REGULATED TELEMETRY REGULATED TELEMETRY ~ REGULATED, TELEMETRY REGULATED TELEMETRY REGULATED TELEMETRY
8US CURRENT VOLTAGE BUS CURRENT VOLTAGE BUS CURRENT VOLTAGE BUS CURRENT VOLTAGE BUS CURRENT VOLTAGE

(AMPERES) tVoLTS) [AMPERES ! (VOLTS} {AMPERES) (VoLTS) (AMPERES) (VOLTS} {AMPERES) {voLTS)
7.00 2,049 .70 2.911 12.40 3,768 15.10 4,607 T 17480 5,433
7405 2.065 9.78 r 2.92T 12445 3,784 15.15 4,623 17485 5.448
7.10 Z.081 .80 Z2.943 12.50 3.799 15.20 4.638 17.90 5,443
7415 2,097 9.85 2.959 12.55 3.815 15.25 4,654 17.95 5,478
T7.20 2,113 9.90 2,975 12.460 3.830 15,30 4,669 18.00 9.493
Te25 2.129 9.95 24991 12,65 3846 i 1535 4,685 18405 5-508
7430 2,148 10.00 3.007 12,70 3.861 15.40 4,701 18.10 5.524
7.35 2.161 10.05 ° 3,023 12,75 3,877 . 15,45 4.716 18.15 5,539
T+60 2,177 10.10 3.039 12.8¢0 3,893 15.50 . 4732 18,20 5.554
7.45 2.193 10+15 3,055 12.85 3,908 15455 40747 18425" 5.569
7.50 , 2,209 10.20 3.071 12.90 3,924 15,60 4,763 18.30 5.584
7e55 2,226 1025 3.087 12,95 3.929 15445 4.778 18,35 5,599

, 760 2,242 10,30 3.103 13,00 ¢ " 3.955 15.70 40794 18440 5.615
7,65 2,258 10.35 3.118 13.05 3,970 15.75 4,809 18.45 5.630
7.70 2.274 10.40 3.134 13.10 35986 15.80 4,825 18.50 5,645
7.75 2,290 10.45 3.150 13.15 4,001 15.85 4,840 18,55 5.660
7.80 2,306 10.50 © 3.166 13.20 . 4,017 15490 4,856 18464 5.675
7.85% 2.322 10.55 3,182 13,25 4.032 15495 4.871 18465 5.690
7.90 2.338 10.60 3.198 13.30 4,048 16.00 4,887 - 18,70 5,706
T+95 2,354 10.65 3,244 12,35 4.063 18,05 4,902 18475 5.721
8,00 2,370 10.70 3.230 13,40 4,079 16.10 4,917 18.80 5,736
8,05 2,386 10.75 3,246 13,45 4,095 16.15 4.932 18.85 5.751
§.10 2.402 10.80 3,262 13.50 4.110 16,20 4,948 18.90 5,766
B.15 2,418 10485 3,278 13.59 4,126 16425 4,963 18.95 5.781
8,20 2.434 10+90 3,294 13,60 4u141 16420 . 4.978 19.00 3.796
8,25 2,450 14,95 3,310 13.65 4.157 16435 4,593 19405 5,812
B.20 2,454 11.00 - 3,325 13.70 4.172 16440 5.008 19.10 . 5,827
4.35 2.481 11.05 3.341 13.75 4.188 16445 5,023 19415 5e842
BJap 2.497 11.10 3.357 13.80 44203 16450 5.03% 19.20 5.857
B.45 2,513 1115 3,373 13.85 44219 1655 5.054 19+25 5.872
8,50 2,529 11.20 3,389 12,90 4,234 16560 5,009 19,30 5,887
5.5% 2.545 11.25 3.405 13.95 4,250 ° 16465 5,084 19.35 5.903
8,60 2,561 11.3p 3,621 14,00 4.26% 16470 5.099 19.40 5.518
8,65 2,577 11435 3,437 14405 44281 16,75 5,114 19445 5,933
8,70 2.593 11.40 3,453 14410 4,297 . 16.80 5.129 1950 5,948

“B.75 2.609 1145 Fe b9 14.15 44312 16.85 5145 19455 5,563
8,80 2.625 11.50 3.485 14,20 4.328 1690 5.160 19.60 5.578
8.85 2.641 11.55 3.501 14,25 4,343 16.95 5.175 19465 5,994
8.90 2.657 11.60 3,517 14,30 44,359 17.00 5.190 19.70 5.009
8,95 24673 11.65 3.533 14,35 4e3T4 17.05 5,205 19475 6,024
9.00. 2.468 11.7¢ 3.548 L4 .40 4,390 17.10 5,220 19.80 6,039

. 9.05 2.704 11.75 3.504 14,45 44405 1715 5,236 19.85 6.054
9.10 2.720 11.80 3.580 14,50 4a42) 17.20 5,25) . 19490 6,069
.15 2.736 11485 3.5% 14455 4a436 17.25 5,266 19.98 6,085
.20 2.752 11.90 3.612 14,60 44452 . 17380 5,281 20400 L6.100
9.25 2.768 11.95 3,628 14.65 Geb&T 17435 5,296 ' 20.05 6,115
9430 2,784 12.00 3,644 14.70 44483 17440 5,311 20.10 6,130
2.35 ° 2.800 12.05 . 3,660 14,75 4,499 " 1745 5,327 20.15 64148
9.40 2.816 12+10 3,478 1480 44514 17.30 5,342 20.20 6,160
945 2.832 12:15 3.69] 14.85 4.530 17,55 5.357 20.25% 64115
9.50 2.848 12.20 3.706 14.90 4,545 17460 5.372 20.30 6.191
9455 2.864 12+25 CoBeT22 14495 44561 17.65 5.3087 . 20.25 64206
9.60 2.880 12430 <3,737 18.00 4.516 17.7¢ 54402 20440 6,221

.65 24895 12435~ . 3.753 15,05 he592 17475 , B.als 20445 5,236

.
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TABLE III-7. CONTROL MODULE UNREGULATED BUS VOLTAGE TELEMETRY

“ UNREGULATED TELEMETRY UNREGULATED TELEMETRY  UNREGULATED TELEMETRY UNREGULATED TELEMETRY UNREGULATED TELEMETRY
BUS VOLTAGE VOLTAGE BUS VOLTAGE VOLTAGE BUs VOLTAGE VOLTAGE BUS VOLTAGE VOLTAGE BUS VOLTAGE VOLYAGE

tvoLTS) {vVoLTS) (VvoLTS) {VOLTS) (voLTs? (VoLTS! (VOLTS? {YOLTS) {(VOLTS) (VoLTs)
25,50 1.454 2B.20 2.099 30.9%90 2.738 33.60 3,378 + 36.30 44017
25.55 1.476 28,25 24111 30.95 2+750 33,65 3.3%0 36.35 4,029
25.60 L l.438 284+30 2.123 31,00 24762 33,70 3,401 36440 4,041
25.65 1.500 28435 24135 31.05 2,774 33.75 3,413 36445 4,053
25,70 1.511 28.40 2.147 21.10 2.786 23.80 3,425 36.5¢0 4,005
25.75 1.523 28.45 24158 31.15 2797 33,85 3.437 36,55 4s076
25.80 1,535 28.50 2.170 31.20 2.809 33,90 3,449 36460 , 4.388
25,85 1.547 28.55 2.182 31.25 2821 33.95 3.461 36465 4,100
25.90 1,558 28460 2.194 31.30 2,833 34,00 3.473 36.70 44112
25,95 1.570 28408 24206 31.35 2e845 34,05 3.484 3675 44126
26.00 1.682 28.70 2.218 31.40 2,857 34,10 3,498 36.80 4.136
26.05 1.5%4 28.75 24229 31.45 . 2.848 34,15 3.508 36485 44147
26410 1.505 28,80 2.241 31,50 2.880 34.20 3.820 3699 42159
26,15 1.4617 28.85 '2.253 31.55 24892 34,25 3.532 36495 4,171
26,20 1.4629 28,90 2.265 3),60 2,904 34,30 3,544 37.00 4.183
26.25, 1.641 2R.95 2277 31,65 2,916 34,35 3.585 37405 4,195
26,30 1.652 2%.00 2.289 31.70 2,928 34.40 3.567 37.10 4.206
26,35 1.664 29.05 24300 31.75 2,939 34445 3.579 37415 4,218
26,40 1,476 2910 2.312 31.80 2,951 34,50 3.5%1 37.20 4,230
26,45 1,688 29415 24324 31,85 2963 34,55 3,603 37,25 4,242
26,50 1.5699 29.20 2.3306 31.90 . 2.975 34,60 3,615 37.30 4,254
26.55 1.711 29.25 24348 31.95 2.987 34,45 3.627 37.35 4.2606
26.60 1.7723 29.30 2.360 32.00 2.99% 34.70 3.638 37.40 4,277
26,65 1.735 29+35 2.371 32.05 3,010 34,75 3.650 37445 . %.289
26,70 1.746 2940 2.383 32,10 3,022 34.80 3.662 37,50 44301
26,75 1.758 29.45 24395 3z.15 3,034 34,85 3,674 37.55 4,313
26.80 1.77¢ 29.50 2,407 32.20 3.046 34,90 3.686 37,60 4,325
26.085 1.782 29.55 2:.419 32.25 3.058 34,95 3,698 ' 37465 44327
26.90 1.793 29,60 2.431 32.30 3.070 35,00 3.709 37.70 4,348
26,95 1.805 29.65 2442 32.35 3.082 35.05 3,721 37.75 4,360
27.00 1,817 29.70 2.454 32,40 3.0%3 35.10 3.733 37.80 4,372
27.05 1,829 29.75 2t 32,45 3.105 35.15 34745 37,85 44384
27.10 1.B40 29.80 2.478 32.50 3,117 35.20 3,757 37.90 4,398
27.15 1,852 29.85 24690 32.55 34129 35.25 3,749 37.95 4.407
27.20 1.R04 29.%0 2.502 32.60 3.141 35,30 3.781 38.00 4.419
27.25 1,876 29.95 24513 32.65 3.153 35,35 3,792 3B+05 4.43)
27430 1,887 30.00 2.525 32.70 3,164 35,40 3.804 3810 4.443
27435 1.899 30.05 2.537 32,75 3,176 3545 3,816 38415 44485
27.40 1,911 30410 24549 32.80 3.188 35.50 3.828 38420 4,467
27.45 1.923 30.15 2.561 32,85 3.200 35,55 3.840 38.25 4,478
27.50 1.934 10.20 2,573 32.90 3,212 35.60 3.852 38430 4,490
27.55 ° 1.946 30.25 2.586 32.95 3,224 35,45 3,863 38.35 4.502
27.60 1,958 30.30 2.596 33.00 3,238 35.70 3,875 R 38.40 4.514
27.65 1.970 30.35 2.608 33,05 3.247 35,75 3.887 . 3B.45 4,526
27,70 1.981 30.40 2.5620 33,10 3.259 35,80 3,899 36.50 4,537
27.75 1,593 30.45 2.632 33,15 3,271 35.85 3,911 . 38.55 4,549
27.80 2,005 30.50 2644 33.20 3,283 v 35490 2.523 38460, 4,561
27485 2,017 30.55 2.655 33.25 3,295 35,95 3,935 38465 4,573
27,90 2,028 30.60 24667 33,30 3,307 36,00 3,546 38.70 4,585
27,95 . 2.040 3Q.65 24679 33,35 3,318 36405 3,558 3875 4,597
28,00 2.052 30.70 2,491 33.40 3.330 36.10 3,970 38.80 4,608
28.05 24004 30.75 2703 33,45 3.342 36415 3,982 38.85 4620
2B,10 2.076 30.80 24715 33.50 3.354 36420 3.9%4 L 3B.490 44632

28415 2.087 30.85 L. 24726 33.55 3.306 36425 44006 38.95 bebbh
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TABLE II-8. CONTROL MODULE 03 REGULATED AND AUXILIARY BUS VOLTAGE TELEMETRY

REGULATED TELEMETRY REGULATED TELEMETRY REGULATED TELEMETRY AUXILTARY TELEMETRY

BUS VOLYAGE VOLTAGE BUS VOLTAGE VOLTAGE BUS VOLTAGE VOLTAGE BUS VOLTAGE VOLTAGE
(VOLTS) (VELTS) (yoLts) {VOLTS) (YOLTS) (VOLTS) (VRLTS) {vaLrs)
22.98 2.037 24.00 2.623 253,02 3,197 23.00 5.B30
23.00 2.048 24.02 2.634 28,04 3,208 23.02 5.833
23.02 2.059 24.04 2,645 25,06 3,220 23,04 5,840
23,04 2.071 24406 2,656 25.08 3.231 23.06 5,846
22.06 2,082 24.08 2.6068 25.00 3,243 23.08 5,851
23,08 2.094 24410 2.679 25,12 3,255 23,10 5.856
23.10 - 2.105 24412 2.690. 25,14 3.266 23.12 5.84}1
23.12 2,117 24414 2,701 23,16 3,278 o 23,14 5,866
23.14 2.128 24416 24713 23.18 3.289 ) 23,106 5.872
23.16 2.140 2418 2.724 25.20" 3.301 23,18 5.877
23.18 2.151 24,20 24735 2%.22 3.312 23,20 5.882
23,20 2.163 24.22 24746 28.24 3.324 23.22 5,887
23,22 2.174 24:24 2.758 25.26 3,335 23.24 5.892
23,24 2,186 24-26 24769 25.28 34247 23.28 8.898
23.26 2,197 24.28 2,780 25.30 3,358 23.28 5,903
23.28 2.209 24430 Z2.791 25.32 3,370 23,30 5.908
23.30 2.220 24432 2.803 25.34 3.2381 23,32 5,913
23.32 2.232 24434 2+814 25.36 3,393 23.34% 5.91&
23.34 2.243 24436 2.825 25.38 3,404 23.36 5,924
23.36 2.255 24.38 2.837 25.40 3ehld 23.38 5,929
23,38 2.266 24440 2.848 25.42 3.428 . 23.40 5.934
23.40 2.278 2hels2 2.859 2544 34439 23442 54939
23.42 2.289 244 2.870 25.46 34451 23,44 5,544
23,44 2.201 24446 2.882 25,48 3462 23,46 5.950
23.46 24312 2h+48 2.093 25.50 3.474 23,48 5,955
23.48 2.324 24450 2.904 25.52 3.485 23.50 5,960
23,50 2.338 26.52 2.9158 25.54 3,497 23.52 5,965
23,52 3,367 24.54 2.927 25.56 . 3.s08 23.54 5,970
23.54 2.358 2958 2+538 25,58 3.520 23,56 5.976
23.56 2.37¢0 24.58 2.94% 25.60 3.531 23,58 5,981
23,58 2.381 24.60 2,960 25,62 3,543 23,60 5,986
23,60 2,293 24462 2.972 25,64 3.554 23,62 5.991
23.62 2404 24.64 2.983 25%.66 3,566 23,64 5.956
23.64 2.416 24466 2.594 2%.68 3,578 . 23,66 6.002
22,066 2.427 24.68 3,008 25.70 3,589 23.48 6.007
224068 24439 24470 34017 25.72 3.601 23.70 6.012
23,70 2.450 24472 3,028 28.74 3.612 23.72 6.017
23,72 2.462 24.74 3.03% 25,76 3,624 23,74 6,022
23.74 2,473 24476 3.050 25.78 3.635 23.76 &.027
23.176 2.485 24.78 3.062 25,680 3,647 ' 23,78 6,033
23.78 Z2,0%6 24 +8Q 3.073 25.82 2.4658 23.80 5.038
23.80 2.508 24.82 3.084 25.84 3.670 23.82 46,043
23.82 2.519 24.84 3.0%% 25%.86 3.681 23.84 6,048
23.84 2.531 24486  * 3,107 25,88 3.693 23.86 6.053
23.85 2.542 24.88 3.118 25.90 3.704 23.88 &£.059
23.88 2.554 24.90 3.129 25.92 3.716 23,50 1 5,064
23490 2.%65 24492 3.140 25,94 3,727 23.92 62069
23.92 2,571 24494 EPS -+ 28,96 3.739 23,94 6,074
~23.94 2,588 24.96 3.163 25.98 3.751 23,96 6079
23,96 2,600 24.98 3.174 26,00 3.762 23,98 6,085

.23.98 24611 25.00 3.185 26.02 3.773 24400 6090
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D. CONTROL MODULE 06 UNIT TEST DATA SUMMARY

A final unit test was performed in accordance with test procedure TP-BT-
1759712. All the test results were well within the tolerances specified. A data
summayry of the final unit test is contained in Table III-9.

ll E. CONTROL MODULE EM-01 UNIT REWORK AND TEST DATA SUMMARY

Control module EM-01 was reworked to restore it to the original configura-
tion prior to the completion of modification 11 and 14 (refer to Par. B of this
Appendix). In April 1968 the unit was reworked o restore the regulated bus ouf:-
put voltage at connectors J5, J6, and J7. The following repairs were made.

® A wire was added from board A12-E3 to Wi3 (J6).

® A wire was added from Wil (J15) to Wi4 (J17).

® A broken wire was repaired from Wi4 (J7).

® Continuity checks were conducted on connectors J5, J6, J7, J8,

and Ji2.

In May 1969, the unit was reworked to replace a blown fuse and remove the direct
short,

The following repairs were made:

® Replaced fuse F16 on board Al.

® Removed the short between Wi5 (dc return) and Wi4 (24,5 volts
dc) by removing connector J8 and bonding a strip of insulation
between Wi4 and Wi5,

At the end of each repair cycle an electrical test in accordance with test pro-
cedure TP-BT-1759712 was conducted at 25°C. A summary of the worst-case

test data obtained from the post modification and rework tests is contained in
Table IM-10.

F. CONTROL MODULE 06, POST-REWORK QUALIFICATION TEST
DATA SUMMARY )

Post-rework qualification tests, listed in Table N1-11, were completed
on August 8, 1969, All the test results were within the limits specified in the
test procedures; worst~case measurements obtained from the performance tests
are contained in Table I11-12, Regulator efficiency and current limiting, regulator

T-17



TABLE 1II-9,

POST-THERMAL VACUUM PERF ORMANCE

TEST RESULTS FOR CONTROL MODULE 06

Parameter

Test Lamits

TFest Conditions

Measured Lata

Jelar Array Diode Leakage
Battery Dicde Leakage
Battery Diode Current Sharing

Clock Bus Dicde Voltage
(Frem Mawm Bus)

Clack Bus Dide Voliage
{(From Auxiliary Regulators}

Mam Regulator Voltage Regulation

Mailn Regulator Ripple Peak
Main Regulator Current Linmt (At Vy =24 V)

Main Regulator Qutput Impedance

Main Regulator Transient Response
{Recovery Time to 24.5 206.5 V}

Awnaliary Regulator Voltage Regulation

Auxiliary Regulalor Output Impedance

Auxihary Regulator Transient Response
(Max Voltage Daviation/Recovery Time)

Bus Comparator Upper Vollage Limit
Bugs Comparator Lower Voltage Limmt
Shunt issipator Voltage

Main Regulater ON TLM Voltage

Trickle Chg Qverride TLM Voltage
Solar Array TLM Current
Regulated Bus TLM Current
Regulated Bus TLM Voltage
Unregulated Bus TLM Voltage
Auxilizry Regulator A TLM Voltage

Auxiliary Regulator B TLM Voltage

25 ma max
25 ma max
210% of average

less than 0.80 V

less than 0.80 V

24.50 20.25V

100 mv (p-p) max
23 A max

less than 0.10
{10 to 10,000 Hz)
less than 3 ms

23.50 025V

less than 1.19
{1 kHz to 20 kHz)

100 mv/10 ms max

26.00 20,25V
23.00 20.25V
38.0 0.3V

7.500 20.375 V

8.0 ¥V max

0,18 A Variation max
0.18 A Variation max
0.20 VVariation max
0.25 V Vanation max
0.20 ¥ Variation max

0.20 ¥V Variation max

V=40V, IL,=2A
V=40V
Vg=32V

VpR=24.5V
V, =235V
V=26V, Iy, = 20 4

Vy=38V,1, =204
Vp=38V
Vy=26V,i;, =54,
IAc=1A,F=
500-1z

Vy=26V,]I, =164 ]
Aly, =4 A

V,=38V,Ig=1A

Vu=26V,15=0.54,
Iac=0.54,
F=10kHz

V=26V, Ip=24,
Al =0.54

V=32V, 1L =24
V=32V, IL=2A
Isu=14 A

Regulator #1 ON
Repulator #2 ON

vy=3zV
Iga =14 A
I, =20 A
VR=24.5V
Vy=38Y
Va=235V

VA =23.5V

0.95 mA
0.15 tnA
8.6 percent

0.86 V (Clock Bus A)
0.68 ¥ (Clock Bus B)

0.68 V {Clock Bus A)
0.67 V {Clock Bus B)

24, 34 V (Regulator #1)
24,35 V (Regulator #2)

65 mv (both regulators)
21.94 A (both regulators)

0. 078 (both. regulators)

1 ms (both regulators)
23.48 V (both auxiliary regu-
lators}
0. 088 (bolh auxiliary regu-
lators)
45 mv/i ms (both auxiliary
regulators)
25,96 V
22.87V
38.16 V

7.189V
7.203V

6.506 V
0.02 A
0.07T A
0.02V
0.02V
0.03V

0.01V

Legend: Vy

= unrepulated bus voltage, If, = load current

Iza = solar arvay current, Vi = regulated bis voltage

VA = auxiliary regulator voltage, Ig = auxiliary regulator current

IAC = a-c current, Aly, = change in load current

ATR = change in auxiliary-regulator current, Igy ™ shunt dissipator eurrent

F  ={requency, TLM = Telemetry, P-P = peak~to-peak

Notes:

1. Test performed on May 22, 1969

2. Temperature during test maintained at 25°C

o-i8



TABLE IH-10. WORST CASE TEST MEASUREMENTS,
"CONTROL MODULE EM-01

Parameter

‘Fest Limits

Worst-Case Measurements

Measured Value

Measmiement Conditiong

Solar Array Diode Leakage
Battery Diode Leakage
Battery Diode Current Sharing

Clock Bus Diods Voltage
(From Aam Bus)

Clock Bus Diode Voltage
{From Auxiliary Regulitors)

Main Regulator Voltage Regulation

Main Regulator Ripple Peak

Main Regulator Current Limat

Mam Regulator Output Impedance

Main Regulator Transient Response
(Recovery Time to 24.5 20.5 V)

Aukihary Regulator Voltage Regulation

Awaliary Regulator Ouiput Tmpedance

Auxiliary Regulator Transtent Response
(Max Voltage Deviation/Recovery Time}

Bus Comparator Upper Voltage Limit
Bus Comparator Lower Voltage Lamit
Shunt Dissipator Voltage

Main Regulator ON TLM Voltage
Trickle Chg Override TLM Voltage

Regulator Voltage at Ji5 °

25 ma max
25 ma mas
+10% of average

less than 0.80 V

less than 0.80 ¥

24.520.5V

100 mv {p-p)

30 A max

less than 0,10
(10 to 10,000 Hz)

less than 3 ms

23.510.5V

less than 1.15}
(1 kHz to 20 kHz)

100 mv/10 ms max

26.0 20.5 V
23.0 20.5V
28.020.3V

7.500 20.375 V

B.0 V max

24,5 0.5V

0.7 ma
0.9 ma
9.3%

0.7V
0.7V
24.33 V

95 my

0,080

2.5 ms
23.48 Vv

0.120

60 mv/ims

25.91 Vv
23.12

38.08 V
7.246 V
6.722 V

24.53

T=25C, V=40V, I, =24
T=25°C, Vy =40V
1=25°C, V,, =32, Igs =8 A

T=25°C, Vp=24.5V,
Clock Bus B

T=25°C, ¥, =285V,
Clock Bus B

T=25°C, Vy =26V, Iy =20 A,
Ttegulator #1

T=25"C, V,, =38V, I, =20 A,
Both Regulators

T=25°C, V=26V, V=8V
Regulator ¥4 and 2

T=25°C, V=26V, I}, =64,
Iac =1 A, F =500 Hz,
Both Regulators

T=25°C, V=26V, I, =16 A,
AR, =4 A, Both Regulators

T=25°C, Vy=38V, I =14,
Auxithary Regulator A

T=25°C, V, =26V, IR=0.54,
Iac = 0.5 A (p-p), F =10kHz,
Both Auxiiary Regulators

T=28°C, Vy =38V, IgR=24A
Alg = 6.5 A, Regulator B

T=26°C, Vy =82V, I;,=24
T=25°C, Vy=32V, I,=24A
T=26°C, Igy=14 A

T = 25°C, Regulator #1
T=25°C, Vy =32V

T=26°CIp =104

Legend: T

1]

Iga = solar array current, VR = regulated bus voltage

temperafure, Vy =unrepgulated bus voltage, Iy, = load current

Va = auwxiliary regulator voltage, Ip = awabary regulator current

Isc = a-ccurrent, Alf, = change m load current

Alg = change in auxiliary regulator current, Igy = shunt dissipator eurrent

F = frequency, TLM = Telemetry, P-P = peak-lo-peak
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TABLE III-1i, TEST SEQUENCE AND PRCCEDURES, CONTROL MODULE 06

Test Test Procedure Completion
~ Date
Unit Performance Test TP-BT-1759712 7~ 1-69
Workmanship Vibration TP-HVA-1759712 7-1-69
Unit Performance Test TP-BT-1759712 7- 9-69
Spare System Test TP-SFTV-1846666 T-30-69
Thermal-Vacuum TP-SFTV-1846666 8- 6-69
Unit Pexformance Test TP-BT~1759712 8~ 7-69

1 output impedanée characteristics, and thermistor telemetiry data are nearly iden-
]\tical to the data taken during the prethermal vacuum unit tests completed on Feb-
‘lruary 5, 1969, Refer to Appendix VI of "Quarterly Technical Report No. 5,"

. (R3443) issued June 18, 1969,

Vibration tests were limited to random level exposure in the radial plane (See
Figure II-1) to verify workmanship. The test was completed satisfactorily on
July i, 1969.

Thermal-vacuum qualification was an abbreviated exposure conforming to the
temperature profile shown on Figure ITI-8. The electrical tests were performed
with the spare storage module test configuration shown on Figure II-9, Orbital
cycles were run at each temperature with the simulated solar array input cor-
responding to the 31~ to 38-volf portion of the I-V characteristic shown on Figure
1I-5. The regulaied~bus loads are shown on Figure 1I-6, All the test data was
within the limits specified in the test procedures; a list of worst-case measure-
ments is confained in Table ITI-13,
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TABLE IM~12. WORST-CASE UNIT TEST MEASUREMENTS, POST-REWORK
QUALIFICATION OF CONTROL MODULE 06

Parameter Test Limits T(esﬁetec]f;:é;{d")“ hif:;f;d
Solar Array Diode Leskage 25 mA max ! Vu=40V, I3, =2A 1.6 mA
Battery Diode Leakage 25 mA max Vu= 40V 0.19 mA
Battery Diode Current Sharing =10% of average Vy= 32V 3.9%
Clock Bus Diode Woltage less than 0,80V VR = 24.5 Clock Bus A 0,67V
{From Main Bus}
Clock Bus Diode Voltage less than 0,80V Va = 23,5 Clock Bus A 0.67V
(From Auxiliary Regulators) . -
Main Regulator Voltage Regualation on JB 24,5£0,25V V=26V, Iy,= 20 A, Reg No, 1 24,33
Main Regu].ator Ri\pple Peak on J8 100m Vp-p (mex) V=38V, Ir,= 204, Both Reg 70 mv
Main Regulator Voltage Regulation on J15 24,5 0,25V V=38V, Ir,= 104, Reg No. 1 22,54
Main Regulator Current Limit 23 A max Vu=38V, VR =24V 22,19
Main Regulator Cutput Impedance less than 0,19 V=268V, I =54, Iac=14A 0,0841
(G to 10,000 Hz} F = §00 Hz, Both Reg
Main Regulator Transient Response less than 3 m Vy=26V, I, = 16A,AI; = 4A 2m
(Recovery Time to 24.5 £0.5V) Both Reg
Awxilary Regulaior Voltage Repulation 23.6x0,25V Vy= 38V, IR = 1A, Both Aux, Reg. 23.49V
Auxiliary Regulator Output Impedance Tess than 1,10 Vu=26V, I1,=0.54A, Iac=0.54 0. 096%8)
({ kHz to 20 kHz) F =10 kHz, Aux Reg A
Auxiliary Regulator Transient Response 100 mv/10 ms max Vy=26V, In=24A, AIgR=0.5A 45mv/mA
(Max Voltage Deviation/Recovery Time) Both Aux Reg
Bug Comparator Upper Voltage Limit 26,020.25V Vua= 32V, Iy =24A 25,96¥
Bus Comparator Lower Voltage Limit 23,0 £0,25V Vp=32V, Ir,=2A 22,96V
. Shunt Dissipator Voltage 38,0 20,3V Isy= 14 A 38.16V
Main Regulator ON TLM Voliage 7,500 20,375V Reg No. 1 7,182V
Trickle Chg Override TIM Vditage 8,0V max Vy =32V 6,528V
Soler Array TLM Current 0.18 A Variation max Toa= 144 0.04A
Regulated Bus TLM Current 0,18 A Variation max I =204 0,14A
Repulated Bus TLM Voltage 0.20 V Vanaijon max Vg = 24.5V 0.02v
Unregulated Bus TLM Veltage 0.25 V Variation max V=38V -~ 0,02V
Auziliary Regulator A TLM Voltage 0,20 V Variation max Va=23.5V 0.02V
Auxiliary Regulator B TLA Voltage 0,20 V Variation max Va=23.5V 0.02V

Legend: V,; = umregulated bus voltage, Ij = load current

Igs = solar array eurrent, Vg = regulated bus voltage

VA = auxiliary regulator voltage, Ig = awsiliary regulator cuxrent:

Ioc = a-ccurrent, Aly = change in load current

Az = change in auxiliary regulator current, Igy = shunt dissipator current

F = frequency, TLM = Telemetry, P-P= peak~to-peak

Notes: 1. Test performedon August 8, 1969

2, Temperature during test maintained at 25°C
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TABLE III-13. WORST CASE SYSTEM MEASUREMENTS, POST-REWORK
QUALIFICATION OF CONTROL MODULE 06

Test Conditions
Function Specified Limits Measured Value
See Legend Temperature
PWM Regulator Voltage at J§ -24,5 20,5V Iz = 94, Reg No. b 10°C 24,44V
PWM Regulator Voltage at Ji5 - 24,520,858V Ip= 10A, Reg No. 1 45°C 24.43V
PWM Regulator Ripple Amplitude less than 1060 m Vp—~p Vy=37.7V,Reg No. 5°C S0mV
fand2
PWM Regulator Current Limiting 1es5s than 26A V=10V, Reg No, 2 5°C 23,40A
Auxiliary Regulator Voltage 23.5x0.25V I;=1.04, Aux 45°C 23,47V
; Reg A -
Clock Bus Voltage 23,8x0.25V IL=0.'?5A 5°C 23.88V
{From 24,5 V Bus)
Clock Bus Voltage 22,520,256V [ =0.754 25°C 22.98V
(From 23.5V Bus) '
Bus Comparator Switching Voltages 26.0£0,25V (high Ip=10A 4°C 26,08V
fmit} i
. 23.0£0,25V (Iow =104 45°C 22,92V
Hmit)
Regulator ON TLM Voltage T.5+0,375V Reg No, 1 5°C 7,180 ¥
TCOR ON TLM Voltage 7.552.5V .°c 8.688 V
Solar Array TLM Current 0.18 A variation max Igs = 13.60 25°C " 13.55 A
Regulated Bus TLM Current 0,18 A variation max Ix = 6,99 w0cc 9,10 A
Regulated Bus TLM Voltage 0.20 V variation max Vr= 24.40 25°C 24,50V
Unregulated Bus TLM Voliage 0,25 V variation max Vy = 30,98 10°C 30,95 V
Auxiliary Reg. A TLM Veltage 0.26 V variation max Voo™ 28.41 45°C. 23,50
Auxiliary Reg. B TLM Voltaga 0.20 V variation max Voux = 23.41 40°C 23.48
Legend: Vy = Unregulated Bus Voltage, I = Regulated Bus Current,
Iy, = Load Current, Igp = Total Shunt Dissipator Current,
Vgag = Selar Array Bus Voltage,
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