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ABSTRACT

This contract, awarded to Time-Zero Corporation (formerly Marshall
Laboratories} by Goddard Space Flight Center, is for purposes of designing,
developing, fabricating, testing, and integrating a thermal subsystem ‘
necessary to maintain a controlled environment for Experiment Package-
Five (EP-5) on the OGO-F Spacecraft. The thermal capabilities of

two (2) experiments, F-22 (Dr. Smith's Search Coil Magnetometer)

and F-24 (Dr. Helliwell's VLF Polarization and Wave Normal Direction

Antenna System) were involved in this project.

Time~Zero Corporation provided two complete thermal subsystems,
(1) prototype and (1) flight unit. In addition, Time-Zero Corporation
provided three (3) spare thermal blankets and one (1) spare proportional

heater.

Detail thermal analysis and extensive thermal testing was performed

by Time-Zero to insure thermal subsystem design capability.
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1.0 INTRODUCTION

This final project report covers the history of the EP-5 appendage

of the OGO-F Spacecraft as performed by Time-Zero (formerly Marshall
Laboratories), under a GSFC/NASA contract number NAS 5-11095.

The objective of this experiment was to maintain a controlled
thermal environment on Experiments F-22, (Dr. Smith's Search Coil
Magnetometer) and F-24, (Dr. Helliwell's VLF Polarization and Wave
Normeal Direction‘ Antenna System) which comprises the Experiment

Package Five, (See Photo A and Photo B).

This report describes the thermal design and the envirohmental
tests it was subjected to. This report also discloses the thermal
analysis performed in support of the design concepts used in the

development of the EP-5 system.
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Experiment Package Five (EP-5)
Boom Mounted
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2.0 EP-5SYSTEM CONFIGURATION

The EP-5 System contains portions of two experiments, F-22
and F-24 both within a thermal equilibrium blanket and mounted to

the +Y end of the EP-5 Boom.
2.1 Experiment Package-Five (EP-5)

The EP-5 System as shown in Figure 2-~1, and Figure
2-2 is partially contained within a 11.0"x 9. 5" x 9.0" pa.ra.llelep{ped
thermal envelope. The F-24 antenna extends beyond the thermal
envelope. The thermal envelope, which makes up the electronics
compartment, consists of multi-layer aluminized mylar sheets and
pure silk mesh arranged in a sandwich type construction with the
mylar side facing outward., Within the environmental controlled
electronics compartment are the Search Coil Magnetometer coils
and preamplifiers for the F-22 Search Coil Magnetometer Experiment,
_developed by Dr. E.J. Smith of JPL and Professor Holzer of UCLA,
and the Preamplifier for the F-24 VLF Antenna Experiment developed
by Dr. Helliwell and Dr., R. Smith of Stanford University. Because
of the sensitivity of the experiments within the EP-5 to magnetic fields
and RF noise, Time-Zero Corporation developed and used 2 non-magnet
proportional heater as an active temperature c;ontrol device within the

EP-5 Package.

The wiring diagram for the thermal subsystem mock-up
is shown in the Appendix, drawing 805800, The interface envelope

drawing and final assembly drawings 805100 and 805200 respectively,

are also shown in the Annendix.
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FIGURE 2-2 EP-5 THERMAL SUB-SYSTEM/OGO-F
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3.0 EP-5 PROGRAM HISTORY

The EP-5 program began at Time-Zero (formerly Marshall
Laboratories) in Ncilvember 1967 with GSFC/NASA Contract Number
NAS 5-11095 and continued through to the OGO-F Spacecraft Launch.
During this period, Marshall Laboratories efforts on the EP-5, OGQ-F

Program were as follows.
3.1 Organization and Management

Program organization and management were established
directly after Marshall Laboratories received the go-ahead from NASA/
GSFC on Contract NAS 5-11095. A master project schedule was drafted
outlining the tasks to be performed and-key prograxﬁ personnel were

assigned,

The key nersonnel active on this EP-5 thermal subsys-

tem program are listed below:

Program Manager

Eric Azari

D. L. Chingurg

Project Engineer

5. Pollack (Program Manager EP-5)
J. Kohan
D, Petrics
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Program reports and financial management reports

were distributed in accordance with the contract requ{rements.
3.2 Cuality Assurance

Marshall Laboratories Quality Assurance Program for
this project was controlled by ML/TN7500. 007, ""Quality Control and
Inspection Manual'' in accordance with NASA Quality Publications
NPC 200-3 and NPC 200-4. T-1'1e‘in5pection flow chart was submitted to
NASA/GSFC and maintained through the life of the project (see Figures
3-1, 3-2 and 3-3).

3.3 EP-5 Thermal Subsystem Design

Preliminary design of tE;e_EP—S Syst;em began 9 November
1967 and continued through 10 January 1968 when Marshall Laboratories
submitted perliminary drawings to Goddard Space Flight Center for
approval. In accordance with the contract, Article 1, paragraph
1. 3.1, Preliminary Interface and Design brawings (805100 and
805200 Appendix herein) were submitted to Mr. M. Stephens, Code
246, NASA, 10 January 196;8 for approval, see letter in GSFC correspondence
Appendix.

3.3.1 Thermal Design Concept
The original thermal design concept of indi-

vidual experiment heaters and thermal blankets were reported as

inadequate and inefficient. The required thermal environment cannot
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be maintained due to a large thermal gradient across the ¥-22 Search
Coil. Probe resulting in an out of range condifion. The reason for th&
large thermal gradient was due primarily to the positioning of the pro-
portional heater within the search coil probe with respect ’f;o the clamp-

ing configuration,

The F-24 preamplifier was originally to be
heated by an internal 3 watt proportional heater, A preliminary analy-
sis indicates this would not be sufficient to maintain a minimum 50°C.

environment within the preamp during eclipse conditions.

Additional studies indicated that the indivi-
dual thermal blanket concept would be an inefficient approach to ther-
mal control in this instance, due to the increased cost of fabrication,

and the difficulties involved in installation and removal.
3.3.2 Thermal Design Concept Modification

Marshall Laboratories recommended that
one large thermal—blanket be used to enclose the experiments F-22
and.F-24 in a controlled environment package. The thermal blanket
was constructed similarly to the OGO-E blanket with the exception
of using a silk mesh layer between the layers of aluminized mylar
for structural rigidity. The heat source is 2 10 watt propostional
heater bonded to the EP-5 base plate. Control monitoring is a
thermistor sensing unit, rhounted on the EP-5 base plate. The
heater power is provided from existing spacecraft power to a ter-
minal board also mounted on the EP-5 base plate. The preliminary

drawings submiited for comments were:

805100 Envelope Drawing EP-5, OGO-F
805200 Assembly Drawing EP-5, OGO-F
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3.4 Thermal Analysis

The thermal analysis was prepared and submitted to
NASA /GSFC in accordance with the requirements of Contract NAS-
5-11095. The thermal analysis verified the necessity of an active
thermal control device in the EP-5 assembly. A non-magnetic pro-
portional heater was used as this active temperature conirol device,
The EP-5 proportional heater developed by Marshall Liaboratories
is bonded to the base plate and provides heat to the experiments by
conduction and radiation from the base plate., Figure 2-2 illustrates
the EP-5 temperature conirol s.ystem. The electronic compartment
has an acceptable ;:empera.ture range of -20°C to +50°C.and a mini-
mum internal dissipation of .22 watts when the internal temperature
is 1200, Between the temg;erature range of 6°C and 12°C the dissi-
pation may vary from 1,575 watts to .22 watts depending on the posi-

tion of the spacecraft rélative to the sun.

The final thermal analysis for Experiment package five

is included as a part of ‘this report and included in the Appendix,
3.5 Proportional Heater - Control - ML-306 Series

The thermal proportional heater control was developed
by Time-Zero Corporation {formerly Marshall L.abs) for purposes of
providing a temperature control device for electronic units without the
introduction of ini:erfacing magnetic fields. The control circuit con-
sists of a thermistor bridge, amplifier and heater. Feedback is-used °
to minimize ac current through the heater, Flexibility is allowed by the
circuit design to adjust gain (Watts /-OC), and operating temperatures.
The following illustrations, Figure 3-4 through Figure 3-11 show the
" typical mechanical and electronic parameters associated with the

proportional heater control configuration. A complete electrical
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MODEL ML162-1

Proportional Heaternr,
Non=IVlagnetic

DESCRIPTION . . .

The ML 162-1 heater has application on spacecraft and missile pay-
loads where temperature control of electronic units, without the in-
troduction of interfering magnetic fields, is required.

Features include:

Wattage proportional to AT
Small size

Low weight

Remote temperature sense.

The control circuit consists of a thermistor bridge, amplifier and
heater, Feedback is used to minimize a-c current through the heater.
Flexibility is allowed by the circuit design to adjust gain (watts/°C)
and operating temperature.

T’ME’ZERD corporation

3530 TORRANCE BOULEVARD. TORRANCE, CALIFORNIA 80503 .213/772-4446

Figure 3-4
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SPECIFICATIONS. ..

Voltage: +28.5 volts nominal
23.5-33.5 range
Power: 1-15 watts possible;

10 watts nominal

Gain: Adjustable within the limits of
20°C /watt to 3°C/watt

Operate Temperature: Can be set within the limits of
—20°C to +70°C

D-C Magnetic Field: <75y at1”

A-C Magnetic Field: <1 ¥ 10y at1”

F=1Ke/s
Weight: 56 gms
Size: See Figure 1.

A

10-62

FIGURE

T’ME‘ZERD corporation

3530 TORRANCE BOULEVARD, TORRANCE, CALIFORNIA 80503 . 213/772-4448
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ML 306

PROPORTIONAL HEATER
TYPICAL

BILL OF MATERIALS (Reference Only,

Part No, Qty. Description Ref; Des, Applicable Spec.
52343 1 P.C. Board ML
52344 1 Housing ML,
PT4-13004-8 1  Heater-Strip TRW PT4-13004
26000 1 Thermistor IRTI ML
CSRI3F333KP 1 Capacitor Cl MIL C 39003/1
CSRI13G225KP 2 Capacitor- cz2, G3 MIL C 39003/1
CKO5CW102K 1 Capacitor c4 ' MIL C 11015
IN753A 1 Diode CRI Motorola
IN965B 1 Diode CR2 Motorola
1N6454 -2 Diode CR3, CR4 GE or TI
RCOTGFXXXT 6 Resistors R1,R3,R5, MIL R11
R7,R8,R11
RN55CXXXXFE 3  Resistors R2,R4,R6 MIL R 10509E
RWP-19 2 Resistors R9,R10 MIL, R 23379
2N2484 2 Transistor Q1l, Q2 Texas Instrument
2N2907A 1 Transistor Q3 Texas Instrument
2N22224 1  Transistor Q4 Motorola '
2N1486 Z Transistor Q5,06 RCA

Figure 3-5
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MIL 306- -
PROPORTIONAL HEATER

TYPICAL

POWER STRESS LEVEL OF ELECTRONIC COMPONENTS (Ref, Only)

Ref, Des, Part No. % Stress
Heater Strip PT4-13004-8 63
RTI 52347 5
cl . CSR13G333KP 16 *
c2 CSR13G225KP 30 %
c3 CSR13G225KP 30 *
C4 CRO5CW102K 6 *
Rl RCOTGFXXXJ <1
R2 RN55CXXXXF 3
R3 | " RCOTGFXXXJ 15
R4 RN55CXXXXF <1
R5 RC07GFXXXJ <1
R6 RNJ5CXXXXF 2
R7 RCOTGFXXXJ < 1
R8 RCO7GFXXXJ 3
R9 RWP-19-XXX : 11
R10 RWP-19-XXX 13
R1l RCOTGFXXXT 20
CRI _ IN753A 21
CR2 . 1N965B 9
CR3 IN645A 5
CR4 - IN645A <1
o1, Q2 . 2N2484 | <1
Q3 2N2907A 2
Q4 ' 2N3107 3
Q5 2N1486 1,5
Q6 2N1486 12

wXs

% Voltage stress is given in place of power stress.

FIGURE 3-6
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MAGNETIC LIMITATIONS: FOR EP-5 OGO-F (Ref. Only)

1 Weber = 108 Maxwells

1 Gauss = 1.0 Maxwells/Square CM = 10% Maxwells/Square meter

] Gamma = 10~ Gauss ‘-1 Weber/Square Meter 107 Gamma

Band 1 200 cps

Any 50 1.6 k cps
cps band

Band 2 1.6 k cps

Any 160 12.5 k cps
cps band

Band 3 12,5 k cps

Any 500 100 k cps
cps band

2.7x 10

VLF EXP LIMITS

1&&:510‘13

1.5 x 10714

14

3.5 x 10712

5.9 %10 12

7.6 x 10"16

Weber

Weber

Weber

Weber

Weber

Weber

FIGURE 3-10
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analysis of the proportional heaters was conducted and is subrnitt‘ed

as part of the appendix {for information purposes only). The propor-
tional heater controls were fabricated in accordance with the assembly
drawing 52168. The reference schematic drawing is 52238, All tests
conducted on these proportional heaters were tested thoroughly and

found to meet the basic requirements satisfactorily.
3.6 Thermal Blanket

A thermal blanket was designed and fabricated by Time-
Zero Corporation (formerly Marshall Laboratories) for purposes of
maintaining the required temperature range of the EFP-5 experiment
package. The basic geometry of this thermal blanket is shown in
Figure 2-1 and 2-2. The construction is shown in Figure 3-12 and
the detail flat pattern, materials, and assembly shown in drawing
805202 {(Appendix}. The thermal blanket was assembled in a clean
room area which meets the class 10,000 cleanliness requirements
of the Federal Standard 209A. This assembly was formed on a spe-
cial form block T805205 (Appendix) and critical seams ultra soni-
© cally welded.,

Aluminized tape was applied to all welded areas after

visual inspections were made,

Two sets of thermal blankets were provided; one for
the prototype system and one for the flight system on shippers M/L
68-0723, S.0. 7564. Three thermal blanket spares were also sent

at this time.
3.7 Control Thermistor

The control thermistor, a component of the proportional

heater control (P/IN 52168) is physically bonded to the EP-5 base plate
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as shown on drawing 805200 (Appendix). The heater control thermis-
tor is also illustrated in Figures 2-1 and 2-2; this however is not to

be construed as its exact location (shown for reference purposes-only).

The thermistor assembly (P/N 20032 Appendix) is the
non-magnetic type and conforms to specification ML S46066 (reference
G, E. drawing 9RT1H116): Epibond 1210 is used to bond thermistor to
EP-5 base plate. Leads to thermistor are twisted to further insure
against electromagnetic interference problems. The temperature

characteristics of this G. E, thermistor is shown in Figure 3-13,
3.8 Heater Strip

The heater strip consists of a double glass covered 32
gage (Evanohm) wire embedded in a laminated silicone substrate. This
element is looped, folded back and twisted together with a minimum of
four and a maximum of eight twists per inch, There are no welds or
solder joints within the element, and the only termination allowed is

at the exposed element approximately one inch from the heater body.

To further minimize any magnetic interference, the
heater leads are twisted at the rate of 12 to 15 turns per inch. A
typical heater strip configuration is shown in Figure 3-14, The
actual heater strip used with the proportional control is shown in the
Appendix, Drawing 20037. The relative location of this heater strip

is shown in the proportional confrol drawing 52168,
3.9 EP-5 Stub Boom

A stub boom P/N 107957-900 was delivered during the
month of June, 1968 to TRW Systems in support of the solar-vac tests
conducted on the prototype and flight EP-5 assemblies. See Appendix
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12 TO 15 TURNS -PER INCH

R ety
(gbf%‘— —verrers -

i

N N l
1 i

L_._.__K_J

B [ [} \
MARKING IDENTIFICATION
DIMENSIONS

CODE DIMENSIONS
A 3.50% 0.10
B 0./83 * 0.06/
C .00 = Q.03
D 0.050 MAX

HEATER, STRIP, FLEXIBLE (TYPICAL)
FIGURE 3-14
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for letter of transmittal and Figure 3-15 for the EP-5 thermal mock-

up (boom mounted) subassembly.,
3.10 EP-5 Container

The EP-5 thermal mock-up container is approximately
16" % 16" x 6'0" fabricated with birch, paneled over pine and douglas
fir plywood, This container is fabricated per drawing 805809 (Appen-
dix) and designed to handle the EP-5 subsystem mock-up ‘shown in
Figure 3-15. Special cradle provisions, clamping brackets, and fas-
teners are provided to securely hold the thermal subsystem in place.
This container is presently held in Bonded Stores at Time-Zero Cor-

poration/Marshall Laboratories.
3.11 Base Plate Pedestal

The base plate pedestal essentially supports the F22
Search Coil Magnetometer and the F24 Antenna Assembly (for details
of the base plate, see GSFC drawing No. GE-1250099 and GE-1250121
and for a basic outline of the base plate pedestal, see Figure 2-1. The
integration of the base plate pedestal harness and thermal subsystem
including the proportional heater were shipped in accordance with
Article VII of this contract (NAS 5-11095), The temperature sensing
thermistor and proportional heater are both bonded to this base plate
in accordance with assembly drawing 805200 (Appendix). The thermal
blanket is formed or configured about the base plate pedestal is shown
in Drawing 805202 Sheet 2 (Appendix).

3,12 Test Harness

A test harness was developed and fabricated for the
EP-5 thermal mockup per Drawing 805808 (Appendix) and illustrated
in Figure 3-16. This cable or harness is in the form of a "Y" confi-

guration with an overall length of 360 inches, One leg of the "Y' is
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T’ME ’ZER O corporation

3530 Torrance Bouleverd, Torrance, California S0503

FIGURE 3-15
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is a pigtailed section 48 inches long with the adjacent "Y' leg terminat-
ing at-a 25 pin cannon connector. The remaining cable end in an amphenaol

connector (21 pins).
3.13 Thermal Mock-Up As srembly (Weighted)

The thermal mock-up assembly, approximately 9" x 9"
x 16" contains the base plate, pedestal assembly for the Search Coil
Experiment F-22, the antenna for ¥-24 Experiment, proportional
heaters, and the associated supporting‘hardware and harness (fefer-
ence Drawing 905803 in the Appendix). See Photograph A, Photograph
B and Figure 3-15. This assembly is essentially the weighted confi-
guration of the thermal system exclusive of the thermal blanket sub-

system., This subsystem is discussed in the following section,
3.14 Thermal Mock-Up Subsystem (Blanket Assembly)

’I‘hé thermal mock-up subsystem is constructed of
aluminized mylar as shown in Drawing 805801 {Appendix). This
blanket essentially envelopes the complete EP-5 Package (as dis-
cussed in Paragraph 3,13) and the associated harness and boom '
section, The thermal blanket is fastened in critical areas by the
method of "crinkling'' sections of 3 MIL aluminized mylar accordingly
and tying with dacron thread. Aluminized tape is also used to secure
ends., Ultrasonic welded sections are required in areas shown on

Drawing 805801 for purpose of obta.ining‘additional strength integrity.
See Figures 3-17 and 3-18 for typical harness and boom thermal

blanket wrap around.

These blankets are assembled in an area which meets
the class 10,000 "cleanliness requirements of Federal Standard 20%A
clean white cotton or mylar gloves are used to handle this subsystem

materials and components,
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The EP-5 Thermal Mock-Up Subsystem was completed
and shipped to GSFC for the solar vacuum design verification tests

(reference monthly progress report of April, 1968, Paragraph 2, 3).
3.15 Solar Vacuum Design Verification

A solar vacuum design verification test, in accordance
with Pdragraph 1.3.5 of NAS 5-11095, was satisfactorily performed
at TRW Systems, Redondo Beach, California, dtiring the week of 19
August 1968, See Appendix for abridged copy of test report and design
verification test .specification S46865, '

Official «Copies of this test report were submitted to

GSFC, Mr. M. Stephens, (See Appendix for letter of transmittal),

All thermal and mechanical design objectives were -

satisfactorily concluded.
3.16 Mutual Environmental Interference Test

For purposes of estabii‘shing mutual electromagnetic
interference compatibility between the Experiments F-22 Triaxial
Search Coil Magnetometer, and the Experiment F-24 VLF Antenna, .

a Time-Zero Corporation {Marshall Laboratories Specification 546868
was generated and submitted to GSFC. Copies of this specification
and transmittal letter are part of the appendix. Based on a contract
mpdiﬁca.tion, the mutual interference test between the F-22 and F-24
experiments was to be conducted by NASA/GSFC (See reference letter
of 24 May 1968, No. 68-0584 to GSFC from Marshall Laboratories

(See attached Appendix). This letter was generated on the basis of

a 20 May 1968 telegram between J. E. Painter, K. Meese, M. Stephens
of GSFC and D. White and D. Petrics of Marshall Laboratories.
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3.17. Prototype EP-5

In accordance with Article I, Paragraph 1.3.10, the
EP-5 Thermal package (i.e. blanket and proportional heater system)
was delivered to the NASA /GSFC project office at TRW on 10 .June 1968,
Coupled with this shipment, one flight blanket and three spares were
also delivered; see letter of transmittal 68-0723 in Appendix.

3.18 Flight Unit EP-5

A complete flight unit system was subinitted to TRW
Systems 24 May 1968 in accordance with Article I, Paragraph 1.3.11
of this contract (NAS 5-11095), The EP-5 OGO-F Thermal System
consisted of a base plate, pedestal and harness assembly (S/N 4) with
an EP-5 proportional heater installed (S/N 3); see appendix for letter

of transmittal,

3.19 Extension Cables
An extension cable for the EP-5 Thermal Mock-Up
was designed and fabricated in accordance with Drawing 805807 per
M/L production work order No. 1417 dated February 1968 (see Figure
3-19 for cable illustration and drawing 805807 in Appendix for details

in wiring and fabrication).
3.20 Field Service

Field service was performed by Time-Zero Corporation
(Marshall Laboratories) personnel in accordance with the contract
requirements of Article I, Paragraph 1.4 of NAS 5-11095, This item
calls for field service to be performed as necessary at TRW Systems,

GSF'C, the associated experimenters facilities, and the Western Test
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Range. All field service performed to date on the EP-5 Therms

Subsysterih was believed to be complete and satisfactory.
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4.0 CONCLUSIONS

The basic contract requirements as delineated below were

satisfactorily performed in providing ‘an overall thermal system con-

trol for the F-22 Jet Propulsion Laboratory Magnetometer Experi-

ment and the ¥F-24 Stanford University Antenna Experiment,

a}

b}

1)

Coordination of the thermal requirements of the

experimenters,

Designed and supplied the necessary thermal enclo~

sures and heating and conirol devices.
Performed tests to verify the thermal design.

Provided interface specifications and interface

drawings.

Iﬁtegrated thermal control subsystems on the experi-
ments (EP-5},

Delivered integrated thermal control subsystems and .

spares to the spacecraft contractor.
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THERMAIL SUBSYSTEM EP-5 OGO-F APPENDIX

Transmittal Letter/

Item Description Ref. Document
1 Mutual Environmental Interference Test - 546868
2 ' Thermal Vacuum Design Verification 69-0102
3 Master Drawing Lists
4 Thermal Analysis for EP-5/0GO-F 68-0110
5 " Worst Case Analysis (Proportional *
Heater) .

6 GSFC Correspondence

7 Typical Proportional Heater Inspection
Report

8 - Solar-Vac De.sign Verification Specifi- S46865
cation

1

9 EP-5 Thermal System Drawings
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MUTUAL ENVIRONMENTAL INTERFERENCE TEST

546868
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1.0 SCOPE

1.1 This procedure covers the mutual electromagnetic interference test
requirements among experiment F-22, Triaxial Search Coil
Magnetometer, and ¥-24, VLF Antenna.

2,0 APPLICABLE DOCUMENTS

2.1 The following documents of the latest issue and revision letter in effect
form a part of this specification to the extent specified herein.

Drawings, Marshall Laboratories

Title

Experiment Assembly
OGO-F, EP-5

Cable, Interference Tesi

Schematic Proportional
Heater

Interconnection Diagram
Experiment F-24

Interconnection Diagram
Experiment ¥-22

Tri-Loop Antenna
Assembly

Appendage Interface
Drawing EP-5, OGO-F

EP-5 Dimensional
Control & Design
Layout OGO-F
Assembly, EP-5, OGO-

Wiring Installation
EP-5, OGO-¥

pw | MARSHALL
L LABORATORIES
TORRANCE CALIFORNIA

Drawing Number .Revision
MI1.805200-101 A
MI1.805900-101,102, 103 N/C
MIL52238 C

TRW Systems
X232133 A
X232131 A
Lockheed
R76270 N/C
GSFC
GE1250106 N/C
GJ 1250070 N/C
GJ1250122 N/C
GJ1250208 N/C
TITLE

Mutual Environmental Interfer-
ence Test Specification for

w0 13126

EP.5 Integration, OGO-F

ML FARM 201

SPECIFICATION NO.
§ 46868

REV

ASHEET 2 OF



Specifications

QOGO
Contract NAS 5-11095

GSFC, ''Specification for the Orbiting Geophysical Observatories
8-49/50" {Latest Revision).

TRW

STL Observatory Environmental Test Specifications D13353
and D13354 (Latest Revisions).

ST1, Experiment Interface Specification D13356 (Latest Revision).

General

Performance Specifications for each experiment of the OGO form
a part of this document and will be used as a standard Lo judge
the performance of the applicable experiment.

Letter from JPL to ML dated 3-25-68, subject Interference Tests.

Letter from ML to SU, dated 5-8-68, subject Interference Tests,
" REQUIREMENTS :

0
.1 Test Equipment
1,1 Standard The following test equipment (or equivalent) may be used.

3.1.1.1 Oscilloscope - Tektronix Model 545A.

3.1.1.2 Plug-In- Unit - Tektronix Type CA.,
: Tektronix Type L

3:1.1.3 D, C. Power Supplies

3; 1.1.4 Precision D, C, Vollmetérs
3.1.1.5 Precision A.C, Voltmeters
3.1.1.6 Sinew;ve Generator

3.1.1.7A.C. Power Supplies

3.1.2 Non-Standard. The following test equipment is not available commerciall

3.1.2.10G0O, F-24 Ground Support Equipment

IRRSHALL TITLE SPECIFICATION NO.
LABORATORIES Mutual Environmental Interfer- o
JRRANGE CALIFORNIA ence Test Specification for § a6s6r
12126 EP-5 Integration, OGO-F SHEET 3 OF ‘
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2,1.2.2 OGO, F-24 Main Experiment Package
3.1.2.30G0, F-22 GSE Bench Test Equipment

3.1,2,4 OGO, F-22 Main Experiment Package

2.1.2.5 OGO, EP-5 Interference test cables

Expected Actual Interference Environment

The Electronic and Mechanical Assemblies shall perform satisfactorily
under the conditions expected to exist during time of operation in orbit
and be able to withstand, with no out-of-tolerance degradation, all
environmental interference conditions expected to be encountered.

Simulation of Environment

Laboratory Environmental Interference Tests for Electronic and
Mechanical Assemblies are intended to simulate conditions which are
somewhat more severe than field conditions in order to provide better
assurance of locating design deficiencies; however, the conditions

are not intended to be severe enough to exceed design safety margins

or excite unrealistic modes of failure. Should such modes occur,
.pertinent requirements will be waived in accordance with applicable
procedures. The required Environmental Interfereuce Test procedures
are .outlined in paragraph 3,11,

Test Facilities
3, 4.1 Apparatus and Conditions

The apparatus used in conducting tests shall be capable of
producing and maintaining the test conditions required,

with the assembly under test installed on or in the apparatus
and non operating., Changes in apparatus conditions from

the nominal conditions specified by the appropriate test
procedure shall not exceed the assembly specification require-
ments or the requirements of Paragraph 3. 6, 1 of this
specification, whichever limits.

3.4, 2 Volume
The volume of the test facilities shall be such that the bulk

of the equipment under test shall not.interfere with the geneation
Or Imaintenance of the test conditions,

M
L

MARSHALL TITLE . SPECIFICATION NO.
LRBORATORIES Mutual Environmental Interfer.

TORRANCE CALIFORNIA ence Test Specification for S 46868

0DE

JENT NO

) EP- 3 ion, -
13196 -5 integration, OGO-F

TREV

SHEET  , OF

it



3.5

3.6

3.7

3.4.3 Standard Conditions for Test Area

Conditions for conducting assembly functional tests shall be
as indicated below:

a) Temperature: 25+ 3%¢ (770 + SOF)
b) Relative Humidity: 55 percent or less
c) Barometric Pressure:Room ambient (Correct to 29. 92

inches Hg is fo specified in the

applicable equipment specification).

Measurements

All measurements shall be made with instruments whose accuracy

. conforms to acceptable standards and which are appropriate for the

parameters measured and the environmental conditions concerned.

The accuracy of the measurement equipment shall be verified by the
supplier.

3.5,1 Tolerances

The maximum allowable tolerances for test conditions shall
be specified by the applicable test section in the Mutual
Environmental Interference Test Specifications.

Performance Record

Prior to conducting any of the tests specified herein, the assembly
shall be subjected to a comprehensive functional test under standard
conditions and a record made of all data necessary to determine
compliance with the applicable assembly specification. These data
shall provide the basis for checking satisfactory performance of the

equipment during or after environmental interference tests. A

chronological log of performance data shall be aviilable at one
central location throughout the test program and shall be maintained
by each experimenter to indicate accumulated running times suitable
for reliability review, Three (3) copies of the recorded test data
will be furnished to Marshall Laboratories upon completion of testing
by each participating experimenter.

Installation Check

Following installation in the test apparatus and prior to test, the
assembly shall be inspected by each participating experimenter to
sufficiently insure that no malfunction or damage was caus ed due to
faulty installation procedure or handling.
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3.8

3.10

3.10.°1

Criteria for Failure

Degradation or change in performance of any assembly which exceeds
limits established by its specification and applicable test procedure
during any test period shall be considered as a failure. Testing shall
be discontinued until the malfunction (including design defects) is
corrected. If the corrective action consists of simple repair, such

as replacement with identical parts, the complete test procedure
under which failure occurred shall be repeated in its entirety without
equipment failure before proceeding to the next test. If corrective
action, such as redesign, is required, the test procedure under which
failure occurred shall be repeated as indicated above for repair action.
In addition, if such redesign affects the results of previously completed
tests, such tests shall be repeated. .

Failure Reporting

Upon occurrence of a failure(s), as outlined in Paragraph 4.7 an
immediate verbal report shall be made to Marshall Laboratories
EP-5 integration Project Manager or his designated representative

followed by a confirmation in writing to Marshall Laboratories within
48 hours,

-

Test Instrictions

The mutual environmental interference tests will be performed in a
magnetically shielded room at JPL. The test setup will be as shown
in Figure 1. The F-24 Antenna shall be in a deployed state. The
EP-5 assembly shall be placed in a Helmholz coil pair inside a
magnetically shielded room.

The main body packages, GSE mstrument, A.C. - D.C. power supplies,
voltmeters and other miscellaneous test equipment will be located
outside the shielded room.

3.10.2 This portion of mutual environmental interference tests
will be performed with no excitation field applied to EP-5,

a) Observe and record F-24 outputs with F.22 off,

b) Observe and record F-24 outputs with F-22 turned on.

c) Observe and record F-24 outputs with F-22 in various
gain states and IFC modes. .

d) Observe and record F-24 outputs with heater on, off,
and varying temperature range.

e) Observe and record F-24 outputs with ¥-22 turned off.

f) Observe and record F-22 outputs with F-24 off,

g) Observe and record ¥-22 outputs with F-24 Lturned on.

MARSHALL TITLE SPEGIFICATION NO. REV
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3.10.3

3.10.4

h)

i)

)]

k)

Observe and record F-22 outpuls with ¥-24 in opc,ratton
with various data sampling rate,

Observe and record F-22 outputs with ¥ -24 operating in
IFC mode,

Observe and record F-22 ocutputs with EP-5 heater-on and
off,

Observe and record F-22 outputs with ¥-24 turned off.

This portion of mutual environmental interference.tests will
. be performed with VLF electric fields appliad to F-24.

a)
b)
c}

d)
e)

f)

Observe and record F-22 outputs with ¥-24 off.
Observe and record F-22 outputs with F-24 turned on.

Observe and record F-22 outputs with F-24 in operation
with various data sampling rate.

Observe and record F-22 outputs with F -24 operating in
IFC mode.

Observe and record F-22 outputs with EP-5 heater on and
off,

Observe and record F-22 outputs with F-24 turned off,

This portion of mutual environmental interference tests will
be performed with low frequency magnetic excitation field
(< 100 Hz) applied to ¥-22,

a)
b)

c)

d)

Observe and record F-24 outputs with F-22 off.
Observe and record F-24 outputs with F-22 turned on.

Observe and record F-24 ouputs with F-22 in various
gain states and IFC modes,

Observe and record F-24 outputs with F-22 turned off.

4,0 QUALITY ASSURANCE PROVISIONS

The requirements section of this specification form the Quality Assurance

Provisions.

5.0 PREPARATION FOR DELIVERY

""Not Applicable to this Specification"

6.0 NOTES

""Not Applicable to this Specification”

L |MARSHALL
|1 LABORATORIES
TORRANCE CALIFGRNIA

N 10 13126

TITLE

Mutual Environmental Interference

Test Specification for
EP-5 Integration, OGO-F

SPECIFICATION NO.
S 46868

SHEET 7  OF




MAGNETIC
FLUX FPOOM

|
- =24 ANTENNA

|
| F-22
EP-5 BASEPLATE = !
|
l 1 |
INTERFERENCE BRAIDED
TEST. . CABLES -_——§SS§§\\ GROUAID __\\&¥
‘ * N STRAP

HEATER "
POWER F=24 F-2z Géﬁ%gﬂo
M/ M /8
-2 22
GSE GSE
| L
MUTUAL INTERFERENCE
[EST SET-UPRP
EP-5  (0GO-F)
Fis. |
g P MARSHALL TITLE SPECIFICATION NO. REV
LABORATORIES Mutual Environmental Interference
L TORRANGE CALIFORNIA Test Specification for EP-5 S 46868

B N 13126

Integration, ©GQO-F

SHEET 8 OF 8

e




ITEM 2

THERMAL VACUUM DESIGN VERIFICATION TEST REPORT

EXPERIMENT PACKAGE FIVE - OGO-F

(18 March 1969, 69-0102)



THERMAL VACUUM DESIGN VERIFICATION
TEST REPORT
For
EXPERIMENT PACKAGE 5 OGO-F

Contract No. NAS 5-11095

Prepared By: /7-%;/_//,,&,\./
J. Kohan
Project Engineer

Approved By: G
E, Azari
Program Manager

MARSHATLIL LABORATORIES
3530 Torrance Boulevard
Torrance, California



1.0
2.0
3.0
4.0
5.0

6.0

7.0

8.0

5.0

10

11

. SOLAR CALIBRATION

Table of Contents

INTRODUCTION

EXPEJ.;{IMENT PACKAGE FIVE CONFIGURATION
TEST EQUIPMENT

PRE-TEST MODI¥ICATION

PRE-I‘EST CHECKOUT

PHASE I SOLAR-VAC TEST EP-5,
ECLIPSE CONDITION

PHASE 11 SOLAR-VAC TEST EP-5,
SOLAR CONDITION

CONCLUSIONS

Figures

EP-5 Assembly Design Configuration

EP-5 Assembly Thermal Subsystem

EP-.5 Positioning with 7 x 12 Solar-Vac Chamber
F-22 X Axis Sensor Temperature Curve, Eclipse
F-22 Y Axis Sensor Temperature Curve, Eclipse
F.22 Z Axis Sensor Temperature Curve, Eclipse
EP.5 Heater Monitor Control Curve, Eclipse
F-24 Preamplifier Temperature Curve, Eclipse
F-22 X Axis Sensor Temperature Curve, Solar
F-22 Y Axis Sensor Temperature Cruve, Solar

¥F.22 Z Axis Sensor Temperature Curve, Solar

Page

10
11
12
13
i4
15

16



Pagc

12 EP-5 Heater Monitor Control Curve, Solar 17

13 F.24 Preamplifier Temperature Curve, Solar 18

APPENDIX "AY

Photographs

APPENDIX "B

Test Data



Page 1

1.0 INTRODUCTION

The purpose of this report is to present the results of the solar-
vac design verification tests of the Experiment Package Five {(EP-5)
for the OGO-F Spacecraft. The tests were performed at TRW Systems
during the period of 19 August 1968 through August 21, 1968,

The EP-5 assermbly contains portions of two experiments, ¥F-22
and F-24. Both are within a thermal equilibrium blanket and mounted
to the +Y end of the EFP-5 boom.

This report covers a review of the tests performed on the
following two ''worst case'f orbit conditions.

1. The EP-5 is in total eclipse, shadowed by spacecraft
and heater power is reduced to 27 volts.

2. The EP‘—S is receiving non(‘)na.l insclation (1.9 sun) on
its -Y and -Z surfaces (45 incline) and heater power
is increased to 32.5 volts.

2.0 EXPERIMENT PACKAGE FIVE CONFIGURATION

The EP-5 as shown in Figure 1, is partially contained within
an 11.5' x 9.5 x 9. 0'" parallel piped thermal envelope. The F-24
antenna extends beyond the thermal envelope and this is not maintained
within the thermally controlled environment. The thermal envelope
which makes up the electronics compartment, consists of multilayer
aluminized mylar sheets and pure silk mesh arranged in a sandwich
type construction with the mylar side facing out.

Within the environmental controlled electronics compartment
are the prototype search coil magnetometer coils and preamplifiers
for the F-.22 Search Coil Magnetometer Equipment, developed by
Dr. E. Smith of JPL and Professor Holzer of UCLA, and the prototype
-preamplifier for the F-24 VLF Antenna Experiment developed by
Dr. Helliwell and Dr. R. Smith of Stanford University. Because of
the sensitivity of the experiments within the EP-5 to magnetic fields
and RF noise, a non-magnetic proportional heater is used as an
active temperature control device. The EP-5 proportional heater
developed by Marshall Laboratories, is bonded to the baseplate and
provides heat to the experiments by conduction and radiation from
the baseplate. Figure 2 1illustrates the EP-5 temperature control
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Figure 1 EP-5 DESIGN CONFIGURATION
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system. Thg electro%ics compartment has an acceptable temperature
range of -20 C to 450 C and a minizgmm internal dissipation of . 22 watts
when the 1nterna1 temperature is 12 C. DBetween the temperature
range of 6°C and 12°C the dissipation may vary from 1. 575 watts to

- 22 watts depending on the position of the spacecraft relative to the sun.

The heat dissipations for the EP-5 experimenters components
were as follows:

1. F-22 Search Coil 0. 240 Watts
2 " F.24 Preamplifier 0. 0988 Watts
To sense the temperature within the EP-5 package during solar-

vac testing 9 YS1 44018 thermisters and 10 thermocouples weee installed
at various selected positions as indicated below:

TM1 & TC12 F-22 X-Axis Search Coil

TM2 & TC13 F-22-X-Axis Search Coil

TM3 & TCl4 F.22 Y-Axis Search Coil

TM4 & TC15 F-.22 Y-Axis Search Coil

TM5 & TC16 F-22 Z-Axis Search Coil

TMb6 & TC17 F-22 Z-Axis Search Coil

M7 & TCI18 - EP~.5 Base Plate, New Heater Control Thermisto:

L TMS8 & TCL9 F.24 Preamplifier

TM9 & TC9 F-24 Preamplifier

TCl1 EP-5 Base Plate opposite end from Heater
Control Thermister

TCZ2 Relay Module

TC3 Pl Squib .

TC4 P2 Squib

TC5, TC6 & TC7 Boom

TC8 Cable

TCl0 & TCl11 F-24 Ejection Mechanism

The experiment monitoring thermistors and thermocouples TC1,
- TC2, TCY9, TMI1 through TM9 and TC12 through TC19 were positioned
inside the experiment. Two thermistors and/or thermocouples within
each experiment positiocned at maximum separation to record the thermal
gradient of each experiment components.

All thermistor and thermocouple leads were brought out of the
EP-5 assembly along side the EP-5 Boom and thermally wrapped and
insulated by TRW.



3.0

10.

11,

4.0

TEST EQUIPMENT

Equipment

Leed & Northrop
Speedomax W
Termperature Recorder

OGO-F Simulator

lL.eeds & Northrop
Speedomax G
Temperature Recorder

TRW Thermistor Thero-
meter Selector Box

Hewlett Packard

DC Vacuum Tube
Voltmeter

Hewlett Packard
344DA Digital

Voltmeter

Weston Instruments
Power Supply

Lambda Power Supply
(4) SVE Ohmeter

{4) Weston Ammeter

S/N

01-183312

NAS 5-3900

01-113469

CL33571

SN15766

01-177995

01-123986

SW1426
3259

8R0523

Page 5

Date Calibration
Due

2/10/69

10/5/68

1/20/69

1/13/69

11/25/68

10/14/68

5/5/69

8/25/69
10/21/68

12/20/68

Thermistor test selector box with individual readout capability
from a digital voltmeter in degree "C',

PRE-TEST MODIFICATIONS

There were no pre-test modifications to the EP-5 assembly
for this test.
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5.0 PRE-TEST CHECKOUT

The EP-5 Thermal Boom Assembly was suspended in the
7 x 12 solar chamber as shown in Figure 3 and a pre-test checkout
wasg performed as follows and the results were satisfactory:

1. Resistance check of test thermistors and heaters.

2. Calibrated thermistor test selector box and read-
out EP-5 thermistors at room temperature on digital
voltmeter,

3. Radiometer board calibration of solar simulator,

4. Functional checkout of experiment,

5. Sealed chamber door and evacuated chamiber to

1 x 10-5 torr minimum.
6. Flooded shroud with LN3; shroud temperature: _185°¢.
6.0 PHASE I SOLAR-VAC TEST EP-5 ECLIPSE CONDITION

The first phase of the solar-vac qualification test was to simulate
an eclipse or shadowed condition. Power was on to all experiments.
The proportional heater power was set at 27. 0 volts. Reading of the
sensing thermistors, heater voltage, heater current were recorded.
Experiments were monitored throughout the entire test and data was
recorded,

Temperature curves of the experiment stabilization are shown
on Figures 4 through 8 for the eclipse condition.

The EP-5 proportional heater performed satisfactorily for the
eclipse portion of the solar-vac test., Maximum recorded current
drain for the EP-5 proportional heater was 235 milliamps. The
EP-5 stabilized with the proportional heater at 235 milliamps. This
would indicate a heat loss for the EP-5 assembly during eclipse of
6. 32 watts. The temperature stabilized within the EP-5 assembly
between 11.7°C and -8. 62°C.
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7.0 PHASE II SOLAR-VAC TEST EP-5, SOLAR CONDITION"

The second phase of the solar-vac qualification tests was
to simulate solar conditions. During this phase ‘of the test the
-Y and -Z surface was subjected to insulation at 1, 042 sun intensity.
Power was on to all experiments. The proportional heater power was
set at 32. 5 watts. Readings of the sensing thermistors, heater
voltage, heater current were recorded. The EP-5 experiments
underwent a functional checkout prior to and after the solar-vac
tests and during stabilization period.

Temperature curves of the experiment stabilization are shown
on Figures 9'through 13 for the 'solar condition.

The EP-5 proportional heater performed satisfactorily for
the solar portion of the solar-vac test. Maximum recorded current
drain for the EP-5 proportional heater was 183 milliamps. The
EP-5 stabilized with the proportional heater at 77 milliamps. This
would indicate a heat loss of 2. 5 watts for the EP-5 assembly during
the solar condition. The temperature stabilized within the EP-5
assembly between 5. 38°C and 12.18°C.

8.0 SOLAR CALIBRATION

The chamber solar simulator was calibrated under ambient
conditions using a radiometér target board to obtain a 19 inch 1,043
suns constant pattern, and the maximum allowable deviations from 1.0
sun are £10%. In the pre-test calibration the average solar intensity
was 1.043 sun (+4. 3% deviation). During the sun turn-on period the
solar constant was maintained during the test within £10% of the 1,0
sun value. The post-test calibration indicated a solar intensity of
1.013 (+1. 3% deviation). The spacing of the radiometers on target board
is shown in Appendix "B"

5.0 CONCLUSIONS

The results indicate ‘that the thermal design will maintain the
EP-5 assembly within the operating band of -20°C and +50°C during
environment extremes. At no time during either phase of the solar-
vac testdid the temperature in the experiments approach the design
limits. It is therefore concluded that the thermal design for the
EP-5 assembly is proven adequate for its intended use.
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1 6. INTRODUCTION

The purpose of this report is to present the results of the thermal
analysis of the Experiment Package Five (EP-5} for the OGO-F Spacecraft.
The EP-5 package contains portions of two experiments, F-22 and F-24
both within a thermal equilibrium blanket and mounted to the +Y end of the
EP-5 boom.,

This report contains the heat transfer equations and results of
two "worst case' orbit conditions. These conditions are as follows:

1. The EP-5 is receiving normal insolation on its +X
axis,
II. The EP-5 is shadowed by the spacecraft.

2.0 EXPERIMENT PACKAGE FIVE CONFIGURATION

The EP-5, as shown in Figure 1, is partially contained within
all.0'"=x 9.5" x 9. 0" parallel piped thermal envelope. The F-24 antenna
extends beyond the thermal envelope and thus is not maintained within '
the thermally controlled environment., The thermal envelope, which
makes up the electronics compartment, consists of multilayer aluminized
mylar sheets and pure silk mesh arranged in a sandwich type construction
with the mylar side facing out.

Within the environmental controlled electronics compartment are
the search coil magnetometer coils .and preamplifiers for the F-22 Search
Coil Magnetometer Experiment, developed by Dr. E. Smith of JPL and
Professor Holzer of UCLA, and the preamplifier for the F-24 VLF
Antenna Experiment developed by Dr, Helliwell and Dr. R. Smith of
Standford University, Because of the sensitivity of the experiments within
the EP-5 to magnetic fields and R¥ noise, a non-magnetic proportional
heater is used as an active temperature control device. The EP-5
proportional heater éleveloped by Marshall Laboratories, is bonded to
the baseplate and provides heat to the experiments by conduction and
radiation from the baseplate. Figure 2 illustrates the EP-5 temperature
control System The electromcs compartment has an acceptable temperature
range of . -20°C to +50°C and a mlmmum internal dissipation of . 22 watts
When the 1nterna.1 temperature is 12°C. Between the temperature range
of 6°C and 12°C the dissipation may vary from 1. 575 watts to . 22 watts
depending on the position of the spacecraft relative to the sun.

3.0 ORBITAI CONDITIONS

The orbit conditions used for this-analysis of the OGO-F EP-5
container are for an eccentric earth orbit with an apogee of 1300 kilo-
meters and a perigee of 400 kilometers at 82° prograde. During the
one year life of the OGO-F vehicle, the EP-5 will be subjected to a wide
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Figure 1 EP-5 DESIGN CONFIGURATION
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Figure 2 EP-5 THERMAL SUB-SYSTEM/OGO-F
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range of thermal conditions. These conditions vary from an equilibrium
eclipse, caused by spacecraft shadowing, to the case of normally incident
solar irradiation on the +X surface. In all of these cases heat inputs from
earth albedo and infrared radiation are negligible.

4.0

5.

INTERNAL DISSIPATIONS

The following are estimated power dissipations within the EP-5
for various conditions of internal temperatures.

1.

The three (3) F-22 Seg.rch Coil probes dzsslpate a total
of . 15 watts above 12°C and 1.5 watts below 6°C.

The F-24 preamplifier dissipates a constant 15 milliwatts,

The EP- 5 proportionaltheater dissipates 60 milliwatts
above 12°C and 10 watts at 28 VDC below 6°C.

LIST OF SYMBOLS

total compartment heat loss, BTU/hr.

hea’c loss through the wire bundle and/or boom,
F/BTU/hr

internal temperature of the EP-5, degrees Rankine
2
conductance of insulation per unit area, BTU/hr-ft -OR
2
area of insulation on the solar irradiated surface, ft

temperature of the outer surface of insulation on A
degrees Rankine

area of insulation + X, +Y, and + Z EP-5 surfaces
which radiate to space, 2

temperature of the outer surface of insulation on A

degrees Rankine 2

infrared emissivity of the outer surface of insulation

gteian - Boltzman constant (0.173 x 10“8 BTU/hr - ftz' -
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fl

- solar absorptivity of the outer surface of insulation .

H
s

solar constant at earth's radius (442 + 16 BTU/hr - ftz).

The property values used for the following analysis are listed below

% k/1 = 0.010 © ggg BTU/hr - £t> - °R, % =0.75+ .04 and
; +.09

B O =

% o 0.24 . 04

* Data furnished by TRW Systems.
6.0 CONDITION I ANALYSIS

The assumed conditions where the EP-5 compartment is receiving
normal solar irradiation on its +X surface.. This ana¥ysis -is based:on
the following assumptionsiuri.puians:

i, - The EP-5 compartment is in thermal equilibrium when
the orbital position causes normal solar irradiation of
the +X surfacesuriacon,

2. The inner surfaces of the insulation and the electronics
form one isothermal system.

3. The heat flow-along the boom and wire bundle is out of
the respective package and is assumed to be 3.0 BTU/hr.

Based on the above.assumptions the following equations describe
the heat flow through the EP-5 compartment walls for this orbital condition.

1. ap = ag ¥ (k/1) A ('I‘i-’I"l) +(k/1) A, (T,-T,)
' : 4
2. (k/1) A, (‘Ti-Tl)_ =cgA T -0sA H_
' 4
3. (k/1) A, (T.-T,) _EGAZ T
6.1 Nominal Values

o Using nominal values for the listed properties and a value
of T, = 45 F which is the mid-point of the proportional heater cycle, the
solp%ions of the above equations yield the following values for the EP-5
electronics compartment. A typical curve of the proportional heater
cycle is shown in Figure 3,


http:assum.ed
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T, = 535°R (75°F), T, = 22001{ (-240°F)
and q, = 10.02 BTU/hr = 2. 94 watts
6.2 Adverse Tolerances
When adverse tolerances are applied to the above property
values, solution of the above equations yields the following for the EP-5

compartment, -

T =593°R (133°F)

1

T, = 234°R (-226°F) and

z
Ay, = 9.48 BTU/hr = 2. 78 watts

L]

6.3 Summary

For the case where nominal values are used for the
solution of the above equations, the maximum heater power required
to maintain the compartment temperature. (T.} at 45 F is 2. 72 watts.
When adverse tolerance is applied to the shield property values, the
maximum heater power requirement is reduced to 2. 56 watts. Both
of these conclusions are less than the internal dissipations of . 22 watts.
Since heater power is required for all of the above conditior}f., the
equilibrium compartment temperatures will fall between +4.C and:
+1\286, thus no radiating area will be required for the EP-5 package
electronics compartment.

7.0 CONDITION II ANALYSIS

The assumed condition where the EP-5 compartment is totally
shadowed by the spacecraft in eclipse.

1. The EP-5 compartment is in thermal equilibrium
when its orbital position causes the spacecraft to
shadow the compartment from the sun.

2. The inner surfaces of the insulation and the electronics
form one isothermal system.

3. The EP-5 compartment temperature is 450F, the mid-
point of the proportional heater cycle.

4. The heat flow along the boom and wire bundle is out of
the EP-5 electronics compartment and is estimated to
be 8.0 + 1 BTU/hr.
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The fonn 10 1ree ol 0 1 S t.,

Baser on the above assumptions the following equations describe
the heat losses from the EP-5 electronic compartment for this condition.

1. q; = ag + (/1) A, (T,-T,)

4
2. (k/1) A, (T.-T,) =e QAZ T,
7.1 Nominal Values

Using nominal values for the listed properties and a
value of T, = 4501-", which is mid-point of the proportional heater cycle,
the solutions of the above equations yield the following values for the
EP-5 electronics compartment:

T2 = 2170R or -2430F
qL = 16,75 BTU/hr = 3.9 watts
7.2 Adverse Tolerances

When adverse tolerances are applied to the above
property values, solution of the above equations yields the following
for the EP-5 compartment:

T, = 234°R or -226°F
9, = 18.8 BTU/hr = 5.5 watts
7.3 Summary

For the case where nominal values are used for the
solution of the above equations, the maximum heater Jower required.
to maintain the compartment temperatures {T,) at 45 F is 2. 3 watts
with the ¥-22 proportional heater functioning Iull on and 3. 8 watts
with the F'-22 proportional heater off. When adverse tolerances are
applied to the shield property values and the F-22 proportional heater
is not functioning the maximum heater power will be 5, 4 watts. Both
of these conclusions are less than the internal dissipations of 1.6 watts.

8.0 CONCIL/USIONS

Based on this analysis the EP-5 flight configuration will meet
or surpass all the thermal environmental requirements which might
be met during the OGO-F orbit. During the life of the vehicle, the
temperature within the EP-5 electronics compartment can be expected
to range between+4 C and.+12°C:
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The average spacecraft heater power required for EP-5 during
an orbit will vary over the range from 2. 72 watts to 5. 4 watts depending
on its orbital position to the sun.

Therefore, the nominally ten (10} watt heater strip within the
EP-5 proportional heater will be ample to support the desired thermal
environment within the EP-5.electronic compartment plus provide
quick recovery when required by orbital condition change.

3.0 REFERENCES

L. Thermal Analysis of Standard Boom-Mounted Experiment
Packages, OGO Program, Contract No. NAS 5-899;
TRW IOC 9723.1 -127, dated 14 September 1962.

2. Kreith, Frank. Radiation Heat Transfer. Scranton,
Penn.: International Textbook Company, 1962
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Component Stress

The extent to which each component is stressed is calculated under
the worst case conditions for each parameter rating of each
component. The calculations are done separately because of

the fact that all parameters of a component are not stressed

at the worst case level for a single operating condition. A

component stress summary table is included at the end of this
section.
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R4V

B~ 'Bron) _ R4t Rp

R

-55  (21.5)(14.3)

-55
21.5 + 10
= = ' = K
P (51) 51 180pa O,

v

I

la™

[

d negligible


http:4.82-3.37

Q_ - 2N929

-z

Worst Case: -T = -180C, 1, P
C d

A\’

o
T =+454"C, VBE’ CR’ VCE

Maximum Ratfngs

vV = 5V I = 30 ma

Page 4

BE cimax.
o
Vep =80V Py o =300mw @T=-18C
VCE = 45V
R, Al

V. = ———— = 5,37V

B R2+R6

(21.5)(14. 3) :

- - -l B -, = .ZV
VE VBQ1 VBE(ON) 21.5 +10 55 =19,
Vo=

c 14,3V
VBE =9.2 -5.37=3.83 VFStressed only during turn oﬁ:’[ OK
) = - . = . OK
VCB ‘14. 3 5.37=8.93 V
- = - = ) OK
VCE 14,3 9.2V =51V
V_ -V

_ B~ "BE(ON) _ 5.37-.55
IC = R = IR = 95pua OK
—=] 5
'Pd = negligible
Q3 - 2N2412

Worst Case; T
T
T

+10°C (Switching), P
-18%c, 1 '
C

o]
+54 C, VBE’ VCB' VCE

d


http:5.37-.55

Maximum Ratings Page 5

Vg = 5V 1o, - 200 ma
. _ = 36 - _18°
VCB 50V Pdmax‘ 360mv@T 18°C
VCE=40V
VB=14'3V“V1-CR4=“‘2
+ -
= - = 14,5 -6.2 = 8,
VE v VZCR1 5.6.2=8,1V
_ At
V=0
=14.3-11.2 = 3.
Veg 4.3-11.2 31VOK:
vV __ =8,
E 8.1V OK
=14,
Vep 3V OK
vt v v
I - ZCR1 = CE(Sat) Q3
C R11+Ran4

RinQ = (Ro) (B +1) Q X (p+1) Q, =(2.2) (21) (26) = 1.2KD

. 14.3-6.2-.2 _ 1.9V _ '
c® TEsiwi.zR - 1T9g - %6ma OK

Lo

Pd = (4,05V)(2.3ma) = 9.3 mw OK

“at 10%¢
-2
Q, - 2N1711

Worst Case: T = +10°C (Switching), P
T=.18°C, 1
C

o
T = 454 C, VBE' VCB’ VCE

d

Maximurm Ratings:

v =TV I = 600 ma

BE Cmax.
= - _ o
VCB = 75v. Pdmax. =500 mw @ T =10 C
VCE = 50V
v_=ot

B
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V=143V~
Vg = ot
VeE * 14.3 OK"
Y__C—_J_; = 14,3 OK
VBE * VBE(on) ™"
I = _V+' VeQéwBiE{(Or})Qé“v_(;;E(sat)Qz;
== 10
14,3 - .430- 1.2 ;3:].02 . 28 ma OK
dmax. (6.6V)(1l4ma) = 92.5 ﬁw ESa.fety factor of Ea
Q, - 2N1486

+
Worst Case; E = 42V{ VCE’ VCB

T=-18°C, 1 =3
cmax, dmax

A% alwai(é safe (= V

BE BE{on))
Maximum Ratings:
VB'E = 6V Io oy = A @ 10°C
VCE = 60V . Pdmax = 20 watts @ IOO'C
Vg = 80V .
Ve = ET . Viags = 42 - TV = 41.3V
Vo = Vo opp = 1BV |
V=V = 15V -, 7V = 14,3V

E ZCR2 VBE(sa‘t)
=41.3V =14,3V = 27,0V OK

=41.3 -15V = 26.3V OK

I = ICmax Q4 + ICmax Q3 =28 ma+ 4.6 ma =32. 6 ma [Only during turn org]

P =1 V.= (32.6ma)(27v) = . 89W OK [Only during turn on)



Q

6
8]
Worst Case: T = +54 C, VCE’ VCE
T=-18%C, E' = 42V, 1
o Cmax,
T = +10°C (Switching), P,
VBE(Not Stressed)
+ .
I _ E ’VCE{sat)Qé 42 -. 4 . AL6 .
_Cmax. © R Heater + Ry~ 70.6+2.0 72,6 ma
P ey = (14V)(290ma) = 4.1 watts [Safety factor of 5!
V. =42V
V. =
5 =10
V. =0
\.;__E =42V [Safety factor of , 6]
V_._ =42V OK

- 2N1486 Page 7

OK
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Rl - 130K, 5%, 1/4 watt

Worst Case; T = —ISOC

I, =1 = 95pa

'_Rl CQZ (worst case)

lz’d = (IR )2 Rl = {95 % 10-6)2 {130 x 103) = ({.009x 10—6) {130 x 103)
1

= ,117 mw

R, - 24.9K, 1%, 1/8 watt

2

Worst Casé: None

1. = Al = 14.3 = 360
R, R, +R, 24.9K+15K pa

P =1 2(R ) = (.36 x 10“3)‘2(24. 9 % 103) = 3,24 mw
d” 'R, 2 .

R3 - 6.8K, 5%, l/4watt

Worst Case: E& = 42V

+
P = E-Vocr, _42-15 oo
R3“ R, T 6.8K 7

P, =(I )Z(R ) = (16 % 10'6)(6. 8 x 103) = 110 mw
d "R, 3 -

for nominal (+28V) input voltage

_ 28 -15
IR3- Mé. 8K = 1.9 ma

3

P,=(L.9x10 12 (6.8 x 10°) = 27 mw = 1/10 P, max. OK .

R, - 21.5K, 1%, 1/8 watt

4

Worst Case: T = +54°C

I =% ViR = IOKT'Zi 5R - - 45 me
4 T *Tg ’

3

P, = (.45 x 107°)% (21.5 x 10°) = 4. 35 mw



Page 9
R, - 51K, 5%, 1/4 watt

9 Q6 {(worst case)

5
Worst Case: T = +54°C
R, vt
I, = == -V (21, 5K){14. 3)
Ry Rp+R,  BEONQ  Tox o158 %%V 9.28v 18 ma
R, - 51K T 51K
pd = (.18 x 10'3)2(51 x 103) = 1.7 mw
R6 - 15K, 1%, 1/8 watt
Worst Case; None
I =I_ =360pa
Re Ry
-6.2 3
Pd=(360x10 )7 (15 x107) = 2 mw
R7 - 4700, 5%, 1/4 watt
Worst Case; Power Turr;-On
V+ v v v
_ " "ZCR1 fCR4 'BE(ON)Q3 6.7V .
I = = = 14, 3 ma {Transient)
R R 470
7. 7
-3 2 .
Pd = (14.3 x 10 7) (470) = 96 mw (Transient) OK
R8 ~12K, 5%, 1/4 watt
Worst Case; T = +54OC
_l..
1 _ v VZCR1 _ 14,3 6.2 75 ma
R8 R8 12K
-3
Pd= (8.1V)(.75x 10 7) = 6 mw
Ry - 2.2Q, 3%, 1.25 watt @ 55°C 3 2W @ 25°C
) o +
Worst Case: T=.18C, E =42V
IR = IC = 575 ma EOnly during turn on @, low temperature]
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P_=(.575) (2.2) = 715 mw - -

d (S.F.ofB@lOC)

For nominal (+28V) input voltage %
+

1 M 'VCE(saL)Qé _ 28 -.4

R, " R Heater Ry T 78.6 +2.2

= 340 ma
Pd = {. 34)2(2. 2) = (L 12)(22) = 260 mw = 13% of Pd max,’ [Only during tarn-on

R.. - 4700, 5%, 1.25 watt @ 55°C 2W @ 25°C

10
Worst Case; T = —180C
I =1 = 28 ma
R10 CQ4(worst case)

P, = (28 x 1072)2(470) = 370 mw = 19% of P, max. @ 10°c

R, - 5100, 5%, 1/4 watt

1 =1 = 4,6 ma
'Rll CQ3(worst case)

. ez .
P = (4.6 x 10 )%(510) = 10. 8 raw

d
CR,l.-— IN753A, VZ =6,2V + 5%, Ir max. = 60 ma
Worst Case: T = -18°C
ICR. =1 ' +1 - =4.6ma+.75ma:—-5.4ma
* 1 © 3(worst ca'se) RS (worst case)

1
Pd < 10% of allowable Pd

CR, - 1N718A, Vz = 15V ¢+ 5%, Ir max. = 21 ma

2
o +
Worst Case: T=+54 C, E = +42, Ir max
E+ = .28V (Reversed Supply Voltage), If max.
I =1 ’ ‘= 3.9 ma

2 R3(Worst case)
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-28Vv- VfCR

_ 2 27.3 _ ‘
Ifch = R3 = TTeR - 4 ma q Pdmax. & 20% of allowable Pd
CR_-FD828, V.=.7V, 1 =115 ma
3 f fmax.
Worst Case: = -180C
-ICR,_ =1 -
= 32.6 P <

f '3 CQS(worst case) 3 ma L9 dmax. 20% of allowable Pd
CR4- FD828, Vf‘—‘.?V, Ifma.x. =115 ma

Worst Case: T = —ISOC :

IfCR4=ICQ = 95pa

2{worst case)

C, - -033pf, 35 wyde

V. =V =143V
<

c'2 - 4. T8, 35 wvde

-VC =VZ

= 15V
2 CRZ .

C, ~2.2yf, 50WVDC

= v -
Ve =V = 14.3V

C, -1000pf, 100WVDC

+
VC4< V' = 14V



Transistors

Q1
Q2
Q3
Q4
Qs
Q6

D-iodes
CR1
CR2
CR3
CR4

Resistors
R1.
R2
R3
R4
R5
R6
R7
RS
R9
R10
R1l

CaEacitors‘
Cl
C2
C3
C4

v
BE

FIGURE 2
COMPONENT STRESS SUMMARY

CE

CB

ML 306-1

Cmax

d

Ifmax

Page 12

1
rmax

WV max

29%

TT%%

62%
5%

- 59,
5%

21%
18%
20%
29%
44%
70%

20%
11%
29%
19%
33%
53%

* Transient Condition

5%
5%
5%
5%
5%
14%

5%
5%

5%

19%
5%
20%

10%
20%
20%

5”7;0

5%
5%
44%
5%
5%
5%
37%
5%
57%
19%
5%

*

5% I 18%

29%
5%

9%

40%
43%
28%
40%




D. C. Operation
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Worst Case Voltage Gain
Stage #1 - Differential Amplifier
Q. Q, (2929) Specifications:
C an® _
1) hFE—70atT——20C,IC—5O|J.a. .
with safety factor of two, use hem min = 35
- - O ;
2). VBE(On) =,55V + 80 mv'@ -87°C, Ic = 50 pa
3) '-Assume max, offset (VBEI- VB'EZ) = -80 mv
Below Threshold® v’ _v ¢
—SO0%W e _co2 _ . _ _Rin(03)
(3 ON) VB2~ VB1 1 2{5—S+ r o)
B e 1/
Avl =75 1357K =11 Where Rin (Q3) = Rin of Q3
. . - 0
2( = +._520) (B+1) QX ‘Rep, +r 0
: : = (26) (40 + 26) = 1. 7K Q
R, R
672
R = ——=9.35 K
S R6+ RZ
26 26
TR T 1o T o5 T o20¢
Above Threshold® VvV _v R
: cQz _ . _ 1
(Q3 OFF) - . - -
' ) VB2 - VB) ! 2<B§—+rQ)
. B 1
A 130K 93

V1% Ik

¥ "Threshold'" is defined as the point where transistor Q3 changes from
cut-off to conduction. As the temperature moves bhelow the threshold,

transistor Qé begins to conduct and power is dissipated in the heater strip.
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Stage #2 - PNP Inverter

Q3 - 2ZN2412 ‘Specifications;
\. — — O -
1) }}FE—_SOatT——ZOC,Ic—lmz_l
- with safety factor of two, use hFE min = 25
: _ _ _ a0
2) VBESa_t""?Vi-'lV@ICHlma’T‘_OC
R
L 26
= — = = = Q
sz Re where Re RCRI + reQ3 40 + Toa 66

R, =R, (B+1) QX (@ +1)Q +R

= (2.2) (21) (31) + 510 = 1. 9K 0

1. 9K _

27 T66 -3

Stage #3 - Emitter Follower

Q4 - ZN1711 Specifications:
+ —_— — - o —_—
1) hFE-60atT- 20(},1(:—11}'13.
with safety factor of two, use hFE min = 30
Av = Rin

3.0 Rin+R;,  whereRin=R (B+1)Q X +1)Q,

1l

(22) (21) (31) = 1. 4KQ

1. 4K

" T 4t.51 "4

Stage #4 - NPN Inverter

Qé - 2N1486 Specifications: '
; " . B O _
1) by =40at T=-20°C, Ic = 500 ma
with safety factor of two, use hFE min = 20
R Heater 78.4
Avy= TR "2 T

[a]



Total Open Loop Voltage Gain (Worst Case)
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Below Threshold
(Q, ON)

A

Best Case Voltage Gain

(Avl) (sz) (Av,) {AV4)
f1.1) (31) (. 74) (36) = 910

Use hFE =10 X(worst case)

Stage # 1

Below Threshold

(2, ON)

110K

Avy = ,[2- 35K
250

Above Threshold

(Q, OFF)

Av =

Rin Q3 H Rl

Rs
2(“8— + rte)

where Rin Q3

B+ QX (R +r Q)

= (251) "40 +—g~%— = 650KQ
, (650) (130) _
Rin Q3 H Ry 650 + 130 - L1OKQ
85
* Rs = 9. 35K
T Q]. = —36— = 8700
€ 26 AV—6500
= L5 Q
r Q, = 7= 430
R, 130K 100
I.3K 1.3k ~
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Full Power Output - Low Extreme

r \
1) Vos| [V . -V -{v SV , —]A :
L_(_ B, BQl) L B BO preshola © T

R
_ f28vy (""9) _ (28} (2.2) _
2) Vo = R Heater 78. 6 = .18V
) . (1. 02)R6V+
where Vo=V v =
, eQ6 : BQZ(Hi) .98 Rz-i-l. 0z R6
(15.3)(14.3}) _
24.4 +15.3 5'?2
: Ao(Hi)Z open I1{0013 voltage at emitter of
0 = _TE) 9
6 R Heater
{156, 000)(2.2)_
78. 6 = 4340
Vo = [V -V \A o - (L048) (A . = .78V
BQZ. (H) BQI : o{Hi) o{Hi)
. - - 407=,
(4340) (5.52) (4340)VBQ1 7= . 78
23,810
v = =2 ¥o - 5 48V
BQI 4340
V+ Vv R .
~ o 4 (14.3 - .78) (21.5)
' = Vo + =.78 + = 5,48V
BQI - RT+ R4 RT+ z21.5
8.82) (21.5)
R = =
T 47 40K ()

This is the smallest value of thermistor (RT) resistance for which the

heater power output will just reach its maximum.
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Full Power Outlput - High Extreme

I ) | \ N ao
1} Vo —L VBQZ - VBQL - (VBQZ -V Ao (Lo)

BQ) ) Threshold |

(28v) R
Vo = —— =, = -
2) o R Heater | 78v  where Vo veQ6
+
v _ "%RéV o (4.704.3) _ 5 257
BQZ(Lo) 1.02 Rz+. 98R6 25.5 + 14,7
Ao {Lo) = open loop voltage at emitier of
a0 - Aoy Ro
6 R Heater
_{910) (2.2) _
=TT 186 = 25.5
1) Vo = [V -V ) A S0.1A = .78V
( BQ2 (Lo) Ber o(Lo) o(Lo)
. 5.58) - .5) - 2. =.7
{5.25)(25. 5) VBQI (25.5) 2.55 8v
130. 67
= —~——— - 5,12V
VBQ, 25.5
+ R
(V -Vo) 9 {14.3 - . 78) (21.5)
v = Vo4 7 ——— = .78 + =5.12V
]?)Ql . R’I‘ R4 RT—I— 21,5
_{9.18) (21.5)
Rp™ 4,34 = 40K

This is the largest value of thermistor (RT) resistance for which the heater

power output will just reach its maximum.
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Worst Case Operating Range - R'I’ VS(PO (E = 28V)
Low Threshold = 36, 5K - . 66K = 35.8K Q
High Threshold = 36, 5K + . 66K = 37. 2Kl
Full power output point - low extreme = 40K0
Full power output point - high extreme = 46K
For: ) °
Rp.=35.8K, T= +13.0°C=554F
Ry =37.2K, T= +12°C = 53.6°F
Ry =40.0K, T= +11°¢ = 51. 8°F"
R, =46.0K, T= +7°G=44.6"F
Maximum Power Qutput
_ 2 . "
P —(ICQ ) R Heater E-Vepa
6 ICQ _ bsat _ 28 -.4
6 = R Heater + Ry T 78.6 +2.2
’ 27.6
P_=(.342)% (78.60) . ‘oo, T so.g T me
P_=9.2 watts (nominal)

Worst case range + 10% of nominal = 8.3 0 10, 12 watts


http:342)2(78.60

10

\ \
-
Heater 9 \ ' .
Power . . \ \‘ ’,
Watts Xﬁf‘ ' \
/| ! ]
7 T \
, AL
6 i
A rpreat | ,\ L
5 . \
Ve
4 3 \’/
7
. \ \/" .
’ v
|-
1 |
\
0 : o
20 30°F C 40°F " 50°F 60°F

PROPORTIONAL HEATER
INPUT - OUTPUT CHARACTERISTICS
FIGURE 3 )

70

61 °3eg



Comparison Between Degrees Centigrade aod Degrees Falireaheit
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Conversion Chart

Deg. § Deg. [ Deg. | Deg. {] Deg. | Deg. {| Dez. | Deg. || Deg. | Deg. || Deg. | Deg.
. | B .1 P . | F. C. { F. C A C. F,
—30 | —40.0 8] 46.4i| 36 :32.SE 104 [219.2f 152 305.61 200 | 392.0
—~39 [~33.2 9] 48.2) 37 Ia.;.ﬁl To5 221.0|| 153 | 307.4;1 20T [ 393.8
~538 [=36.4)] 101 so.0f 58 |r36.4l| 106 |222.8)| 154 309.2" zoz | 393.6
—37 |=31-6l} 1z | 51.8)] 59 [138.2f oy [224.6| 53 311.9] 203 | 397.4
~36 |—32.8)] 12 | 53.6]] 6o {1j0.0{ 105 {226.4|| 56 { 312.8,} 201 { 309.2
=35 [—-3r.0ll 13| 55.4)[ 61 14:.81l 109 j228.2)| 137 314.6; 203 | 401.9
w34 }~20.270 I$ ] 57.2]] 62 [143.6 110 |230.0] 58 | 316.4) 206 | 402.8
<33 [-27.4[} I3 ] 59.o3t 63 [145.4{] YEI [231.8]] 139 | 3¢8.2)] 207 | 403.6
~3% [—25.6 16 | 60.8[ 64 |147.2|] 1r2 1233.6)| 160 | 320.0 208 | 406.4
=31 [=23.8\ x7 ! 62.60 63 |r40.0) 723 |233.4]] 61 32:.8[ 205 | 408.2
—30 f—22.0| 18 64.4q 66 |150.8: 134 |237.21 162 | 323.6; 210 |4Io.0
-29 [—20.2 T9 | 66.2} 67 |152.6|} 15 {239.0;) 163 | 325.4} 21r | 411.8
~28 [~18.4}|. 20 | 68.0ll 63 |r53.4| 116 l240.8Y 164} 327.2[) 2rz | 415.6
—~27 |~16.6[| =2t 69.3‘! 6o 155.2% 11y (242.6[ 163 | 329.9|| 213 | 415.4
~26 [~¥4.8/| 22 } 71.6) yo {158.0! Tt8 [244.4) 166 | 330.8if 214 [ 417.2
=25 [—x3.0]| 23 { 73.4]| 7r |159-8|| 119 [246.2]| 167 | 332.6i zr5 | 419.0
24 |~rr.2|l 241 ys.2{] 72 [161.6) rzo [248.c¢f 168 | 334.4} 216 | 420.8
—~23 [~ 9.4/1 25| 77.01 73 (163.4|| T2t [249.8|| 269 | 336.2]| 217 | 422.6
~22 [ 7.6)1 261 78.8/1 54 |165.2|} 122 {251.6]| 170 | 338.0f 218 | 421.4
=21}~ 5.511 27| 8a.6lj 75 167.cJ 23 1253.4[] 7L 339.8} 219 | 4262
~320 |~ 4.0fl 28 | 82.4[} %6 [163.8]] 124 |255.2)| 172 | 341.6]| 210 | ¢=8.0
~19 |— 2.2)} 29 | 85.2|| 77 |170.6} 125 l237.0i| 173 | 343.4{f 221 | 420.8
—18 |— 0.4)] 3o 86.01F 78 (172.45 126 |258.8)] 174 ] 343-2}H 222 | 431.6
~17 [+ vl 37| 87.5[] 79 [174.2]] 27 {260.6[ 175 | 347.01] 223 [433.4
—16 3.2l 32| 89.8) 8o [176.0[l 128 |262.4|} 176 | 348.8]} 224 § y33.2
-15 S.ofl 33 1 ot.4{y Br {ty7.8) r2g [264.2) ¥y | 330.06)| 225 | 437.0
~T4 6.8l 341 93.2|f &2 [t79.6( 130 |266.0 178 { 352.4] 226 | 433.8
-13 8.6] 35| 95.9/| 83 [tBr.all 13v {267.8)| 170 | 334.2 227 [ 240.8
=12 | X0.4i 36 | 06.8]| 84 {183.2|l 132 l269.6] 180 | 356.0ff 228 { 442.4
—zx | I2.2|| 37 | 93.6|] 85 |185.0|| 133 |27r.4ff 13¢ | 357.8 220 { 444.2
~10| I4.0/ 38 |roc.4l] 86.|186.8]| T34 {273.2|| 182 | 350.6} 230 | 446.0
-9 15.8)i 39 |rez.z)] 87 [188.6i] 135 |275.0| 183 | 36r.4f] 231 [ 437.8
— 8} 37.6|| 4o {ro4.off 88 |1go 47| 136 |276.8}{ 184.] 363.2| 232 | 449.6
— 31 9.4 a4t |res5.8/{ 8g [r9z.2{ 137 [278.6|( 185 { 365.01] 233 | 451.4
~ 6| 2r.2f| 42 [ro7.6]f go {194.0f| 138 {280.4) 156 | 366.3) 234 | 453.2
- 5} 23.0)] 43 jrog.4ll o1 1195.8)] 139 1282.2f 287 | 363.6{| 235 455-9]
-4 24. 8] a4 frriizd o2 |197.6]] x40 [284.90| 188 | 370 4l 236 | 436.8
— 3| 26.6f 43 frrz.ofl o3 {199.4i) T4z {285.5: 1S9 | 372-2)| 237 | 458.6
—z | 28.q) 46 {exg 8 o4 f2or.2)) 142 1a87.6! 190 | 374-9|| 238 ] 460.4
-1 30.2i 47 [xi6.6]] 95 [203.0!| 143 [289.4]f ror | 375.8{ 239 {462.2
of 320 48 [113.4)| 06 |204.5| 14q j291.2l] 19z | 377.6)} 230 | 464.0
+ r{ 33.81{ 49 {rzo.2t g7 |206.6{| 45 |203.0) 193 | 379.41) 24% | 465 &
2| 35.6i| so frzz.0l] 08 |208.41] 146 [204.8 194 | 351.2|] 242 | 467.6
3| 37-4ff 5r {r23.3) ~99 |2r0.2]l 147 [206.6] tg5 | 383.9| 243 {4609.4
41 39.2| 32 (t25.6] Too |212.0) 148 |208.4[l 1g6 384.8 244 { 471.2
5 4"°I 53 [r27.4ff 1ot {213.8; 149 1300.2f 1oy | 386.6| 246 | 474.8
A ] 42.8] 54 |r2g.2)f o2 |215.6)[ 150 |302.0 193 | 388-3{| 245 | 478.4
7| 44-§j 55 |t3r.o}| to3 [217.47] 151 1305.81 199 | 300.2|| 250 | 482.0

FIGURE 4 Centigrade to Fahrenheit
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Current required for full power outpul.

rive, rent i e - i 1
Base driv Q6 current requirements - using h
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safety factor of.2. 0

\ FE
Worst Case -~ E+ = 32V = Input Voltage
‘ RHeater =
R = ZQ
9
VcErsat) Q; -2V
niinQ6 = 20
-+ .
I = V -VeE(say . 32-.2 _ 440
C™ - RHeater+ Ry 70+2° ma
. I
Required base drive for Qf) saturation = BC = 442?3' .= 22 ma
ha, “lca, Tk
3 2 1 +
Re.V 63
. V. S - : .(14. (14, 3) -.63
1 _ VCQZ _ VBO2" ' BE(sat)02 _ Re+ Ry (14, T)H(25.4) 82pa
= — = - B - = =
CQ2 R5 5 56K' 56
. v Clamp 7. 60
IbQ3 = 82na - R, 82pa 117K = 82 -65pa=17pa
1 =1 =8
bQ4 CQS Q3IBQ_'3
IbQ = (25)(17) = 425 pa
4 -
= + 1 (I = /-_1_. = .
IbQé B+1)Q,( bQ4) (31_)( 25pa) = 13.2 ma

IbQ6(Worst Case) = 13,2 ma

I

{required for full output) = 22 ma

|, Q6 will not saturate under worst case
conditions
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Current required for full power output.

Base drlve, Q6 current requlrements - u51ng h

FE' .safety factor = 1.5

Worst Case: -E+ = 32V

RHeater =700

9
Versann, ~ -2V
6 40
Bmin. Q6 Tl 27
6 .
3m1n Q 10 = 40
) .50 _ L.y

Bmin. Q3 =15 33'1/3
. N VCE(sat) Q6 _32-.2 _ .
c” RHeater + Ry 70 +2 - =

| ‘IC 440 ma
Required base drive for Qé saturation = BQé = 333 = 13.2 ma
- Clv.lirrent required (S, F., = 1. 5)
I =1 -1
bQ3 CQZ Rl A RGV 263
. . ‘ooz - Yoz "BEGangz _ Fesfe -
cQ, R . Ry 56K
V+mvClam -
Q. = 82pa - P = 17pa
3 R
1
Lo, “lcq, =P g
4 3 - 3

I =(33.3)(17) = 566pa
4
IbQ6 =B +1)Q, (IeQ4) = (41) (566pa) = 23rfla

= 23 ma

bQ() {worst case)

IbQ (required for full output) = 13.2 ma Qé will produce full power output under
) ‘worst case conditions.
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Stage #2
R
i 26
A = = = _— = 2. Q
V2 Re where Re 'RCRl + Te:Q‘,’ 40-!-_ o1 2.6K
Ry =[Rg (B+ 1) Qg B+41) Qg + Ryy
={(2.2) (201)(301) + 510
R, = 133K
133K
=51
Ayy® 268
Stage #3
Av Rin h Ri —Ew ® +1
37 Rin+ R, where n =t Y+ Q[ x (B+]) Q,
' = 133K(Q
133KQ
Avy ® T33madsie @& 1
Stage #4
. _ R Heater _ 78.6 _
Avy = Ry = 5.z =36

Total Open Loop Voltage Gain (Highest Case)
Below Threshold

AT = (85)(51){1)(36) = 156, 000
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Voltage Regulation (Worst Case)

When the input voltage (E+) is at minimum value {=23v), resistor R3
must supply enough current to bias zener CR2 below the knee of its
V-I characteristic and to drive transistor Q5 under its maximum load

condition.

21
°F I3 min z7cR2 1 Y5 (max)
- ( +1) min Q5
...I_
+ vV -V
S v ZCR1
for E =23V, IeQS(InaX) IeQ4max T R2+R6 * RrR8 -
+ : T
1 - E - Ver(sanns _ .23-2  _ .313 15 ma
eQ4 max R Heater(Lo) + Ry y ©70.8+2.0° 21 :
T +1) OF min. 2
vt _ la.3 26 von
R2 + R6 40K = °
+ ,
vV -Vacri _o8r o
RS S qzx T -0 mE
I =
Q5 (rmax) I15ma+.36+.75 16 ma
I -
IZTCRZ (from Mf's specs) = .25 ma _
16 :’fna.
.5 1o ma
IR3min ma + > 1.27 ma
+

E -V - :
I = (Lo)” "ZCR2(Hi) _ 23 -15.8 7.2 ! rma
R3 Ry . 7.1;{ 7.1K

R3 provides insufficient current for proper voltage regulation.

R3 should be changed to a lower value in subsequent units,
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AC Stability Analysis

Worst Case Conditions:

1. Voltage gains of each transistor stage are at highest"
levels.
2. Minimum gain bandwid‘r;h (fT) figures are used for all transistors.
. . )
3. Miller enhancement of collector output capacitance {C b) in stages
‘ where voltage gain is present is assumed constant with frequency
(thus neglecting effect of gain roll-off).

4. Nominal component values are used.

Using the above conditions, on A. C. equivalent circuit for the open
loop is derived. -The loop is broken at'the emitter of transistor Q6
producing. a unity feedback configuration.

The transfer function for this circuit is derived from the equivalent
circuil and the frequency response is plbtted in figures and .
At the point where the loop gain A drops to Odb, the phase shift is
180°. Under the worst case conditions specified above, this is an
‘acceptable figure for phase margin. In subsequent configurations,

component changes will be made to produce satisfactory phase-gain
margin. = '
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'Stage QZ
2N929 = gmax. = 350
Cob = 8§ pf
Cp =120
R 2 r I'R = IMQHBOKz 110K Q
. O c 1

Rin = Zp (. 65) = (2)(350)(. 65) = 450K

i @1 = 10).1a.=4.2mc
c

T
Ry - 110K
T_A1_2re J 26K 85 o0 1070 . L
B fn. 42mc  4.2mc 4.2mc s ~ 50KC
‘7.“5;( _ HOKa.
7 A . 0
R
T IO?L)F\CJ; 450Ka. -
85 85
Ay = 1+8. T 14+ 8

2';150:%;_103 314 x 103


http:350)(.65
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Stage Q3 2N2412

r, = 4000 Gy = 12 pf
Cib = 8 pf
R. Q =71 +r B+l)=.400 + (2.6){250)% 650K
in 3 b e ]
R‘ O =r (1-a)+r + T | JL"c’rey - 10® + 2 6K 4 2. 6K(997K)
073 T T VM T E Y R R g, T OB : 100K + 2. 6K
g e b
R0, = 4K + 2.6K + 25.4K = 32K
. .
(A+1) (C_j) + €. = (B1)(12)+ 8 = 614pt
= =1
fT mc @ Ic 0 ma
133%
o V3 _ 2.6k 51 ]
B f'I-‘ 125mc  125mc * 2. 5mec

21K

A

ewp‘:[' %@K
a0
I+ S

3 -
i5. 7% 10°


http:100K+2.6K
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Stage Q4 2N1711

Cob =25 Bmax = 300
Cib= &0
rs +r .
= 4 _.;b._.__g.._ = 26 M = 2. 604+ 1 .
Ry = e ¥ Tp 10ma + 7 301 g 080
R =1,08K0x 1K

o]

= \ :" ' = Q
R, Q, =r, + (R +r )B+1) = 400 + (840 + 0)(301) = 253K

f =300mc@1c=lma

T
£
£ = ZE = -—3-951)-—’13-9 = 300mc (Neglect zjoll—off)
|\“ Ko
G j_ & A4 O
ll'Op‘f '
I 755K



2N486

Stage Q6
Cob p'f Bmax. = 200
Cib = 150 pf .

f_ =10mc @I = 500ma

T c

A 1 1
= = 2T =- A
- °" Tome ~ é2.8.x 10°
A - 1 R
vé' 148Tg ~ 1+4ST "~ 1+ 8 -

, 62. 8x10°
(A+1)(Cob) = (37)(46pf) = 1700 pf

= - = 0
R, =1 + B+1)(F_+R ) = 4000 + (201)(2. 2)

R, = 8400

r PR 400 + 1K 1. 4K
Rocr + B B _gy . L
o e B +1 201 201

T

IB50pt % 840 o

Page 30 -



‘ T _
21.5K - . Cs:- | RT
G :O_M/\/-"— A = - - _
B! : l . -12 RiRpTR) . Ry R RpCHR AR )
R I 1050 x 10 S G
: S 8
R, R, (Let Ry, = 36K)
' E Ry - 3
o Rl'+ RT i 21.5x 10 RT . 625 )
G ®" TTS'R R C T 14+ S8rR_(22.6x10-6)7 7 1 + S
(—I—T— LA 7.4 =104
Rl‘-i-RT | 21.5x 103+ R, _
- o[l esox ‘ 1+SR,C
B APy l © - SR,C SR C,+ S°R R,C C #1 +5K,C,
LELLG o .
Apt
P2 o410 I@’ ;
. . 1+8R,C,
- > '
S c
Rleclcz[ +SR C 4R C, 4R, C, . :,
T RR,C\C, R,R,C C,
1+ - 85 '
-6 3/ \.85 /)
14+ 8 (470)(.033 x 10 ) 64 x 10 )

8

(466 x 10" 12

3 g 6 T J1+8S \i+ S \
S +.32x107)(S+ 3.3 x10 ( 320X 3.3 % 10°

!
!
f
!



Page 32

Worst Case Threshold -

v -V - _=V-_t10%-V + 10% +V + 30% +V -+ 30%
BQZ BQl Threshold ZCRl .BESat Q3 fCR4 -
‘A Worst case \
V1 above thresholdl

=14.34 1.43v - (6.24.62+.6+.2+.61%.2)

v . {14.3 - 7.4) +2.5V

BQ, -V =74+ 26 mv
2 B Threshola 93 :
. .7 +
' ‘ R,V .
v = Vo -V +V 6
BR) threshola P22 BOU Threshola BT R TR, 5.374 - . 074 .. 026
= 5.3V ¢ 26 mv
‘ R VT
: 4 (21.5) (14.3)
Vag = : = 5.3, R,_= 36.5K
BQ1 Threshold Rt+R4 Rt + 21.5 t

121.5) (14, 3)

36.5 + L\;R'T +2.15

= 5.3%.026, AR, = 3800

At threshold, R"I‘ =(36. 54+ . 38K\}=f()r perfectly 'matched'Ql, Qz.

Effect of VBE offset in Ql~ & QZ

Assume worst case temperature coefficient for VBE (Ql & QZ) =1.0 mv/°C
Over the range of operatibn, OOC to ZOOC, maximum AVBE(T)
for Q. and Q, = 20°C X 1mv/°C = 20 mv '

v -V ' =5.3V+26 mv+ 20 mv = 5,3V 46 mx
B B Threshold

At threshold, RT =(36. 5+. 661{\}(Worst Case)


http:5.3Y�26mv�20mv=5.3Y

32“253K = 28K
33= O—'\'\/\’TO
-1
) :[ 110 X 10 2
.92 ’
1+ S

325 x 103

Page.33

1

1+ S

1
(28 x 103)(. 11 x 10~ 7)

1K H 840 =455n

iy T OV I C
zooo:uo‘12
]: =2x107?
. 46

1+ 8.
1.1 x 106

(455)(2 x 10-9)
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1 2 2 3 3 4 4 6
S . :
_ .625 21 1+ 6, 4x10% 45’ 1 1 ' 1
“Total ~ 1+ 8§ % 1+ 8 X 1+-—S——-l+—-§—6><l+———-—--—78 X1+——-—~—--133 XIX1+--—§--6XI+ S
' ,.;,-w m ) 320 6: 8x10 3.2x10 3.2xl10 1.1x10 6. 3x1t
‘rotay = (- 625)(21)(45) = 600 = 56db
i
¢
:
7/
B
[+
] j] | Gz
215 |
-®‘AM/\—-¢>--———9
! l l 07)3},1{:
! ) ; IU’_OP_’_FM } - l
——— . .>
L 0K 410& 0K 252K ol
| - = J:I ""l . l = "—.?'E l = = ‘ R
LT T Ll il L LT 2
[#%)
=

Proportional Heater AC Eguivalent Circuit (Open Loop)
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FIGURE 8
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PBODE | 14134 LA WED 1731769
FLRZ3 - ANMPL 1 TURE £DBY ANGLE [DEGEE
+ 1 677109 E-5 1254
- 158489 ~9.2%9864 E£-5 78365
251189 ~1.56403 E-4. . 282 6%5
- 398107 ~3. 18666 E-4 - 448624
. 630957 ~7.15256 £~4 STI0845
1 ~t. 72043 E-3 t.12526
1.58483 ~4.24293 £-3. 1.7830%
2.51 189 - ~[+@5734 €~2 2.824ef
3.88107 . ~2.64349 £-~2 4.47126
6.30967 - . 264608%] 7.96499
i@. =-.) 63893 i1-1133
15.24%9 ~. 46E43 17.2944
25.1129 -.9433 26.27e7
329.8107 -2+ 66652 3%£.6537
6%.8957 ~-4:83225 SF . 1752
1.Gd, “56.85263 63.1744
152. 489 ~10.9764 72.473%
251.1%9 -t 4.023%¢ 79.6155
39¢€.107 -t7.9182 33.48e7
G30. 957 ~21.8742 86. 6175
1Qed. ~25.,.853 89 .9473
1584,89 ~29.836] . g .2893
‘2511.89 ~33.86927 93.%532¢
39¢1.07 ~37.758) G7.40%8
6309.57 -4t . 6743 182.634
16008, ~45. 62 42 112,485
15¢4%.9 ~49. 849 127.931
251§€.9 ~54.: 5054 i51.045
39%819.7 ~61.1158 182,11
63@95-7 "69-3832 2‘8‘?37 Computed Resl:,onse
1 00000 . ~79.8239 257.6%3 - _
158 489. -92.282]) 295. 67 Proportional Hezatex:
2511 89. TL-1e6.562 33} .569
398107, -122. 499 ‘365. 437 .Model MI. 306-1
&3¢0957. -139.924 396.042
1.00000 £ 6 =~-159.593  423.256
1.58489 E 6 ~178. (95 447.897
2:.51189 E & -198. 592 4721 67
3.98i67 E 6 -219.9262 496 . 1 &1
6.30957 £ 6 ~2.42.693 826.014
)06 E 1 -267.043 553.375
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DELETED
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The. following component changes are recommended for improved performance.

A, Change Q,, Q, to 2N2484 (were 2N929)
Advantage: Increased hFE min 2N2484 = 80
2N929 =70
B. Change QS to 2ZN2907A (was 2N2412)
Advantage: Increased hFEmin ZNz2907A = 70
2N2412 = 50
C Change Rl from 130K, 5% to 270K
Advantages: a) Increased voltage gain (X2) of differential aﬁxplifier .

resulting in reduced threshold variation.

b) Increased base current (X3) for Q3 resulting
in improved base drive for Q.

D, Change R5‘fr0m 51K% to 51. 1K 1%
Advantage: Reduced uncertainity in collector current.Q;, Q.
E. Change Cl from . 033 pf to . 33 pf, C4 from . 001 nf to . 0l 1 f.
Advantace: Improved A, C. Stability. The pole and zero

* produced by C1 is moved one decade lower in

' frequency, Moving the pole produced by C4
down on decade will cause it to be cancelled by
the zero. The open loop gain will then roll-off
at 20 db/decade an be below 0 db before the higher
frequency poles begin to have an effecl.

F. Change R3 from 6.8 IK, 1/4 w, 5% to 3. 6K, 3w, 1%

Advantage: Improved voltage regulation under worst case conditions,
Present value provides insufficient current under low
voltage (+23V) input,


http:current.Ql
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It is recommended that the following components be exchanged for
components which are more commonly used at Marshall Laboratories:

CR2:
CR3,4;
C2:
C3:
R2:
R3:
R4.

R6;

RY:
R10;

Change to IN965B (Was 1N718A)

Change to IN645A (Was FD828)

Change to CSR13G225KP (Was 150D475X9035B2)
Chan-ge to CSR13G225KP (Was 150D225X0050B2)
Change to RN55C2492F (Was CG1/824. 9K -1%)
Change to RWP-19-3, 65K -1% (Was RCOTGF6837)
Change to RN55C2152F (Was RCO7TGF1/421.5K-1%)
Change to RN55C-502F (Was CG 1/8 15K-1%)
Change to RWP-19-2.20 1% (Was G-1-2.2 3%)
Change to RWP-19-470Q -1% (Was GB4715)
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Circuit Schematic

Figure 9
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V. D.C. Operation (ML306-3)

Worst Case Voltage Gain

Stage #1 - Differential Amplifier

Ql’ Q2 2N2484 Spécifications:

' 1) by =80atT=-20°C, Ic = 50 pa

with safety factor of two, use hFE min = 40

g 0 — 3
2) VBE(Op)- .55V +80mv @10 C, Ic= 50 na
3) Assume max. offset VBEIFVBEZ = 80 mv
Below Threshold
.l.
v .-YCQZ _ Rin(Q?;)
(Q3 On) —V——‘—V'—"— = A'Vl = S
B2 Bl 'F-'-l- r Q)
e 1
24K
A = =1,6 Where R, {(Q_) =R, of Q
Vi 9. 35 in' 3 in 3
=@ +1)Q;x (RCR1+ r Q)
= (36) (40 + 26) = 2.4KQ
. R, R
672
R = = 9. 35K
s R6+R2
_ 26 _ 26
T8 T Te T Tgp = 5200
Above Threshold
(Q. Off) vty R
3 o2 ., . 1
VBz‘VBl vl '(Rs r Q)
2l =— + e 1
B
274K
A = =
viT Tax "%
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Stage #2 - PNP Inverter (MI.306-3)

Q3 2NZ2Z907A. Specifications:

O
1) b, =70atT=-20C, Ic=1ma

with safety factor of two, use hFE min = 35

2) V =.7V+.1V@Ic=1ma, T=0"C

BE Sat

R
I 256
-— - = = Q
V2 Re where Re RCRI + reQS 40 +, 1l ma 66

p2
[

Ry Ry B+1)Q %@ +1)Q, +R),

= (2,2)(21)(31) + 510 = 1. 9KQ

o LL9K
Ave = T =
Stage. #3 - Emitter Follower
Q'4 -.2N1711 Specifications:
o
1) hFE-—()OatT--.?.O C, Ic=1ma
with safety factor of two, use hFE min = 30
1y :
A = Ry 6+1) _ _(31)(21)(2.2) g
V3 R9 o+ (RL+ re)(B+l) 500 + (31)(21)(2.2)
St.age #4 - NPN Inverter
Q6 - 2N1486 Specifications:
.' ) o
1) hFE =40 at T = 20 C, Ic = 500 ma
with safety factor of two, use hFE min = 20
R Heater _ 8.4 36

Ay © R = 72,2
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Total Open Loop Voltage Gain (Worst Case)

Below Threshold - AT(Lo) = (AVl)(AV;)(AV3)(J'{V4)
(Q, On) : = (1.6)(31)(. 74)(36) = 1320
AO'(LO) = Gain at Q, Emitter = (1. 6)(31)(. 74) = 37'

Best Case Voltage Gain

Us_e hFE = 10 x (worst case)

Stage #1

)

. 75
Below Threshold .
Rin QE’:H Rl

vl -~ /R T\ -
2(—5“ +reQ])

(Q3 On) A

where Rin Q3 =B + 1) Q3 x (RCRl +‘re Q3)
= (351) éo ¥ -%% = 910K Q
| g - 010)274) -
Rin Q‘3 II Rl T (910) + 274 210K Q
" ) #'1Threshold is defined as
_ 210K - 6 the point where transistor
Ay = 9. 35K ¢ = l‘ 0 Q, changes from cut-off
2 350 t.05 to”conduction. As the
the temperature moves
B below the threshold,
R =9.35K transistor Q, begins to
: conduct and power is dis-
sipated in the heater stri
r Qo= 28 2 g700) ? d
e 1 .04
AV«650 €
26
= —— = 4300
reQZ . 06 430
X
Above Threshold
R
1 274K
(Q; Off) . Avi® 13K T sk - elo
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Stage #2
Ay, = ii’ wheréRe::RCRl+reQ3=40+ _—20—6i~=2.6K
RLz R9 B + 1) Qéx(i3+ 1) Q,+R,,
= (2.2) (301) (201) + 5100
R = 133K
sz - 12%361;: = 31
Sté.’ge #3

in
AV3 = ml where Rin R9 B +1) QGX_(B + 1) Q4

It

133KQ

) 133K0
Avs® 133K + 510 & 1

Stage #4
R Heater 78.6
AV4 - R T2.2 = 36

9
Total Open Loop Voltage Gain (highest case)

Below Threshold AT(Hi) = (160}(51){1)(36) = 290, 000

AO(Hi) = Gain at emitter of Qé

= {160)(51)(1) = 8,100 -=78db



Worst Case Threshold ) - " Page 45

+ ~ ' .
V' +10% - YZCRl + 10% + VBE(Sat)Q3-1- 30/o+VfcR4'_i_‘ 30%
A% -V =

BOQ BQ . Worst case \
2. 1 Threshold : AVl (above threshold!:

=14,34+1.43V - (6.2+.62+.6+.2+.61.2)

VBQ ) VBQ . (a4 3-71.;5) +2.5V _ 35 4 13 mv

2 1 Threshold
v = . [V -V +V =5.374—.035+.§913
BQ} threshold ( BQ, BQl) Threshold  °w2

= 5,34V + 13 mv
R4V+
Vv =

BQI Threshold Rt+R

(21.5){14. 3}
Rt +21.5

= 5.34, R, = 36.5K
4 t

(21. 5)(14. 3}
36.5 +ART+ 2.15

= 5.34 +.013, !ﬁ‘,RT = 3800

At threshold, RT =(36. 5+. 38% for perfectly matched Q,, Q,

' Effect of VBE offset in Ql & QZ

Assyme worst case temperature coefficient for VBE (Ql& Qa) =1.0 mv/QC

Over the range of operation, OOC to ZOOC, maximuim AVBE(T)

for Q and Q, = 20°C x 1 mv/°C = 20 mv

A = 5.34V + 13 mv + 20 mv = 5, 34 + 33 mv
BQZ BQI Threshold
\
At threshold, RT =<36. 5+ .66K (Worst Case)


http:m.axim.um
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Full Power Output - Low Extreme

1 v =1 [v -V - (v -V \ A
) o) I:( BQZ(H;’L) BQ;) (BQZ BQ];Thresholg oHi

_ (28v) (Roy  (28)(2.2) _
2_) Vo ® R Heater - . 8.6 '8
(1. 02)R6V+
where V =7V v =
o egé‘s‘ B (51i) .98R, + 1.02R,

(15.3)(14.3) _
24.4 +15.3 5. 52

= itt f
Ao(Hi) Open loop voltage at emitter o

o = Armn R

6 = R heater

(290, 000){2.2) _
78. 6 = 8100

Yo (VBgz(Hi)“-VB%) Ay (02204 ) = - T8V

(8100)(5. 52) - (8100)VBQ _.178 = .78

1

44,600
Ve, = stog = 550V

B o 4 (14.3-, 78)(21.5)
Vg, = Vot = .78 +

= 5,50V
T 4 RT-I-ZI.S

_ (8.82)(21.5) __
Ry =~ & 40K 0

This is the smallest value of thermistor (R_ ) resistance for which the heater
power output will just reach its maximum,


http:8100)(5.5Z
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Full Power Output - High Extreme

1 Vv Vv -V - v -V A
)' © [( B9 BQI) BQ, - BQ Thresholc;i o(lo)

(28V) R9
2) V = —————= =78V where V =V

o R Heater o eQ6

+ )
F98RGV _ (14.7)(14. 3)

VBOy(Lo) | L.OZR, +.98R, ~ 25.5+14.7

= 5,25V
6

A = Open loop voltage at emitter of

o(Lo)

Q, = AT(LO) R9
6 R Heater

_(1320)(2.2)
- 78. 6 = 37

1 v = |V -V -0.48A = ,78V
) o (BQZ(LO) BQ1> Ao(Lo) 0 8 o{ Lo)

(5.25)(37.0) - V (37) - 1.80 =.78V

BQl

_ 1931
Vag = T35 = 5-21V

v I . gy {14.3-.78)(21.5)

BQ’I o RT R4 RT-E-Zl.S

=5.21V

(9. 18)(21. 5)

This is the largest value of thermistor (RT) resistance for which the heater
power output will just reach its maximum.
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Worst Case Operating Range - (RT) VS (Po) (E+ = 28V}

Iow Threshold

36.5K - . 66K = 35,8K(

High Threshold = 36.5K + . 66K = 37.2K(Q

Full Power Output Point - Low Extreme

40K Q

Full Power Qutput Point - High Extreme = 46K ()

FOR: R, = 35.8K, T=+13. 0°c = 55, 4°F
O o)
Ry, =37.2K, T=+12"C=53.6 F
R, =40.0K, T= +11°¢ = 51.8°F
R, = 46.0K, T =+ 7°C = 44.6°F
Maximum Power Output
.-P‘-I 2RI—Iea,tr
. O CQ6 © +
. E -V
I B CEQ’E)sat ~ 28-.4
CQ6 " R Heater + R9 T 78.6 + 2.2
2 i
P_=(.342)°(78.6 )
27.6
ICQ6 = g0.g =~ 4 ma

P0 = 9,2 watts {(nominal)

Worst case range + 10% of nominal = 8,3 to 10. 12 watts



10
Heater .9

Power

Watts

*4‘TYP!CAL.
|- \
1/
A
\" / ;\
.-"1 .
\. '/'
A/
A, !
\
.\\'
."‘\‘-
20°F 30 40°F 50°F 60°F 70°F.

PROPORTIONAL HEATER

INPUT - QUTPUT CHARACTERISTICS
Model ML 306-3

Figure 10
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Compurison Bolweea Deprees Centiprade aad Degrecs Fahrenheit
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Conversion Chart

Deog. | Deg. § Deg, | Deg. || Deg. | Deg. || Deg. | Dag. || Deg. | Deg. || Dag. | Deg.
C. F. C. . C. F. C. F. A ce F.
30 [—4o.0 &1 46.4f| s56. 15:.5! 108 [2r9.2} 132 | 303 6| 200 | 392.0
-39 j—35.2 g | 48.24 37 :34.5.' 105 |22c.0f 153 307..5! 2ot { 393.8
—33 1—36.2] o | s50.0f 38 156.4;| 106 j2p2 5] 154 | 309.2| 202 | 303.6
~37 1—31.6} =zt | 51.8] 59 {133 2i o7 224.6|| 155 | 5.0 205 {397.4
—36 {—32.80 12 53.6] 60 [ri0.0] 123 1226.4f 756 31::.Si 204 | 399.2
=33 {—31.0:0 131 535.4 6:' :.;x.Si 109 [228.2] 137 3:4.6] 203 | 401,90
~34 |—29.2lf 33| s7.3}| 62 143.61 rco |230.0; 139 316.4’ 206 | 4o2.8
—-33 {—2r.4y 3] 59-9| 63 145. 4 T 231,81 139 3:3-2| 207 § 4o1.6
~3z |—25.6| 16 | 60.8{ &4 t47.2! 112 §233.06 160 | 320 of 208 | 40b.4
=30 |—23.8)[ 17 | 62.6] 63 |rag.o) 113 |233.4[] 161 | 320.8)| 209 | 408.2
30 |—~22.0 18 64.4{f 60 xso.Sl 114 J237.2H 162 | 323.6] 210 { yro.0
—29 {—20.2)] 19 ] 66.2]| 67 152.61 115 t239.0i0 163 | 323,40 21¢ | 41r.8
—323 | ~18.4|~ 20 | 63.0l 68 154.4] b [r740.8)| 164 | 327.2ff 212 | 415.6
—27 [—16.6{] 2r | 9.8l 6o :55.2| 11y [242.6)f 163 329.9)| 213 { 413.4
—26 |—14.8| 22 | 71.6[] 70 [138.0] 1E8 |2q1.4l 166 | 330.8| 254 | 417.2
—25 [~13.0|| 231 73.4/| 7r |r39.8 119 {246.2[| 167 | 332.6i 2r5 | 419.0
—24 |—re.2fl 24 [ 75.2)| 72 [16r.6f 120 |248.0| 168 | 331.4) 216 { 420.8
—23 |— 9.4l 23] 77.0]| 73 |163.4)| T2 j249.8|] 160 | 336.2{] 217 {422.8
—~z2 [~ 7.6 26t 8.8l 54 [163.20} 122 §250.6} 170 333.o| 215 | 424.4
w21 [~ 5.8l 27 { Bo.6)| %3 lEy.OE 123 {253.4[} 171 | 339.8| 219 | 426.2
~20 |— g.9| 28] 82.4{] 96 }168.8]] 124 {255.2| 172 | 341.5)] 220 | 428.0
~18. 8~ 2.24] 20 Si,.:- 77 |t79.6] 225 j257.0l| 173 | 343.4) 228 { 429.8
—18 |~ o.4] 30| 86.0/| %3 |r72.4) 126 [238.8|] 174 | 343.2| 222 | 431.6
—z7 |+ 1.3)0 3z | 87.5 79 |tr4.2|| ey [260.6{ 175 | 347.0] 223 | 433.4
—16 3.2t 32 | 809.60! 8o e7f.oft 128 [262.4f 176 | 343.5) 224 | 433.2
—13 5.0 3 | gu.4ll 81 |177.8)) r29 {264.2)) 177 | 350.G)| 225 | 437.0
—14 6.8l| 311932l B2 |t70.5i 130 {266.0fl 178 | 3352.4] 226 | 433.5
—13 8.6l 35 95.0ll 83 [tSe.4f[ 131 |267.8] 179 | 358.2|] 227 [ 410.6
—xz | 0.4 36 | 96.8|| 84 |t83.2l] £32 j269.6[ 180 | 356,00 218 | ya2 g
—xx | 2.2 374 98.6{1 B85 |185.0)f 233 leyz.4)l 3¢ 357.8)) 229 | 443.2
-390 | I4.9[ 38 {tco.si| 6 :SG.Si 134 [273-2]| 182 | 359.5]] 230 { 446.0
~ g | 5.8 39 |toz.2l] &7 1:{53.'3l 135 {275.of 133 } 36c.4] 230 | 447.3
= 8| 7.6 4o |104.0fi 83 lrgo.4l 136 {276.5| 18y [ 361.21 232 | 449.6
- 7] I9.4i| 4T [103.8]| 89 [tgz.z2ll 137 |278.6] 185 | 365.01 235 | 451.4
~ 6 2.2 42 {r07.6| 90 [19s.0ll 138 [280.4]1 156 | 366.3) 234 | 433.2
- ¢l 23.00 43 rc>9.4r 9T xgs.Si 139 |282.24 187 | 368.8[f 235 | 435.0
-4 | 24.8l| a3 lrer.2 2 [197.65i 110 [284.¢i 188 | 370.4lt 236 | 438.5],
—~ 3| 26.6)| 45 [1r3.00 93 (w99, L4t [385.5:) 130 | 372.78 237 | 458.6
- 2| 28.g 48 [104.8l 94 |aor.al 142 [257.60 190 | av4.ai| 238 | 460.4
- 1] 30.2]| 47 [116.6] 95 [205.9 143 289.4i} 191 | 375.5 239 | 4522
o 32.9{ 48 {rr3.4lk o6 :o4_8rl L44 {291.28 19z | 377.6() 290 } ubs.o
4+ 1] 33-8] 49 120.3 97 [206 GI 133 |293.0)| 103 | 379.4f} 24t | 465.8
2! 33.6| 350 |1z2.0l} o8 208.4| 146 :9f.s 194 | 38c.2)f 242 [ 463.6
3| 3r-4ff st jra3-3 w99 faro.2i x4y -’90-6] 195 | 383.9( 243 | 469.4
41 39.21| 32 [t25.8[f 100 21-2.0] 148 1203.40 196 | 384.5]| 241 [471.2
3 4:.0l 53 {t27-3|| 1o |2e3.80 149 309.21 197 | 386.6 246 | 474.8
[ 4-.-.S| 54 ::9.:l toz j215.5) 150 1302.001 193 | 383.4{| 245 | 475.4
5 44.5| 83 Ijt.ol 103 j217.4| I3t [303.8|| 199 | 390.2]| 250 | 482.0
FIGURE 12 Centigrade to Fahrenheit
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Current Required for Full Power Output

Base drive, Q6 current requirements - using hF safety factor of 2.0

E

‘Worst Gase - E@ = 32V = Input Voltage

Heater = 700 -

R._=2
9 Q

VeE(sat) N = .2V

min Q, = 20
P 6

+
I = v "VCE(sat) 2 322 | L0 s
C Rieater T Rg 70 + 2

I
Required base drive for Q6 saturation = é: = 442%1’:13. = 22 ma

I =1 -1
Re V' 63
—_— {14. 7) (14. 3)
Voo _ Ve02" VBE(sat)02 _ R+ Ry _ {14.7) + (25.4) 63 282 ua
+ - - :- - R - }.t
CQZ R5 R5 56K 56
+
V-V
_ Clamp _ . 7.60 .
l-bQ3 = 82pa - Rl = 82.}1.8, " 268K - 82 -28pd = 54ypa
I =1 =
bR, ~ TCQ, ﬁQ3zBQ3
IbQ = (35)(54) = 1. 9 ma
4
IbQ6 ={(B+ 1) Q4(IbQ4) = (31)(1. 9ma) = 59. 0 ma
IbQ6(Worst Case) = 59.0 ma
I (required for full output) = 22 ma.’. Q6 will produce full power output under_-worst

bQ,

mEoa meanAitian



Voltage Regulation {Worst Case)

Page 53

When the input voltage (E+) is at minimum value (=23V}, resistor R3
must supply enough current to bias zener CR2 below the knee of its
V-1 characteristic and to drive transistor Q5 under its maximum load

condition.

or

IR3 min.'é“ “ IZTCRZ,

1e05 (max)

* B+1) min Q5

.I_
+ vV -V
r 4. o . Vv ZCR1
= L = +
TOr B 23V, IeQS(max) IeQé(max) R2+R6 RS
+
1 B 5 'VCE(sat)Qé 23 - .2 _o313 e
{8 +1) Q6 min,
vl 1as o
RZ + R6 40K
+
V- Vycri - 8L o
R T Ta2x T 0P m™m
8
IeQS(max) = 15 1:na. + .36+ .75 = 16 ma
- e =
IZTCRz(from Mf's specs) - - 25 ma
16ma
[ ] —
. *IR.3min“">‘"5ma+ 51 = 1,27 ma
+
E -V .
IR - (Lo)R ZCR2(Hi) 233~ 16.'-'I>{8 = 2.0ma>l.27 ma
3 3{Hi) ’
.'. R_ provides sufficient current for proper regulation,

3
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AC Stability Analysis

Worst Case Conditions:

1. ' Voltage gains of each transistor stage are at highest levels. -
2. - Minimum gain bandwidth (fT) figures are used for all transistors.
3, Miller enhancement of collector output capacitance (C ) in stagés

where voltage gain is present is assumed constant with frequency
(thus neglecting effect of gain roll-off).

4. Nominal component values are used.

Using the above conditions, on A.C. equivaleni: circuit for the open loop
is derived. The loop is broken at the emitter of transistor Q6 producing
a unity feedback configuration. The open loop gain is down 'to -6db at

30 KHgz. At this frequency, the phase margin is> 45° which is a satisfactory
figure for conservative design.
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Siage Q’Z

2N2484 Bmax. = 400

= 6 pf
Cob P
Cib = 6 pf
R 2 lR =1MQ'-\274K=215KQ
o c 1 |

R, =28 (.65) = (2)(400)(. 65) = 520K

=1 =
fT(@ Ic Op.a.) 40 mec

. 1 _ 160 _ 1
B fT ~ 40mc 250KC
715K 715K
CO— A, i . A'Z_ ~A AN
2
1 .oq 570K
M -
160 160
A% T+s =1+ s

27250 103 1.57 % 100


http:2)(400)(.65
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Stage Q3 5129074

. Q
rb 400

Cob = 6 pf

o,
G, =20 pf

B = 350

max.

= = L Q
R, Qg =ry+ 1 (B+1) = . 400 + (2.6)(350)= 910K

‘r ((r -r) 6 )
. e YT 10° 2. 6K (997K)
RQy=x (o) +r 4 pmomar = 5 $2.6K+ p 7 6k
g e b
ROQ3 = 4K + 2, 6K + 12K = 19K

(A+1) (C_) + C,, = (51)(6)+ 20 = 326 pf
f = 200me @1 =10 ma
T c

v3 51 _ 1
<] £ © 200mec ~ 4mc

62617? ‘% 9I0K

51

37 1+ S
25):1'05
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Stage Q, " 2N1711

C_, =25
Cy = 80
B ., =300
It T, 26 400 + 19K
= = = Q
Ro=te® 511 Toma + 301 - - 2-081t645
R = 649 26500 ' _

o]
= - ' - Q
Rin Q4 T + (RL + re)(8+1) 400 + (840 + 0)(301) = 253K

f = 300mc(@ Ic = l'ma.S

T
f’I‘ 300m -
f = = S = 300me (Neglect B roll-ofi)
c A 1
4
O
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Stage Q6 2N1486

Cp~ 46 pf
Cin = 150 pf
Brnax. ~ 200

f,,=10mc @I = 500ma

T c .

. . A 1 1

B~ £ T(2¥) i0mc 62.8 x 100

P S S

Ve . 1+8Tg ~ 1+ __S
62.8 x 100

(A+1)(C0b) = (37)(46 pf) = 1700 pf

R

t

in rb + {B+l)(re + R

L) = 4000 + (201)(2. 2)
R, = 8400
in '
r., +R
R =1r 4+ b g _o+¢ 400 + 1K 1'4K.—_?Q

o e B +1 201 T o201

Tn

o
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21.5K e =
G W % - ~{) = s = T
G R1 j_ ) RRpR, Ry R,R,_C_HR R )
Ry I 0Ly c -—-CS
R (Let R 1, = 36K)
T 3
. - R, + R, ) 21.5x 10° R, ) 625
R, +R 21.5x 103 + R 7.4 10
1 T * T
215K 910K 1+85R,C,
___C AN — S 'S &
G2 7 R1 _L c1 SRlC + SR, C,+S“R R, C, C,+1 +SR,C,
‘ . 33uf c2
326 pf Rl = 175K
Re 470:{[ _
1+8SR,C,
GZ = :
R.R.C.C S+S{RC+RC+RC\ 7
1271 zL 1 2. 2 7y 1 |
c,C, R|R,C C,J
1
G = ( ¥ 6 4x 10 )

2 S s
(1+ 1.8;.:101>‘\1+ 3 10)
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194] 253K = 18K

G. = O—" A po—— D

3 1+ 8
1
T 110 FF (18 x 103)(, 11 x 10-9)
N 1
1 + S
5x 105
650 |} 840 = 3600
= O g O .
e * I+ 8
¢ (366)(2 x 10-9)
I 2000 Pi‘
B 1
1+ s

1.4 x 100


http:103)(.11

G A G A G A

GJ. _ AZ SZ 3 ‘ 3 ' , 4 6
625 - 160 Lt e a w103 .51 1 1 1
= X —te— X : X X X1 X X
Total S bt (14— N1 \ — ] e LA S -
.4 x 107 1. 57x10 - 1. 8107 \ 8. 6x100 | 2.5x107 © "7 5x107 I. 4x106 6. 3xl

rotal = (- 625)(160)(51) = 5050 = 74 db

I?_’r.oportional Heater AC Equivalent Circuit (Open Loop)

Figure 13
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MYERS 8238 - LA! FRI 2/02/68 Page 63
FLHZ] : AMPLITUDE EDR)Y ANGLE [DEGR

+ 91 133514 E~S 199937

158489 E-2 667572 E=~5S - 3186874

2651159 E~2 =2+ HTA29 E=4 «5B2234

398167 E-2 «7+T12476 E~4 . « 7591 --

6430957 E-2  ~2.93991 E-3 1-26131

ol ~5.22232 E-3 i« 99836

« 153489 ~132055 E=2 "3 156556

«251139 ~3.31945 E-2 583937

w 398197 . 830621 E~-2 T 98896

+ B3G98T -~ 2054652 1204169

! - 599271 19.236

e 58439 -1215959 "28e9427

205:1g9 «~2e47673. 41.2838

39381067 ~8e 673 54:2359

636957 =T 6TRBT 6He.545%

180+ -11.2005 736588

15:.8489 “14.9975 T9e 6538

251189 =~18.9136 B3.32347

39:8107 =P2.8T8Y 85.6327

63.0957 «26.85629 87063

108« «31.8512 877331

158 489 «34.8336 879874

25Io§89 "'33&?955 87-:8548

398157 42781 BT 4264

688,957 465439 869516

13890 "'5@&2856 56 STES

1584.89 =54.0B871 BB.0D285

2511.89 578943 U1 B43

J39E G “ G 6098 980277

630957 =65 6867T7 0606441

10003, =569 6962 121853

15848B.9 «73.8124 189.562

2511589 «78c 1132 - Y21.197.

396107 ~B2+82062 1380498

630957 ~885.3361 162,952

126630« “05.1965 194.826

158489. -163.91 232857 Computer Respoase
25118%e. ~114.853 27T4. 4586 Proportional Heaater
398187 ~-128.897 3160666 ’
630957, ~1420343 355,345 Model ML306-3
1.00000 E 6 «169.28 RO2.244

158489 E 6 «]1 78771 A2 T 322

2e51189 £ 6 ~198.743 4610066

398107 E 6 =220 .2%14 A93. 947

6030957 E & «243.28 555,478

E 7 «267.935 S54.064

'IME: 13 SECSe.

BYE

sa% GFF AT -8:42 LAl FRI 2/02/68.
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Summary - ML 306-3

A.n

D.C. Operation - Satisfactory: The unit will perform properly
under all conditions of temperature and component variation.
The unit may be guaranteed to operate within the range shown
in Figure

A, C, Stability - Satisfactory: c())pen loop gain is down to -18db
when the phase shelf reads 180,
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MARSHALL ] 7%
LABORATORIES

A subsidiary of Marshall Industries

3530 Torrance Boulevard, Torrance, California 90503 : Telephone (213) 371-3501

10 January 1968
68-1044

National Aeronautics and Space Administration
Goddard Space Flight Center
Greenbelt, Maryland

Attention: Mr. M. Stephens, Code 246
Contract Negotiator

Subject: Preliminary Interface Drawings EP-5, OGO-F
Reference: Contract NAS 5-11095

Gentlemen:

In accordance with contract ARTICLE I paragraph 1. 3.1 submitted
for your approval are the attached preliminary interface drawings
of the Thermal Subsystem for EP-5, OGO~F. Contracting Officer
approval of these drawings pursuant to paragraph 1, 3,1 is requested
prior to January 26, 1968 to preclude any schedule slip,

Very truly yours,

" MARSHALIL LABORATORIES
. ORIGINAL SIGNED BY:

J._DAVID WHITE
J. David White

Assistant to the General Manager
JDW:ggo

Enclosures: (1)} 805100 N/C
(1) 805200 N/C

cc: Mr. R. Treadwell -~ Fairchild Hiller Corp. (3) encl.
Mr. E. Painter - GS¥C - {3) enclosures
Mr. K. Bradford - TRW - (3) enclosures
Dr, E. Smith ~ JPL - {3) enclosures
Dr, R, Smith - Stanford University - {3) enclosures
Dr, Helliwell - Stanford University - (3) enclosures

bece: V{Petrics wo/encl.

R, Kobayashi wo/encl,
G. Mohler wo/encl./File 8-05



MARSHALL § 7}
LABORATORIES

A subsidiary of Marshall Industries

3530 Yorrance Boulevard, Torrance, California 80503 : Telephone {213) 3a71-3501

5 February 1968
68.0110

National Aeronautics and Space Administration
Goddard Space Flight Center -
Greenbelt, Maryland -

Attention: Mr. M. Stephéns, Code 246
- Contract Negotiator

Subjects Thermal Amzym, EP-5/0GO-F
Re:ff'zrence: Contract NAS 5-11095

f}entiemen;

4‘ *

'In accordance ‘with Article VII of the reference contract, we are herein
tranamittmg three {3) coplea of the Thermal Analysis for EP.5/0GO-F.

Should you have any questions regarding the encioged report, please
do not hesitate to contact us,

Yery truly yours,

MARSHALL LABORATORIES

J. David White
Aszzistant to the Ceneral Manager

J!I)‘{i’;sw
Ex;closu'r'e; Thermal Analysis EP-5/0GO-F
cc. Dr. E Merégnti, CSFQ ;w'!enci. {2
b;: " E. Azari w/encl,

I Petric- w/encl.

"R, Kobayashi w/encl.
L. Mohler/8-05 w/encl.



MARSHALL ﬂ T
LABORATORIES

A subsithary of Marshall Industries

3530 Torrance Boulevard, Torrance, California 90503 : Telephone (213) 371-3501

24 May 19638
68.0584

~ National Acronautics end Space Administration
_CGoddard Space FTlizht Conter.
Greonbelt, Maryland

Attention: Dr. E. P, Mercanti

Subject: - Contract Requirement Modifications
’ Shift of Responsibility

Refzrence: (a) Centract -NAS 5.11095%

i . (b) Telocon between J. E. Painter, ¥. Meese, M. Staphens
all of GSFC and D, White, D, Petrics of ML on
20 May 1963 )

Gentlemen:

This letter is intended to verify tho ghift of responsibility as a result
of the subject contract requirement modifications to the reference
{2} contract as requested by GSFC in the referoncs (b} telephons
converasation. The shift of responsibility will be as follows;

1. Marshall Laboratories will not coordinaie or monitor
the mutual interference tosts on EP-5 hetwesn experiments
F.22 and ¥.24, This reeponsibility will be assumed by
NASA/GSFC, .

- 2. 7 Marshall Laboratories will nét install or remove the thermal
blankets on the EP.5 assembly. This yesponsibility will be
assumed by NASA/GSFC. -

3. Mearshall Laberatories will not deliver completed componsants,
assemblies, etc. for this program, to TRW Systams OGO
Program Office. Dellvery will b2 mads to the NASA/GSFC
OGO Program Office at TRW Systemns, attention Mr, A, Clarke,


http:Laboratori.es
http:coordin:.te

Dr.- E. P, Mercanti -2 24 May 1968
68-0584

Should there be any questions regarding the above information,
please do not hesitate to contact me,

Vexry truly yours,

MARSHALL LABORATORIES

Eric Azari
Prograrn Manager

cc:  K.Z, Bradford
A, Clarke
A&, Frandsen
R. Helliwell
K. Moece )
J. Paintor
E, Smith
R. Smith
M, Stephens

be  R. Kobayashi
)}, Petrics
Aohler/White/8-050



- MARSHALL { i\
LABORATOR!ES A subsi’diary of Marshall industries

3530 Torrance Boulevard, Torrance, California 90503 : Telephone (213) 371-3501

E

24 May 1968
68-0557.

Mational Aeronautics and Space Administration
.Goddard Space Flignt Center
Greanbels, Maryland

Attention: " Dr. E.P., Mercanii

Subjact: Transmitial of Intarference Test Cables
Reference; {a) Coniract MNAS 5.11095

(v) Telecon Z. Painter, ¥, Ricezo . Stephoens
all of GSFC and D, Petrics, D, White of ML
on 20 May 1968

Gentlemean;
Pursuant to the raferaznce (b) teleghone coavorsatinn the enzlnsed
packing slip Mo, 7521 indicates our dzlivery of the suklect inter-
ference tzst cablzs,

Should there be any guestions regarding the above information
please do not hasitate to contact me.

Yery truly youre,

MABRSHALL LAZORATORIES

Egric Azorl
Program Lanager

EA:sw

Enciosure

ce: ¥.Z, Bradford
J.E, Paintar
M. Stophens

be: R. Kohayashi
D, Petrics -~
Mohler/White/8-050



SHIPPING ORDER -

]\ 4 ‘ . - PACKING SLIP

ISHALL LABORATORIES

! 1 ]:‘U a Subsidiary of Marshall Industries N? ? 5 3 i

v

Date__ May 20, 1968

530 TORRANCE BOULEVARD, TORRANCE, CALIFORNMNIA

HIP TO TR _Systesms : Customer Order No._ 8050
One Space Park Ou: Order No
Redondo Beach, California
——NASA/GSFC—OGU-ProjEcr0LTiTe No. of Pkgs One
Attention: Mr. Axt Clarke . * Via—Hand (iarry
> . QUANTITY DESCRIPTION
1 ea 805900~101 IntFr, Test Cable
1 ea 805900~102 Intfr, Test Cable
lea | 805900-103 TIntfx Test Cable

be . _
Tczgf Poc,.-;fpu-rp_ m__f? . -
(‘?*“"‘ 65’ "‘“‘.’s “aﬁ % b aobjww_.-.zﬂ ?}WN‘Q

’,E.L .

MPORTANT . S(

' RECEIVED BY: 620 Mo, 6
ZLAIMS FOR SHORTAGE, REJECTION OR :
BREAKAGE MUST BE MADE WITHIN 10 DAYS
FROM RECEIPT OF GOOOS. NO MATERIAL Name L ,_{"_g
RETURNED TO US WITHOUT OUR WRITTEN - /__/ -
CONSENT. - NA »

Company. m/ ._554‘"4_,.—

301(2-62)

SHIPPING



'MARSHALL [ 0}
- LABORATOR[ES A éubsiquary of Marshall Industries

3530 Torrance Boulevard, Torrance, California 90503 Teléphone (213) 371-3501

27 May 1968
68"'9 539

National Aeronauiics and Spaco Administration
Goddard Gpoce Tiizsht Cenlop
Creanbait, dMaryland
Atteniion; ir, M, Stephons
Contract Nagotiator

Subject: - Delivery, F/U «1 EP.5, OGO-F
Refar‘ence: C Contreact NAS 5_-11695
CGentlemen;

In accordznce with Article VII of the refercence conirict this Iotior
advisas you of cur dolivary of the Flight Unit One EP-5, OUD-F

ag indicaisd on the enclased shipping documenis,

3]

Delivery was made on 24 2May 1953 to the NASAJGSHFE CGO Projoct
Cifica at TRW Syrtams.

Should yeu have any quostiens regarding tho zbsve iafermatisy,
pleaso do not hasitate t3 contzct va,

Very teuly yoors,

MARSHALL LARORATORILS

J. David Whaite
Assiztznd to ths Goneral Lianager

JDW:aw
Enclosuros

¢cc: . Dr. E.P, YMarcanti
J. E, Paintoyr

bc: E. Azari
R. Kobayashi
D. Petrics 1/
Mohler/8-050
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\/ ) - -" SHIPPING ORDER . T
,\ /1 o : PACKING SLip
RSHALL LABORATORIES ' -

[: fi’n_; a .‘_.‘»'ubsld:'ary of Marshall Industries ‘ N? 7 5 4 1 .

3530 TORRANCE BOULEVARD, TORRANCE, CALIFORNIA

. Date__May 24, 1968

HIP TO TR:W Systems ‘Customer Order No. 8-050
One Space Park .

) Our Order No
Redondo Beach, California : :

———NASA{G—SFG——GGQ—PE&;]&&-%W_— " No. of Pigs. One

\Hention: ATt Glarke : : .. " \ia__ Hand Carry
QUANTITY " DESCRIPTION
1 ea EP-5, 0GO-F Base Plate Pedestal and Harness Assembly 8/N & (F/u-1) .

With EP-5 Proportional Heater - Installed S/N -3 (F/U-1).

MPORTANT - - ; o
_ ! . RECEIVED BY; Date. ZY e 69
CLAIMS FOR SHORTAGE., REJECTION OR .. .
* BREAKAGE MUST BE MADE WITHIN 10 DAYS . . é"_ _
FROM RECEIPT OF GOODS NO MATERIAL que . j
RETURNED TO US WITHOUT QUR WRITTEN ra ——
CONSENT. Companv. Nﬂf/) /C’; _S. Fo.—
1-001(2-62)

- SHIPPING



REQUISITION AND INVOICE/SHIPPING DOCUMENT . - "?s |‘"""'-"‘

24May]1968 : : T

i f. FROM N . T, DATE MATENEL REQUIRED @ PRIORITY
| Marshall Laboratorles, Torrance, Callforma ' ‘ DO-AZ '
e 7O . . ) T .. . . ®, AUTHORITY OR PURPOST \
- IRW Systems : R P : o Contract Dalivery
" One Space Park ’ P S e N w " o, mcraTene 57/ 114. YOUCHER RUMBER ANp BATE

Redondo Beach, Cahforma L ¢ . ' (‘:\/i’f)““ - <\ Gl

L : - romeorman— : A N = =
3. GHIP T + MARK FOR . . _“ oe thlg - s, e, xe |t ARIDAYE BHiIPPED - . - b, VOUCHER NUMDER AND DATS
. v e, . b [ . * N :
P S T R 24 May 1968 . . 109568-5
NASA /GFC OGO Pro‘}eCt Offlce A "_'-" . ) ) . ", . "». : 13 MODE OF GHIPMENT " 14, BILL OF LADING RUMBER '
S ST s : s 'Hand Carry

Attent;on:, Mi, Art Glarke ‘:, C s N -

i 0. AR MDVKMENT DEGIQHATOR OR PORY NEF‘RKHCI NUMBER . *

B

4 ACCOUNTING AND FUNDING DATA . .. YRR R . R .
.\ R . R . . . ! - L e Tt
. - . . : . * . . ‘ . . . s w . .
CONTRACT NAS 5-11095 . . . . . . o o , .t
. . 5 L - Wt T -
T . . N u}E| coH- . .
gg FERERAL BTOCK HUMBER, DRSCAIPTION, AND CODING OF MATRAILL AND,CN'! OERVICED - ;3; .2‘:,?,';}?,"., ﬁ‘é’;:’g{ Eéﬁ";‘&f“ UNITPRICE 7 YOTAL cOaY
=4 .t M . N 1. . .
« . b . : . P d ¢ s , A S SR
\ .. .‘ ., .- -._ . . .: N . . s e . :‘ T ] N
. . ., e, o A DR L P . o S
1 EP 5QGO- - Base Plate, Pedestal and Harness Assembly. T m L e NS BRI L N
o S’\I4 (F/U 1] thh EP 5 proportlonat heater mstalled SN ‘3 A vl Ol S .ol
s 2 BT EMEAY . et P
. H . . . . e e 4 » el N el b or o, o P . . ¥ -
t . UM . fe . ' - - ! \ .- . LR N ‘..l 3 * = e '.. ey ." ‘. ‘I.
‘ -"‘. * ' AR . A N " J' L ':' It (54 M b 3 C ! . .
B ar MR T TINN f o g0 0 . . et . 4.
. Return Recexpt Requested. W seinbly Velsluq \ s g IR AR Y 20,000
RN T . . IR . t . - U RN
o':-t '-. '-"'o . LY ‘., --".' :'.- '."".':- e e | 1""". * ' A o, . '.'lr“r'.':' .
.‘:-;"'”"--"‘ el s '-. ':.:.l“ “'.:- 4 N . N et :'n 1 '.” :--‘,-1. -
s . Lt Py, : L ' ' . ' : e - LI I
: . LA : ' n o . N o :: . N s . |. _._.,.“
. . ' ) - . S nu 'o . :'f:.':rv ' fey, ', N ‘ .i - o L "’ LN
L) . e! . ‘; .'l ‘ 1 ’ P i .- ¢ ':b -
L -_ . . . ; ‘ . . P SRR
. . ) . . . b
' . i
. . . :
[ I I . . . ;
NOT REPROD CIB .' T '
i
RANGPORTATION VIA MAT . . ) L GREGIAL
§0. Brz vS‘;'os CHARGEABLE 104 e f V7. MANOLING N
. * TOTAL TOTAL , [corTAInG
10.| |asuED BY R R L T ~ DCOCRIPTION “ Ol I R E T LU SHEET YOTAL
P ' . P . . ' EXCLEPT AD .
se1 D, Petrics 1 Metal Container . . NOTED N
[ .
52| enecken oy AN . § [uaNmricsloate |, |er GRANG TOTAL
5k N v § | exctir As
EE ' : u NOYED -
< . P - T . oATE . Jev . .| #0, RECEIVER‘D
5| rackzo By “ : ; : — PODYRE v, Lo YOUCHEA MO, *
& . ] <~ TOTAL ——m L .
. 81 55 63 64 90 B0 87 .83 s 99 08l 63 92 $4,80 SO 67 B0 62 ¥O VI Y2 “* ¥4 7B 76 ¥7 VU 70 03 O} 63 @5 04 0Y 00 GF 00 6F 00 81 03 #3 04 80 8¢ #7 43 0P 100 ..
Do e 1 Ay ‘ . HURUMLAGED EQITION OF § MA  WMIGH MAYBRVpgr LT e T TS Ty oL
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MARSHALL ‘] qn;
LABORATOR[ES A subsrd:ary of Marshall Industries

ey

3530 Torrance Boulevard, Torrance, California 90503 : Telephone (213) 371-3501

27 hMay 19068
63-059%

Natmmﬁ. Aevoaautics and Space Administration
God2ard Space F1 igh Contor ’
Greunbelt, Maryland

Attestion. Mr. M. Stephens
Contract MNegotiator

Sukject: FTest Procedure, Mutual Interferencs Tast,
- EP.5, OGO.F

[ )

Refazenca. Contrast NAS 5211095

Gontismen:

In sceordance with Ariiele VII of tho referance contract, wsa ars
harein tvanseritting the dMustunl interforence Test Procedurs o,

EP"S/OGO‘-* 1\10. 46068¢

Should you Bave any questions regarding the enclosed spscification,
please do not hasitate to contadt us,

Yery tz'uly TOUre,

MARSHA _..»L I.AEOR.&TO LIES

J. David Whita
Assistant to tha Gensral Manager

JDW:aw

Enclosure
et . P, Mercanii
E. Smith
A. Freadsean
-~ R, Smiin
R. Helliwell
A, Clarka

bc: E. Azari /

D. Petrics
Mohler /White/8-050


http:God~t'.rd

MARSHALL  f{L
LABORATORiES ﬂ A subsidiary*of Marshall industries

3530 Torrance Boulevard, Torrance, Califormia 90503 : Telephone (213) 371-3501

& Jure 1968
68.0696

Neationzl Aeronautics and Space Aamzmsh n&icm

Goddard Space Flight Centor

Greenbalt, Maryland

Aﬁez&tion;_ Dr. E.P. Marcanti

Bubject: Transmittal of EP-5 Steb Boom
Rc;fr.;rence: " Contract No. NAfS' 5-11595
Goentlemem |

This iw,ar is ind t:mf! ¢ to inform you of ths transmiital of the EP.5
Stub Boown, Nu. 101‘ 357500, frosn Mavshall Laboractorics

to TRW Systerns ag Indicated on the ‘.nrloued shlaging decumaents,
The IIU-J Stab }"‘r.:-cm was delivered to TRV ‘.»yscr;::r:s in sup 01‘3

of tae forthcoming solar-vac tests on tm., proioiap and ﬁiﬂ‘v BP.5
z,sscmb}.ms.

Should there bs zny questions regarding the above information,
please do not besitate to contact mo,,

Very truly yours,

MARSHALL LABORATORIES

‘Eric Aszari
Program Manager

EA:aw

cc;: . J.E Painter
M. Stephoas

] K. Z. Bradford

be R. Kobayashi

D. Petrics
Mohles /White/82050
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RSHALL LABCORATORIES

SHIPPING ORDER

[ f‘m_, a Subsidiary of Marshall Industries

3530 TORRANCE BOULEVARD, TORRANCE, CALIFORNIA

PACKING SLIP

N¢ 7556

' Dotoune 4, 1968
! ]
4P TO - IRW Systems Customer Order No.__8= 050 LA S
‘ One Space Park !
Our Order No
Redondo Beach, California .

——0G0—Programoffice-5/1869- No. of Pkgs. 0ne

Hention. Mx, Fritz Odecaard Via_Hand .Carry
QUANTITY DE‘SCRIPTION
1 ea EP~5 Stub Boom No. 107957-900 For Solar-Vac Tests

W

» IMPORTANT

SLAIMS FOR SHORTAGE. REJECTION QR
IREAKAGE MUST BE MADE WITHIN 10 DAYS
'ROM RECEIPT OF GOODS. NO MATERIAL
ETURNED TO US WITHOUT CUR WRITTEN
CONSENT.

o1(2-.62)

RECEIVED BY:

5/77«5@

Date

Name ?‘Q % Zf,@/c?r_,,qp

Company

7 R

SHIPFING



\/ SHIPPING ORDER *
\ /[ : ' ' PACKING 5LIP

VSHALL LABORATORIES

. f}’n’ a Subsidiary of Marshall Industries N? ? 5 6 ;_L
,..___‘ i ‘
30 TORRANCE BOULEVARD, TORRANCE, CALIFORNIA ;

Date June 10, 1 968

3
1

. -
Customer Order No. 3“05q

P TO__TRY_ Sysiems

One Space Park
NASA/GSFC, 0GO Project Office
~——Redondobeatty-Gatiforma————————  No.of Pigs__0ne

snflon. _Mr. Art Clarke

i
L
]
I

Qur Order No

Via Hand Carry

QUANTITY PESCRIPTION
5 ea 805202-101,102 Thermal Blanket Assy, Serial No's 3,4,5,6,| and 7
This completes the thermal blankets requlred under
Contract NAS5-11095 1
|
IMPORTANT

LAIMS FOR SHORTAGE, REJECTION OR RECEIVED BY: jafp /0 U‘Lh 4—’:'/

EAKAGE MUST BE MADE WITHIN 10 DAYS /Z/
IOM REGEIPT OF GOODS. NOQ MATERIAL Name ¢ e e
ITTURNED TO US WITHOUT OUR WRITTEN = C——

ENT. : —_
vl Company___ M2 <,47/ s,
102.62) TR TR "'%.,,:L c e R s -

SHIPPING



MARSHALL ; JHH
ABORATORIES j

A subsidiary of Marshall industries

3530 Torrance Boutevard, Torrance, California 90503 : Telephone (213) 371.3501

11 June 1568
- 680723

National Aeronautics and Space Acmmisﬁra&wa
Goddard Space Flight Center
Greenbalt, M zyland

Aftontion, Mr. M, Stophens
Subjact: Delivery, Thermal Blcﬂ!maa EP.5, OGO-F

Refarence; Contrach MAS 5.11055
Centlemen:

In accordance with Article VII of the refercnce coantract this lott %
advises you of our delivary of five (5) thormal blankets conzlisting
of (1} prototype, {1} flight and (3} spares for the ZP-5, OG0.F
Snacanraft, . i
Delivery eras maade oo 1@ Juns 1960 to the NASAJGEFT CGO Pm;act :
Cilfico at TRYW Oysterns as isdicated on the enclosed shipping ﬁscar’mn
This delivery complotess the contract requirements of deliverably
thermal components with the exception of one (I} spare proportional
heater waich will romain in the projact inventory st Marshall
Laboratorics until such ¢ime as it may bo reguired to bo installed

on an EP-5 assembly by Marshall Laboratories parsonnel,

Should you havs any quostions rogarding tho abhove information,
- please do not hesitate to contactk us,

Very truly yours,

MARSHALL LABORATORIES

J. Pavid White
Assistant to the General Manager

JIIW W

o Dy, E,.P. Neorcanil
Mr., J.E. Paintor

be E. Azari. R. Kobavashi, D. Pefrics Yo mbmnnt Tila 0 _nEn
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MARSHALL E gHH
LABORATORIES

A subsidiary of Marshall industries

3530 Terrance Boulevard, Torrance, California S0503 : Telephone (213) 371-3501

18 March 19569
69-0102

i{ational Aeronautics and Space Administration
Goddard Space Flignt Centay
Creeabelt, Maryland

"Attention, Mr. M. Stephen
Contract Negotiator

Subject: Test Data and Results- of the Space Simuiaticn
Tesis pef'formed on tha Z-L?-.», OGO-F Test
Mock-up.

lieference: Coatract MNAS 511895
A_rticie i
Paragraph 1, 3.5 Space Simulation Tests

Gentlemen:

In eccordance withk ths reguiremente of the refergace coniracy,
Article’I, Parzgraon 1, 3,5, wo are hcrein tranymitting the -
test daia and resulis of the gpace sirnulation test performed
on the EP.3 CGGU.F Test dock-up Exporiment Package Mo, 5,

Should you have any questions regarding the eucloced "Fimulator
Test Report', plea2g2 Jo mol tesitate t¢ Joiiact ua.

Very truly yours,

MARSHALL LABORATCGRIES
{{lb Bé‘f'— {‘_,1:55’& 1

\ ;_ b "" r‘l

at s

\;P _'--i o, %1 “
TUsh ey Ul

Jeo C. Young
Controller

ICY;aw

Enclosure


http:P"ckn.go

ITEM 7

TYPICAL PROPORTIONAL HEATER INSPECTION REPORT



Scope:

This report describes the pfiysical condition of the electronic
_equipment specified below at the time that the equipment leaves
-'Marshall Laboratoneb
Equipment: ’ Na._x_ne of Equipment: Non Magnetic Heater
.. Serial Number: 7,8,9,;0, 12 No. of Units: &
Job Number: -~ = .. Contract:
Inspection: “Requested by':- - . s Date: -

INSPECTION REPPRT

Point in Sequence: Final Inspection

Inspection Pe rformed. by

Date:

Findings: (If discrepancy, place X in right hand column)

Comments

Discrep.

OK

A. Housing & Me'chanical Parts:

18,

19.
20.

Connectors seated properly

R-F filters seated properly
Covers mate properly

Holes match where required
Hardware securely mounted
Nuts, boits prop'er‘ly tightened
Nvylon hardware where requii'ed
Paint removed under ground lugs
Lockn}ltsllockwashers where '-req'uired
Boards .chibped, broken, split
Housing surface srmooth . ' .
Plating flaking or bubbly . .
Plating tarnishe-:d '

Plating scratched to sub-metal

7/

1Y

PP e s




Page 2

16,

Comments Digcrep. OK
B. Connectors:

1. Proper length threaded studs ‘ N4 /fi
2. Secure mounting
3.‘. Surface tarnish
4, Hi Rel connector
5. Potting material on back
6. Potting material around pins

" 7. Pins floating, where required
8. Pins straight o !
9. Dielectric discoloration. o

10. Wires properly dressed, soldered

11, Shrinkable sleeving employed - .

12, Shrinkable sleeving split N/A

13. ' ]

14.

15.

- 16.
AC. Cabling and Hard Wiring: P
1. Cables properly grouped Ll
2. Cables properly spot epox:ed &
3. Cables properly laced L
4. Non-ghrinkable lacing cord i
5. Shielded wires properly terminated’ &
6. Wire insulation properly strzpped L
7. Cold-flow possibilities &
8. Wires stripped proper distance from L~
_termination

9. Proper protrusion thru fork terminals N/A

10, Proper protrusion thru p/c eyelet ' &

11, Wrap around terminals ] N/ A4

12. Wire strands broken ' "/

13. Cable gpans protected against fatigue &

14,

15,




Comments

Discrefa. OK
‘!D. Component Mcunﬁng
| 1.” Proper lead length, body to terminal ' N/‘?
Z.: Proper lead bend radius . L
3: Leads protrude thru terminals proper '
distance J’L//é}
4. Max, no. of leads per fork term - ;]///q
5. Transistor cases insulated from leads ’ (o
! and p/c lines
6. Metallic cased components insulated
¢ from leads and p/c lines &
' 7.: Heavy components tied to board e
- 8, Lacing cord non-sghrinkable L~
9. Nylon mounting hdw, where required e
10. Support provided for components stood
3 off boards il
11, Lead seals broken L
12° Tantalum welds broken “
13; Component leads sleeved wherj'f L
. required
14; Sleeving cold flow condition possibility ~
15.' Shrinkable sleeving split —
16;. Any components movable? sl
17..
18.
19»;
20,
E. Caatings .
1. Conformal coat even [V/A
2. Fillets around components Z/A
"3, Bubbles in conformal coat A’//q
4. Conformal coat on connectors ﬁ{//q
5. Thermal paint inside as required ’ &
6. Thermal paint outside as required &
7. Epoxy spot-ties as required . il
8. Coats, epoxy, etc. peeling or louse ll
g.




Page 4.

Comments Discrep. OK
F. Electrical Connections
1. Cold solder joints &~
2. Contaminated solder joints e~
3. Excess solder ‘ -
4. Insufficient solder &
5. Rosin joints L
6. Dirty solder joints L~
7. Solder properly wicked “
_ 8. Holes in solder joint surface “
9. Weld joint deformation proper /V/ﬂ‘
10. Weld joint splatter (whiskers) /]’/44
11. Weld joint blow holes . /'g’/éq
12, Other im;proper welds . . ;}//-'—’1
13. Scribe marks or other deformations 4 ﬁl‘_/’
14, ' B
15. "
16.
17.
18.
G. Cleanliness
1. Solder splash on board, hpusing, coat b
2. Dirt or debris on board, hous'ing, coat L~
3. Rosin cleaned from board &
4. Paint on improper surfaces, coat L
5. Grease or finger marks on plating L
'6. Dirt or debris in ;:onnect.ors ' /V/g ‘
7. . 77
8. j
H. ' Labelling
1. Connectors labelled in ink A
2. Modules labelled in ink / L
3. Unit labelled, model, S/N e T 2
4. Decals used S T N /4
5. Labelling -protecte‘c'l //V/q




"Page 5

Deficiency Disposition:’

Item ‘

../-

Disposition

,@F,a.; @Qf\c‘;-»c—%/u; (2 e
L et ML-QQ &wfj iy,

_/\M 2¢ % OML\
Rocoech dﬂ&::w_} pMp%’ﬂ “”Y‘““w o

TT@W\""’l

mspector:.. -

Engineer:

Datex 7" 1. il =

T A - - = = -

~7. Approval to Ship:

nspection verified by

nspection verified by:

‘Form-ML 113

T - - _ Date: = T:‘—"::‘.j-_i:;:é?”
ST Date: ] ]
5 Agency: . Date:
Agency: . -  Date:




ITEM 8

SOLAR VACUUM DESIGN VERIFICATION

SPECIFICATION 546865



PARTS DISPOSITION

SPEC NO. REV -
1. USE 3. CANNOT BE REWORKED 6
2. REWORK 4. RECORD B e 46865 X
REVISIONS )
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SHEET REV
WOEX | sweer f1{2]3|4lsl6 | 7|8 9lio|u |12 |13 |14
SHEET REV
INDEX | SHEET
AONTRACT NO. _NAS 5-11095 M MARSHALL LABORATORIES
REP_D. Petricscfy” | 3/ /em | TORRANCE, CALIFORNIA
RO w e YAV o
INGR - |4AZL
APPD AL As Solar-Vac Design Verification
wep , e Test Procgdure
- s EP.5 OGO-F
%‘és?ggyw Sigut vy V31363 57 TT0E e G, SPECIFICATION NO. REV
\PPD o342 s A 13126 € 46865
SUSTOMER ‘ . ,
RELEASED {£BRo1 5 1595, SHEET 1  OF
Il £new ann e




TABLE OF CONTENTS

.0 - SCOPE

1.1 Introduction
1.2 Test Regquirements

1.3 Responsibility

.0 APPLICABLE DOCUMENTS

2,1 Specifications

2.2 Drawings

.0 ENVIRONMENTAL REQUIREMENTS

3.1 - Simulation of Environment

.0 TEST EQUIPMENT

4,1 Standard Equipment
4.2 Special Equipment

.0 TEST FACILITIES

5.1 Apparatus and Conditions

.0 INSTALLATION CHECK
.0 CRITERIA FOR FAILURE
.0 EVALUATION

8.1 Performance Record
8.2  Stabilization

8. 3' Test Duration

.0 TEST PROCEDURES

3.1 Pre-Test Requirements
9,2 Test Phase I, Solar Condition
9.3 Test Phase 1I, Eclipse Condition

9.4 Post Test Requirements

_ FIGURES
No. Title Page No.
1 EP-5 Design Configuration 9
2 EP-5 Thermal Subsystem 10
3 Chamber Installation, OGO-¥, EP-5 11
4 EP-5 Solar-Vac Test Diagram 12
5 EP-5 Thermal Subsystem Schematic 13
MARSHALL . TITLE SPECIFICATION NO. REV
: LEBORETORIES Solar-Vac Design Verification
 TORRANGE CALIFORNIA Test Procedure S ies6s
i E¥P.5, OGO-F
NO 13126 SHEET 2  OF
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1.

L.

SCOPE

Introduction

This specification defines the solar-vac design verification test pro-
cedures for the EP-5 appendage of the OGO-F Spacecraft. The EP-5
appendage package contains portions of two experiments, F-22 and
F-24 both within a thermal equilibrium blanket and mounted to the
+Y end of the EP-5 boor.

The EP-.5, as shown in Figure 1, is partially contained within a 11. 0"

x 9.5" x 9. 0" parallel piped thermal envelope. The F-24 antenna

extends beyond the thermal envelope and thus is not maintained within

the thermally controlied environment. The thermal envelope, which
makes up the electronics compartment, consists of multilayer aluminized
mylar sheets and pure silk mesh arranged in a sandwich type construction
with the wilar side facing out,

Within the environmental controlled electronics compartment are the
search coil magnetometer coils and preamplifiers for the F-22 Search

'Coil Magnetometer Experiment, developed by Dr. E. Smith of JPL

and Porfessor Holzer of UCLA, and the preamplifier for the F-24 VLF
Antenna Experiment developed by Dr, Helliwell and Dr. R. Smith of
Stanford University. Because of the sensitivity of the experiments
within the EP-5 to magnetic fields and RF noise, a non-magnetic
proportional heater is used as an active temperature control device.
The EP-5 proportional heater developed by Marshall Laboratories,

is bonded to the baseplate and provides heat to the experiments by
conduction and radiation from the baseplate. Figure 2 illustrates

the EP-5 temperature control system. The electronics compartment
has an acceptable temperature range of -20°C to +50°C and a m1n1rngm
internal dissipation of . 22 watts when the 1nterna1 temperature is 12 C.
Between the temperature range of 6°C and 12°C thé dis sipation may
vary from 1. 575 watts to , 22 watts depending on the position of the
spacecraft relative to the sun.

Test Requirements

The test procedures established herein are in accordance with Goddard
Space Flight Center T&E Specification No. 5-4-101 Revision A entitled

""Specification Environmental Design Qualification Test OGO Experiments''.

Responsibility

The responsibility and authority for decisions relative to the require-
ments of this specification rests with Marshall I.aboratories subject
to approval by NASA/GSFC,
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2.0 APPLICABLE DOCUMENTS
2.1 Specifications
Goddard Space Flight Center
2. 1. S5-.4.101 Specification Environmental Design
Qualification Test OGO Experiment.
2.2 Drawings
Marshall Laboratories
2.2. 805800 Wiring Diagram Subsystem Thermal
Mockup EP-5
2. 2. 805801 Subsystem Assembly Thermal Mockup
EP-5
2.2. 805802 Insulation Assembly Thermal Mockup
EP-5
2.2, 805803 Assembly, Thermal Mockup EP-5
3.0 ENVIRONMENTAL REQUIREMENTS
3.1 Simulation of Environment
Liaboratory design verification tests for electronic and mechanical
assemblies are intended to simulate environmental conditions which
are more severe than field conditions in order to provide hetter
assurance of locating design deficiencies. However, the conditions
are not intended to be severe enough to exceed design safety margins
or to excite unrealistic modes of failure. Should such modes occur,
pertinent requirements will be waived in accordance with the applicable
procedures.
4.0 TEST EQUIPMENT
4.1 Standard Equipment
a) 7' x 8' Vacuum Chamber and supporting equipment.
b) Digital Voltmeter - Cubie Corporation V-71
c) Power Supply (4) - Hewlett Packard Model HP721A
d} Milliammeter (3) - T -iplett Model 630NA
MARSHALL TITLE SPECIFICATION NO. REY
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Special Equipment

a) Thermometer Marshall Laboratories
Model No. MIL-332

TEST FACILITIES

The design verification solar-vac testing of the EP-5 Thermal Mockup
is to be conducted at Goddard Space Flight Center, Greenbelt, Maryland.

Apparatus and Conditions

The apparatus used in conducting the solar-vac design verification
tests shall be capable of producing and maintaining the test conditions
required within this specification.

INSTALLATION CHECK

Following installation into the test apparatus and prior to pump down

a comprehensive inspection and electrical check of the EP-5 instrument
shall be performed by Marshall L.aboratories and GSFC to insure that

no malfunction or damage was caused due to faulty installation procedure
or handling.

CRITERIA FOR FAILURE

With the concurrence of the Marshall Laboratories authorized repre-
sentative, degradation or change in performance of the EP-5 which
exceeds limits established by its specification and applicalbe test
procedure during any test period shall be considered as a failure.
Testing shall be discontinued until the malfunction (including design
defects) is corrected. If the corrective action consists of simple
repeir, such as replacement with identical parts, the complete test
procedure under which failure occurred shall be repeated in its
entirety without equipment failure before proceeding to the next test. -
If corrective action such as redesign, is required, the test procedure
under which failure occurred shall be repeated as indicated above
after repair action. In addition, if such redesign affects the results
of previously completed tests, such tests shall be repeated.

EVALUATION

The acceptable compartment temperatures for the EP-5 are from
-20 C to +50 C. To monitor the compartment and experiment
temperatures during testing, twelve (12} ¥YSI type 44018 thermistors
have been instalted throughout the package as follows.
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RT-1
RT-2
RT-3
RT-4
RT-5
RT-6
RT-7

RT-8
* RT-9

3%

RT-10
RT-11
RT-12

8.1 Performance Recording

Y-Axis Sensor
2 Z-Axis Sensor

F-22 Z_-Axis Sensor

EP-5 Base Plate, near Heater Control
Thermistor

EP-5 Search Coil Bracket

Base of F~24 Antenna near squibbs.

of Thermal blanket,

Inside of Thermal Blanket,

¥F-24 Preamplifier

¥-24 Preamplifier

# RT-9 and RT-10 are thermistors installed for ac¢ademic information only
and are not to be used as criteria for failure,

Performance data recording shall be taken every hour and consist of

the following:

8.2 Stabilization

)

b)
c)
)

date

time

charhber pressure
thermistor temperatures
heater voltage '
experiment voltages
heater current
experiment currents
shroud temperatures
thermometer voltage

Stabilization shall be considered achieved when all the moni%aring
thermistors listed in paragraph 8.0 do not vary more than 1 C during

a three (3) hour period.

and RT-10.

8.3 Test Duration

This requirement excludes thermistors RT-9

Tests shall be continued for a period of twenty-four (24) hours after
achieving stabilization, in both solar and eclipse environments.

9.0 TEST PROCEDURES

This test will be conducted in two phases covering worst case conditions.

External
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Phase I will be the worst case hotl condition where EP-5 is receiving
direct solar radiation on its +¥ surface. Phase II will be the worst
case cold condition where the EP-5 is in total eclipse.

9.1 Pre-Test Requirements

9.1.1 The EP-5 Assembly shall be suspended by insulated wire and waxed
cord, in a 7' x 8' solar-vac chamber capable of achieving and main-
taining ! x 10-5 mm Hg or less. "The test item orientation is shown
on Figure 3.

9.1.2 Perform two pre-test and post-test solar scans with arc set for 1.0
sun at 51 1/2 inches from the door flange. Beaum: diameter shall be
40 inches minimum. The chamber solar simulator shall be calibrated
under ambient conditions using a radiometer target board and shall
not vary more than 10% over the pattern.

9.1.3 Connect test equipment as shown in Figure 4 and perform pre-test
checkout (ref. par. 6.0).

Installation Check List

Item Responsibility

l. Test configuration correct including
boom and thermal blankets GSFC/ML

2. Experiment package suspended in GSFC
correct position (including orienta-
tion as well as distance from the solar

simulator)
3. Minimum conductive heat transfer GSFC
between the test item and the chamber
" shroud.
4. Monitoring radiometer suspended. GSFC
5.  All cables wrapped and suspended away GSEC

from the chamber shroud and out of the
solar simulator beam as much as pos-

sible.

6. Warm chamber ports covered GSFC

7. Chamber checked for cleanliness GSFC

8. Pictures of test setup taken GSFC
' .
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9, Operational test of all thermistors,
heaters, ' ‘
9.1.4 Rough out chamber to 1 x 107~ torr or better.

and experiment mockups.

9. l.'S Floed shrouds with LNZ'

9.2 . Test Phase I Solar Condition.

4
Y

thermocouples, GSFC/ML

9.2.1 Turn arc ON at 1, 0 sun after chamber walls are at -lOOOC or less.

9.2.2 Turn experiments,

a) F-22 Bearch Coil, 28V @ 18 ma.‘
b) .F-24 Preamp, 28V @ .55 ma

c) EP-5 proportional heater 33V

d} Test equipment 14,2V

9.2.3 Establish stabilization per paragraph 8.2,
paragraph 8.1,

‘heater power, and test equipment power ON.

recording readings per ~

8,.2.4 Continue test after stabilization for 24 hours in accordance Wlth
paragraph 8. 3, :

9.3 Test Phase II, Eclipse C'ont_iition’

9.3.1 Shutdown arc source.

9.3.2 Adjust proportional heater power to 23V

9.3.3 Istablish stabilization per paragraph 8.2, recordmg readmgs per
paragraph 8.1, .

9.3.4 Continue test after stabilization for 24 hours in accordance with
paragraph 8. 3.

2.4 Post Test Requirements

.9.4i1 Turn. off all power supplies.

9.4.2 Secure chamber. Use arc to warm shrouds.

9.4.3 Perform ambient checkout.

9.4.4 Perform post test solar scans.

Same as paragraph 9. 1.3 item 9.

Same as paragraph 9..1. 2.
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Figure 1 EF -5 DESIGN CONFIGURATION
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Figure 2 EP-5 THERMAL SUB-SYSTEM/OGO-F
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ITEM 9

EP-5 THERMAL SYSTEM DRAWINGS



EP-5 THERMAL SYSTEM DRAWINGS:

Drawing Number ) ‘Description

805100 . EP-5 Envelope

805200 ‘ EP-5 Final Assembly

805202 Thermal Blanket Assembly

805205 Thermal Blanket Form Block

805800 Wiring Diagram EP-5 Thermal Mock-Up

805801 Subsyé.tem Assembly EP-5 Thermal Mock-Up

805803 Assembly EP-5 Thermal Mock-Up

805804 Preamplifier Assembly EP-5 Thermal Mock-Up

805805 Search Coil Sensor Assembly EP-5 Thermal Mock-
Up ]

805806 Boom Harness EP-5 Thermal Mock-Up

805807 Boom Extension Harness EP-5 The:c:mal Mock~
Up

805808 Test Harness EP-5 Thermal Mock-Up

805809 - Container Assembly EP-5 Thermal Mock-Up

805810 Base Plate Harness EP-5 Thermal Mock-Up

805811 Assembly Board Insulated EP-5 Thermal
Mock-Up

805900 Assembly Cable Interference Test EP-5 Thermal

) Mock-Up .

20032 Thermistor Assembly

20037 Strip Heater

52168 Proportional Heater Assembly

52238 Schematic Proportional Heater
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