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J DT~:~L933 DUAL FOUR-INPUT 
.· . EXTENDER ELEMENT 

FAIRCHILD DIODE-TRANSISTOR MICROLOGIC 

The DTIJ.L 933 is a Dual Input-Extender consisting of two independent diode arrays 

identical in every respect to the input diodes ofthe DTIJ.L Gate and Buffer elements. 

DTIJ.L 933 elements may be used to extend fan-in capability to more than20 without 

adversely affecting the noise immunity or load driving capa:bility of the element to 

which they are connected. 

Good practice dictates that extension interconnection paths be as short as possible 

to minimize the effects of distributed capacitance on circuit performance. The 

effects of capacitance are summarized on the back page. 

Typical input capacitance of DTIJ.L 933 is 2 pf and output capacitance is 5 pf. 

For complete test sequence and test values, please refer to the composite 

DT IJ. L specification 
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FAIRCHILD MICROLOGIC® LOW POWER DIODE TRANSISTOR INTEGRATED CIRCUITS 

LPDT~L 9040 CLOCKED FLIP-FLOP 

DESCRIPTION 

LOGIC DIAGRAM SHOWING FLAT 

OR DUAL-IN LINE PACKAGE PIN 

ASSIGNMENT 
The LPDTJ..LL9040element is a directly coupled, dual-rank flip-flop suitable foruse 

in counters, shift registers and other storage applications. Either R-S or J-K mode 

operation is possible. Direct set and clear inputs are prov1ded which override all 

other data inputs. 
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SYNCHRONOUS ENTRY TRUTH TABLES ASYCHRONOUS ENTRY 

R·S MODE OPERATION J-K MODE OPERATION TRUTH TABLE 

INPUTS @tn OUTPUTS @tn+1 INPUTS @tn OUTP.UTS @ tn+l INPUTS OUTPUTS 

s1 s2 c1 c2 Q ~ s1 c1 Q ~ SD CD Q Q 

13 12 2 3 6 9 13 2 6 9 11 4 6 9 

L X L X NC NC L L NC NC H H NC NC 

L X X L NC NC L H L H H L L H 

X L L X NC NC H L H L L H H L 

X L X L NC NC H H TOGGLES L L H H 

L X H H L H Symbols 

X L H H L H H • Most positive logic level 

H H L X H L 
L • Most negative logic level 
X • Either H or L can be present 

H H X L H, L NC • No change in state 

H H H H AMBIGUOUS NOTES:. 
1. For J -K mode operation connect Pin 6 to Pin 3 and Pin 9 to Pin 12. 
2. Asynchronous entries override all synchronous entries. 
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GENERAL DESCRIPTION 

The Fairchild LPDT J.LL Micrologic® Integrated Circuit Family consists of a set of compatible, 

integrated logic circuits specifically designed for low power, medium speed applications. 

The circuits are fabricated with a silicon monolithic substrate using standard Fairchild Planar• 

epitaxial processes. 

Packaging options include the Flat package and the Dual In-Line package. 

Important features of the LPDT JJ.L Micrologic® integrated circuits include the following: 

• Reliable operation over the full military temperature range of -ss•c to 

+12s·c 

• Typical power drains of less than 1 mW per gate (50% duty cycle) for 

the logic gate elements and less than 4 mW for the clocked flip-flop. 

• Single power supply requirement-S volts optimum, 4.5 to 5.5 volts range. 

• Guaranteed fan-out of JO LPDTJJ.L unit loads or 1 standard Fairchild 

DT J.LL unit load, over the full temperature and supply voltage range. 

• Guaranteed minimum of 450 mV noise immunity at the temperature 

extremes. 

• Typical logic gate propagation delays of 60 ns and binary clock rate of 

2.5 MHz. 

• Emitter follower outputs providing good capacitive drive capability. 

ORDER INFORMATION 

'.,. '· '. tt •. ~ : •.• .;. 

TYPICAL FLAT PACKAGE 

TOP VIEW 

c===~L---~~~ 14 
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TYPICAL DUAL IN-LINE PACKAGE 

I I..Holt••__.,.,.,,ltM,...,...,_••-.,. lOO'"Uitl.,l ,,.., ... 

:::i 

........ , ............ llf' .. I~'••""(JSO\Mol-"l""' ... ltoiK~tllll••"l .. l•.., 

'· ................ - ................. ,...,.,Kttc;.l •• - ... , .. ~ .. OlO _.._ .... 

*Planar Is a patented Fairchild process. 

To order Low Power Diode Transistor Micrologic® integrated circuit elements specify U31XXXX51Xfor flat package and U6AXXXX51X 

for Dual In-Line package where XXXX is 9040, 9041 or 9042. 
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COPYRIGHT FAIRCHILD SEMICONDUCTOR 1967 • PRINTED IN U.S.A. 2320-342·37 10M 

MANUFACTURED UNDER ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 291877. 3015048, 3025589, 3064167. 3108359, 3117260; OTHER PATENTS PENDING. 
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FAIRCHILD MICROLOGIC® LOW POWER DIODE TRANSISTOR INTEGRATED CIRCUITS 

LPDT1-1L 9041- DUAL 3 INPUT NAND GATE 

DESCRIPTION 

LOGIC DIAGRAM SHOWING FLAT 

OR DUAL-IN-LINE PACKAGE PIN 

ASSIGNMENT 
'rhe LPDT 11L 9041 element consists of two, 3-input positive logic NAND gates suitable 

for general logic gate and inverter applications. The unique feature of this gate is 

that the output transistor collector and the emitter follower pull-up are not internally 

connected. This allows the user to tie collectors to a common node for the wired 

"OR" logic function. 
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FAIRCHILD MICROLOGIC® LOW POWER DIODE TRANSISTOR INTEGRATED CIRCUITS 

LPDTa.tL 9042- DUAL 3 INPUT NAND GATE WITH EXTENDER 
INPUTS 

DESCRIPTION 

The LPDT J.LL 9042 element consists of two 3-input positive logic NAND gates with 

extender inputs. This element in the family allows the user to implement logic 

applications requiring a gate fan-in exceeding three. 

The DTJ.LL 9933 4-input extender element or equivalent~may be used to provide 

additional diode inputs. Any capacitance added to the extender input will increase 

the turn-on delay of the LPDT J.L L 9042 gate. Typically, the increase is 10 ns/ pico

farad. Turn-off delay is not affected. 

CIRCUIT DIAGRAM 
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LOGIC DIAGRAM SHOWING FLAT 

OR DUAL-IN-LINE PACKAGE PIN 

ASSIGNMENT 
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OUTPUT FAN-OUT • 10 UNIT LOADS 

• 7 UNIT LOADS WITH 
R£51 STOR PUU ·UP 
CONNECTED 

•cc 

INPUT 

INPUT 

INPUT 

UT£HOU 
INPUT 

Rt:SISTOR 
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For appllcations requiring a fan-out exceeding ten, the Fairchild DT J.LL 9930 Dual4-Input Gate may be used. The DT J.LL 9930 will drive 

44 LPDT IlL unit loads, while maintaining the same output logic levels as the low power circuits. 

The input of a DT IlL 9930 requires the equivalent. of 10 LPDT J.LL unit loads. Therefore, a low power circuit can drive only one 

DT11-L 9930 input. 



FAIRCHILD MICROLOGIC® LOW POWER DIODE TRANSISTOR INTEGRATED CIRCUITS j 
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LINE POSITION QTY DRAWING REV DRAWING TITLE DWG 
NO. NUMBER LTR SIZE 

1 2 3 4 5 6 7 8 9 

1 X 2 609417-1 N/C Sorin 12: c , 
2 609414-1 tN/C Snrin2: B X 1 
3 X IREF 609561 IN/C Finish External Chassis R 
4 
5 
6 
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'lt) !X 1 609430-1 lN" I C Rod F 
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29 2 609543-l tN/c Frame D 
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36 
37 
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1 2 3 4 5 6 7 8 9 -1 X 1 609480-104 A Ontboard Le!J Assv r 
~ 
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APPENDIX III 

Test Procedures 

SIDE/CCGE Test Procedure and Typical Test Data 
Results (System 7, ML 323-5) 
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1.0 

1.1 

SCOPE 

The following is the detailed Test Specification for the Suprathermal 
Ion Detector/Cold Cathode Gauge Experiment for the Apollo Lunar 
Surface Experiment Package. This specification follows, in 
general, the Integrated Test Plan dated 5 August 1966. 

Purpose 

The intent of this specification is to provide a detailed step by 
step procedure whereby a technical individual who is familiar 
with the Experiment Test Set and the Experiments to be tested may 
be certain of determining the status of every functional circuit and 
device included in the Experiment. In addition, the Test Specification 
provides steps interpeted to determine the accuracy with which those 
functions are performed, 

1. 2 Complete Test 

The complete test of the SIDE/CCGE will include the performance 
of every one of the steps described in Section 3. 0, hereof. As such 
the tests will require an extended length of time to perform. For 
that reason, the complete tests need be performed only for 
acceptance testing, performance verification and, at other times, 
as directed by Rice University or the Program Office. 

1. 3 Test 01 ganization 

The test is organized so as to verify the performance of each r.A 
the Experiment subsystems separately. The order in which the 
subsystems are tested is arbitrary, unless otherwise noted. 

2. 0 APPLICABLE DOCUMENTS 

2.1 The following documents, of the issue and rev1s1on in effect on 
the date of invitation for bids, form a part of this specification 
to the Pxtent specified herein: 

Specifications 

Experiment Fe rformance Specification 
Integrated Test Plan 
609170 DS, Design Specification, Experiment Test Set 
Facilities and Equipment Requirements 

Drawings 

609445 Block Diagram SIDE/CCGE 
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2.2 

3.0 

3. 1 

3. 1. 1 

3.2 

3. 2. 1 

Precedence of Governing_ Documents. Unless otherwise specified, 
when a requtrement of an appltcable specification is in conflict 
with a requirement specified herein, the requirement specified 
herein shall apply. When a requirement specified herein, the require
ment specified on the drawing shall apply. 

REQUIREMENTS (Read Notes, Section 6. 0) 

Procedural 

The test operator shall record in the unit history log the date, time 
and location of test arrl his name. He shall record the Test Specification 
paragraph number and the resultant test data for each performed. The 
data may be recorded in column fashion with one column for pass and 
one column for reject. It is necessary to record the approximate 
value of voltage, current, rise time, etc.:~ observed during the test. 
A check mark in the appropriate column is sufficient. The ETS printer 
may be used to record any data for ease in data reduction/review. 
Side frame counter may be speeded up to the side frame of interest, 
if desired. Lock out plug must be plugged in during test unless other
wise specified. ETS command system may be cleared as required. 

Equipment 

A. Experiment Test Set, Model ML 324 
B. Unit History Log 
C. 110 volt 60 cycles single phase AC Power, 15 amperes 

Minimum 
D. Test Data Sheets, pages 1 through 13. 

Subsystem One Testing 

Power Supply Testing 

3. 2.1.1 With operating power off, temporarily disconnect Alsep Simulator cable. 
Measure resistance between the following points. Specification: 
>10

7
'·A(decreasingto>2X 106 .nat+800C) 

Between Alsep Power Ground (Jl7-21 )I and HP Return (J17-33); Side Ground 
(connect only (-) terminal of meter to Jl 7-21 (CCGE case); A lsep Sig GND (J 1 7 -ll) 

Between HP Return (J17-33) and Side Ground (CCGE case); Alsep Sig. 
GND. (J17-11) -··· _________________ __,1---+---__;:..__ __ --'-------------

Betw,~en Side Ground (CCGE case) and Alsep Sig. GND (Jl7-11) 

3~ 2 •• 1,. 2 Make certain lock-out plug P-18 is connected. Apply 29v (variable) 
power. (See paragraphs 6. 4 and 6. 5) 

3.2.1.3 

3.2.1.4 

3.2.1.5 

Observe and record voltage across VR on ETS at Side frame 0. Convert 
voltage measurement into operating current by using the conversion 
factor 10 ma/mv. 

Observe and record operating voltage across +29V and+ Z?v return 
on ETS, at SIDE,frame 0. 

Using data in step 3.2.1.3 and 3.2.1.4, calculate the system operating 
power. Specification: 3. 77 watts to 11.2 watts. (3. 77 watts to 5. 8 watts 
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3.2.1.5 

3.2.2 

3.2.2.1 

3.2.2.2 

3.2.2.3 

3.2.2.4 

3.2.2.5 

3.2.2.6 -, 
3.2.2.7 

3.2.2.8 

(continued ..• ) 

at room temperature). 

Experiment Sequencing. Turn off instrument operating power. Then 
reapply power using 11 29 volt fixed'' setting. Adjust ETS ALSEP 
Simulator Unit controls for l, 060 bits per second. All other controls 
in normal (center) position. Turn ''parity'' switch off. This will 
"initialize" the SIDE. Read paragraph G. 3. 

Observe real time SIDE frame display. Number displayed will in
crement by l approximately l per second. (Do not measure time 
interval). (Clear ETS command system). 

Transmit command number 2, (BE). Observe real time SIDE frame 
display. Specification: range of SIDE frame counter~ 0 to 10, continuous, 
increasing only. (Clear ETS command system) 

Transmit command 5 (ACE). Observe real time SIDE frame display, 
Specification: range of SIDE frame counter 0 to 79, continuous, 
increasing only. (Clear ETS command system). 

Transmit command 3 (ABE). Observe real time SIDE frame counter, 
Specification: range of SIDE frame counter 0 to 39, continuous, increas
ing only. (Clear ETS Command System) 

Transmit command number 8 (DE). Observe real time SIDE frame 
counter. Will reset and begin counting from 000. 

Operate shift pulse, even frame mark and data demand pulse 
amplitude controls to 5. 5V. Operate shift pulse, even frame 
mark and data demand pulse rise time controls to 2 1.1 sec. Obser've 
real time SIDE frame counter. Specification: SIDE frame counter 
shall continue to increment approximately once per second. 

Operate Shift pulse, even frame mark and data demand pulse 
amplitude controls to 2. 5 V. Operate Shift pulse. even frame mark 
and data demand pulse rise time controls to 10 1.1 sec. Observe real 
time SIDE frame counter. Specification: SIDE frame counter shall 
continue to increment approximately once per second. 

Feturn amplitude and rise time controls to normal (center), position 
and clear ETS command system. 
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L l A 8 0 RAT 0 R IE S ML 323-3 & UP 

TORRANCE CALIFORNIA Test Specification For, 5 46853 

CODE 
IDENT NO 
ML FORM 20l 

13126 SHEET 4 OF 

A 



3.2.2.9 

3.2.2.10 

3.2.3 

3. 2. 3. 1 

3.2.3.?. 

3.2.3.3 

3.2.3.4 

3.2.3.5 

3.2.3.6 

3.2.3,7 

Chz.ng~c: EJS Llit rate to 530 puls•:s P'-~r second. OlJDCl'\'C n~al 

!imc SIDL frarne counter. SllJE Ir<l;Yw couni~r ::.:hall incrCJCl'•Jt. 
approxin;accl~ once pej· 2 st:conds. Do not atl,'n1pt to rnca,;urc 
this rate. 

Operate ETS bit rate switch to 1, 060 bit.s per second. 

Conunand System 
NOTE; In this .:;ection, Statl's is verified at real-time SIDE frame 033. 
Set di::>play storage SIDE frame select thumb wheels to SIDI•: f1·amc 
11urnber 033 and depress Frame Select Displa)'. Hepcat step 3. 2. 2 
(Irl.itialize). Ol1serve "STATUS". Spr:r:i.ficaLion: -~80. · C~:lscrve 
AnalDg ::;ubcon;_. Specific:ati::n1: .- 0 to 13"/. .. . 

OpC'ratc ETS con1r")and amplitude controls to the 2.5 \'OLt positi<:m, 
Operate ETS corrm1and rise tirne controls to the 10 rnicrosccond 
position. 

Transrnit cornrnand BCD. Observe "STATUS". Specification~ 
0014. O!Jscrvc Analog subcorn. Specification: 195 tc 212. 

Transrnit comrnand E. Observe "STATUS". Specification: 0000. 

Clear ETS C(Jnunand systern. 

Transrnit cumrnand AB. Observe "STATUS". Specification 0003. 

Transmit cor,unand E. Clear ETS conunand s ys tern. 

Operate ETS conunand arnplttur.lc control to 5. 5 vo!t posttic)n, 
Operate ETS command ris,2 time controls to the 2 m.icroscc,)nd 
position. 



3.2.3.8 

3.2.3.9 

3.2.3.10 

3.2.3.11 

3.2.3.12 

3.2.3.13 

3.2.4 

3.2.4.1 

3.2.4.2 

3.2.4.3 

3.2.4.4 

3.2.4.5 

3.2.5 

MARSHALL 

Transmit command BCD. Observe 11STATUS 11
• Specification: 0014. 

Transmit command E. Observe 11STATUS 11
• Specification: 0000 

Clear ETS command system. 

Transmit command AB. Observe 11STATUS 11 • Specification: 0003. 

Transmit command E. Clear ETS command system. 

Return all command system switches to normal (center) positioning. 

Digital Control System 
NOTE: In this section, Status is verifed at real-time SIDE Framt' 'J03. 
Set display storage SIDE frame select thumbwheels to SIDE frame 
number 003. Repeat step 3. 2. 2 (Initialize). Observe "STATUS", 
SIDE frame 003 (mode register). Specification: 0000. 

Transmit command 6 (BCE). Observe 11STA TUS 11 SIDE frame 
003. Specification: 0006. Clear ETS command system. 

Transmit command 8 (DE). Observe 11STATUS 11 , SIDE frame 003. 
Specification: 0008. Clear ETS Command system. 

Transmit command 4 (CE). Observe "STATUS 11
1 SIDE frame 003. 

Specification: 0004. Clear ETS command system. 

Transmit command 1 (AE). Observe 11STATUS 11
1 SIDE frame 003. 

Specification: 0001. Clear ETS command system. 

One Time Command System Monitoring 
NOTE: In this section, Status is verified at real-time SIDE frarr:e C:J7. 
Set SIDE frame select thumb wheels to 007. Repeat 3. 2. 2. 
Observe 11STATUS 11

• Specification: 0003. 
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3.2.5.1 

3.2.5.2 

3.2.5.3 

3.2.5.4 

3.2.5.5 

3.2.5.6 

3.2.6 

3.2.7 

3.2.7.1 

3.2.7.2 

3.2.8 

3.2.8.1 

3.2.8.2 

3.2.8.3 

3.3 

3.3.1 

3.3.1.1 

Transmit command B. Observe "STATUS''. Specification: 0003. 

Transmit command E. Observe ''STATUS". Specification: 0001. 
(Clear ETS Command System) 
Transmit command D. Observe ''STATUS". Specification: 0001. 

Transmit command E. Observe "STATUS". Specification: 0000. 
(Clear ETS Command System) 
Repeat 3. 2. 2. Transmit Command D. Observe "STATUS". 
Specification: 0003 

Transmit command E. 
ETS command system. 

Observe "STATUS". Specification : 0002 (Clear 
Depress Real-Time Display) 

A /D Converter 

Repeat step 3, 2. 2. Print a tape covering side frame 000 to 127 
and mark it "Tape No. 1". Check Tape No. 1 for SIDE frames 
as noted in Table I. 

Readout System 

Apply oscilloscope input terminals to "DIG DA 11 interface monitor 
panel. Connect the oscilloscope signal return lead to 11SG RET". 
Set oscilloscope display for two volts per centimeter vertical 
deflection, 5 n1icrosecond per centimeter horizontal deflection. 
Synchronize oscilloscpe so as to inspect a rising edge of the wave
form observed. Specification: 

a. voltage transition, Ov to 3. 5v s: peaks: 5. 5v. 
b. rise time, 2 to 10 microseconds. (1 Oo/o to 90% of peak value). 

Re-synchronize scope to view falling edge of waveform observed. 
Specification: 

a. voltage transistion, Ov to 3.5v s: peaks: 5.5v. 
b. fall time, 2 to 20 microseconds. (lOo/o to 90% of peak value). 

Duty Cycle Monitor Circuit (See Notes, paragraphs 6.4 and 6. 5) 

Observe Analog Subcom, SIDE frame 065. Specification: 200 ± 5. 

Operate ETS power supply control to variable and adjust voltage to 
25v ± 0. 5 volts. Observe analog subcom, SIDE frame 065. 
Specification: 206 ± 5. 

Operate variable voltage to 33v ± 0. 5 volts. Observe Analog subcom, 
SIDE frame 065. Specification: 192 ± 5. 

Low Energy Ion Detector System 

Check Tape No. 1 for SIDE frames as noted belo.v. 

Low Energy Curve Plate Analyzer Stepper (Word 8) 

Observe LECPA volts, SIDE frame 0. Specification: 207 ± 3. 

'---\ 3.3.1.2 Observe LECPA volts, SIDE frame 19. Specification: 207 ± 3. 
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TABLE 1 (Paragraph 3. 2. 6) 

WORD TWO (Analog Subcom Values) 

(Tape No. 1) 

SIDE 
Frame Function A/D Tolerance Readout Tolerance 

0 +5 t5v ±3% ?.14 ±3 
2 Temp_ I CCIG) See C: hart 1 H48 ± 8 @+25°c_l 

f-4 Temp 2 Blivet 200) See Chart II :ss-±: 8 @+25Cc\ 
6 Temp 3 Blivet 500) See Chart II (88 ± 8 f@+25°c} 
11 Temp 4 I Biivet I 00) See Chart III (88 ± 8 tgl+250c' 
1 2 Temp 5 Blivet 300) See Chart III (88 ± 8 @+25(·c) 
14 Solar Cell 078 ± 78 
16 t60v t6v +3% 22I -±:3 
l ( t30v +3v 1:3% T% ±3 
l 8 tSv t5v ±5~o/~ 214 ±3 
19 GND Ov 004 ±4 
20 -5v -5v ±3% 214 ±3 
21 -30v -30v ± 3% 1 95 ±3 
22 Temp 6 Biivet 800) See Chart III {88 ± 8 @+25°cl 
25 t30 MV Cal +30M' ± 6. 5%. 027 + 7 
Zb tAD Ref 6~'7ii' :f: '7.% ' ' 225 ±5 
27 + lvCal +lv ±1. 5% 155 -±:2 
28 + 12vCa 1 +12v ±1. 5% 246 ±2 
3" ,_. -AD E.ef -b .. 7v %: 7% 225 -±:5 
37 -lvCa 1 -lv ±1. 5% 155 -±:2 

~r-r 39 -12vCal -12v ±1. 5% 24b ±2 
46 -30 MV Cal -30M' ±6. 5% ()27 +7~ -15 ~ 
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M 
l 

CODE 

3.3.1.3 

3.3.1.4 

3.3.1.5 

3.3.1.6 

3.3.1.7 

3.3.1.8 

3.3.1.9 

3.3.1.10 

3. 3. 2 

3.3.2.1 

3.3.2.2 

3. 3. 2. 3 

3.3.2.4 

3.4 

3. 4. 1 

3.4.1.1 

3.4.1.2 

3.4.1.3 

3. s 

3. 5. l 

3. 5. 2 

MARSHALL 

.....,.. 
Observe 11 LECPA VOLTS 11

.J SIDE frame 20, Specification: 166 ± 4. 

Observe 1'LECPA VOLTS", SIDE frame 40. Specification: 127 ± 5. 

Observe ''LECPA VOLTS' 1
, SIDE frame 70, Specification: 86 ± 9. 

Observe "LECPA VOLTS 1
', SIDE frame 90. Specification: 46 ± l 3. 

Observe ''LECPA VOLTS", SIDE frame 100. Specification:'< 30. 

Observe "LECPA VOLTS", SIDE frame 122. Specification: -:-: I 5. 

Transmit command 10 (BDE). Observe "LECPA VOLTS" any 
SIDE frame. Specification:-:-: 15. (Clear ETS Command System.) 

Transmit comrra nd l 0 (BDE) again. Observe "LECPA lVOLTS" any 
SIDE frame·:S: 40. Specification: ~ 122. (Clear ETS command system.) 

Velocity Filter (W:nd 7) 

On Tape ND. 1, observe "VEL FILT VOLTS", SIDE frame 000 to 127. 
Compare Tape No. 1 with Table II. 

Transmit command 4 (CE). Print a tape for SIDE frame 000 to 127 
and mark it Tape No. 2. Compare Tape No. 2 with Table III. 

(Clear ETS command system.) 

Transmit command 9 (ADE). Observe "VEL FILT VOLTS" any 
SIDE frame < 119.Specification: ..-; 4. (Ciear ETS command system.) 

Transmit command 9 (ADE)again. Observe "VEL FILT VOLTS, 1-,, ~ 
any SIDE frame< 40.Speci£ication: ~ 87. (Ciear ETS. comn1and system.) 

High Energy Ion Detector 

High Energy Curve Plate Analyzer (Word 3) 

Check Tape No. 1 for SIDE frames as noted in Paragraph 3. 4. 1. 1. 

Observe "HECPA VOLTS", frame 0 through 127, and compare with 
Table IV. Enter Pass/Fail data in ruled columns for each 20 SIDE 
fran1e sub-sequence. 

Repeat 3.2.2. Transmit command 11 (ABDE). Observe "HECPA 
VOLTS" any SIDE frame< 120. Specificatiun: S 80. (Clear ETS 
cornrnand s ys tern.) 

Transmit command 11 (ABDE) again. Observe "HECPA VOLTS" any 
SIDE frame< 120. Specification:~ 161. (Clear ETS cornm.and system.) 

Ground Plane Stepper 

Repeat 3. 2. 2. Send cornmand ABE. Print a tape covering SIDE 
frame 012 to 016 for 24 cycles and mark it "Tape NCJ. 3 1'. 

C :)mpare Tape No. 3 with Table V at Ana log Sub Com (W e>rd 2) 
and Status (W:;rd 6). (Clear ETS Command system) 
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T.ABLE IJ. (P.:nagraph 3. 3. 2. 1) 

Veloctty Fdter Volts N ~>rma l ~vf rJde 

(Tape NoQ 1) 

F- SLi~-otfoRAWL _______ 
··--- ----

READOUT TOLERANCE ----r---
~~ 14 ±3 

§f-1 ----~==== 210 
- r--

II ·-
r-· ·-· 

002 206 It 

003____ -· !-· 2-? -- !-· 
II 

--
v~ --- r--

~%i --------------·- 1 98 It 
,....... - -

I 94 II 

F-:-J§~-=-~~=-===~ 
r---~-- ·---------
------~LEi?. __ 1,1 

---· ·~---------
184 !I 

------- -· --------··---
008 179 II E----oa9· ------------·-- --------· -

174 It -oTO ___________ 
168 --II ----orr-------- r--- -

~ 
163 II 

...._ ___ oT2--
i--- 158 II 

":·---013 150 II ,___ ----

-~ 014 
L-------· 

143 ±4 ·---------
015 136 II 

- - -· 
016 130 II t _ _Q!_1 _______________ 122 II 

~ 018 
11 6 II 

==i --------------------·------- ----

' --g~F=--== 11 2 II : 

----- 192 
-----· ±3 -------·· 

--~ 190 II 

-·---
I ___ ___Q_f_L_ ___ 186 . II j 

--------------· 
023 l 182 II I 

~----------------- I ------------
178 II 024 

--.025-----~ - - -
173 II 

~--------------·--
169 026 II 

-------- -
027 164 II 

----o-z-8____ ---, ·----
159 

... 
±4 

029 
--f 54 ______ 

II -
I --~-· 030 148 II 

031 142 II 

032 -- 138 II 

033 - 130 II 

034 122 II 

035- -r16 II 

036 - 108 ±5 
~ 

-
037 1 02 II 

-
038 096 II 

-· 039 092 ±3 
040 Ii-r- II 

041 - 169 II 

- 042 - rti:J 
---- -

043 162 II -· 1 58 =:3 ·----04.1__ 
II ---------------

045 1 53 ±4 -----··-··-·.-
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TABLE II ((conlinttcd). 

(TAPENc. l) 

SIDE F 1·arr;e READOUT TOLERANCE 
----------,--------- ~ ~ 1--------__::_~1~------ ______ j ________ +ti----- -------- ±~ ------

1---·----_-o·.rs-·-- --------~-=--'-===--==I 4o ------= ----=--,,----~---
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M 
L 

CODE 

TABLE II (coni.imwd) 

SIDE Frame READOUT TOLEHANCE 
~---o~9~~3 ______ -------~-+----------o~6~8~--~~--~~~---~~------~------_--_· _____ ±~9----~ 

094 -1 062 II 

075 b54 ±11 
1------096 046 ±12 

~----m ------l~~~~=---_-"-r~-
4
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-m 1 1 o·) " 

---1 o 3 =I 1 6T-- II 

±7 
l 0~ --093 II 

II --16~ 087 
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r--~15s --·--------=o=?-8 _______ ~---------·-±~8~--~ 
fo9 =:J 073 -------r-----------~~,-----~ 
110 ' 0'67 " --

~----~111 062-------t-------- ±9 
--·--o-1_.,.1_2_,______ -------_-Qf>.9"""---=======:-:_-:_-:_-:_~_-:_-:_-:_-:_-=_-:_-~-±-:---=-1-o,_-_ -_-_-

113 048 :±: 11 
--n4 - (f4j___ ±14 ~ --·rr-s ---__ ----- -----..::::.o~34=--------+-------~,,_, -

116 027 ±17 
r----~117 -o~-z~o~-------4-----------~±=z=o--~ 
t---·---.-1"71~8--------- -----__ ___,o:...::;:i;_-:_5 ------- +21, -1 5 
1------::-1--;-1. 9 oT1 + 2 -1 - 1::--c1~--1 
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TA BI.E HI 
VELOCITY FILTE;R VOLTS 

(AMU < 20 l\10DE) 

(Tape No. 2) 

SIDE SIDE 
Frarne 

r-=bO & 
Readout Tole ranee ~ Fran'"" . - Rr·adot't Tolerance 

0 214 ±-3 1 oT & 47 t~3 -~ 61 & 1 210 II 108~.{ 48 
~-zg;-z-- '-206· II 169 (,_ 49 93 1 

63 l-: 3 202 II 110 g{ 50 112 + 64 & 4 T9s II 11 f 8<. 51 108 
65 & 5 194 II 1 i2&5?.. 

f--:-:::-;---
105 

~6"&6_ 188 II 113 & 53 
67 & 7 184 II 11'i & 54 

t=}~s & 8 179 II 1 (S & 55 
69 &_ ~ 174 II --1-(?;-& 5 & 
70 & 10 f92 II n 1 & 57 
71 & 11 190 lf 118 & 58 
72 & 12 . 186 II 1198.:59 
73 & 13 ! 182 " 120 > 
74 & 14 1 78 II 1 2 i 

( 

---;15 & 15 173 If -~-_1_?2 
76 & 16 169 II 123 -- 77 & 17 164 " :--f24 
78 & 18 159 ±4 125 

r-· 79 & 19 154 II ·-~·- ~12-6-

1-· 80 & 20 173 ±3 -- 127 
f-·----·-

169 - II 81 & 21 .. 
82 & 22 165 11 

83 &: 23 ·- ~;----'--·---I 162 I II 

~ 84 & 24 158--,·--·-·--·11 

85 & 25 153 ±4 
i-· 86 g, 26 147 II --

87 & 27 144 II 

88 & 28 ! 140 II 

~8.2_ & 29 I 134 I 
IT ___ 

90 & 30 152 ±5 
- ~1 & 31 149 II 

~--- 32 I 146 I I 9?. & 1! 

---;;---

33 142 -93 & II 

94 &, 34 137 II 

=:=ys& 35 133 --1---
" 

96 & 36 127 " 
J7 & 37 124 II 

-98 & 38 11 9 " 
99 & 39 114 ±5 
1 00 & 40 133 ±4 

-rot & 41 129 II 

1 02 & 42 125 II 

103 & 43 12i II --
1 04-& 44 1l8 ±5 
105 & 45 11 3 tl 

~--To6 &: 46 107 ±6 
'--· 
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SIDE Frame-

TABLE IV 
HECPA VOLTS 

(Tape No. 1) 

..----a-)_,.....0.00,- (af~~r first cycle), 121-127 
b) OOlL 021_~ 041, 061, 081, 101, 000 (first cycle 
c) 002, 022, 042, 062, 082 1 102 
d) 003, 023, 043, 063, 083, 103 
e) 004, 024, 044, 064, 084, 104 
f) 005, 025, 045, 065, 085, 105 
gl 006_,_ 02~, 04(>, 0~6, 086, 1 06 
h) oor~, 021, ·o47, 067, 087, 107 
I) 008, 028, 048, 068, 08~, 108 
j) 009, 029, 049, 069, 089, 109 
kl 01 o, 030, 050, 070, 090, 110 
r) 011, 031,· 051, 071, ()91, Ill 
m) 012, 032,052,072,092,112 
n) 013, 033, 053, 073, 093, 113 
o) 014, 034, 054, 074, 0~4, 114 
p) 015, 035, 055, 075, 095, 115 
q) 016, 036, 056, 076, 096, 116 
r) 017, 037, 057, 077, 097, 117 
s} 018, 038, 058, 078, 098, 118 
tl 019_,_ 039., 059, 079, 099, 119 
u) 020, 040, 060, 080, 100, 120 
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247 
244 
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236 
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221 
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181 
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3.5.3 

3.5.4 

3.6 

3. 6. 1 

3.6.1.1 

3.6.1.2 

3.6.1.3 

3.6.1.4 

3.6.1.5 

3.6.2 

3.6.2.1 

3.6.2.2 

3.6.2.3 

Transmit command number 1 (AE ). Clear ETS Command System. Send 
command 2 (BE). Observe 11STATUS 11 , SIDE frame 0. Number shall 
remain fixed on any one of. the 24 possible values indicated in Table V. 
Clear ETS Command System. . · ·· 

Transmit command number 1 (AE) again. Clear ETS command system. 
Send command 2 (BE). Observe 11STATUS 11 SIDE frame 0. Number should 
again sequence as in paragraph 3. 5. 2 above. (Do not compare numbers 
again, but simply indicate presence or absence of sequencing). Clear 
ETS command system. 

High Voltage Power Supplies 

-3.5 KV Supply 

NOTE: This test cannot be performed unless the SIDE is under 
vacuum greater than 5 X 1 o-6 torr. Lockout plug must be removed in 
order to enable the -3.5 KV supply. 

Repeat 3. 2. 2. Print a tape for SIDE frames 000 to 127 and mark it 
11Tape No. 411, 

Check tape No. 4 for Word 2 of SIDE frames 23, 55,87 or 119. 
Spec: 213 ± 9. 

Transmit command number 14 (BCDE). Observe 11Analog Subcom", 
SIDE frames 23, 55, 87 or 119. Specification: < 120. (Clear ETS 
Command System). 

Transmit command number 14 (BCDE) again. Observe Analog Subcom 
as in 3. 6. 1. 4. Specification: 213 ± 9. (Clear ETS Command System). 

4. 5 KV Supply 

NOTE: This test cannot be performed unless SIDE is under vacuum 
greater than 5 X 1 o-6 torr. Lockout plug must be removed in order 
to enable the 4. 5 KV supply. 

Check Tape No. 4 for Word 2 of SIDE frames 8, 40, 72 or 104. 
Spec: 266 ± 7. 

Transmit command number 13 (ACDE). Observe 11Analog Subcom11 , 
SIDE frames 8,40, 72 or 104. Specification: <120. Clear ETS 
Command System. 

M 
L 
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- ·-·-------- ----- ~ -- -· -·- -~--~ - ----
TABLE V (paragraphs: 
(Tape No 0 3) 3.5.1 & 3.5.2) 

1.-
Ground Plane Step Counting Sequence 

STEP Analog Subcom Tolerance 11STA TUS" 
(SF 13 or 15) (SF 12~ 14 or 1 b) 

1 229 ±3 0 
2 230 II 1 
3 l3l II l 
4 232 II 3 
5 l33 I 4 

6 234 II 5 
7 235 II 6 
8 238 II --,--

I--

9 242 II 8 
10 246 II 9 
11 248. II 1 0 
12 254 +1' -3 11 
l j 229 ±.3 16 
14 228 II 17 
15 227 II 18 
16 226 II 1 9 
17 226 II 20 
1H 225 II 21 -
19 222 II 22 
20 218 II 23 
21 214 II 24 
22 201 II 25 
23 190 II 26 
24 137 ±13 27 

' 

-
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3. 6. 2. 4 

3. 7 

3. 7. 1 

3. 7. 2 

3. 7. 3 

3. 7. 4 

3.7.5 

3.8 

3. 8. 1 

3. 8. 2 

3. 9 

3. 9. 1 

3.9.2 

3. 1 0 

3.10.1 

3.10.2 

MARSHALL 

Transmit command number 13 (ACDE) again. Observe "Analog 
subcom", as in 3. 6. 2. 3. Specification: 226 ± 7. (Clear E TS command 
System) 

Accumulators and Calibration Sources 

Repeat 3. 2. 2. Transmit command 12 (CDE). (Ciear ETS command 
system). Disregard first cycle. 

Print a tape for SIDE frame 120 to 127 and mark it "Tape No. 5". Compare 
Tape No. 5 with Table VI. 

Transmit command Number 7 {ABCE}~ CLear ETS command system. 
Transmit command number 12 (CDE) again. Clear ETS command system. 
Disregard first cycle. Print a tape for SIDE frame 120 through 127 
and mark it Tape No. 6. Compare Tape No. 6 with Table VII. 

Repeat paragraph 3. 2. 2 and discard data for the first few cycles until 
electrometer is stabilized. Print a tape for SIDE frame 000 to 127 
and mark it "Tape No. 7". Compare Tape No. 7 with Table VII-a. 

Verify side frames 1, 3, 5, 7, 9, 41, 73,105 on Tape No. 7 (Word 2). 
Specification: <: 20. Above steps must be performed in a vibration free 
environment. 

Verify Electrometer range with Tape No. 7. 
"Status 11

, SIDE frame 9 
Specification= Range 1-0 

Range 2-2 
Range 3-3 

Log Count Rate Meters 

Transmit command 7 (ABCE), then transmit command 12 (CDE). Clear 
ETS command system after each command sent. 

Observe voltages at J17-18 (LELCRM} and J17-19 (HELCRM) with 
respect to J17-11 (ALSEP SIG. GND). Compare with Table VIII. 

Solar Cell 

Repeat 3. 2. 2. Observe 11Analog Subcom 11
, SIDE frame 14. Specification: 

0 (Make sure Dust Cover is closed). 

Transmit Command DE and observe 11A nalog Subcom11
, SIDE frame 14. 

Specification: 78 ± 78, depending on illumination level of incident light 
on solar cell. (Clear ETS command system). 

Dust Cover and Seal 

Repeat 3.2.2. Observe 11Analog Subcom 11
, SIDE frame 67. Specification: 

>- 196. 

Transmit command BE. Clear ETS Command System. Then transmit 
command AE and observe 11Analog Subcom 11 SIDE frame 67. 
Specification: 186 ± 10. Clear ETS command system. 
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M 
l 

CODE 

3. 10. 3 

3. 10.4 

3. 10. 5 

3. 11 

3.11.1 

3.11.2 

3.11.3 

3.11.4 

3. 12 

3. 12. 1 

4.0 

5. 0 

b. 0 

6. 1 

6.2 

6. 3 

6. 3. 1 

6.4. 

6. 4. 1 

6.4.2 

6. 4. 3 

6.4.4 

6.4.5 

MARSHALL 

Send command DE and observe 11Analog Subcom1', SIDE frame 06 7. 
Specification: s: 136. (C tear ETS command system). 

Repeat 3.2.2. Observe 11Analog Subcom" SIDE frame u67. Specification: 
> 196. 

Transmit command DE. 
Specification: 156 ± 20. 

Power Surge 

Observe 11A nalog Subcom", SIDE fran1e 06 7. 
(Clear ETS command system). 

Measure power-on surge current with oscilloscope (using differential 
pre-amp) by monitoring voltage across VR on ETS front panel 
differentially. Set scope horizontal scale to 5 mSec/cm and vertical 
scale to 20 mv/cm. Use conversion factor of 10 ma/mv. 
Specification: less than 450 ma. 

Use the same setup and conversion factor as in 3.11.1. Transmit 
command DE. Measure Dust Cover Surge current through VR. 
Specification: Less than 15 0 rna. 

Repeat 3. 2. 2 

Use the same setup and conversion factor as in 3. 11.1. Transmit 
Comn1and DE. Measure Dust Cover steady state current through VR. 
Specification: Less than 1 70 rna. 

+29V Noise 

Measure +29V noise by oscilloscope with differential pre-an1p. M~1nitor 
noise across +29V and +29V return on ETS front panel differentially. 
Set s cope v e r tical s cal e to 5 0 m v / c m. Spec ifi cation: < 1 5 () m v P - P 

QUALITY ASSURANCE PROVISIONS 

The requirement section of this specification shall form the Quality 
Assurance Provisions. 

PREPARATION FOR DELIVERY 

Not applicable 

NOTES 

Before each command is transmitted frorn the ETS, all indicat :r ~ights 
in command ETS system must be out. 

Effect of each command may show only after waiting for one complete 
SIDE frame after transmission of "E 11 • This will take approximately 
1.2 seconds. 

Verify C 1 R at SF 1 , 5, 1 3, 1 7 1 21 1 2 9, 3 3, 3 7, 4 5 1 4 9 1 53 1 6 1 , 6 5, 6 9 1 7 7, 81 1 9 3, 
97,101, 109, 113, 117, or 125, before executing a command. 

Verify MR at SF 3, l 1 , 1 5, 1 9, 2 3, 2 7, 31 , 3 5, 4 3, 4 7, 51 , 55, 59, 6 3, 6 7, 7 5 , 7 9, 
83,87 1 91,95,99,107,111,115,or 119 after executing Command E. 

Procedu;re for changing from "+29V Fixed" To ''+29V variable". 

Turn Experiment power switch OFF. 

Set SIDE voltage variable control to zero. 

Depress +29v fixed-variable switch so that "Variable"setting is effected. 

Turn Experiment power switch ON. 

Increase SIDE voltage by slowly turning SIDE voltage variable control 
to des ired setting. D;J not exceed +34v setting. 
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6.5 Procedure for changing from "+29v variable 11 To 11 +29v Fixed 11
• 

6. 5. 1 

6. 5. 2 

Turn SIDE voltage OFF by turning SIDE voltage variable control to zero. 

Turn Experiment Power Switch OFF. 

6. 5. 3 

6.5.4 

6.6 

Depress +29v Fixed-Variable switch so that 11 Fixed 11 setting ts effected. 

Turn Experiment P:)wer Switch ON. 

Experiment Failure 

If the experiment fails any paragraph of the test, the test shall be 
stopped, pending instructions from the Rice or Marshall Laboratories 
Program Manager, 

TABLE VI 

CALIBRATION READOUTS 

(Tape No. 5) 

SIDE Frames 11STATUS 11 HE Ion CTS LE Ion CTS 
120 000 632800 ± 14000 2 ± l 
1 21 001 2 ± 2 154 + 4 
1 22 002 154 ± 4 19775 ± 400 
123 003 19775 ± 400 632s-oo ± 14000 
124 000 632800 ± 14000 2 ± 2 
125 000 2 ± 2 154 ± 4 
126 002 154 £ 4 19775 ± 400 
127 003 19775 ± 400 632800 ± 14000 
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Side Frame 
120 a 

& b 

124 c 
d 
e 
f 

_g 
h 
i 
j 

121 a 
& b 

125 c 
d 
e 
f 
g 
h 
i 
j 

122 a 
& b 

126 c 
d 
e 
f 

.~. 
h 
i 
j 

123 a 
& b 

127 c 
d 
e 
f 
g 
h 
i 
j 

STATUS 
0000 < 

II 

II 

II 

II 

11 

11 

II 

II 

II 

0001* 
II 

II 

II 

II 

II 

II 

11. ' 

II 

II 

0002 
II 

II 

II 

II 

II 

II 

II 

II 

II 

0003 
II 

II 

II 

II 

II 

II 

II 

II 

II 

TABLE VII 

(Tape No. 6) 

HE Ion CTS 
TI9998 ± 1 

2 ± z 
2 ± 2 
2 ± -z 
2 ± 2 
2 ± 2 
2 :± 2 
2 :± -z 
2 ± 2 
2 ± 2 
2 ± z 

154 :± 4 
308 :± 8 
462 ± TZ 
616 :± 1b 
770 :± zo 
924 :± 24 

1 o7 8 ± zs-
1232 ± 32 
1386 ± 36 
1540 :± 40 

19775 ± 4()0 
39550 :± 800 
59324 ± rzoo 
79099 :± 1600 
98874 ± 2()00 

118649 :± 2400 
138424 :± ZEQ(J 
158199 ± 3200 
1 77974 ± 3600 
l-g7749 :± 4000 
632800 ± 14000 
999998 ± 2 
632797 :± 14000 
999998 * 2' - l .. 

632797 :± 14000 
999998 :± 2 
632797 ± 14000 
999998 ± 2 
63279-7 ± 14000 

* In 125 a. through j., 000 0 
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(Paragraph 3. 7. 2) 

LE Ion CTS 
2 ± l 
2 ± 2 
2 ± 2 
2 ± 2 
2 ± 2 
-z ± 2 
2 ± 2 
2 ± 2 
2 ±~ 
2 ± 2 

I 54 ± 4 
308 :± 8 
462 ± 12 

-{)16 :± 16 
770 ± 20 
924 ± 24 

1078 ± Z8 
12-32 :± 32 
1386 :± 36 
T540 ± 40 

19775 ± 400 
39-;5o ± 800 
59324 :± 1200 
79099 ± 1600 
98874 ± 2000 

1TSE49 ± 2400 
138424 :± 2800 
T51IT'19- ± 3 2 0 0 
177974 ± 3600 
T97T4'9 ± 4000 
632800 ± 14000 
999998 ± 2 

t>32797 -r 14000 
999998 ± 2 
t)j2(97 :± 14000 
999998 ± 2 
T>T'l797 :± 14000 
999998 :± 2 
6-3 2 71)7 :± 14 000 
999998 :± 2 
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CODE 

CCGE 

Range SF 1:au SF 121 

1 226 ±4 < 100 

2 197 ±2 < 100 

3 192 ± 2 < 100 

NOTES: 

TABLE VII a 

(Tape No. 7 ) 

(Paragraph 3. 7. 1) 

WORD 2 (Analog Subcom} 

(See Notes Below) 

SF 122 SF 123 SF 124 SF 125 SF 126 SF 127 

< 20 < 20 ll70±l0 246 ± 6 

< 20 < 20 166 ± 6 250 ± 6 

< 20 < 20 166 ± 6 250 ± p 

Range 1 = Most sensitive range 

During Acceptance Test, 4. 5 KV supply will t. turned off. Therefore, 
CCGE shall be in Raage 'l.o 

A /D Readings in SIDE frame 120 (Electrometer Range Voltage) are 
measured at Z0°Co Refer to calibration (Table l:» ) of elect,rometer range for 
other temperatura s. 

NOTES: 

Specification given for SIDE frame 121, 1Z2, and 123 are for typical 
lab conditions. When unit is in a vibration free environment, s pee ification 
shall be as follows: 

MARSHALL 
LABORATORIES 

TORRANCE CALIFORNIA 

SIDE Frame 1Z1 122 123 

Word 2 reading for I < 80 I 0 I 0 I 
range 1, Z ,.3 '-· ---.....&... -----'-· -----'· 
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TABLE VIII (Paragraph 3. 6. 2) 

Log Countrate Meter Data 

SIDE Frame 11HELCR II & "LELCR" 
a 120 < o. 2 v 
b 121 1. 42V ± o. 2 V 
c 122 3. 33v~6. 2 v 
d 123 4. 44V ± 0.4 v 
e 124 < o. 2 v 
f 125 1. 42\i ± o. 2 v 
g 126 3.33'/~ o. 2 v --
h 127 4. 44V ± 0.4 v 

NOTE: Above voltage to be final value at end of noted SIDE frame •. 

TA:DLE IX 

ELECTROMETER RANGE CA LLcRA'l,ION 

r---· 
'"'\ 

+25°C 
0 RANGE -55- c +90 c TOLEPINC:S 

(count>) ( c 'JUi"1L) (cc..unt :) ( c ount.s} 

l 2l5 226 231 + LO 

2 198 196 19<-~ + 2 -
3 192 19 t 189 + 2 

('"',)' 
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. -- -------------------------····~-
TEST DATA SliEET Sh~:ct 1 of 13 
. ' 

(Part uf Unit Hi.swry l.~;:J 

Operator ·Witness ----···---·--·-
Date Location ---
Time Start 1)m·~ End----------------

DATA 
PAHAGRAPH Pass Fail . EJ~~~\:i~~l~ b~~r~~~;i~J¥f==f~~-==:..:~:...:~-:.,.l=-·~;;:;;..:-.:..:~:,.--=-~~-~----------__ ---~---~--~-~~-~------~ -=~~-~-·----~-~- -~-

r- -rr-·- -- -~-- -- ·------- -- - --------- --- -- -T 
, __ }.!...-~} !.? ... ~·-· -·-·--·-----~~ ----------:P_Q_W~_!_______________ -··--------··-------------------------- - ·--

1 ,_ 

. 
SIDE Frame 3, Status (l\.fcid(;:; R :;.:;i.st~l:') 

3. 2. 4.1 -~ No Comm. - ·· -·--r-·-. ---1----- - . . t---::-~~--- ---r--'-- ---------~-------
~- 2.~~---t__jyo~_!n 6j______ _ __ .:t__J ____ _ 
3.2~;.4.3 I (CornmS) I I I .. · . 

-- ,----- ---,--,--, ·-- --~-----
3. 2. 4. 4 r __ .lC2.<?_m~_4_L ______________ 

1
_. _ ----~----------------·--

3 • ~ • 4 ._2._ ___ _j~ Offi!"r}.l_L ____________ _;_ ---'--- -------------· ---~-- _ 

SIDE Frame 7, Status (Dust Cov;;r & $:;:::.1\ . ~ ~ . 
- ---T ·- - 1--r- -- --·--· 
;: ~: ;.-i--~--~~~~:~n__{S_)\~-lL ____ . f- -~ ------~-:--------~ 

-3~2-~ 5. c-= -c~r.n-~--=----+ -- . --
3. 2. 5. 3 Co:':!:·'"!. D . 
3:"2. 5. 4---. ]-c;:;·;~~~4----- s ----------------~ -------------~ 
3,21~.5 . -

~-"-- 5. 6 ----- -------------- . ••>-••·-····-;.=··-==;=:-
.,,~--.-.-M TR s II A l. L TITL{ ALS ON NO. 

M l A B 0 R A T 0 R I E S ML 
l TORRANCE CALIFORNIA 

¥--~~=[~~ 
-
-·- --:_r !?_::t 1} ----

·-- ... - ... --
EP /SIDE /CCGE SPEC!FICATI 

323-2 0 up s .·. G' 
Sp·..;cifi~ -'-ti~~r1 F c:r~ 

SHEET ? (.. 
-~c-.. ,- -~ --· 

REV 

A 
'L :;;t ------

CODE 13"126 
!DENT NO---·--·--·-__.... ________ _ ... j OF 
ML F"O~M 201 



.-----~- ... --.. ---... --. ________ ... ;...;;:~---... ----------------, 
Sheet 2 of 13 

PAHAGHAJ;H 

3. 2. 6 S ,, e ·~. J. ::. t c I 

PARAGRAPH 

PARAGRAPH Tape 1 (Paragraph 3.3.1.1 thru 3.3.1.8) 
. ---:::E """F . ·---.-------- r-· -

~~~---r- L voi.t:>
1 _? _ _'_J ----1~· -·---t-----------------

3.3.1.~ __ LE_I":)Lts, SF 19 --1------ . . 
3. 3. l. 3 LE 'I')Lt,;, 3F 20 ·--. ···f--
3.3.1.4· LEvolt.:O,SF40_ , 

1

_ 

3.3.1.5 LE volts, S~ 9~ --·-4- ---~·-r-·--~..; 
3.3.1.6 LE ·,·olt3, SF :.- '<" 

~"T. 3. I. 7 LE 'tolts, -s·FTCC ___ t:::"" +-· -
~c-·- Q ---, 'c., -·-·---_,-;---,lr~---· -

3. 3. l • I' LE ;,r 0 k:. • s E l ~ . 
~!_3. 1 • '1 . LE •r::>L~::.;, OFFJ.~-~!'.:::_!'1: I~~-- __ .. 
..__}_!.._l!..!..:__~;- -~-E volts ON (con>m. ~Q) _____ ___ --- -- --
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------·-~.-.--~~. .. ~.\o.~_.,..__._...__, ________ ~ 

TEST D.A TA SHEET (continued) 

PARAGRAPH 

See Table II~ Velocity Filter Volts 

SIDE 
Fram~ (Tape 1) Thss Fail 

Sheet 3 of 13 

DATA 

----------~~f----~---~ -l--PF1 
~------- 2 --- ---r---, -
~--3----· _________ _;_ ____ ,--,--~!----·---------.J =- ~~-=F-- ---,--r--=----==-6-==r------_ i_-__ 

1

L_- · ,_·

1

} __ =====. ===~==~ 
r--·--·f----f-------------------- -f L_ 

9 ' . -,-. ,--·1 
1 o r -~ -l=-=-+-1 ---------~ 

1----::-:: i--1 ·---·-----~--!= -,1 -1!=---==--==--:--==--~...-.'--=-=-~=--=----==--=-~·-=--= 
--1 [---, I -~ 

..__ __ -_-=H--=-·---r ~-~=-~1!--=· ======~-~-------
r-· _r ___ 1 __ 1:-----------------· 

1 7 I . __ 1:___~---------l 
1s· I -f _ I 
19 I -,·-----
z o I I --·-----------

.._.--,.'-__ ~=-=-1--J·,--------------.--- -- --1·-------------
=- ~! 1 · d=c:-1 ____________ , 

H I !-~=-~~~-=-~=~~~::=--=--=-~~~::.=--~-=--~=--=---~ 
t----:-i::--,:------'--------1-- .--!------·--------28 
~--~2~9---,-----------~--------~---~~-~-----------------

30 I ~ 
~--3~1~--:----

~---3~2~--~------------------~--~J-------------~----~ 

33 
34 
35 J 36 
37 
~ 

38 
39 

~-
40 
41 
42 ~--~~---;-~------------~-------1-------l----------------------

~ 43 l---,-----------------r- -1--··------·-----------i 
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TEST DATA SHEET (continued) 

PARAGRAPH 

3. 3. 2~ 1 (continued) 

SIDE 

Sheet 4 of 13 

DATA 
Frame (Tape 1) Rt F; ·1 

:==--~-t=-----=-·---~------'------'=-::..t:~---~~---a_~l-__ · __ -·-_-.:_ ____ -
. --:= ,-~--F ~- !~ ~---- ,---r-· - __________ ___;__ _____ _ 

s o·---1 -·-~~-----~--~-- ---------.--------

~· ~~ I 1-==r--=-1:-· --------
~--~---------------------------
~---~·----r------------------·~-

. :-------

r-----· 57 -~~----------------
58 . 1 --1 -- ~~---F :-------------~----~ 1--------~ --~;==1:------------~ 
~~· J-_- -E-----------4 
63 ,---·-----·------- :------------------

~-~ Ki -~- :I r--lL l 
~~ L==_-- . E -t~~----------
70 ---------------------
71 ---------------72 
73 

r---~~~!----:---------------------~--+---1-----------~-------
78 
79 
80 
81 
82 
83 
84 
85 

~-~8~6----4---------------------1------l-------------------~ 

87 
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--·----·-·-~--------~'---·-------------------, 

M 
l 

CODE 

TEST DATA SH'I:<.-:ET (continued) Sheet 5 of 14 

PARAGRAPH 

3. 3. 2.1 (continued) 

SIDE DATA 
Frame ____iJ~ 1) Fas s Fail 

=-- -t~---1---~---------~------ ----=l~. r=~=t=~~- -~---- -=-. -~---------·-----·-- --- =F r '-----------------· 
~-i~-·~--- . . --~--:1 l J ----~· 
----y-±___ -~---=,=--=t=-1 -
~---i-f---- . '-',-' -'.-------------
t----=9-=-7-------- ----1---~--1~----------l 
1-· 98 ,---,-
t-- __ _2j__J --~=· _ji-------"--·----1 
~ i ~~ I -~---t==-=---~-1·,-------------! 
· __ _!_Q?_:_C r--l~,.---------------

1 01__, 1·----t-·-1 . 
1----~1~0~4~·--- ~-- ------~-------------~ 

--------·~-------------

------------------------- - ---·--- -------· --·-"1 08 • -~-------------------

~---=-1 ~o·er--r------. -------- f-- ---------------
11 0 ------ . -- ----

,__ __ 1._1_1_ ---- --:·--· . -.-- ---- - ·-------------------
112 ~-~ --- --r---4-·------------------
ii! ~-- __ I -~---------------
115 .. - . --------·I-- ---~----------------

116 ---------· r--4---l---------------------
1-------- ·-r---r--1---------------------~ 

117 . ..___. __ i_lL_ ~---------~------·~~-~---E ~-- ==-~---_-_-_-_-_-_-_-_--~---------_ -_ -_ -_ ---=---' 
~- :---~--------------------120 

121 
~~----~1~2~2---}-----------------------~i---+--~----------------------

123 ----------------r---1--------------------------l 
~----~~--~--------------------------------~------------------~---124 

125 
126 

~-~1~2:~7 __ -J~---------------------·~--·-~--~-----~----------------J 

MARSHAll TITLE ALSEP/SIDE/CCGE SPECIFICATION NO. 
LABORATORIES ML 323-3 & UP s TORRANCE CALIFORNIA Test Specification For 5 46853 

IDENT NO 13126 SHEET 30 OF 
ML FORM 201 

A 
. ' 
~ 

···-
RE " 



TEST DATA SHEET (continued) Sheet 6 of 13 

PARAGRAPH . 

3.3.2.2 V~locity Filter Volts, Comrn 4 See Table III 

SIDE DATA 
Frame {Tape 2) 

r~~iF ~= -
~- -

3 ~--,--E 
4 ----,~-, 
5 -r==r 
6 1------- . 

r==-' 7 ___ ·I 
8 

-- -1- 1-----'--1 9---

~ --- I -----'--
10 1----1 -- - -
11 
12 ,._,. __ '-' -----

13 -, __ ,-1 
~------ ~-

14 . '- r~-15 - -

1b --~-' ----=·---
_I 

17 f ---1 18' 

~ 19 
-~--. _=t_____ --. --~ 
1~------2'0 ---~--i ~ : 21 l 22 . d: 23 

24. 
--

_I 
-----

25 I. 
·--

26 -
--

27 .. -, 
28 

~· 
-

-- --
29 
30 
31 b 32 -- --

33 
--

34 ~'-35 -t=--== 36 
37 I 
38 =t --

~-

39 
40 --- ---
41 
42 -43 
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TEST DATA SHEET (continued) Sheet 7 of 1·3 

PARAGRAPH 

3.3.2.2 (continued) 

SIDE DATA 

~~!r.a~=-=f {T-ape U---=-=F~~{~~== ----== 
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:r--1 --· ---=--r=--=Fr=--------------
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~---58-.--~- . -- ,---,-. I 
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--------------1 
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~~--.-· ~ === --r=----------------~ 
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~~ 84 -

85 -4-~~-4----------------------
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------------~~---~------------J I 
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TEs'J.· DATA SHE~T (Continued) 
PAHAGHAPH Sheet -8 of 13-

3. _3. 2. 2 (continued) ·- --- ;.··-

. 
SIDE _DATA 
Frame .. ( 'J;ape 2 ) Rts s Fail 

--=i8 =~=-~----~~~-------~----------,------1----r--- -----------------
_8_2_ ___ -f- ------=~=-~~-== c~-=J==c-----------------

___ 9..Q.. ____ -,---~----,--------------J ____ 1_ ___ 1_ -----=-=~-____ en ______ ' ----~---·------j ___ l__j ______ · -----
_____ !t~-----.-------~-: ____________ _1 ___ 1 I .. 
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115 -~- --1-- -'--=--· ------------
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..._~11JL __ , ,--,-,-----------'----
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120 L _I· _l-1:-------
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i~; - I ____ c=

1

. I ------
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TEST DATA SHEET (c:onti:w.ed) 

PARAGRAPH 

3. 4 See Table IV 

M MARSHALL 
LABORATORIES 
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PASS 
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~fEST DATA SI:EF~T (c:Jntinuccl. s:lcet 1 :j of 13 

PAH.ACH./\PII 

3. 5. 2 Sec: Table V 

Ground P~ane C:n.wter 
DATA 

~tcp fl\naT._:_St:b c!~r1~:St~t;$(c~;~n ·s}:;-i·srr2.~rail_l _____ ~ ___ ._ __ --~~ 
~2------~----------v- ·------T---~------~------------~ 

-3-- -, -----------~---r---,---

~------ --------. --r-----------------,-- ---------------
~-}-------f-------------1---..:..-------------- ---'-------1-----------
~------,-------------:--·--f---------------··-I·--J----,------------=~-
-------·-- ------------ !---·--··.------------ ·---- --1 --i-------jl ______________________ -------------.---------~J--,-------------
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~ 15 -1---.------' - -,- --
~16------,---------r----- -,-J-1 __________ _ 

1 7----- ---- . j_____ --,- ,---1 
18 · l· --~ -r---r----

-9 - - ·- .-, ----
~-~1,.....,.. -' - --'--r --------
~-~~ ___ _, -:-t--- ---_ --.-r-r--;-,----------
~-==1=-------= -- · ~r=-~r~-..~1---- --1 
rr~~=-:_IP. n;:-k_s;:c-;~}Sii~)-stS::i~s __ { e v~-SF 1 s i~J.=I.=------________ _] 

PARAGRAPH (See Table V) 

( 3.5 .• 3 LG~~;St8~ OFF--=--------1-L_=r= ____ . __ _j 
'• 

Li_,_. 5~•:._4"---_1 Gnd Plane Step Ot':l. ~_§tatu~ ____ --=r_:=J _ _~IL._... ______ =:J 

3. 5 KV Sue_e.!r_ 

. (Tape 4) . 
3.6.1.3§-~na~. Sub. SF23, S5. 87,_~-11--9--_ I I F -~ 

~~.1. 4 · _Channel HV OFF (ccmm 14j ____ ~L---I __ ------------
3.6.1.5 Channel HV ON (comr:.Q_J_1j ___ =-c=J..=J __ :-.--------

6. 2. 2 r 4. 5 KV Sply SF8, 40, 72, 104 l=l=J 
1 6.......?_.._l__ __cG_LG. .. .H'LQ£Ll~..rnm ....... l.....,3'-~-) ----~ ~---l--------

:-A-Q.....£._{_j __ _c.,...c_r_a _ _HY~ _ ____ko.n:un_U.)_ ___ ~ ___ _.. __ _._ ________ _ 
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TEST DATA SHEET (continued) Sheet 11 of 13 

PARAGRAPH 

See Table VI (Accum Cali.b) 
- .. 

3. 7.1 
DATA 

· _ · ( Tape_sj_ Pass Fail '' - -
3 .• 7. I a ~Status r--r-T-

:}::-D·a-·-= ~-HE _ _Ion C_::mnts ==±--r--,-------- --------] --r -c · - --
3.7.1a LEionCounts - --
3.7.1b ~- Status 1----1~- ---:1 3.7.1b 

-
HE Ion Counts r- 1-J ·t 3.7.lb LE Ion Counts 

:t__7-:-Tc I Status ' ---l =]~I ~-:-~--~Ion Counts -----, _. _:__=i 3.7.1c ___ LEionCounts 
~ 

~=-- -r----
E§· ld I Status 1--r---=f -

---~ 7. 1 d HE I on C aunts 
7. 1 Ci_ ____ LJ..E Io-n Counts 1-l-1_ 

~ ~---

3~-E-1 ~ 
3.7.le 

I Status 

~ 3.7.1e HE Ion C ::-unts 
-

3.7.le LE Ion C aunts .. 

3. 7. lf I Status 

F-~~ -l 
3.7.1£ I HE Ion Counts 
3.7.1£ I LE Ion C :;unts 

~- . 

3.7.lg ~us R l I 
3.7.1g Ion Counts --1 3.7.1g Ion C aunts 

3.7.lh Status 

-I 3 3.7.lh HE Ion Counts 
3.7.lh LE Ion Counts 

-
. 

) -
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TEST DATA SHEET (contiuued) Sheet 12 of 1 3 

PARAGRAl'H Accum. Calib., -(Xl 0 Mode) 

~ 3. 7. 2 See Table VII 

________ _(Tape 6) ~- b __ c_ <i_ ~-- f (1 . _h_ ___ _j__r==· 
3. 7. ~- 1 20 __ f _ _§tah~s . ----F---1-L_ ___ ---1--1-· __ -~---~~--.._ 1---·~ . =1= ___ 1__,---f-bl • r · 1-- ==' 3. 7. 2 120 HE L>c. C :'C!.::ts ~-
3. 7. zl]zv LE hn C ~,Gnt.§. ___ =f=_l ___ j _ _t _l ____ L_J ___ =l 

~--..£ ~l-~-=c_status ___ r_~-1 pc=-1==~,--~--~ -~-j 
3.7~2 1~6 f HEbnC~;cnts l 1 L 
3. 7. 2 l :~6 f LE Ian C :;unts ~-- __ _j ~--~- . ,---- -=-- --- -- ~=~ 

3. 7 ·-~ @__J_~~s --:r--.-~-~~-~==rF_ I I R-_ _==I 
3, 7._~~,-7 _I H=.E-;I;_:_o,,;,;:n_C=-t-'-)'-='.n.:c.:t...::.s ____ }.._-_-_-_.fi,=~---,---: __ ~L_. -::=_[_-, __ .. I-_-_L-_j1 
3. 7. 2 ~l___j __ LE I:·n C w.nts ~ _ ~ . =:J 

Paragra12h 
[T).3 

___ .J.'! ape 7 ) r CCGE ==r=r=l l 
-L.-___;L--------------'---' 

[ 3. 7.4 
{ Ta12e 7} 

I CCGE ._t=l I --A--~---~-----------=:1 
(Tape 7} 

[3.7.5 I Electrometer Fange I - I I ..___ ___________ ___,;._...;;_-'--"''-'----'~---'~-.&--~-------·-·--_. 
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13 X 1 609654-1 INC Rear Panel D 
14 X 1 609611-1 111A' Engraving, Front Panel F 
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16 ref. 609684 /Yi' Wire List A 
17 
18 
19 :X 
20 
21 
22 X 
23 lx 
24 X 
25 X 

27 X 
28 X 
29 

1 

1 
1 
1 
1 

1 
1 

609609-101 

609644-1 
609644-2 
609650-101 

609648-2 

[lVC 

1/Yc.. 

A 
1/Vt:. 

Assy, ETS Printer Unit 

Front Panel Top 
Front Panel. Bottom 
Instrument Case Modified 
Bracket Printer Trav 
Bracket Printer Trav 
T ra v Printer 
Bracket Printer Panel 

E 

D 
D 
D 
B 

30 
~i~-+-r,_+-+-~-+-+---+-------------+---1------------------------------------r-~ 

32 :X 1 
33 
34 
35 X 1 
36 X 2 
37 IX 1 
38 lx 2 
39 IX 1 
40 lx 1 
41 IX 1 
42 
43 
44 
45 
46 
47 
48 
49 
50 
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609621-101 1/X'?: Front Panel As sv. D 
609636-1 Wr Spacer, Counter Frame C 
6 0 9 6 3 7 - 1 /.J' Oscilloscope Case, Modified C 
609638-1 JVr Snacer Oscilloscone Case C 
609639-1 A Mtg. Frame. Top D 
609640-1 A Mt!!. Frame Bottom Oscilloscope C 
609641-1 A/( Mt!!. Frame. Bottom. Counter C 
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APPENDIX A 

Typical Sine and Random Vibration Test Reports and Requirements 
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MARSHALL LABORATORIES 

~ 
TO Distribution DATE 23 June 1967 

SUBJECT ALSEP/SIDE/CCGE 
·~ FROM . S. Pollack 

Sine & Random Vibration Test Report 

----------------INTEROFFICE CORRESPONDENCE-----------------

' 

Reference: 1) Simulated Test Model P/N 609298 Serial No. ML322-100 

Purpose 

2) Test Spec S-46594 Rev. B (Attached) 

3) Approved Engineering Test Lab (AETL) Report (Attached) 
Vi b. 5966-1 Dated 6/19 I 67 (Test performed 6/14/ 67) 

The purpose of this test is to evaluate the integrity of the new thermal 
isolation structure design (The inner electronic package attachment to 
outer support housing). 

Test Model Configuration 

The sine and random vibration test of a simulated test model, reference 
1, was conducted at AETL, June 14, containing the following design 
features and package variations: 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

1 O) 

11) 

12) 

Plastic bottom (G10 material) outer box 

Plastic internal to external housing tie down bolts (G10 
material) 

Simulated foam filled blivets with equivalent lead weights 

Plastic set screws used to couple outer housing to thermal 
spacer 

Two sample Reed Relays on top of thermal spacer 

1 mounted bubble level & 1 astronaut -spacer handle attachment 
on top of thermal 

1 mounted dust cover relay (Dust cover was omitted) 

Secondary surface mirrors (11 - 1" squares) 

A mounted top screen grid 

CCIG & cable reel mounted with captive front cover 

No legs were utilized 

Outer box contained numerous skin cutouts 

Test Performed 

1) Sine vibration in Y- Y Axis 

(a) from 5 cps to 100 cps 2 octaves per minute at a 2g level 

(b) from 5 cps to 100 cps 2 octaves per minute at a 5g level 



(c) From 5 cps to 100 cps 1 octave per minute in accordance 
with Figure 3 of S-46594. 

2) Random vibration in Y- Y axis (Not Run) 

3) Sine in Z-Z Axis performed similar to Item 1 (Y-Y Axis) 

4) Sine and random vibration in X-X Axis (Not Run) 

5) Random in Z-Z Axis performed in accordance with specification 
S-46594 paragraph 3. 5. 2 

Conclusion 

The tests performed showed the integrity of the new thermal isolation 
structure design essentially sound. Due to this modified configuration, 
however, other areas showed some minor weaknesses that are enumerated 
in the remaining sections below. 

The Reed Relays (2), Dust cover Solenoid and Bubble Level showed no 
evidence of degradation. 

Remarks 

The following items represent the various potential problem areas found 
during this test coupled with corrective action to be taken. 

Problem Areas 

I Thermal Spacer - Lexan 
(Fractured several screw 
hole areas) 

II Plastic tension bolts 
(Tendency to loosen) 

III Blivet Foam (Partial foam 
dis intigra tion) 

IV CCIG (Tends to float under 
random vibration) 

V Top section of inner wrap 
around (crack developed) 

VI Screws 
(Tendancy to backout of 
instrument) 

Distribution 
D. Aalami 
G. Copper 
D. Norris 
W. Sandstrom 
W. Smith 
li'ilP. 1. 4. 1. 6. 7 

Recommended Fixes 

a. Provide thicker cross-section 
b. Provide additional screws 
c. Add inserts (where omitted) 
d. Increase screw edge distance 
e. Use pan head screws 

a. Provide bolt with square eros s- section 
b. Use lock washers 
c. Make out of one piece eliminating 

extra attachment 
d. Epoxy end of bolt 

a. Provide conformal coat spray of foam 
(ECCO Foam 200) 

a. Provide positioning and locking pins 
to hold CCIG firmly in place 

a. Blivets 400, 500, & 600 to be tied 
together 

b. Inner most web section to be tied to 
vertical member with 11 S 11 bracket 

a. Screw Lock (Locktite) Bonding to be 
used. 
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APPROVED ENGINEERING TEST LABORATORIES 

5320 W. 104th St., los Angeles, Calif. 90045 

AETL 

Account No. VIR 596~ 

R~port No. VIR 5966-l 

r. o. No. 21227 

Date 6/19/67 

Government Contract No. NAS9-59ll 
Priority Rating DX-A2 

COMPANY 

Marshall Laboratories 
3530 Torrance Blvd. 
Torrance, California 

DESCRIPTION OF TEST SPECIMEN 

One (1) Side Vibration Test Model of Ion Detector, Part Number 
609298, Serial Number ML322-100, was submitted for testing. 

TEST EQUIPMENT & INSTRUMENTATION 

M. B. Electronics Vibration Exciter, M/N C-60, SIN 119 
M. B. Electronics Amplifier, H/N T4!J2, S/N 148, 17.5 kva 
fl. B. Electronics Automatic Control Console, M/N T 388, 80 channel 
M. B. Electronics Automatic Vibration Exciter Control, M/N N572 
M. B. Electronics Accelerometer Integrator/Amplifier, M/N N504 
Minneapolis Honeywell Oscillograph, 12 channel, M/N 906B Visicorder 
M. B. Electronics Charge Amplifiers (5), M/N N293, 1 to 1300 g's 
M. B. Electronics Accelerometers (2), M/N MB305, SIN's 16334 & 182029 
Endevco Accelerometers (3); M/N 2242M4, S/N 6824~ M/N 2215, S/N 2801; 
M/N 2214, S/N 6436, Piezoelectric 

TEST PROCEDURES AND TEST RESULTS 

The test specimen was installed in the specially designed test 
fixture and mounted to the electrodvnamic vibration exciter as 
shown in Photographs 1 and 2 of this test report. The test specimen 
was subjected to R & D Vibration te1ting, in accordance with 
Marshall Laboratories Specification No. S 46594, Revision B, dated 
5/23/57, as modified by verbal instructions from Marshall Lab
oratories personnel during the test. 

The test specimen was subjected to ;inusoidal vibration in the 
Y axis. Three (3) sinusoidal sweeps were performed, at the 
following frequencies and vibratory levels: 
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APPROVED ENGINEERING TEST LABORATORIES 

5320 W. 104th St., los Angeles, Calif. 90045 

AETL 

Axis f~~eque_n~v . ( c_ps)_ 

y l.U - 100 

~) -- /. 0 
2Ll - lUU 

b -- 2 0 
20 - 60 
{)0 - 100 

+ / p;'s 

0. l7 " JA 
+ ~i r;'s 

0 • :J 7 " )A 
± 7.15 >r.'s 
± 8.5 P: 1 S 

P. rJ. No. 71277 

!late f>/ lf)/6'/ 

Pag~ 2 

Duration l~ u n II 

2 minutes 1 

'2 minutes 2 

4.5 minutes 3 

Durinr; the Y axis vibration, the vi~r~torv levels were controlled 
and monitored hv mr>ans of fivE> (5) accelerometers, located on the 
test specimen a~; shovm in Figure 1 of this test rerort. The outnuts 
from the accelerometers 14ere recr.rdecJ on the oscillograph, and all 
o~_;cillop;raph recordinr:s 1,.,1ere for;tJarde j to f·larshall Laboratories at 
the conclusion ol the test for evaluation. 

The test specimen Wd~::; th•?n re-motmted in the X axis (See Photogranhs 
1 an<l 2) and subiected to three (3) sinusoidal runs, at th0 frequencies 
and vibratnry levels as shown abcve, ~ith the exception that the runs 
are icJentified as number•; ~~, 'J, dnd 6, resnectivelv. The acceleroMetr>r 
locations are shown in Fi~ure 2 cf this test report. The oscillop;raph 
recordings were forwarded to :1arshall Laboratories for evaluation. 

At the cnnclur;ion of the si.nu·;oi(;aJ vibration in the X axis, the 
test specimen was subiectAd to random vibration in the X axis, at 
the followin~ frenuencies an<l nower soectral densities: 

,., ') - 60 I. ·> 

60 - lSU 
150 - ~) 3 0 
£dO - /000 

Patver ~~pee t_r_a1 __ De_I}:~_i_t_y 

+ l 7 ' :)/octAve 
0 . 3 ~3 ·; r, 2 I Cf:l s 
- 17 c b/octave 
O.;JOH5 p;2/cns 

Duration Total AccP: . 

5 minutF;s 7.8 P: PHS 

The power spectral Jensitv versu~ frenuencv nlot recorded was forwarded 
to t1arshall Laboratories at tr1e conclusion of the test. 



Account No. VIB 5966 

Report No. VIB 5966-1 

P. 0. No. 21221 

APPROVED ENGINEERING TEST LABORATORIES 

5320 W. 104th St., los Anceles, Calif. 90045 

Date 

Page 3 

6/19/67 

AETL 

TEST PROCEDURES AND TEST RESULTS (continued) 

During all vibration testing, the test specimen was monitored for 
any evidence of failure by Marshall Laboratories personnel. At the 
conclusion of the random vibration test in the X axis, the testing 
was discontinued by Marshall Laboratories personnel pending further 
evaluation of the test specimen. 

STATE OF CALIFORNIA t 
COUNTY OF LOS ANGELES I ss. 

_Aaron Cohen, Lab Director . being duly sworn. 
deposes and says: That the information contained in this report is the result of 
complete and carefully conducted tests and is to the best of his knowledge true 
and correct in all respects. / 'i 

) ' 

\ ······· ·--·.::.:::--,.;:::_M-~~----~-'IHt..r.::::.~;=::==--.!..:.~~ 

~~:~-CRI~~,i:;~~~~: f befor -·~--
Notary flub)ii': in a11d for the C nty of Los Angeles, State of California. 

<·....-··' JAN LEWIS 
My Cc•mmissi•)ll L-.pirns M~i 2 .• iYl•) 
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APPROVED ENGINEERING TEST LABORATORIES 
5320 W. 104th St., los An1eles, Calif. 90045 

AITL 

/-·· --·-

/ 
/ 
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Accelerometer 
#5 

y 

Accelerometer 
#6 

//l 
/ / =-=·~---·-·----

Account No. VIB 5966 

Report No. VIB 5966-1 

P. 0. No. 21227 

Date 6/19/67 

Page 4 

------···-·-·------- I 
·Accel. Visicorder 
. # Channel # 
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3 
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APPROVED ENGINEERING TEST LABORATORIES 
5320 W. 104th St., Los Angeles, Calif. 90045 

AETL 

Accelerometer 

#3~ 

,.1 . 

I \\7; I-
c,\ ./ !r> 

_______ ... _ ~..,._ A~-~~lerometer 

; .. -1 

/ ' ) _/0/J 
1 -/< Accelerometer 

·-' / Ll- #4 

Account No. VIB 5966 

Report No. VIB 5966-l 

P. 0. No. 212 2 7 

Date 6/19/67 

Page 5 

X 

X 

---------- ---- - i r A~cel, Visicorder 
Channel # 

I 2 
3 
4 
5 

2 
3 
5 
4 

>\ -T. r _ __ p - ---1 

r~ -~~) (j /I 
_ - -· - ·· / // _Accelerometer 
~- ,11"1 ~~~- --#1 Control 

L-.-- ·--r---~-~-~--~~--- .-:=---=~~=~~ _ --==-:Ji 
~~elerometer #3 

#5 #2--t/-J~=--... ·: ____ ---~ 
./ 
(/ 
/ 

#1_ Contr c.· () 
0 
0 

Rear View 

'A.- ( j, 
I I 

I C~_\1 ,_____ o,-}1 

/ 

/ 
I 

I 

I 
/ 

/ f 

c~lj\~_c~ 
L r--) I \ _/ 

\,_ ,· '. /~~ 

·- .. -.... - -------------------·- ... . Y 

I I 

r-----------.. ===----=-~~-~~--=:·_-__ -__ -_____ ~-=--=----
~igur~?_ 

Axis Definitions & Accelerometer Locations 
X Axis 



PHOTOGRAPH 1 

SPECIMEN MOUNTING CONFIGURATION 
& AXIS DEFINITIONS (Y AXIS) 



PHOTOGRAPH 2 

REAR VIEW - SPECIMEN IN Y AXIS 
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5-6 hours Sam Pollack 
23 February 1968 

INTERIM QUAL VIBRATION TEST 

REQUIREMENT FOR S/N 4 ALSEP SIDE 

OBJECTIVE 

1. To evaluate the electrical and mechanical integrity of Blivets 

700 and 900 when subjected to a Qual level sinusoidal vibration 

test. 

2. To evaluate secondary surface mirror cement. 

3. To evaluate dust cover with or without securing lanyard pin. 

TESTS - REQUIREMENTS 

1. Sine-Vibration test shall be in accordance with test profile, 

Figure 1. Axis of vibration are shown in Figure 2. All 3 axis 

are to be vibrated. 

1. 1 Use of a strip chart recorder shall be employed to obtain 

vibration input to ALSEP/SIDE {Test sample). Also pro

visions for 2-3 pick ups shall be provided for test sample 

outputs {"Q"). 

1. 2 Test report shall be provided. 

1. 3 Photos as required by Marshall Laboratories. 

A2 
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APPROVED ENGINEERING TEST l.A.BORATORIES 

- -- ·· --5320 W. 104th St., to.; Angeles, Calif. 90045 -

Alt·rL 

Account 'r hO. 53 3 ·-? l; (1 ': 

Report t:o. S 3 J- 7 :; 8 !; - } 

P.O. No. ?58?4 

Date <6/10/6& 

--------------------------------------------,------~---------------------

COHPANY 

Mar::;haJ 1 Laborr:itorie s 
3530 Torrance Boulevard 
Torrance, California 90503 

DESCRI PTICHl Of TEST SPECH1DiS 

Priority Ratine: DX-A2 

Tv/0 ( 2) A lsep/ Sides, Part NumLeP, Bli vet 7 0 0, Sy::~t ems 7 and 5, 
·,:ere: sul:ni ttecJ for t<:s ting. 

TEST l:QUIPl1F.NT AND INSTRUMDlTATJON 

Endevco Cor'pora.tion Accelero;nc:ter, H/N 2213 HS, S/N LC 48, No. U3 
Enclcvco Corpul'ation Accelerornc!tcr, t1/1\ 2213 N::., S/:~ 1:c fO, ~:o. l~: 
Endevc.) CorpOl:·a.tion Accelel~ometer, H/N 2214, S/IJ 6!;35, I<o. :S3l 
Enclevco Co:cpor·ation Accelerometer, H/N ~i3ltf, S./N 9510, t!o. 1)30 
M. B. Electronics Acc:el eromete1' Jnterc,rator/ A.npli f iel', l·l ;;; ~: S 0 1t T~. 
H. I:l. Elt;.c L nmic ~; Aut or;'! at i.e Vi br·d t icm Exciter Control , .f'-'1/ i·j i: ::· I I. 
H. B. Electronics Vibration Exciter, N/N C-CO, S/N 119, ~lo. DlO 
M. B. FJectroni.cs Amplifier, H/N Tlf52, S/H 148, Range: 17.5 kv,:t 
Endcvco Corporation Dyn~monitor, M/N 2702B, S/11 DA 54, No. Dl20 
N. B. ElecLronics Ch<-J.1''2;e Amplifiers (3), H/N £'~293, No.'s, El81, 122, .1:·:: 
Minneapolis HoncyH.::ll O.scil1ograph, 12 Channel, H/N 90GB Visi c.cr>:.icr 

TEST PROCEDURES AND TEST RESULTS 

The test specimen('; were subjected to s inu.-:;o :i clal vibration in acccr,'.~!r:'- e: 
with the instructions of MarGhaJ.l Laboratories representativc:s ;n',..,-;er·7 
during the test program. 

The! test s pee imer,·'> w~ r·e installed on the vi bra ti(>n exciter and 
simultancouslv subjected to sinusoidal vibration for a oeriod of 
2. ll minutes i~ eac!-"1 of the three mutually per~')endicular ·axes, as 
shown in Figure 1 of this test report. The frequencies and vibr~
tory levels were as follows: 

Fren uency (CD~;) 
-~-- .. _____ ......_ _____ , .. 

5 - 20 
20 - 60 
60 - 100 

100 - 60 
60 - 20 
20 - 5 

0. 2 8li" DA 
± 5.5 g's 
± 6.5 a's 
:t: ''· '· u 's v 0..:.1 .. 

+ r r I - '-'•"' g s 
0. 2 8'~" DA 
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APPROVED ENGINEERING TEST lABORATORIES 

5320 W. 104th St., los Angeles, Calif. 90045 

AETL 

Account No. 

RepoPt No. 

P .0. No. 

Date 

533-7lt0L~ 

5 3 3 - 7 4 0 !J -· ~ 

• 25824 

6/10/58 

During vibration, the outputs from the control accelerometer mou.nted 
on the test fixture, and three monitor accelerometers located on tlte 
test specimen as shown in Figure 1, were recorded on a Visicorder. 
The visicorder recordings obtained were forwarded to Marshall 
Laboratories under separate cover. 

At the conclusion of vibration in each axis, the test specimens 
were visually examined for evidence of damage or deterioration. 

The test specimens complied with the specification requirements 
in all resp~cts. There was no evidence of damage or deteriora
tion noted as a result of vibration testing. 



APPROVED ENGiNEERING TEST lABORATORIES 

5320 W. 104th St., los Angeles, Calif. 90045 

AETL 

Report No. 533-7301:-1 

Date 6/10/G8 

--------------------------------------------------~----_.------------------~~ -~ 

Accelerometer #4 
X Axis - DOV 

X 

Y Y Axis X-talk 

Accelerometer 
Z Axis 

Z Axis - X-talk 

X 

FIGURE 1 

AXlS IDENTIFICATION AND 
A.CC.:.:LEROHETER LOCATIOlJS 

1--------...-.p z 

y 



X-X AXIS 

Y-Y AXIS 

AETL-VIBRATION- 2 BLIVETS 700 FOR S/N 7 AND S/N 5 
ALSO EVALUATED NEW CCIG COVER ACCEPTANCE LEVELS 6/7/68 
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The following documents :provide additional information on ALSEP I 
SIDE/CCGE Vibration tests: 

a) ML Memo, dated October 23, 1967 and November 6, 1967 
(from S. Pollack) - "ALSEP/SIDE Vibration Testing at 
Bendix" 

b) Bendix Memo, dated October 25, 1967 (from G. R. Frank) -
"Typical Chronological Timed Sequence of Events Occuring 
during a Vibration Test" 

c) ML Memo, dated 23 June 1967 (from S. Pollack) - "Sine and 
Random Vibration Test Report" 



APPENDIX B 

Thermal Control 



APOLLO LUNAR SURFACE EXPERIMENT 
(SUPRATHERMAL ION DETECTOR) 

LUNAR DAYTIME THERMAL TEST SIMULATION 
NOTE: SECONDARY SURFACE MIRRORS 1 INCH SQUARES 
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NA'rTONAL AERONAUTICS AND SPACE ADMINTS'PHA'PTON 

MANNED SPACECHAFT CENTER 

SPACE ENVIRONMENT EJ:t'FECTS JABOHNPOHY 

HiiJPOR'P NUMBF.H 41-07-?1 .JOB NUMBEH 1-3419-1 
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'l'he object of this test was to determine the effects of a simulated lunar 

environment upon the AISB~/Suprathermal Ion Detection Experiment Thermal Model. 

'Phe test article was to be subjected to simulated "lunar noon" and "1\.UlR.r 

day/worst case" conditions. 

~1UMMAHY 01'' RESUL'f'S 

'11he two ph~::t.seo of thermal vacuum testing were conducted over 1::t. perLod of 

43.5 hours. During the first phase, "lunar noon" conditions were main

tained. During the second phase, "lunar day/worst caBo" conditions were 

maint~::t.ined. 

August 16 through August 17, 1967 

I'rEM 'PESTJ<iD 

Apollo Lunar Surface Experiment Package/Suprathermal Ion Detection 

Experiment, Thermal Model 

INSTRUMENTATION 

1. The test was performed in Chamber E, SEEL 

2. 1 Genarco ME-6 ~:lolar Simulator 

"). 46 copper com-1 tn.n tan thermocouples: 

'( on the LN"~ 1lner 

6 on the lunar plane 

4 on the lunar plane fins 

29 on the test article 

4. Veeco ion gauge with Veeco ion gauge controller, Model RG-21X 

5. 2 Consolidated Ohmics Devices, Inc. 150°F Reference Junction Boxes 

6. , Beckman Digital Data System 

7. Hy-Cal 8400 Series Radiometer 
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The A.LSEP/SID.l!~ 'I'hermal Model was subjected to two phases of thermal 

vacuum testing in Chn.mber 1•: for a period of 43. 5 hours. 

Prior to the test, the lunar plane was equipped with four 8-in fins. 

A 2500-watt quartz lamp and one thermocouple were installed on each 

fin. The test article was then mounted on the lunar plane, which was 

positioned at a 90° angle to the solar beam for the "noon condition" 

portion of the test. Twenty-nine thermocouples were attached to the 

test article, and 6 were attached to the lunar plane. The LN2 liner 

2 

was equipped with 7 thermocouples. BecA.use !;he Pncific Data System 1020 

Computer was out of order, all thermocouples were comwcted to the Beck

man Digital Data :.Jystom and printed out .in millivolts. rt was, therefore, 

necessary to convert each thermocouple reading from millivolts to ~!ngi

neering Units individually. Figure 1 illustrates the re-lationship 

between time and the tempHra tures recorded by two stra teg·i.c thermocouples. 

'rhe 'J'hei'ITli::Ll Model of the A.LSEP/SIDftl package used in the test was provided 

with a heater which controlled the internal temperature of the test 

article and simulated the heat that would normally have been produced 

by the internal instrumentation of the operating SIDE package. This 

heater was to be supplied with 5.4 watts of power throughout the test. 
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During both phasee of the test, the chamber pressure was maintained below 

the l:.'equired maximum of 1 x 10-J torr, and the solar simulator was oper

ltted at 1 .±. .o~J solar constants. 'fue temperature of the lunar plane 

was maintained at the desired +250°F during most of the test. Sufficient 

data were recorded during the test to formulate graphs depicting tho rate 

and degree of changes in temperature and pressure during the entire 43.') 

hours of testing. (l•'igures 1 and 2) 

'l'he desired chamber environment was maintained during the entire test. 

On the morning of August 16, the chamber was pumped down below the 10-5 

torr range. At 1500 hours on the same day, the solar simulator and the 

lunar plane heaters were turned on to operate during the entire test. 

The high temperatures soon caused the freshly painted lunar plane to 

outgas considerably, resulting in higher pressure readings for a short 

time. (see Figure 2) 

During Phase I, the power to the test article heater was erroneously 

set at .220 watts instead of the required 5.4 watts. 'l'his condition 

was corrected later in Phase I, and 5.4 watts of power were supplied to 

the test articJo hf~n.ter dt1ring the remaining· pol:.'ti.ons of tho test. 

At 1')00 hours on ll.ue.,'"llst 17, the lunar pl11.ne wlis rotated 10° to form an 

soo angle with the ~wlfir beam; and Phase IT of tho test w11.s shtrtod. 

During this part of the test, "lunar day/wol:.'st caoe conditions" were 

simulated. Temperfitures and pressures similar to those of Phase I were 

mai11tained. At 2030 hours, August 17, the solar simulator and the 5.4 

watts of power to the test article heater were turned off. This ended 

the test. 
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GENE~.\L SPECIFICATION GUIDC: FOR 

OCLI SI-1 00 MIRRORS FOR USE AS 

THERMAL CONTROL DEVICES 

- October 1 1967 -

----·---

The SI-1 00 mirror was recently developed by Optical Coating Laboratory 

for use as a thermal control device in spacecraft. 

In the s puce environment, controlled heating or cooling of hardware 

co.n be achieved by the control of thermal radiution incident on the 

space package. A reduction of the absorptance of thermal radiation 

coupled with high infrared emittance is essential for realizing low 

stabilization temperatures. Due to its high intensity 1 the sun is 

the primary source of this thermal radiation; thermal control in space I 

therefore 1 has to deal mainly with the con'a:ol of solar irradiation. 

SI-100 mirrors have been designed to reflect nearly all of the incident 

solar radiation. Total absorptance of solar radiation is held to less 

than 6%; in addition 1 these mirrors are highly emitting at temperatures 

below severol hundred degrees Fahrenheit; average emittance beyond 

7!J. is approximately 85%. ·when mounted properly 1 SI-100 mirrors are 

instrumental in controlling stabilization temperatures of satellites 

and/or space hardware in the space environment. In applications 

where extremely low stabilization temperatures are desirable 1 these 

mirrors have been found to be the most efficient devices available. 

SI-1 00 mirrors have been used very successfully 1 for example 1 on 

programs such as the "Lunar Orbitor." 

Weight considerations coupled with requirements for ease of handling 

and mounting dictate the size of SI-1 00 mirrors. In other words 1 

mirrors have to be thin enough so that they do not present a weight 

problem; in addition, because they are thin 1 individual mirrors cannot 

be large or the problem of handling them would become insurmountable. 

---



Mirrors manufactured and coated by OCLI to data have been for the 

most part, 0. 008" thick fused silica or microsheet flats; cylindrical 

mirrors to cover external tubing on satellites have also been pro

duced. Using past requirements and existing tooling as a basis, 

OCLI has chosen a size of approximately 1" x 1" as a standard 

item; a number of mirrors, 1-1 /2" x 1-1 /2", have also been pro

duced. 

SI-1 00 mirrors are generally attached to hardware by use of a room 

temperature vulcanizing (general classification of RTV -) cement of 

the type manufactured by General Electric and Dow Corning. Users 

of SI-100 mirrors have found that small mirrors can easily be assem

bled into panels using existing solar cell cover slip assembly techniques. 
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Drawings: 

APPENDIX C 

Assembly, Ground Screen 

Interface Control Drawing 

Assembly, Blivet 100 

Positioning/Hookup Board - Blivet 100 

Matrix Assembly No. 1, Blivet 100 
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APPENDIX D 

Ground Screen Deployment Procedure 

ALSEP/SIDE/CCGE Special Handling Instructions 

CCIG Lanyard and Cable Stowing Procedure 



FOLD-UP PROCEDURE FOR ALSEP /SIDE GROUND SCREEN 

1. Slowly lift ground screen (G. S.) off flat table {See Figure 1) 
by holding extractor in one hand (use clean white gloves). 

2. Place palm of other hand immediately under hub of G. S. 

3. Slowly close palm of hand (holding hub) folding all rods up
ward to a closed position. Note, use other hand to guide and 
assist in this step. 

4. Drape all wire loops downward. {C.aution do not put sharp 
bends in wire) 

5. Lay ground screen (in folded position) horizontially over mylar 
(See Figure 2) . Slowly and tightly roll mylar sleeve around 
ground screen rods {mylar sleeve may be removed from 
ground screen tube on SIDE Package). Hand wind mylar 
around rods until smooth and tight. 

6. Slowly insert gound screen (Hub End) into ground screen tube. 

7. Proceed to insert G.S. into tube in a continuous twisting motion. 
Caution: do not wrinkle up mylar sleeve. If wrinkles occur 
reassemble as necessary (steps 5, 6 and 7). 

8.' Then snap ground screen tube into spring clips on side of 
A LSEP /SIDE Package with extractor on top ( store unit m 
this configuration) {For prototype only - omit for· all 
flight units. ) 
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ALSEP/SIDE/CCGE SPECIAL HANDLING INSTRUCTIONS 

I. 0 Operation: Installation of SIDE/CCGE unit into earring case. 

Insure that the outboard mounting tab on SIDE is down and 
located in the front of the earring case. /--

2. 0 Operation: Handling the SIDE unit or the CCIG unit. 

White gloves must be used at all times when handling the SIDE or 
CCIG unit. The exterior is coated with "S 13 -G 11 thermal paint which 
is degraded if touched by unprotected hands. 

3. 0 Oneration: Standing the SIDE unit on anything except the central 
station platform. 

The SIDE unit is equipped with four 4 11 aluminum legs to support 
the SIDE unit in the standing position for bench testing, etc. Remove 
the auxiliary legs only when deploying the standard legs of for tie down 
operations on the platform (normal flight conditions). 

4. 0 Operation: Cleaning SIDE unit: 

Finger smudges or marks on the ,SIDE or CCIG units may be .-
removed by rubbing lightly. with a soft cloth using "BON AMI" 
cleaner and water. 

The second surface mirrors on the thermal spacer may be cleaned 
by using a soft cloth and isopropyl alcohol. 



PROCEDURE FOR STOWING CCIG LANYARD AND CABLE 

I. First operation;stow Lanyard per steps below: 

1) With CCIG in position, hold lanyard straight out horizontally per 
Figure 1 (Note: Use clean white gloves turnout stowing proceciure). 

2) Twist lanyard 180° clockwise to form a 3 11 loop at the end. Per 
Figure 2. 

3) Fold loop under to form a complete circle of 3 11 per Figure 3. 

4) Repeat steps 2 through 4 to obtain a total of 5 loops. See Figure 4. 

5) Fold loops down flat against side of CCIG and hold in place with 
tape temporarily. 

II. Second operation;stow CCIG cable per steps below: 

1) With CCIG in housing, coil cable counter clock wise into a 3 11 

dia bundle, until all cable slack is removed. See Figure 5. 

2) Remove tape from lanyard coil and combine this coil with the 
CCIG cable coils. See Figure 6. 

3) Fold down and hold in place while securing cover. 



CCIG LANYARD AND CABLE STOWING 
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APPENDIX E 

Typical Assembly Plan: Chassis Assembly 
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MARSHALL 
LABORATORIES ASSEMBLY PLAN 
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MARSHALL 
LABORATORIES ASSEMBLY PLAN 

A SUBSIDIARY OF MARSHALL INDUSTRIES 

PART NAME PART NUMBER AP 
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APPENDIX F 

Special Studies and Calculations 
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STRESS ANALYSIS, ALSEP LEGS - NEW DESIGN 3 JANUARY 1968 

1. 0 Reference: File 1. 4. 1. 6. 7 - Stress Analysis ALSEP Legs (no date) 

2.0 

Summary: 

As a result of failures of the fiberglass materials at lunar high tempera
tures, the design of the legs has been modified from that analyzed in the 
reference report. The primary modification was to change the leg 
fitting materials from fiberglass to magnesium. In addition, an 
aluminum reinforcing plate was added across the bottom of SIDE where 
the double legs previously attached to a fiberglass plate. Also, a 
second attach screw was added to each body attach fitting. 

For loading, the lunar weight of the astronaut was added over the legs 
under consideration, in addition to lunar SIDE weight. This was 

gr:~e;J than earth weight per leg, so earth weight was not used. 

All stress levels calculated are adequately safe. 

I. Body Reactions and Loads. 
(Nomenclature as before) 

Using lunar weights, and 
full astronaut weight over 
single leg: 

(1) l::F=O 
3 0 + 3. 5 = R L + RR 

(2) i:M=O 
I: MR L: 7RR = 7 (30) + 3.1 (3.5) 

210+10.9 
7 = 31.6 1b 

33.5- 31.6 = 1. 9 lb 

Moment on right leg: 

MR = (3.31) (31.6) = 109 lb- in 

r------;:.....1 

J 3o..,. 

l 



3.0 II. 

3. 1 

Moments for earth weight, 
without astronaut weight, 
are as before (27. 9 1 b-in 
for right leg) 

-2-

Stresses on Right Leg & Fitting 

The leg fitting 
now extends 1 11 

into the fiberglass 
leg tube. 

Equivalent load P is 
found from tota 1 length 
and moment load: 

= 109 
b.T3 = 17.8 lbs. 

For the cantilever beam: 

3 

[ 4 OD )C.o6wAL-L 

- '\.1 

S=MC where M =(17.8)(4.75)=84.51b-in 
I I = 8. 8 5 x 1 0- 3 in 4 

C = 3/8 in 

5=84 .5(3 ) X1o3 = 3580psi 
8 (8. 85) 

Alloy.table flexure stress for the fiberglass, 
s Room Temp = 70, 000 psi 

S160oF = 22,000 psi 

Therefore, if the leg temperature is not greater than 
1600F at deployment, the leg has a safety margin of 6:1. 

3.2 Fittings 

The fittings are 
magnesium. Addition 
of the No. 4 screw changes 
the reactions from previous 
calculations. 

/b-32, 



3.3 -The moment is 
induced through 
couple R 1 and R 2 , 
and reacted by the 

-3-

corner· of the fitting and the two screws, both 
of which are in combined shear and tension 

• 25 s 2 + . 75 s 1 = 1 o~..v 

With 3 unknowns and 2 equations, this is 
statically indeterminant. However, the forces 
at s 1 and S2 can be proportioned from geometry: 

• 75 
= 

• 2s s 2 + . 75 {3 > s 2 = 1 o9 

= 109 = 43.61bs 

2. 5. 

s 1 = 3S2 = 3{43.6} = 131lbs. 

3.4 s 1 is No. 4-40 stainless steel screws: 

Tension on steel screw: (tensile area = • 006 in2) 

s 
sl 

= F 
A 

= 131 
t> x103 -21,800psi-

Allowable Ss = 19000 psi. 

Shear o·n No. 10 screw: 

As = . 01 74 

Ss = F 
A 

= 43.6 X 104 
174" 

(F = 218 lbs} 

= 250 psi ..... 



4.0 

-4-

3. 5 Shear on threads is negligible. 

Therefore, screws will adequately take loads. 

Stress on pin: (pin is 1/8 dia stainless) 

F M 109 = d = T74 = 436 lbs 

A 
Yl 1 = 4 ( t;:r> = . 0123 in2 

3. 6 For double shear: 

F 436 
Ss = 2A = 2'46 

X 104 = 17, 750 psi ~ 

A 11 ow a b 1 e S s = . 6 ( 7 5 , 0 0 0) • 4 5 0 0 0 p s i ~ 

3. 7 Pin load on magnesium fitting 

Bearing stress - area = dia x thickness of part: 

A = 2 (+-) (+-) = 1/32 

SB = F -A-
436 
T732 = 13, 950 psi..-

3. 8 Allowable bearing stress (ultimate) = 50,000 psi ~ 

3. 9 Stresses on the fitting in the leg are proportionally higher 
than previously calculated: 

III. 

F 436 
= = 3. 9 x greater 

SB = 7, 5000 (3. 9) = 29,300 psi (allowable = 
S B = 1 , 3 0 0 ( 3 • 9 ) = 5 , 0 7 0 p s i (a 11 ow a b 1 e = 

Stresses on Left Legs 

The entire lunar weight of the 
astronaut will be put over the left legs. 

F on left leg due to CG = 1. 9 lb (see page 2) 

50,000 psi) 

19,000 psi) 
36it 

~ 



-5-

F2 (total) = 30 + 1. 9 = 31.9lbs 

LL per leg = 31.9 = 16 lbs 
-2-

ML + 16(4.5) = 72 lb-in 

4.1 Stress previously calculated on legs and fittings may 
be scaled up by the ratio .. 

M1 

M2 

72 = = 2.73 
26.3 

4. 2 Leg (at notch) 

S = 430 (2.73) = 1170 psi -

Allowable at 160 F = 22,000 psi 

5. 0 Leg - Support Pan 

The left legs were 
previously attached to 
a fiberglas'? sheet in 
the bottom of the 
housing, which failed 
as shown. An aluminum. 
pan has been added 
under the fiberglass to 
provide stiffness. 

The pan is attached to the housing 
side walls (under the bottom) with 
2 No. 4-40 screws per side. The leg 
fitting holes are common through the 
pan and the fiberglass. 

The Fiberglass is . 10 in thick, expoxied 
in glass and edge supported, so adds 
considerable strength at room temperature. 

11 
I 

j 
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5. 1 

5.2 

Loading on side screws 
of pan; worst case 1 

entire load on pan: 

-6-

~Me: .375 s1 + 1.375 s2 = 72 

Assuming the pan remains 
straight and pivots slightly 
about point C, then the 
deflections at S 1 and S2 c:re 

2 1.375 I • 2 = 3.67 
= 

1 .375 

and FL (F = force S) 
= A E 

2 = F2 L2 F1 Ll 
1 = 

A 2 E2 AI Et 

Since all L, A & e 's are equal, 
I ' 

1 

= 3. 67 F 1 and S2 = 3.67 s 1 

5. 3 Substituting in moment equation: 

. 375 s1 + 1. 375 (3. 67) s1 = 72 

sl 12 = 5.425 
= 13. 3 lbs 

= 
3. 67 (13. 3) = 4817 lbs 

._ I Q I 
' I ' / 

/ '-- J- -
/ 

I 

<v I 

I 
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5. 4 These loads are distributed half on each side: 

5.5 

s1 I screw = 

s2 I screw = 

13.3 
-2-

48.7 
2 

= 6. 65 lbs 

= 24. 3 lbs 

Shear area for No. 4-40 screw = 6 x 1 o- 3 in. 2 

= F = 6. 65 
A t> 

X 103 = 1100 psi ,_ 

= 24.3 
--r-

X = 4040 psi 

Allowable shear stress for stainless = 45,000 psi 

Bearing stress in aluminum at screws: 

Area= diaxthickness (.112){.05) = 6 -3 
5. X 10 

= 24.3 
--s:b X = 4350 psi 

Allowable bearing stress = 46,000 psi .... 
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ALSER/SIDE THEHMAL TEST SET-UP 

TEST NO. 1 

FOli!C.e D -AIR 

~LSePjSJOG 
.. ,---

. I 
I 

WE I G rh-'=- --
3'$# 

OVEN 

- .. ~ 

DATA 

1} Oven Temp --- 250c.F 

2) '[;:;tal Weight ___ 35 
(1. 5 x earth weight) 

3) Time Ir: Over: ___ 72 EHS 

NEW LEG & SUPPORT CONFIGURATION 

TEST NO. 2 

11/11/11/ 

1) Oven Temp ___ 250°F 

2) Weight ___ 5. 5 at 4. 5" 
( 25 in) 

....... Estimated Earth Weight ....... 

3) Time in Oven ___ 7 Days 

/It/It/It 

FIGURE 1 

----------------.~-.,·---~-._.,_._ _________________ _ 

I 
\ 
! 

l 
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ALSEP/SIDE TEMPERATURE TESTING LEG EVALUATION 

6. 0 THERMAL TESTING 

Initial thermal testing of the ALSEP/SIDE Housing and Leg Con
figuration indicated that a temperature creep problem existed. 
Corrective steps were taken to remedy this situation as discussed 
in the proceeding stress analysis. To substantiate this redesign, 
thermal tests were conducted as follows: 

6.1 The new leg configuration was placed in a forced air type 
oven with a simulated weight of 35 pounds. (ALSEP moon 
weight plus (+)astronaut moon weight for a period of 72 
hours at a temperature of 250°F, See Test 1 of Figure 1 ). 
A review of the leg and leg components, after completion 
of this test, showed no evidence of deformation or degradation 
of leg performance. 

6. 2 In addition to the above test a temperature test of an in
dividual cantilevered leg was performed. An equivalent 
earth weight (5. 5) was suspended 4. 5 inches from the support 
end for a period of 7 days at 250°F. Slight bowing of legs 
took place, approximately . 06" to . 200 11 permanent deflection 
was experienced (See Figure 2). 

7 .. 0 CONCLUSION 

. The stress analysis completed with the actual simulated temperature 
load tests performed at Marshall Laboratories indicated relatively 
high structural integrity of the leg and leg supports. 

Since the actua_l moon loads shall be 1 /6 of the earth loads, a high 
contidence level of this design configuration is believed. 

8. 0 LEG SPRING RETURN MODIFICATION AND TEST 

To insure adequate extension of the ALSEP /SIDE Legs the extension 
springs (P/N 609-) were modified to provide an extension force 
of 2 0 ounce in 1 ieu of 1 0 ounce. See Figure 3 for the test method 
and actual force values obtained. 
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SOLENOID TESTING 

Z:4 May 1968 

SOLENOID FORCES 

20 volts 28 volts 

Number 1 5 grams 95 grams 

Number 2 36 grams 133 grams 

Number 3 20 grams 161 grams 

Number 4 56 grams 191 grams 

Number 5 50 grams 191 grams 



SOLENOID TESTS 

Remarks: 

Resistance 1860 at 25°C (77°F) 

1920 at 77°F 20 seconds later 

Solenoid (for S/N 7 system) Measurements taken 5/22/68 

Checked up and down scale (Repeats o. k.) 

Present 2500 turns - Taken by Jim Peterson and Sam Pollack 5/22/68 

Pull-In Voltage Milliamperes Voltage in Watts 

16. 3 85 l. 382 

17 89 l. 51 

18 94 1.7 

19 99.5 l. 89 

20 105 2. 1 

21 110 2. 31 

22 115 2.53 

23 120 2.76 

24 125 3.62 

25 130 3.25 

26 135 3. 51 

27 140 3.78 

28 140 4.03 

29 147 4.26 

30 150 3.5 
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Paint Used: 

Primer Used: 

Test Samples: 

Temperature: 

Results: 

DUST COVER PAINT PEELING STUDY 

Summary 

of 

Paint Peeling Test with 3-M Velvet 

3-M Velvet Coating, 100 Series No" l 0 l-A-1 0 
White VC-3-44 Lot 

GE SS-4044 Clear Silicone Primer 

Aluminum, Lexan and Glass Epoxy Board. 
All Mating Combination of Painted Samples 
Used ie. AL to AL, Al to Glass Board etc. 

0 Cold test - Room Temperature to -90 F 
High Test - Room Temperature to t250°F 

TEST SET-UP 

No peeling encountered 
See Attached Details 



SAMPLE 3-M PAINT TESTS 

1. Cut (2 each) samples of aluminum, glass fiber board and lexan 
approximately 2" x 2". 

2. Prepared the surfaces with No. 240 grit emery cloth and 
cleaned with alcohol. 

3. Primed with GE SS-4044 Clear Silicone Primer. Air dried for 
30 minutes. 

4. Spray painted three coats of 3M velvet coating 100 series, No. 
101-A-10 White. Air dried 15 minutes between second and 
third coat, 13 hours after final coat. 

5. Clamped samples together in the following order - lexan, alumi
num-aluminum, glass fiber board, glass fiber board and lexan. 

6. Clamped samples were then subjected to -75 °C for 2 hours. Upon 
releasing clamps, samples fell apart by their own weight. No 
deterioration of the paint was noted. 

7. One of each sample was then exposed to long wave ultra violet 
at a distance of 1/2 inch and at80°C, for 4 hours. 

8. Also one of each sample was held at -75°C while a 11 0°C hooded 
lamp was placed one half inch over the set up for 3 hours. No 
deterioration was noted, Then the temperature was allowed to 
drift up to 25°C. 

9. Continuing with the samples which0were at -75°C for 3 hours, 
the temperature was raised to 115 C for 17 hours, then dropped 
again to -75°C in about 45 minutes and then allowed to drift up 
to 25°C. No deterioration was noted. 

10. For the last test the aluminum and glass board samples were 
painted side up and the lexan was painted side down resting on 
the other two. A 250 gram weight was then added. After the 
test no bonding or sticking action was noted. 

Testing Performed by Jim Peterson 

Concurred by Sam Pollack 



ALSEP /SIDE STRESS AND DEFLECTION OF ~~-'[~RN,8_L BQJ.~ 

p 
Stress of Flat Plate S = K t2 

Sm = • 497 X 20 

.0016 

S = 6,200psi. 

Alum Alloys 
Ma·rks Handbook 
6-68 

52-S 5 052 

12,000 psi accept yield 

27, 000 psi ultimate 

Deflection of Flat Plate 

Y-- = K 1 Pr2 .u.L 

Et3 

Ym = (. 0277) (20) (36 in2) 

10 X 64 

,, . 
Y • 031 OS DeflectiOn 

Ref. Marks Handbook 

t = 040 11 thickness 

t2..= .0016 11 

p = 20 "#: 

R=l2::::2.0 

r 6 

K. = .497 

Kl = • 0277 

E = 10xl06psi 

t3 = 64 X 10-6 

r = 6 11 

r2 = 36 in2 



Assume 

SKETCH SIDE OF ALSEP BOX 

Concentrated 

# 
Force 20 

\ 
\ 

' 

,. \ 

I 
I 



ASSUME STRESS ABOVE ELASTIC LIMITS 13, OOO_psi --

s = K~ 
t2 

t = ~ KP 

s 

t = ~7.65 1o-4 

6 -2 t = 2. 7 X 10 . 

t = . 0276 in thickness 

Deflection Mr~ X -

= 

Y. 

\I . 497 X 20 

\J 13,000 

Pr2 

Et3 

y = (. 0277) (20) (36) 

10x19.7 

Y = .120 in. 



Flat Plate Force 

s - p 
tt-

p = s t2 

K 

p = 13,000 (. 0016) 

.497 

p = 41.8 

p = 42 -#= 

With 13, 000 PSI {12, 000 psi is elastic limit) 

Find max force to reach yield stress 
with wall thickness of 

t = . 04 0 .J t2 = . 0 016 

S = 13,000 psi 

K = • 497 

p = 42 

Side of Extei'nal Box 

' ' 
F- _42 

\ 

\ 
I 

7 
I 

' ' 

( 

.. -··--



CHANNEL TRON STRESS REPORT 

(SYLGARD ENCAPSULATION) 

The following covers the calculations for possible thermal stresses 
set-up in the channeltron due to thermal expansion of the potting 
material (sylgard 18,2 Dow Corhing Material). 

Two (2) considerations are given here for discussion: 

1) During temperature increase of the channe ltron module the 
supporting sylgard cavity increases in diameter as a possibility, 
there-by reducing thermal expansion stresses on channeltron. 

2) The sylgard expands with temperature in a manner that provides 
tensile stresses on channeltron neck. 

The second consideration is discussed and analyized in this report. 

The forces acting on the channeltron are illustrated in Figure 1. 

Ref Material (Attached) 

1. Sketch of channeltron in letter from W. A. Smith 
dated 6 June 1967 

2. Dow Corning bulletin on Sylgard 182 

Engineering Data 

1. Temperature Range 2QOC to 80°C 

2. Coe£. of Exp. (Sylgard 182) = 300 X 10-6 inch per oc 

3. Coe£. of Exp. (Glass) ./"../ 50 x 10-7 inch per °F(Marks handbook) 

4. * Glass strength tensile =10,000psi ( '' 
(common glass) Compressive = 50,000 psi ( " 

5. 

6. 

Sylgard strength tensile = 800 - 1000 psi (See Reference 2) 

Young modules of elasticity 
of Sylgard 182 = 90 psi 

* Although compressive strength is shown 

Glass Basically Fails in Tension 

Reference Marks Handbook 

" 
" 
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lnformaUon abou~ 

182 Potting and Encapsulating Resin 

Sylgard~ 182 resin is a low vtscost y, so ventless silicone . 
resin designed for potting, filling, embedding and en
capsulating. It is supplied as a nearly colorless fluid that 
flows easily, even around intricate parts. 

Features of the Fluid Resin 
Sylgard 182 resin is easy to process and usc. The 
resin and its curing agent blend readily, and the low 
viscosity of the catalyzed material (under 4,000 ccnti
poises) coupled with its long pot life (about 8 hours 
at 77 F) make it practical to use in automatic dispensing 
equipment. 

Neither the resin nor the curing agent is known to 
produce any toxic effect upon contact with the skin, nor 
to give off any noxious fumes during mixing or curing. 

Sylgard 182 resin cures at moderate temperatures, and 
without exotherm. When mixed with the correct amount 
of curing agent, the resin will cure in 4 hours at 65 C 
(149 F); cure can be accelerated by using higher tem
peratures. The rate of cure is constant regardless of 
sectional thickness, or the degree of confinement. 

Features of the Cured Resin 
When set up, Sylgard 182 resin needs no further after~ 
'bake. It can be placed in service at once, at any oper-

"' een -65 C to 200 C. Other 
features of the cured resin are: 

• transparency- embedded parts can be inspected 
visually; 

• e~sy repairability- sections of the resin can be cut 
out for replacement of components; new resin can be 
poured in place and cured to re-form a ti~ht seJ.l; 

• physical and elecfrical sfabilify- retains properties 
from -65 to 200 C ( -85 to 392 F), over a wide 
range of frequency and humidity; 

• firmness and flexibility- Shore A Scale hardness of 
approximately 40; elongation of approximately 100 
percent; 

• mechanical strength- tensile strength in the range 
of 800 to 1,000 psi; 

• good damping qualifies- low transmission of vi
bration and shock; 

• self-extinguishing- as tested in accordance with 
ASTM D 635; 

• no depolymerization- will not depolymerize when 
heated in confined space; 

• fungus resistance -non nutrient when tested in ac
cordance with MIL-E-5272. 

SPECIFICATIONS FOR SYLGARD 181 RESIN 
(These values are Dow Corning quality control standards) 

As Supplied 
ASTM D-1298, Specific Gravity at 25" C ......................•.....•..... 1.05±0.03 
ASTM D-445, Viscosity at 25" C centistokes ..............•............. 4,000 to 6,500 
Shelf Life at 25" C, minimum . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 1 year 
Pot Life at 25" C (with 10 pph curing agent added), minimum .................. 8 hours 
APHA Color, maximum . , ......................................•......... .". . . 250 
Cured properties using 10 parts by weight of curing agent to 100 parts by weight of resin. 
After 4 Hours ot 65" C: 

ASTM D-792, Method A, Specific Gravity ................................ 1.05±0.03 · 
ASTM D-676 Hardness, Shore A Scale Durometer points, minimum .................. 35 

· ASTM D-149 Electric Strength*, volts per mil, minimum .......................•.. 500 
ASTM D-150 Dielectric Constant, maximum, at 10" cps .......................... 2.88 

at 10" cps ......................•... 2.88 
ASTM D-150 Dissipation Factor, maximum, at to• cps ............•..... ; ....... 0.002 

at 10" cps ............ ·. . . . . . . . . • . . . 0.002 
ASTM D-257 Volume Resistivity, ohm-em, minimum ................ : ......... 1 x 10" 
After I hour ot 150" C: 

.ASTM D-412 Die C, Tensile Strength, psi, minimum .............................. 800 
ASTM D-412 Die C, Elongation, % minimum ................................... 100 

· • Tested on specimen 0.062 inch thick, using 14-inch standard ASTM electrodes, 500 volts per 
second rate of rise. · 

The information and data contained herein are based 
on information we believe reliable. You should thor· l)('f'V. q:()J_~j~ ii(>{(!i''. 
oughly test any application_, and independently 
conclude satisfactory performance before commer- ~-· · .. · --- ··- -·--·-·-----~~·] 
cialization. Suggestions of uses should not be taken _;_: __ · _ . . . . .·.· . _·. . : 
as inducements to infringe any particular patent. _ 

(Continued on next page) t/ 
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TYPICAL PHYSICAL PROPERTIES 
(Tirese values are not intended for use in preparing specifications) . 

As Supplied 

Color ..........•.••....•.........•.••.....•. : .....•...•••• · .•.•....... Light Straw 

Silicone Resin Content, percent . . . . . . . . . . . . . . • . . . . . . . . . . . • . • • • . • . . . . . • . . . . . • . . . . 100 

Specific Gravity at 25 C (77 F) .........•.................•.................... 1.05 

Viscosity at 25 C. centistokes .................................•... · ............. $,500 

Viscosity, immediately after adding curing agent, centistokes .......................• 3,900 

Shelf Life at 25 C ............................................. : . ............ 1 year 

Potlife"' at 25 C (with curing agent added) .................................... 8 hours 

• Time required for catalyzed viscosity to double at 25 C. 

As Cured (4 hours of 65 C) 

Color ............................................ Transparent; colorless to light straw 

Hardness, Shore A Scale ..................•.... , •.........•.•.................. · .. 40 

Specific Gravity ....................•••..............•....•.......•.••....•... 1.05 

Thermal Conductivity, cal per [(em) (degree C) (sec)] ..................... : .. 3.5 x to·• 

. Linear Coefficient of Thermal Expansion, in/in/degree C (-55 to 150 C) ......... 300 x 10"' f,....-.--

( 

MIL-1-16923 C Thermal Shock Resistance, from -55 to 155 C ............. Passes 10 cycles 

Weight Loss*, percent, 
after t,OOO hrs at 150 C (302 F) . . . . . . . . . . . . . . • . . . . . • . • . . . • . . . . . . . . . . . . . . . . . . 1.6 
after 1,000 hrs at 200 C (392 F) .................... ; ........................ 3.2 

Water Absorption, percent after 7 days immersion at 25 C (77 F) ................... 0.10 

Brittle Point, degrees C, lower than .............. ; ..................••.•.....•... -70 

Refractive Index ......................................•........•..... :. . . • . . 1.430 

Radiation Resistance, Cobalt 60 Source . . . . . . . . Still usable after exposure to 200 megarads; 
hard and brittle after 500 1}1egarads 

Flammability (ASTM D 635) ..........................•............ Self-extinguishing 

• Specim~n size: 1 inch by 1 Y:.l inches by 1/16 inch thick. 

TYPICAL ELECTRICAL PROPERTIES . 
(These values are not intended for use in prq;;,r.ing specifications) 

General Date" High Frequency Date* 

ASTM D 150 Dielectric Constant, 
60 cps ......... 
10" cps .. , ..... 

ASTM D 150 Dissipation Factor, 
60 cps ..•.... , . 
10" cps ........ 

ASTM D 257 Volume Resistivity, 
ohm-em ....... 

.. J~JD 149 Electric Strength, 
volts per milt .. 

.As 
Cured 

2.70 
2.70 

0.001 
0.001 

2 X 10"' 

550 

Cured, then 
.Aged 

1,000 hours 
at 200 C 
(392 F) 

2.65 
2.65 

0.001 
0.001 

2 X 10" 

600 

Properties 

Dielectric Constant (ASTM D 150) 

at 1 x to• cps ................ 
at 3 x 101 cps ............... 

at 8.5 x 10' cps .....•........ 

Dissipation Factor (ASTM D 150) 

at 1 x to• cps ................ 
at 3 x 1 0" cps ............... 

at 8.5 x to• cps .............. 

at 
-sse 

2.90 

2.1!6 

2.8t 

0.0200 

0.0240 

0.0290 

at 
23C 

2.79 

2.77 

2.73 

0.0081 

0.0120 

O.DI99 

at 
/SOC 

2.50 

2.48 

2.45 

0.0026 

0.0040 

0.0073 

• 0.062 inch-thick specimens, cured 4 hours at 65 C. :These values were determined at the Massachusetts Institute 
r 14 inch Standard ASTM Electrode, 500 ·volts per second 

rate of rise. 
of Technology Laboratory for Insulation Research. 
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AREA OF THROAT 

,oso" 

.oao 'l 
D 1 = OD = • 0 8 0 1

' 0 0 

D 2 = ID = . 0 8 011 
-. 0 3 0 = • 0 50 II ID 

• 015" inch wall thickness 

AREA OF THROAT OR BASE OF CONE 

At = 

At = 

At = 

At = 

At = 

2 
:n- n2 

4 

:n" ((.080)2 (. 050)2) 4 

:n" (.0064 
--r - • 0025) 

:n" .1 001 0) 

3, 14 X • 001 
I 
I -

.00314 in2 Area of Throat 

D 2 
2 

of Channeltron ,><._ 
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MARSHALL LAB TEST 

OF SYLGARD FOR 

YOUNGS MODULES OF ELASTICITY 

(Not Available In Sylgard Bulletin) 

Young Modules of Elasticity 

_j_ 
" y Stress 

F/A ~ = . 0/0 = = -r- Strain "Xll 

y = Fl 
'1. A A 

y = 1 x . 90lin 

1 in2 • 010 

Y = 90 psi 

Force due to sylgard on the contact area (see page 5 for lateral contact 
area) 

The force exerted on this surface is 

F = 90 X • 2 X • 010 = . 18 #= 

F = .18ft-

Assume F=.2* 
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LATERAL CONTACT 
AREA CONE 

BY SYLGARD 

r- D, --~>J>L. 2 s-o 

I - /L ~ .125"" I 

~ ..----+--------.,' 

II ~ 
.2()o u 

\ \ I ,44 

~\ I I 
. --~;'414; . 04'' 

Check \l,~ 
A = rr S (r + r1) 
Net 

A= rr.25 (.125)+(.04) 

A= rr .25 (.165) 

A = . 13oin2 (Check Only) 

Net Surface = 

Lateral Area Total Cone 

= 112 rrDl 

= 1 I 2 rr (. 2 50) (. 44) 

= .1 73 

Lateral A rea Top Section of Cone 

AT = 112 D (3.4) 

= 1 I 2 . 04 ( 3. 4) 

= .0426 

1. 73 
- . 'o43 

. 130in2 
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STRESS ON GLASS THROAT 

'\ # * f-2 Fv = F = .2 -. 
Fv = FH Tan Q 

f Fv = (. 2) (Tan 22-1 /2) 

Fv = (.2) (.414) 

Fv = • 08 

Fv = • 1 .:#= 

Glass Throat 

Stress = F v 

A Throat 

8 . = . 1 = 30 psi 
. 003 

Assume Worst Case 

s = . 5 = 5 00 psi (strength of glass = 10, 000 psi in tens ion) 

. 001 

Over 20X Safety Factor 
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CONCLUSION 

Based on these calculations a safety factor of 20 is evident on the 
stresses believed to be exerted by the expansion of Sylgard on the 
Channeltron Throat. 

During the freezing cycle the stresses would be reduced accordingly. 

If the 1st consideration (mentioned earlier) is believed to be truP, then 
the analysis would still apply for the freezing cycle with no severe 
stress on the glass throat due to sylgard. 
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Assembly Drawings, High & Low Energy Detection 
Alignment Fixtures 
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APPENDIX H 

Paint Specifications 

Materials List 



S-13, S-13G AND S-13H PAINT SPECIFICATIONS 

Formulation: 

Material 

SP500 zinc oxide (New Jersey Zinc) 

PS7-treated SP500 zinc oxide 

General Electric RTV-602 silicone 

TolUene, U.S.P. 

Parts by Weight 

S-13 S-13G S-13H 

240 

100 

175 

515 

240 

100 

175 

515 

373 

100 

200 

673 

The zinc oxide, the RTV-602, and 100 parts by weight of 

the toluene are premixed and charged to a porcelain ball mill 

in a quantity sufficient to just fill the void space when the 

mill is one-half full of grinding stones 0.5 in. in diameter. 

The paint is ground for 4 hr at approximately 70% critical speed. 

The critical speed (rpm) is given by:· w = .~, where R is 
c 5 'V R 

the radius of the mill in feet. The basic charge is then removed, 

and the remaining toluene is added to the mill. The mill residue 

and the sol vent are' ground until the contents are uniformly thin, 

but not for more than 5 min. The contents are then added to the 

main charge, and the whole charge is mixed thoroughly. NOTE: 

THE SRC-05 CAl'ALYST IS NOT ADDED UNTIL THE PAINT IS APPLIED. 

liT RESEARCH INSTITUTE 
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Preparation of Paint for ~plication: The paint is fur-

nished without the SRC-05 catalyst. The catalyst is added as 1 

_part SRC-05 in 10 parts of toluene: The catalyst solution is 

added to the paint with thorough stirring. A low catalyst con-

centration is recommended in order to ensure optimum stability 

to ultraviolet irradiation in vac~um. A concentration of 0.4% 

based upon RTV-602 provides optimum stability without greatly 

sacrific~ng terminal-cure properties, although a coating prepared 

at this ·concentration represents the lower limit without sacri-

ficing cure and physical properties. Somewhat better physical 

properties are obtained with a catalyst concentration of Oa5% 

based on RTV-602 and still better properties are obtained at 

0.75% SRC-05. The parts by weight of paint to which 1 part of 

SRC-05 catalyst and 10 parts of toluene are added are given in 

the following table for several catalyst concentrations. 

SRC~05 CATALYST-TO-PAINT RATIOS 

SRC-05 
Concentration* 

* 

0.4 

0.5 

0.75 

1.0 

based on RTV-602 

Parts by 
S-13 

1290 

1030 

.690 

515 

solids 

Weight of Paint 
S-13G S-13H 

1290 1680 

1030 1350 

690 900 

515 675 

** (to which 1 part SRC-05 in 10 parts toluene 
is added) 

liT RESEARCH INSTITUTE 
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The catalyst solution is added only as the paint is used and to 

only the amount that can be applied in a 30 min period. Allow 

the catalyzed paint to set for 10 to 15 minutes before applica

tion to the primed surfaces. The paint should be thoroughly 

stirred before transfer to other containers or before addition 

of catalyst. 

Preparation of Surfaces for Painting: Standard surface 

cleaning procedures should be used to prepare the surface for. 

application of the S-13 paint. S-13 paint can, in general, be 

applied to any surface to which· the required primer can be applied. 

The primer, General Electric's proprietary SS-4044, can be applied 

to either anodized or zinc chromate-primed surfaces. It is pre-

ferable that it be applied to clean bare metal or to anodized 

surfaces, however. Greasy surfaces should be cleaned with stan-

dard detergent and water prior to priming; they should be thor-

oughly dry. 

Application of Paint: The primer can be spray-applied 

(Binks model 18 or comparable gun) at about 30 psi. Only about 

0.5 mil of primer is required (just enough to provide a base for 

the S-13 paint). The primer should be allowed to air-dry for 

1 to 2 hours before application of the S-13 paint. 

The S-13 paint can be spray-applied with a Binks model 18 

spray gun (or comparable gun) at a gas pressure of about 60 psi. 

Unless missile-grade air is available, prepurified qitrogen or 

prepurified air must be used. The S-13 paint should be allowed 

liT RESEARCH INSTITUTE 
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to air-cure 16 hours before handling. IT IS IMPERATIVE THAT DUST 

AND DEBRIS BE KEPT OFF THE SURFACE DURING THE CURING PROCESS. 

The wet film thickness of the paint can be measured by 

either the Pfund or the Interchemical wet-film thickness gage, 

or a suitable bridge-type gage. Dry film thickness can be measur-

ed with a Fischer Permascope nondestructive thickness tester, 

type ECTH. 

ReapPlication: Soiled or damaged areas can be recoated. 

Soiled areas must be cleaned thoroughly with detergent and water 

and dried before application of additional S-13 paint. Damaged 

or gouged areas can be recoated by making a paste of S-13 in 

-- . ··--which the bulk of the solvent is omitted. Such a material can 

be trowelled or brushed over the damaged areas and cures 

tack-free within a few hours. 

Storage of the Paint: The paint is supplied in various 

quantities. Since the paint cannot be mixed with catalyst solu-

tions in larger lots than can be applied at one time, it may be 

desirable to store the paint in smaller containers. If smaller 

containers are utilized, only glass, nickel, or unlined, unleaded, 

unsoldered steel cans can be· used. The caps, tops, or closures 

of these containers should not possess gummed seals or any mat-

erial soluble in toluene (we use unplasticized Mylar and aluminum-

foil seals). 

liT ReSEARCH INSTITUTE 
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Physical Properties: Paint S-13 (and S-13G and S-13H) is 

rubbery and resilient. Therefore, it can be gouged by a sharp 

tool with little effort. Its adherence is excellent when a 

primer is used but is very poor when applied directly to a metal 

substrate, in which case it can be stripped from the substrate 

in one piece. Because of the resiliency of the surface, dirt 

tends to cling to the surface. Dirt can be easily removed by 

wiping w_ith a water-moistened CLEAN, SOFT cloth. NOTE: S-13-

TYPE COATINGS SHOULD NEVER BE CLEANED WITH CRGANIC SOLVENTS. 

S-13 coatings withstand more than 10 thermal-shock cycles con-

issting of immersion in liquid nitrogen followed by rapid heat-

ing to 200°F. The paint can be torsionally stressed to 90° 

without failure and withstands repeated bending to 180°. 

Optical Properties: Minimal solar absorptance is not 

obtained until a thickness of nearly 10 mils is reached. The 

following tabulation is provided as a guide for S-13. Similar 

values have been obtained for S-13H; the as of S-13G is about 

0.01 higher for each thickness. 

Thickness 
(±0.25 mil) 

1 
2 
3 
4 
5 
6 
8 
9 

10 

Solar Absorptance 
(±0.01) 

0.30 
.25 
.23 
.21 
.20 
.19 
.18 
.17 

0.17 
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A working range. of 5 to 8 mils is recommended. For coatings 

of 5 mils or thicker, the total hemispherical emittance is 

0.85 or better at 300°K • 

. , 
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liT Research Institute 
10 West 35 Street Chicago, Illinois 60616 
312/225-9630 

CATALYZING S-13 TYPE PAINTS 

While recent experiments have shown the catalyst concen

tration is not as critical a factor in the stability of S-13 

type coatings as it was once thought to be, we would still like 

to recommend keeping within 10 per cent of the figures below. 

Basic formula: catalyst SRC-05 0.5 per cent by weight of 

non-volatile vehicle solids, or 0.5 lb. solid catalyst to 100 lD. 

RTV-602 solids. 

S-13 type paints are normally formulated on a basis of 20 

per cent non-volatile vehicle by weight of total paint, so 100 lb. 

RTV-602 solids is in 500 lb. of.paint. 

The catalyst required then becomes .5 or 0.1 per cent by 

weight of total paint. 500 

To simplify handling we furnish the catalyst as ten per 

cent concentration in toluene or, for small quantities of paint, 

at one per cent concentration in toluene. 

The required mixture then becomes ten parts paint to one 

part of one per cent catalyst or 100 parts of paint to one part 

of ten per cent catalyst (by weight). One pint of paint averages 

700 grams which calls for 70 grams of one per cent catalyst or 

seven grams of ten per cent catalyst for the pint of paint. 

If the catalyst is to be measured by volume, use 80cc of 

one per cent catalyst to the pint of paint or Sec of ten per cent 

catalyst. 

Keep the catalyst solutions cool and .in the dark except 

when actually mixing. 

F. Rogers 
9/12/67 
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MATERIALS LIST .FOR ALSEP/SIDE/CCGE 

METALLIC MATERIALS 

Aluminum Alloy 5052-H32 per Spec QQ-A-318c 
Aluminum Alloy 5052-H34 per Spec QQ-A-318c 
Aluminum Alloy 6061-T6 per Spec QQ-A-327b 
Aluminum Alloy 2024-T3 per Spec QQ-A-355c 
Aluminum Alloy 3003-Hl4 per Spec WW-T-788c-l 
Stainless Type 301, 303, and 304 per Spec QQ-S-766c 
Stainless Type 302 per Spec QQ-W -423 
Gold Plating Mil-P-55110 and Mil-G-45204A 
Magnesium AZ3l B-H24 per Spec QQ-M-44 
Copper Plating Mil-C-14550 
Silver Plating QQ-S-365A 
Copper-Constantan Awg 28 and Awg 24 thermocouple wire 
Platinum black deposition ML Spec S40368 
Alloy 18 0 wire, ribbon, and rod material 
Electroless nickel Mil-C-26074A 
Phospher bronze 
Solder 60/40 ML Spec S40126 
Gold plating over copper-Dalic process(Gold touch-up process) 

NON-METALLIC MATERIALS 

Epoxy Board - Mil-P-181 77 
Lexan - Polycarbonate 
Nylon 
Foam - Eccofoam FPH 
Sealant - R TV 60 
Epoxy - Epibond 121 0 
Epoxy - Hysol 4268 
Gl 0 Glass fiber board 
Sealant - R TV 1 08 
Glyptol 1202 G .E. synthetic resin 
Glyptol thinner 1500 or 6710 G.E. 
Epibond 1210 
Spot bonding and potting R TV l 02 
Hysol 4238 ML Spec S40l 09 
Protective welding board wafers Krylon ML Spec S40396 
Fused silicon glass mirror, Lockheed Spec LAC 43-4322 
Mirror coating (silver under inconel) OCLI SI-1 00 
Loctite sealant ML Spec S40244 
Silk mesh and silk thread 
Alumuminized mylar 3 mil and 1/4 mil 
Sylgard 182 potting material Dow Corning 

MISCELLANEOUS MATERIALS 

Paint S-13G ITT 
G. E. Silicon primer finish S -13G paint 
Gold tape Y-91845 Scotch-3M 
Connector material Microdot MCDB series 
Silver conductive paint or coating (G-C Silver) ML Spec S40402 
Freon cleaning agent 
Tri-chloroethelene cleaning agent 



ITEM 

1 

2 

3 

3A 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

ALSEP/SIDE MATERIAL LIST ADDITION 

DESCRIPTION 

Foam-Eccofoam FPH 

Epoxy-Epibond 121 

Sealant-RTV 108 GE 

Sealant-RTV 118 GE 

Glyptol 1202 GE Synthetic 

Glyptol Thinner 1500 or 6710 GE 

Crylon, Protective Spray 

Silk Mesh and Silk Thread 

Sylgard 182 Potting Material - Dow Corning 

Paint S-13G Illinois Institute of Technology 

GE Silicon Primer Finish S13-G Paint 

Gold Tape Y -9184S-Scotch 3M 

Connector Material Microdot, MCDB Series Diallyl 
Phtalate MIL-M-14F 

Epibond 1210 (Repeat - See item number 1) 

No-Mar Nylon Tip Set Screw 

Delrin 100 
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