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Data Sheets - Applicable Fairchild IC ' s  



FAIRCHILD DIODE-TRANSISTOR MICROLOGIC 

* <  . 

The IyFpL 933 is a Dual Input-Extender consisting of two independent diode arrays 
identical in every respect to the input diodes of the DTpL Gate and Buffer elements. 
m p L  933 elements may be usedto extend fan-in capability to more than 20 without 
adversely affecting the noise immunity or  load driving capability 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 a r e  summarized on the back page. 

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

For complete test sequence and test values, please refer to the composite 
DTpL specification 
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LPDTuL 9040 CLOCKED FLIP-FLOP 

DESCRIPTION 

The LPDTpL 9040 element is adirectly coupled, dual-rank flip-flop suitable for use 
i n  counters, shift registers andother storageapplications. Either R-S or J-K mode 
operation is possible. Direct set and clear inputs are provided which override all 
other data inputs. 
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GENERAL DESCRIPTION 

The Pairchild LPDTpL 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 LPDTpL Micrologic@ integrated circuits include the following: 

e Reliable operation over the full military temperature r a g e  of -55°C to 
+125"C 

0 Typical power drains of less than 1 mW per gate ( 5 6  duty cycle) for 
the logic gate elements and less than 4 mW for the clocked flip-flop. 

o Single power supply requirement-5 volts optimum, 4.5 to 5.5 volts range. 
/1 a 

e Guaranteed fan-out of 10 LPDTbL unit loads or 1 standard Fairchild 
DTpL unit load, over the full temperature and supply voltage range. 

o Guaranteed minimum of 450mV noise immunity at the temperature 
extremes. 

o Typical logic gate propagation delays of 60 ns and binary clock rate of 
2.5 MHz. 

o Emitter follower outputs providing good capacitive drive capability. 

TYPICAL FLAT PACKAGE 
TOP VIEW 

I I 

'T 

TYPICAL DUAL IN-LINE PACKAGE 

*Planar is a patented Falrchild process. 

ORDER INFORMATION 

To order Low Power Diode Transistor Micrologic@ integrated circuit elements specifyUSlXXXX51Xfor flat package and UGAxXXXSlX 
for Dual In-Line package where XXXX is 9040, 9041 or 9042. 

DUCTOR 

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. 



-. TuL 9041 - DUAL 3 INPUT NAND GATE 
' \  

._ '~ESCRIPTION 

The LPDTpL 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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I ILD RIIOCROLQGIC@ LOW POWER DDODE TRANSISTOR ~ ~ T ~ G R A ~ ~ ~  CIRCUITS I 

9042 - DUAL 3 INPUT NAND GATE WITH EXTENDER LOGIC DIAGRAM SHOWING FLAT 
INPUTS 

ESCRIPTION 

The LPDTpL 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 DTpL9933 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 LPDTpL 9042 gate. Typically, the increase is 10 ns/pico- 
farad. Turn-off delay is not affected. 
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For apglications requiring a fan-out exceeding ten, the Fairchild DTpL 9930 Dual4-Input Gate may beused. The DTpL9930 will drive 
44 LPDTpL unit loads, while maintaining the same output logic levels as the low power circuits. 

requires the equivalent.of 10 LPDTpL unit loads. Therefore, a low power circuit can drive only one 
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/ PAiRCHlLD MICROLOGIC@ LQW POWER DIODE TRANSISTOR ~ N ~ ~ ~ R A ~ ~  ~ ~ R C ~ ~ T $  I 
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APPENDIX I11 

Tes t  P rocedures  

SIDE/CCGE T e s t  Procedure  and Typical Tes t  Data 
Results (System 7 ,  ML 323-5). 



'PlSP1 EFP I REV I DESCRIPTION I BY I CK I DATE I APPROVAL .... 

.. I Y 

II 

SIZE CODE IDENT NO. 

OF 38 



. 

1.0 

1.1 

1.2 

1 .3  

2 .0  

2.1 

SCOPE 

The following i s  the detailed T e s t  Specification for  the Suprathermal  
Ion Detector /Cold Cathode Gauge Experiment  for  the Apollo Lunar 
Surface Exper iment  Package.  This  specification follows, in 
general ,  the Integrated T e s t  P l a n  dated 5 August 1966. 

Pu rpose  

The intent of this specification i s  to provide a detailed s tep by  
s tep  procedure whereby a technical individual who i s  fami l ia r  
with the Exper iment  Tes t  Set  and the Experiments  to be  tested m a y  
be cer ta in  of determining the s ta tus  of every  functional c i rcu i t  and 
device included in the Experiment .  In addition, the Tes t  Specification 
provides s teps  interpeted to determine the accuracy  with which those 
functions a r e  performed. 

Complete Tes t  

The complete t e s t  of the SIDE/CCGE will include the performance 
of e v e r y  one of the s teps  descr ibed in Section 3.0,  hereof. A s  such 
the t e s t s  will  requi re  a n  extended length of t ime to perform.  For 
that reason ,  the complete tes t s  need be performed only fo r  
acceptance testing, performance verification and, a t  other t imes,  
a s  d i rec ted  by Rice University o r  the P r o g r a m  Office. 

T e s t Organization 

The t e s t  i s  organized so  as to verify the performance of each  of 
the Exper iment  subsystems separately.  The o rde r  in which the 
subsys tems a r e  tes ted i s  a rb i t r a ry ,  unless otherwise noted. 

APPLICABLE DOCUMENTS 

The following documents,  of the issue and revision in effect on 
the date of invitation for  bids,  f o r m  a par t  of this specification 
to the extent specified herein: 

Soecifications 

Exper iment  Pe r fo rmance  Specification 
Integrated Tes t  P l an  
6091 70 DS, Design Specification, Experiment  T e s t  Set 
Faci l i t ies  and Equipment Requirements  

Drawings 

609445 Block Diagram SIDE/CCGE 

SPECIFICATION NO. REV 

4 6 9 5 3  

SHEET 2 OF 



2 . 2  Precedence  of G ove rning D ocume nts . 
when a requi rement  of a n  applicable specification is  in conflict 
with a requi rement  specified herein,  the requi rement  specified 
he re in  sha l l  apply. When a requi rement  specified herein,  the r equ i r e -  
men t  specified on the drawing shall apply. 

U nle s s othe rw is  e s pe c if ie d , 

3.0 

3.1 

REQUIREMENTS (Read Notes,  Section 6 .0 )  

Pr oc e du ra  1 

The t e s t  opera tor  sha l l  r e c o r d  in the unit  his tory log the date, t ime 
and location of t e s t  a d  his  name. 
paragraph  number and the resul tant  t e s t  data fo r  each  performed.  
data m a y  be recorded  in column fashion with one column for p a s s  a n d  
one column fo r  re ject .  I t  is n e c e s s a r y  to r eco rd  the approximate 
value of voltage, cur ren t ,  r ise  t ime,  etc., observed during thts tes t .  
A check m a r k  in the appropriate  column is sufficient. 
may  be used t o  r eco rd  any data f o r  e a s e  in data reduction/rrviEtw. 
Side f r a m e  counter may be  speeded up to the side frame of interest ,  
if desired.  
w i se  specified. ETS  command s y s t e m  may  be  c leared  as required.  

He sha l l  r eco rd  the T e s t  Specification 
The 

The ETS pr in te r  

Lock out plug mus t  be plugged in during test unless  other-  

3.1.1 Equipment 

A .  Exper iment  T e s t  Set, Model ML 324 
B. Unit His tory  Log 
C.  

D .  T e s t  Data Sheets,  pages 1 through 13. 

1 1 0  volt 60 cycles single phase AC Power ,  15 a m p e r e s  
Minimum 

3 . 2  Subsys tem One Test ing 

3.2.1 P o w e r  Supply Test ing 

I 

3.2.1.1 With operating power off, t emporar i ly  disconnect Alsep Simulator  cable. 
Measure  res i s tance  between the following points. 
> 1 O'<JL (decreasing to  > 2  X 106  A at t800C) 

Specification: 

Between H P  Re tu rn  

3.2. I,. 2 Make cer ta in  lock-out plug P-18 is connected. 
power. (See paragraphs  6 . 4  and 6.5) 

Observe and r eco rd  voltage a c r o s s  VR on ETS at  Side f r a m e  0. Convert 
voltage measu remen t  into operating c u r r e n t  by using the conversion 
fac tor  1 0  ma/mv. 

Observe a n d  r eco rd  operating voltage a c r o s s  t29V and t 2 9 v  return 
on ETS,at S1DE.frame 0. 

Using data in s tep  3.2.1.3 and  3.2.1 e 4, calculate the s y s t e m  operating 
power. 

AppIy 29v (var iable)  . * .  

3.2.1.3 

I 

3.2.1.4 

3.2.1.5 
Specification: 3 . 7 7  watts  t o  11 e 2 watts.  (3.77 wat ts  to 5.8 wat ts  

T e s t  Specification For, 



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 tempera ture) .  

Exper iment  Sequencing. Turn  off instrument  operating power. Then 
reapply power using "29 volt fixed" setting. 
Simulator  Unit controls f o r  1 ,060  bi ts  p e r  second. All other controls 
in normal  (center )  position. T u r n  "parity" switch off. This  w i l l  
"initialize" the SIDE. Read paragraph  6 . 3 ,  

Adjust ETS ALSEP 

Observe r e a l  t ime SIDE frame display. 
c r emen t  by 1 approximately 1 pe r  second. 
interval) .  (Clear  ETS command sys tem) .  

Number displayed w i l l  in- 
(Do not measure t ime 

T r a n s m i t  command number 2, (BE).  Observe r e a l  tirae SIDE frame 
display. Specification: range of SIDE frame counter, 0 to  10,  continuous, 
increasing only. (Clear  ET'S command sys tem)  

T r a n s m i t  command 5 (AGE). 
specification: range of SIDE f r a m e  counter 0 to  79, continuous, 
increasing only. 

Observe r e a l  t ime SIDE f r a m e  display, 

(Clear  ETS command sys tem) .  

T ransmi t  command 3 (ABE). 
Specification: range of SIDE f r a m e  counter 0 to 39, continuous, increas-  
ing only. (Clear  ETS Command System) 

Observe r e a l  t ime SIDE frame counter, 

T r a n s m i t  command number 8 (DE). 
counter,  

Observe r e a l  t ime SIDE f r a m e  
Will r e s e t  and begin counting f r o m  000. 

Operate  shift pulse, even f r a m e  m a r k  and data demand pulse 
amplitude controls  t o  5 .5V.  Operate  shift pulse, even f r a m e  
m a r k  and data demand pulse r i s e  t ime controls to  2 p sec. 
r e a l  t ime SIDE f r a m e  counter. Specification: SIDE frame counter 
shall continue to  increment  approximately once pe r  second. 

Observe 

Operate  Shift pulse, even frame m a r k  and data  demand pulse 
amplitude controls t o  2.5 V. Operate  Shift pulse, even f r a m e  m a r k  
and data demand pulse r i s e  t ime controls t o  10  p sec .  Observe r e a l  
t ime SIDE f r a m e  counter. Specification: SIDE f r a m e  counter shall 
continue to  increment  approximately once p e r  second. 

P e tu rn  amplitude and r i s e  t ime oontrols to  normal  (center ) ,  position 
and c lear  ETS command system. 

ALSEP/SIDE/CCGE 
M L  323-3 & U P  
T e s t  Specification F o r ,  



3 . 2 . 2 . 9  

3 .2 .2 .10  

3 . 2 . 3  

3.2.3.1 

3 . 2 . 3 . 2  

3 . 2 . 3 . 3  

3 . 2 . 3 . 4  

3.2.3.5 

3 . 2 . 3 . 6  

3 . 2 . 3 . 7  

C 01111 11 a n cl S y :i t c rri 
1qCT.E; I n  this .;z:ction, Stat173 is verified a t  real-t ime SIDE f r a m e  033. 
Sc-t c1ispIi:y s t o r a g e  1 

’I rii ns  iii it c omr:ianc? E , 0 bs  e r v e ‘IS T A  T US I ’  . S p e c  i i i c  a t iot;: 0 0 9 0. 



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 

Transmi t  command BCD. Observe "STATUS". Specification: 0014. 

T r a n s m i t  command E. Observe "STATUSt1. Specification: 0000 

C lea r  ETS command system. 

Transmi t  command AB. Observe "STATUS1t. Specification: 0003. 

T r a n s m i t  command E .  Clear  ETS command system. 

Return  a l l  command sys t em switches to normal  (center)  positioning. 

Digital Control  Sys tem 
NOTE: In this section, Status is verifed a t  reat- t ime SIDE Frame CC.3. 
Set  display s torage SIDE frame se lec t  thumbwheels to  SIDE frame 
number 003. Repeat s t e p  3.2.2 (Initialize). Observe "STATUS", 
SIDE frame 003 (mode reg is te r ) .  Specification: 0000, 

T ransmi t  command 6 (BCE). 
003. Specification: 0006. 

Observe "STATUS" SIDE frame 
Clea r  ETS command system. 

Transmi t  command 8 (DE). 
Specification: 0008. Clear  ETS Command system. 

Observe "STATUS", SIDE frame 003. 

3.2.4.4 

3.2.4.5 

3,2.5 

Transmi t  command 4 (CE). 
Specification: 0004. Clea r  ETS command system. 

Transmi t  command 1 (AE) .  
Specification: 0001. 

Observe "STATUS", SIDE f r a m e  003. 

Observe "STATUS", SIDE frame 003. 
Clear  E T S  command system. 

One T i m e  Command Sys tem Monitoring 
NOTE: In this section, Status is verified a t  reat- t ime SIDE frarne 007. 
Se t  SIDE frame se lec t  thumb wheels to 007. 
Observe Spec if ication: 0003. 

Repeat 3.2.2. 



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 

3.3.1.2 

T r a n s m i t  command B. Observe  "STATUSI'. Specification: 0003. 

T r a n s m i t  command E. Observe  "STATUS". Specification: 0001. 
(Clear  ETS  Command System) 
T r a n s m i t  command D. Observe  "STATUS". Specification: 0001. 

T r a n s m i t  command E. Observe  "STATUS". Specification: 0009. 
(Clear  ETS Command System) 
Repeat  3.2.2. T r a n s m i t  Command D. Observe  l'STATUSi', 
Specification: 0003 

T r a n s m i t  command E. Observe  llSTATUS1l. Specification : 0002 (Clear  
E T S  command sys tem.  

A /D Conver te r  

D e p r e s s  Real -Time Display) 

Repeat  s tep  3.2.2. 
and  m a r k  it "Tape No. l l ; .  Check Tape No. 1 for  SIDE frames 
as  noted in Table I. 

P r i n t  a tape covering side f r a m e  000 to  127 

Readout Sys tem 

Apply oscil loscope input te rmina ls  to  "DIG DA" interface monitor 
panel. Connect the oscil loscope s ignal  r e t u r n  lead t o  "SC RET". 
Set oscil loscope display f o r  two volts pe r  cent imeter  ver t ica l  
deflection, 5 microsecond p e r  cent imeter  horizontal  deflection. 
Synchronize oscil loscpe s o  as  t o  inspect a r i s ing  edge of the w a v e -  
f o r m  observed. Specification: 

a. voltage transit ion,  Ov to  3 . 5 ~  S peak 5 5 . 5 ~ .  
b. r ise t ime,  2 to  10  microseconds.  (10% to  90% of peak value). 

Re-synchronize scope t o  view fall ing edge of waveform observed. 
Specification: 

a. voltage t ransis t ion,  Ov to  3 . 5 ~  5 peak S 5 . 5 ~ .  
b, fa l l  t ime,  2 to  20 microseconds.  (10% t o  90% of peak value), 

Duty Cycle Monitor Ci rcu i t  (See Notes, paragraphs 6.4 and 6.5) 

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

Operate  ETS power supply control  to  variable and adjust  voltage to 
25v -f: 0.5 volts. 
Specification: 206 5. 

Observe analog subcom, SIDE frame 065. 

Operate  variable voltage t o  33v + 0.5 volts. Observe Analog subcorn, 
SIDE frame 065, Specification: 192 f 5. 

Low Energy  Ion Detector System 

Check Tape No. 1 fo r  SIDE frames as noted b e l m .  

Low Energy  Curve  P la te  Analyzer  Stepper (Word 8 )  

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

Observe LECPA volts, SIDE frame 19. Specification: 207 f 3. 



TABLE I (Pa rag raph  3 - 2 . 6 )  

WORD TWO (Analog Subcom Values) 

(Tape No, 1 )  

SIDE 
Frame Function A / D  Tolerance Readout T ole rance 
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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  

3.5 

3.5.1 

3.5.2 

Observe  "LECPA VOLTSt1, SIDE frame 20, Specification: 166 f 4. 

Observe "LECPA VOLTS", SIDE frame 40, Specification: 127 f 5. 

Observe "LECPA VOLTS", SIDE frame 70, Specification: 86 f 9. 

Observe  "LECPA VOLTS", SIDE f r a m e  90. Specification: 46 It 13. 

Observe "LECPA VOLTS", SIDE f r a m e  100. Specification: S 30. 

Observe  "LECPA VOLTS", SIDE f r a m e  122. Specification: S 15. 

T r a n s m i t  command 10  (BDE). 
SIDE frame. 

Transmi t  c o m m  nd 1 0  (BDE) again. 
SIDE f r a m e  5 40. Specification: 2 122.  (Clear  ETS command sytjtem.) 

Velocity F i l t e r  (Word 7)  

On Tape No.  1, observe " V E L  F I L T  VOLTS", SIDE frame 000 to 127.  
Compare  Tape No. 1 with Table 11. 

Transmi t  command 4 (CE) .  
and m a r k  i t  Tape No.  2 .  Compare Tape No. 2 with Table 111. 

(Clear ETS command system.) 

Observe "LECPA VOLTS" any 
Specification: r; 15. (Clear ETS, Command System.) 

Observe "LECPA VOLTS" any 

P r i n t  a tape fo r  SIDE frame 000 to 127 

T r a n s m i t  command 9 (ADE). 
SIDE frame 

Transmi t  command 9 (ADE)again, Observe  "VEL FILT VOLTS: 
any  SIDE frame < 40.Specification: 2 87. (Clear  ETS,  command system.) 

High Energy Ion Detector 

High Energy  Curve P la te  Analyzer (Word 3 )  

Check Tape No.  1 fo r  SIDE f r a m e s  as noted in Pa rag raph  3 .4 .1 , l .  

Observe I'HECPA VOLTS!', frame 0 through 127, and compare with 
Table 1V. En te r  Pass/Fail  data in ruled columns for  each  20 SIDE 
f r a m e  sub - sequence . 
Repeat 3.2.2. Transmi t  command 11 (ABDE). Observe "HECPA 
VOLTSIt any SIDE frame < 120. Specification: A 80. (Clear ETS 
c orrimand s y s  t em .) 

Transmi t  command 11 (ABDE) again. Observe "HECPA VOLTS" a n y  
SIDE f r a m e  < 120. Specification: 2 161. (Clear  ETS 

Ground Plane Stepper 

Repeat 3.2.2. Send command ABE. P r i n t  a tape covering SIDE 
f r a m e  012 to 016 for  24 cycles  and m a r k  it "Tape No. 3". 

Compare  Tape N o .  3 with Table V a t  Analog Sub Com (Word 2)  
and Status (Wgrd 6) .  (Clear  ETS  Command system) 

Observe " V E L  FILT VOLTS" a n y  
119,Specification: C 4. (Clear ETS ,  command system.) 

command system.) 

ML 323-3 & U P  
Tes t  Spec if ication F or ,  



TABLE ii ( P a r a g r a p h  3 . 3 . 2 .  I )  

Ve!oclty Fi l ter  V a l t s  . . . Nc-rma! M ~ d e  

(Tape No, 1) 

__c 

*ITLE A LSEP /SIDE / CCGE 

---I-- Tes; Specification For. 

L .I_. .---..,--. .. 
WL FO?M 201 b: ';a 

R a 



TAiHS,E I1 

( TAPE No, 1) 

((continued) 

-L 
rnnc 



i' 

TABLE I1 (continued) 

Tes t  Specification For.  
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TABLE IV 
HECPA VOLTS 

(Pa rag raph  3.4.1.1 ) 

(Tape No, 1) 

Readout Tolerance 

T e s t  Specification For, 

“m 



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 

T r a n s m i t  command number 1 ( A E ) .  C lea r  ETS  Command Sys tem.  Send 
command 2 (BE).  Observe "STATUS", SIDE f r a m e  0. Number shall  
r e m a i n  fixed on any  one of the 24 possible values indicated in Table V .  
C lea r  E T S  Command System. 

T r a n s m i t  command number 1 (AE)  again. 
Send command 2 (BE).  
again sequence as in paragraph  3.5.2 above. 
again, but s imply indicate presence  o r  absence of sequencing). C lea r  
E T S  command sys tem.  

C iea r  ETS command sys tem.  

(Do not compare  numbers  
Observe  llSTATUS'l SIDE f r a m e  0. Number should 

High Voltage Power  SuDDlies 

-3.5 KV Supply 

NOTE: 
vacuum g r e a t e r  than 5 X t o r r .  
o r d e r  t o  enable the -3.5 KV supply. 

This  t e s t  cannot be per formed unless  the SIDE is under  
Lockout plug m u s t  be removed i n  

Repeat  3.2.2. 
"Tape No .  4". 

P r i n t  a tape fo r  SIDE f r a m e s  000 to 127 and m a r k  it 

Check tape N o .  4 fo r  Word 2 of SIDE f r a m e s  23,55,87 o r  11 9. 
Spec: 213 f 9. 

T ransmi t  command number 14 (BCDE). Observe "Analog Subcom", 
SIDE f r a m e s  23, 55, 87 o r  119. Specification: i 120. (C lea r  E T S  
Command Sys tem) .  

T ransmi t  command number 14 (BCDE) again. Observe Analog Subcom 
as  in 3.6.1.4. Specification: 213 f 9. (Clear  E T S  Command Sys tem) .  

4 .5  KV Supply 

NOTE: 
g r e a t e r  than 5 X 10-6 t o r r .  
to  enable the 4.5 KV supply. 

This  t e s t  cannot be per formed unless  SIDE is under vacuum 
Lockout plug mus t  be removed in o r d e r  

Check Tape No. 4 f o r  Word 2 of SIDE frames 8,40,72 o r  104. 
Spec: 266 f 7. 

T r a n s m i t  command number 1 3  (ACDE). Observe  "Analog Subcom", 
SIDE f r a m e s  8,40,72 or 104. Specification: <I  20. C lea r  E T S  
Command System. 

TITLE A LSEP /SIDE /CCGE 
M L  323-3 & U P  
T e s t  Specification F o r ,  TORRANCE CALIFORNIA 

SHEET I8 OF 
L F ~ R M  201 

I 

I 1  



TABLE V 
(Tape No, 3)  

(pa  r a g  r a p  h s  : 
3.5 .1  & 3 . 5 . 2 )  

STEP 

Ground P lane  S tep  Counting Sequence 

Analog Subcom 
(SF 1 3  or 15)  

Tole ra nce "STATUS" 
(SF 12, 14 or 16)  

ML 323-3 & UP 
Test  Specification For ,  



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. I 

3.9.2 

3.10 

3.10.1 

3.10.2 

T r a n s m i t  command number 13 (ACDE) again.  
subcom", as  in 3.6.2.3. Specification: 226 f 7. (Clear  ETS command 
System) 

Observe "Analog 

Accumula tors  and Calibration Sources  

Repeat  3.2.2. T ransmi t  command 12  (CDE). (Ciear  ETS command 
system). Di s rega rd  f i r s t  cycle. 

P r i n t  a tape for  SIDE frame 120 to  127 and m a r k  it "Tape No. 5". Compare 
Tape  No.  5 with Table  VI .  
T r a n s m i t  command Number 7 (ABCE). 
T r a n s m i t  command number 12 (CDE) again. 
D i s rega rd  f i r s t  cycle. 
and m a r k  it Tape No. 6.  Compare  Tape N o .  6 with Table VII. 
Repeat  paragraph  3.2.2 and d i sca rd  data fo r  the f i r s t  few c y < - l e s  until 
e l ec t rome te r  is stabil ized. P r i n t  a t a p e  for  SIDE frame 000 t o  127  
and m a r k  i t  "Tape N o ,  7". Compare  Tape N o .  7 with Table V I I - a .  

Verify side frames I ,  3 ,5 ,7 ,9 ,41  73,105 on Tape N o .  7 (Word 2 ) .  
Specification: <20. Above s teps  m u s t  be performed in a vibration free 
environment.  

C lea r  E T S  command sys tem.  
C lea r  ETS command system. 

P r i n t  a tape for SIDE f r a m e  120 through 127 

Verify E lec t rome te r  range with Tape No. 7, 
l 'Status ' t ,  SIDE frame 9 
Specification = Range 1-0  

Range 2-2 
Range 3-3 

Log Count Rate  Mete r s  

T r a n s m i t  command 7 (ABCE), then t r ansmi t  command 12 (CDE). Ciear  
E T S  command s y s t e m  a f t e r  each  command sent.  

Observe  voltages a t  J l 7 - 1 8  (LELCRTVI) and 517-19 (HELCRM) with 
r e spec t  to  J17-11 (ALSEP SIG, GND). 

S2lar Cel l  

Compare  with Table V I I I .  

Repeat  3.2.2. Observe "Analog Subcom", SIDE f r a m e  14. Specification: 
0 (Make s u r e  Dust  Cover  i s  c losed) .  

T r a n s m i t  Command DE and observe "Analog Subcom", SIDE frame 14. 
Specification: 78 f 78, depending on illumination level of incident light 
on s o l a r  cell .  

Dust  Cover  and Sea l  

Repeat  3.2.2. Observe  "Analog Subcom", SIDE f r a m e  67. Specification: 

T r a n s m i t  command BE.  C lea r  ETS Command System. Then t r ansmi t  
command A E  and  observe "Analog Subcom" SIDE f r a m e  67. 
Specification: 186 f 10. C lea r  E T S  command sys tem.  

(Clear  ETS command sys t em) .  

196. 

M L  323-3 and  U P  
T e s t  Specification F o r ,  



3.10. 3 

3 .10.4 

3.10.5 

3.11 

3.11.1 

3 . 1 1 . 2  

3.11.3 

3.11.4 

3.12 

3.12.1 

4.0 . 

5 . 0  

6. 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 

Send command DE and observe '!Analog Subcoml', SIDE f r a m e  067. 
Specification: 5136, (Clear  ETS command sys tem) .  

Repeat  3.2.2. Observe !'Analog Subcorn'' SIDE f r a m e  U67. Specification: 
t 196. 

T ransmi t  command DE.  
Specification: 156 rt 20. (Clear  ETS command sys t em) ,  

Power  Surge 

Measure  power-on surge  c u r r e n t  with oscilloscope (using differential 
p re -amp)  by monitoring voltage a c r o s s  VR on ETS f ront  panel 
differentially. 
sca le  to 20 m v / c m .  
Specification: l e s s  than 450 ma. 

Use the same  setup and conversion factor  as  in 3 .11 .1 .  
command DE.  
Specification: L e s s  than 150 ma. 

Repeat 3 .2 .2  
U s e  the s a m e  setup and conversion factor  as  in 3.11.1. 
Command D E .  
Specification: L e s s  than 170 ma. 

t 2 9 V  Noise 

Measure  t 2 9 V  noise by oscilloscope with differential p re  -amp. 
noise a c r o s s  t29V and t 2 9 V  r e tu rn  oy1 ETS front  panel differentially. 
Set  scope ver t ical  scale  to 50 m v / c m ,  

QUALITY ASSURANCE PROVISIONS 

The requirement  section of this specification shall  f o r m  the Quality 
Assurance  Provis ions.  

PREPARATION FOR DELIVERY 

Not applicable 

NOTES 
Before each  command is t ransmi t ted  f r o m  the ET$, all indicator lights 
in command ETS sys t em m u s t  be out. 

Effect of each command may  show only a f te r  waiting fo r  one complete 
SIDE f r a m e  af te r  t ransmiss ion  of I IE t l .  
1 . 2  seconds.  

Verify ClR a t  SF 1 J 5 , 1 3 J 1 7 , 2 1 , 2 9 J 3 3 , 3 7 , 4 5 J 4 9 , 5 3 , 6 l J 6 5 J 6 9 , 7 7 J 8 l , 9 3 ,  
97 101,109,113,117, o r  125, before executing a command. 

Verify MR a t S F  3,11,15,19,23,27,31J35,43,47,51,55,55,59,63,67J75J79, 
83 ,87 ,91 ,95  99,107,111,115 o r  11 9 a f t e r  executing Command E .  

P rocedure  for  changing f r o m  " t 2 9 V  Fixed" T o  " t 2 9 V  variable".  

Tiirn Experiment  power switch O F F .  

Se t  SIDE voltage variable control  to ze ro .  

Depres s  + 2 9 v  fixed-variable switch so  that l lVariablellsett ing is effected. 

T u r n  Experiment  power switch ON.  

Increase  SIDE volbage by slowly turning SIDE voltage variable control 
to des i red  setting. Do not exceed t34v  setting. 

Observe "Analog Subcoml', SIDE f r a m e  067. 

Set scope horizontal  scale to  5 mSec /cm and ver t ical  
U s e  conversion fac tor  of 10  ma/mv. 

Transmix 
Measure  Dust Cover  Surge cu r ren t  through l T ~ .  

Transmi t  
Measure  Dust Cover  steady s ta te  cu r ren t  through V R .  

M3nitor 

Specification: < 1 5 0  m v  P-P 

This  will  take approximately 

M L  323-3 and U P  
T e s t  Specification F o r ,  



6.5 

6.5.1 
6.5.2 

6 .5 .3  

6.5.4 

6.6 

P rocedure  f o r  changing f r o m  "-1-29~ variable" 

Turn  SIDE voltage O F F  by turning SIDE voltage variable control to zi?ro. 

Turn  Exper iment  Power  Switch OFF.  

Depres s  t 2 9 v  Fixed-Variable switch s o  that "Fixed" setting is effected. 

T u r n  Exper iment  P2wer  Switch F O N .  

Exper iment  Fa i lu re  

T o  "t29v Fixed".  

If the experiment  fa i ls  any paragraph of the test, the tes t  shall  be 
stopped, pending instructions f r o m  the Rice o r  Marshal l  Laborator ies  
P r o g r a m  Manager.  

'TABLE VI 

CA LIBRA TION READOUTS 

(Tape No. 5 )  

SIDE F r a m e s  "STATUS" HE Ion CTS LE Ion CTS 

121 001 I 2 f 2  I 154 -k 4 
120 I 000 I 632800 f 14000 I 2 i 2  

I 

122 I 002 154 f 4 19775 400 
123 003 19775 f 400 632800 f 14000 
124 I 000 632800 f 14000 2 f 2  
125 000 154 f 4 . 
126 002 154 rli 4 19775 f 400 
127 003 19775 f 400 632800 f 14000 

YL FORM 201 

M L  323-3 and U P  
T e s t  Specification F o r ,  46853 
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(Tape No. 6) 

* In 125 a. through j .  I )  0 0 0 0  

$41 FORM 201 

ML 323-3  & UP 
Test  Specification For, 

46853 

SHEET 23: OF 



TABLE V I I a  (Pa rag raph  3.7.1) 
(Tape No, 7 ) 

WORD 2 (Analog Subcom) 

(See Notes Below) 

CCGE 
Range SF 1 Z U  SF121 SF 122 SF 123 SF 124 SF 125 SF 126 SF 127 

192&:2 < 100 e 2 0  

NOTES: 

Range 1 = Most  sensi t ive range 

During Acceptance Tes t ,  4.5 KV supply wil l  turned off, Therefore ,  
CCGE shall be in Range'l,a 

A / D  Readings in SIDE frame 120 (E lec t rome te r  Range Voltage) a r e  
rn@?asuarsd at EO%, R e f e r  to  calibration (5able I 
other  temperaturfas, 

uf e1ect;porneter range  f o r  

NOTES: 

Specification given fo r  SIDE frame 121, 122,  and 123 are fo r  typical 
lab conditions. 
sha l l  be as follows: 

When unit i s  in a vibration free environment,  specification, 

SIDE Frame 121 122 123 
Word 2 readimg f o r  
range le Zy-3 

1VJ.L 2 L . J - J  cx ur' 

T e s t  SDecification Ford  
CODt 
IOFNT NO OF 



TABLE VI11 (Paragraph 3 . 6 . 2 )  

Log Countrate  M e t e r  Data 

SIDE Frame "HELCR I '  & "LELCR " 
a 120 < 0.2v 1 

121 1.42V+ 0.2 V 

NOTE: Above voltage t o  be f inal  value at  end of noted SIDE f r a m e o .  -- 

TASLE 1X 

ELECTRO&iETEK RANGE CA tI:3RATTO€d 

T e s t  Specification For, 



Sti-ct 1 of 13 

. SIDE Frame 7, Status (Dust C o w r  &,S?zl)  



P 

Sheet 2 of 13 

? 

P 

Tape 1 ( P a r a g r a p h  3 , 3 . 1  1 thru 3 , 3 . 1  8) P A R A  G R A P E  

T e s t  SpecFfication For, 



TEST DATA SHEET (continued) 

PA R A GR A PM 
’\> 

I 3 , 3 ,2 ;  1 See  Table 11, Velocity F i l t e r  Volts 

Sheet 3 of 13 

. .  

ALSEkZ/SXDE /CCGE 
ML323-3 & Up * 

T e s t S p e c if i c at i on F c r 
SHEET ’‘ OF 



TEST DATA SHEET (continued) 

P A R A G R A P H  

1 

' 3 , 3 , 2 ;  1 (continued) 

SIDE 
Frame 

44 

I--+--- 

Sheet 4 of 13 

t 



TEST DATA SHXET (continued) Sheet 5 of 14 

i -  P A R A G R A P H  

3 , 3 . 2 , 1  (continued) 

SIDE DA TA 



b 
- *  

Sheet 6 of 1 3  TEST DATA SHEET (continued) 

PARAGRAPH 

3 , 3 , 2 2  Velocity Filter Volts, Comm 4 SeB Table I11 
$ 

SPECIFICAT 
ML 323-3  & U P  
Tes t  Specification F u r ,  



TEST DATA SIIEET (continued) 

P A R A G R A P H  

3 . 3 , 2 . 2  (continued) 
I /  

A 
;is 
I 
I 
I 
I 
I 
I 

M L  3 2 3 - 3  & UP 
Test  Specification For,  

! 

"A 



TEST DATA SHEET (Contintied) 
1 Sheet 8 of 13 



i 

TEST DATA SIIZX'I' ( con t inm?d)  

PASS F A I L  P A R A G R A P H  

Sheet 9 0.t I 3 

DATA 

PA R A G H A PM 

3 , 4  See Table IV 

PASS F A I L  . DATA 

TORRANCE CALIFORNIA 

ML FORM to1 

M L  323-3  & UP 
T e s t  Specification For, 46853 
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P A R A G K A P I J  
'3,5,2 S e e  Table V 

Ground  P l a n e  C3u.nter 

I 

--------A ---- 
I 

. P A R A G R A P H  (See Table V )  

n. - --- 
3 . 5 , 4  1 Gnd Plane  Stcp Or? - Statu-s _. 

3.5 KV S u p p l y  

(Tape 4)  -- --.- 
----o-- A n a l  Svb, SF23, 55, 87,--119 

Channel HV O F F  (ccrmn 141 
Channel HV ON (comm 14) 

_. -- 

M L  323-3 & U P  ' 
T e s t  Specification For,  



TEST DATA SHEET (continued) Sheet 11 of 13 
' t  

P A R A G R A P H  

3.7,l See Table V I  (Accum Cal ib)  
-. . . . . . 

DA TA 

HE Ion Counts 
LE Ion C z u n t s  

LE Ion Counts 

T e s t  Specificatior, For,  



TEST DATA SI-IEE1- (conr inued)  

I PARAGRAI’Ii Accum, Calib, -(X10 Mode) 

Sheet 12  of 13  

. .  
% 3 , 7 . 2  See Table ,VI1 

LE Ion  C3unts 

--I 
1 

(Tape 7) 
--- [ 3.7.4--CCGc- 

(Tape 7)  
[ 3 .7.5 I Elec t romete r  Fange I I 1 - 

*Note: Mark J F o r  Pass, X F o r  Faii 

!- 

_I’ 
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' See Tahl;. ,IIi V e l o c i t y  F i l t z r  Volts 
. . ,  . . . :. . L . .  3 .  

. . . .  Y DA'TA . . . . . . .  
- .. . ' . _  . ,  . .  . .  

. . _ . -  SIDE 
Frame . . (Tape '1) Fhss Fail 
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$1 
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24- 
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TEST DATA SHEET (continucd) 

? '  

* .  . . 
. -  

. .. . . .  . 
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, .  

. .  . .  

PARAGItAPII - . 
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SIDE 
Frame 

' 72 
73 
74 
75- 
76 
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A LS"LF'/SXDE /CCCE . .  
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Low Energy Step Voltage Generator  E r r o r  Analysis 
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Velocity F i l t e r  Step Voltage Generator  E r r o r  Analysis 
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High Energy  Step Voltage Genera tor  E r r o r  Analysis 
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APPENDIX A 

Typical Sine and Random Vibration Tes t  Reports and Requirements  



MARSHALL LABORATORIES 

TO Distribution DATE. 23 June 1967 

SUBJECT ALSEP /SIDE/ c CGE FR>. S. Pol lack 
Sine & Random Vibration Tes t  Report  

INTEROFFICE CORRESPONDENCE 

Reference: 1) Simulated Tes t  Model P / N  609298 Se r i a l  No. ML322-100 

2)  Tes t  Spec S-46594 Rev. B (Attached) 

3) Approved Engineering Tes t  Lab (AETL) Report  (Attached) 
Vib. 5966-1 Dated 6/19/67 (Tes t  performed 6 /14/67)  

PurDose 

The purpose of this tes t  i s  to evaluate the integri ty  of the new the rma l  
isolat ion s t ruc tu re  design (The inner  e lectronic  package at tachment  to 
outer  support  housing). 

Tes t  Model Configuration 

The sine and random vibration tes t  of a simulated tes t  model, re fe rence  
1, was conducted a t  AETL, June 14, containing the following design ' 
fea tures  and package var ia t ions:  

3) 

4) 

I '  x ' 

i 

Plas t i c  bottom (G10 ma te r i a l )  outer  box 

P la s t i c  in te rna l  to ex terna l  housing t ie down bol ts  (G10 
ma te  rial) 
Simulated foam filled bl ivets  with equivalent lead weights 

P la s t i c  s e t  s c rews  used to couple outer  housing to thermal  
spacer  

Two sample Reed Relays on top of thermal  space r  

1 mounted bubble level  & 1 as t ronaut  a p a c e r  handle attachment 
on top of t he rma l  

1 mounted dust cover re lay  (Dust cover  was omitted) 

Secondary sur face  m i r r o r s  (11 - 1" squa res )  

A mounted top s c r e e n  g r id  

CCIG & cable r e e l  mounted with captive front  cover 

No  l egs  were  utilized 

Outer box contained numerous skin cutouts 

Tes t  Pe r fo rmed  

1)  Sine vibrat ion in Y - Y  Axis 

(a) f r o m  5 cps to 100 cps  2 octaves p e r  minute at a 2g leve l  

(b) f r o m  5 cps to 100 cps 2 octaves pe r  minute a t  a 5g level  



(c)  F r o m  5 cps to 100 cps 1 octave p e r  minute i n  accordance 
with F igure  3 of S-46594. 

2) Random vibrat ion in  Y - Y  ax i s  (Not Run) 

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

4) Sine and random vibrat ion 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 t e s t s  per formed showed the integri ty  of the new thermal  isolation 
s t ruc tu re  design essent ia l ly  sound. 
however, other  a r e a s  showed some minor weaknesses  that a r e  enumerated 
in  the remaining sect ions below. 

Due to this modified configuration, 

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

R e m a r k s  
The following i t ems  r ep resen t  the var ious potential problem a r e a s  fourid 
during this tes t  coupled with cor rec t ive  act ion to be taken. 

P rob lem A r e a s  Recommended F ixes  
-~ - _ _ ~  

I Thermal  Spacer - Lexan 
( F r a c t u r e d  s e v e r a l  s c rew 
hole a r e a s )  

11 P l a s t i c  tension bol ts  
(Tendency to loosen) 

I11 Blivet F o a m  ( P a r t i a l  foam 
dis int igrat ion)  

I V  CCIG (Tends to f l o a t  under 
random vibration) 

V Top sect ion of inner  wrap 
around ( c rack  developed) 

VI Screws  
(Tendancy to backout of 
ins t rument )  

~~ 

ae Provide  thicker c ross -sec t ion  
b. Provide additional s c rews  
C. Add i n s e r t s  (where omitted) 
d. Inc rease  sc rew edge distance 
e. Use pan head s c r e w s  

a. Provide bolt with square  c ros s - sec t ion  
b. Use lock washe r s  
c. Make out of one piece eliminating 

ex t ra  a t tachment  
d. Epoxy end of bolt  

a. Provide conformal coat  spray  of foam 
(ECCO F o a m  200) 

a. Provide  positioning and locking pins  
to hold CCIG f i rmly  in  place 

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

b. 
together 
Inner mos t  web section to be tied to 
ve r t i ca l  member  with "S" bracket  

a. Screw-Lock (Locktite) Bonding to be 
used.  

Distribution 
D. Aalami 
G. Copper 
D. Nor r i s  
We Sandstrom 
W. Smith 
r i Ih2 1 4, 1-6. 7 
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APPROVED ENGl N EER ING TEST LABOR AT OR I ES 
5320 W. 104th St., Los Angeles, Calif. 90045 

AETL 

c 

Governme'nt Contract No. NAS9-5911 
Priority Rating DX-A2 

COMPANY 

Marshall Laboratories 
3 5 3 0  Torrance Blvd. 
Torrance, California 

DESCRIPTION OF TEST SPECIMEN 

One (1) Side Vibration Test Model of Ion Detector, Part Number 
6 0 9 2 9 8 ,  Serial Number ML322-100,  was submitted for testing. 

TEST EQUIPMENT E INSTRUMENTATI0,V 

M .  B .  Electronics Vibration Exciter, M / N  C - 6 0 ,  S/N 1 1 9  
M .  B. Electronics Amplifier, F I / N  T4!,2,  S/N 1 4 8 ,  1 7 . 5  kva 
PI. B. Electronics Automatic Control Console, M / N  T 3 8 8 ,  8 0  channel 
M .  B. Electronics Automatic Vibration Exciter Control, M/N N 5 7 2  
M. B. Electronics Accelerometer ~ntegrator/Amplifier, M / N  N504 
Minneapolis Honeywell.Oscillograph, 1 2  channel, M / N  9 0 6 B  Visicorder 
M, B. Electronics Charge Amplifiers ( 5 1 ,  M / N  N293, 1 to 1300 g ' s  
M. B. Electronics Accelerometers ( 2 ) ,  M / N  MB305, S/N's 1 6 3 3 4  E 182029 
Endevco Accelerometers ( 3 ) ;  M / N  2242M4, S/h' 6 8 2 4 ;  M / N  2 2 1 5 ,  S/N 2 8 0 i ;  
M/N 2 2 1 4 ,  S/N 6 4 3 6 ,  Piezoelectric 

TEST PROCLEDURES AND TEST RESULTS 

The test specimen was installed in the specially designed test 
fixture and mounted to the electrodamamic vibration exciter as 
shown in Photographs 1 and 2 of thi; test report. The  test specimen 
was subjected to I< E L) Vibration te,;ting, in accordance with 
Marshall Laboratories Specification No. S 4 6 5 9 4 ,  Revision B ,  dated 
5 / 2 3 / 5 7 ,  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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5320 W. 104th St., Los Angeles, Calif. 90045 

AETL 

Y 1.0 - 1 0 0  2 m i n u t e s  1 

5 - 2 0  
2 0  - 60 
6 0  . -  1 0 0  

0 . 3 7 " 3A 
r 5 f i t s  2 m i n u t e s  2 

0 . 3 7 " .)A 
f 7.15 4 ' s  
f 8 . 5  E'S 4 . 5  m i n u t e s  3 

U u r i  np, t h e  Y a x i s  v i b r a t i o n ,  %he v i t ; r - i to ry  1 c v e l s  were c o n t r o l  led 
ancl monitore?cJ hv mpans o f  f ive>  ( 5 )  accelerometer?,  loca ted  on  t h e  
t e s t  spec imen  a s  shown i n  F i g u r e  1 of t h i s  t e s t  report. The o u t n u t s  
f rom t h e  a ( * c e l e r o r n e t e r s  were recnrcled o n  t h e  oscillograph, a n d  all 
o:;cillog,raph r e c o r d i n p s  were f n r w a r d e  t o  M a r s h a l l  Laboratories a t  
t h e  conclusion 01 t h e  t e s t  for evf21ua t ion .  

The t e s t  spec imen was then re -mounted  i n  the X a x i s  ( S e e  P h o t o g r a n h s  
1 and 2) a n d  s u b j e c t e d  t o  t h r e e  ( 3 )  sinusoidal r u n s ,  a t  t h c  f r e q u e n c i e q  
and vihratnr7y l e v e l s  a s  shown above,  d i t h  t h e  e x c e p t i o n  t h a t  t h e  runs 
are  i d e n t i f i e d  as n i i m h e r ~  I t ,  5 ,  <jnd 6 ,  r e s n e c t i v e l v .  The accelerornetc>r 
l o c a t i o n s  a re  shown i n  rigure 2 c f  th is  t e s t  r e p o r t .  The  o s c i l l o g r a p h  
r c c o r d i n E s  were forwarded t o  ?ars l ia l l  Laboratories f o r  eva1ua t i . on .  

A t  t h e  c o n c l u s i o n  of tlic s inu* ;o i r : a l  v i b r a t i o n  in t h e  X a x i s ,  t h e  
t e s t  spec imen  was s i i b - j e c t e d  t o  r andom v i b r a t i o n  i n  t h e  X a x i s ,  a t  
t he  followin):  freouencieq ant \  poh,c.r s o e c t r a l  d e n s i t i e s :  

2 3  - 60 + 1 7  I ! ) / o c t a v e  
60 - 1511 

15n - 5 3 0  - 1 3  ( b / o c t a v e  
5 3 0  - 71100 0 . 3 0 1 t . 5  g 2 / c n s  5 m i n u t e s  7 . 8  P l l S  

0. 3 8 ' 1  g 2 / c p s  

'The power s p e c t r a l  d e n s i t y  versuc-  f r e q u e n c y  p l o t  recorded w a s  f o r w a r d e d  
t o  Marshall 1 , a b o r a t o r j e s  a t  t 3 e  c.onc1.11sion of t h e  t e s t .  
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TEST PROCEDURES AND TEST RESULTS (continued) 

During all vibration testing, the test specimen was monitored f o r  
any evidence of failure by Marishall Laboratories personnel. At t h e  
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. 

c 

STATE OF CALIFORNIA 
COUNTY OF LOS ANGELES 1 "' 

- Aaron Cohen Lab Director , being duly sworn, 
deposes and says: That :he information contained in this report is the result of 
comdete and carefully conducted tests and IS to the best of his knowledge true 

/ 4 /;" ,'/ and 'correct in all respects. 
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Accelerometer 

2 
3 
4 

t Accelerometer 
#l Control 

2 
5 
3 

5 4 
I_. ccelerometer L 

celerometer 

Axis Definit 
Locations - Y Axis 

Figure 1: 

ions E Accelerdmeter 

Rear View: 
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F i g u r e  2 -.-- 

Axis D e f i n i t i o n s  E Accelerometer Locations 
X A x  .i. s 



PHOTOGRAPS 1 
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SPECIMEN MOU~NTING CONFIGURATZON 
E AXfS DEFINIT30NS tY A X I S )  
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5-6 hours Sam Pollack 
23 Februa ry  1968 

INTERIM QUAL VIBRATION TEST 

REQUIREMENT FOR S / N  4 ALSEP SIDE 

OB J EC T IV E 

1. To evaluate the e lec t r ica l  and mechanical integri ty  of Blivets 

700 and 900 when subjected to  a Qual level  sinusoidal vibration 

tes t .  

2.  To evaluate secondary sur face  m i r r o r  cement.  

3 .  To evaluate dust cover  with o r  without securing lanyard pin. 

TESTS - REQUIREMENTS 

1. Sine-Vibration t e s t  shal l  be in  accordance with t e s t  profile,  

F igure  1. 

a r e  to be vibrated.  

Axis of vibration a r e  shown in F igu re  2.  All 3 axis  

1 1 Use of a s t r i p  cha r t  r e c o r d e r  shaUbe employed t o  obtain 

vibration input to ALSEPjSIDE (Tes t  sample) .  Also pro -  

visions for  2-3 pick ups shal l  be provided for  t e s t  sample 

outputs ( ' l Q ' l ) .  

1.2 Tes t  r epor t  shal l  be provided. 

1 3 Photos a s  requi red  by Marsha l l  Laborator ies ,  
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t -?a- 
f /A. i 

P r i o r i t y  h a t i n g  : B>(-A? 

C OM PA NY 

Marsha3.1 Labora tor ies  
3539 Torrance Boulevard 
Toi.rancc, Ca l i fo rn ia  9 0 5 0 3  

DESCRIPTJOfd OF TEST SPECIMEliS 

Two ( 2 )  Alscp/Sides, Part N u r i h r ,  Blivcl .  700 ,  S y s t e m  7 and 5 ,  
xcr'e s u h i t t e d  f o r  testing. 

The t e s t  specimens were subjected t o  s i n u s o i d a l  v i b m t i o n  i i t  acccrc',~nc c 
with t h e  instructicns of M a ~ ~ h a l . 1  Laboratories r e p r c s e n t a  t i v C s  2r.- -;tTnt 
duririg t h e  tesr p r c g r a n .  

The test specirnerla-; were Lns tal-led on the v i b r a t i o n  exciter and 
simultaneously s u b j e c t e d  t o  sinusoidal vibration for a period of 
2.!+ m i n u t e s  in each of the t h r e e  m u t u a l l y  p e r n e n d i c u 1 . m  axes ,  as 
shown in Figure 1 of t h i s  test r e p o r t .  
t o r y  l e v e l s  were as fo l lows:  

The frequencies and v i b r a -  

5 - 20 
20 - 60 
60 - 100 

150 - 60 
60 - 20 
20 - 5 

0.28Lc" DA 
5 5.5 a ' s  

.- 3 I. i3 ' 6 
9 5.; g ' s  

6.5 E ' S  + 

0.284" DA 
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During v ibrpa t ion ,  t h e  o u t p u t s  from the control accelerometer mourited 
on  t h e  t e s t  f i x t u r e ,  and t h r e e  monitor a c c e l e r o m t e r s  located on the 
test specimen as shown i n  Figure 1, were r e c o r d e d  on a V i s i c o r d c r .  
The v i s i c o r d e r  r e c o r d i n g s  o b t a i n e d  were forwarded t o  Marshall 
Laboratories under s e p a r a t e  c o v e r .  

A t  t h e  conclusion of vibration in each  axis, t h e  test specimens 
were v i s u a l l y  examined for e v i d e n c e  of damage o r  d c t e r i o r a t i o n .  

The test spec imens  complied with t h e  s p e c i f i c a t i o n  r e q u i r e m e n t s  
i n  a l l  respects. There was no e v i d e n c e  of damage o r  d e t e r i o r a -  
t i o n  no ted  as a r e s u l t  of vibration t e s t i n g .  

STATE OF CALIFORNIA 

--________ E d e l s t e i n  L- Lab -L  Director ____ _. Ceina duly S W ~ '  A r t  
deposes and says. That the information contained in thcs report IS the r-,u17 5' 
complete and carefully conducted tests 

day a! d-mk--. 195 
in and for the County of Los Angeles. State of Califc-nid. 

JAN LDViS '-1 '1 
1 *. My Cammisston Expires May 2, 1979 c 
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X 
A c c e l e r o i n e  t e r  # 4 
X Axis - COV 
Y Axis - X-talk 
2 A x i s  - X-talk 

ccelerometer h'3 
A x i s  - UOV 

Acceleronieter H 2  
Z A x i s  - DOV 
Y Axis - >(-talk 
X Axis - X-talk 

X 

X Axis  - X - t a l k  
Z A x i s  - X - t a l k  

1 

--+ z 

\ 
Y 

FIGURE 1 

AXTS IDENTIFICATION AND 
ACCLLEROMETER LOCATICJ~C,  



X-X AXIS 

Y-Y AXIS 

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

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

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

c )  ML Memo, dated 23 June 1967 (from S. Pollack) - "Sine and 
Random Vibration Tes t  Report t1  



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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SPACE EhVTRONMENT EX'FECTS LAROItAl'ORY 

AISEP/SUPRATHERM.AL ION.  DEPECTION EXPJBIME3T, THERMAL MODEL TEST 
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Technical Writer 
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J! u. 
F. R.  Holt 
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The object of this test was to determine the effects of a simulated lunar 
environment upon the ALSEP/Suprathermal Ion Detection Experiment T h e m 1  Model. 
The test article -8 to be subjected t o  simulated "lunar noon" and lflunar 

day/worst case" conditions. 

The two phlzsea of thermal vacuum testing were conducted over t f .  period of 
43.5 hours. During -the first phase, Iflunar noon" conditione were main- 
tained. 
maintained. 

TEST DATES 

During the second phase, *llunr-l.r day/wors t case" conditions were 

August 16 through August 17, 1967 

Apollo Lunar Surface Experiment Package / Suprathermal Ion Detection 
Experiment, Thermal Model 

INSTRUMENTATION 

I. The test was performed in Chamber E, SEEL 
2. 1 Genarco MX-6 Solar Simulator 
7,. 46 copper conr-ltnxtctn thermocouples: 

'/ on Lho IIN, liner 

6 on the lunar plane 
4 on the lunar plane fins 

L 

29 on the test article 
4. 1 Veeco ion gauge with Veeco ion gauge controller, Model RG-21X 
5. 2 Consolidated Ohmics Devices, Inc. ?50°F Reference Junction Boxes 
6. ,Beckman Digital Data System 
7. Hy-Gal 8400 Series Radiometer 
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W '1 TNES SES 

F. R. Bolt IRN/SEEL 

J. W. Clepper B RNA; JWL 

W. A. Parkan NASA/:; mx 

I 
S .  E. Cavalier U IlN/SICEL 

L. S .  McCullough BliN/S W L  

The ALSE.P/STDE 'Thermal Model was subjected to two phases of thermal 
vacuum teeting in Chamber R f o r  R 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 conditionft 
portion of the test. Twenty-nine thermocouples were attached to the 
teat article, and 6 were attached to the lunar plane. The tJJ2 liner 
WRS equipped with 7 thermocouples. Because the Pacific Data System 1020 
Computer w a s  out of ordey, all themnocoupleu were connected to the Heck- 
man D i g i t r z l  Data System and printed out in millivolts. I t  was, therefore, 
necessary to convert each thermocouple reading from millivolts to hhgi- 

neering Units individually. Figure 1 illustrates the re2ationship 
between time and the temperatures recorded by two strategic thermocouples. 

The 'I'hermttl Model of the AUEP/SIDR package used in the test was provided 
wi.th 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. 
heater was to be supplied with 5.4 watts of power throughout the test. 

This 
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During both phases of the teHt, the chamber pressure was maintained below 

the required muxiniuni of 1 x lom5 t o r r ,  and the s o l a r  simulrttor was oper- 

a ted  a t  1 - + .05 so la r  constants. 

w a s  maintained a t  the desired -t-250°F during most of the test .  Suff ic ient  

data were recorded during the t e s t  t o  formulate graphs depicting the r a t e  

and degree of changes i n  temperature and pressure during the en t i r e  43.5 
hour8 of tes t ing.  

'Che temperature of the lunar plane 

(ll'igurev 1 and 2 )  

H ES'[JL'T'S 

The desired chamber environment was maintained during the en t i r e  test .  

On the morning of August 16,  the chamber w a s  pumped down below the 

t o r r  range. A t  1500 hours on the same day, the s o l a r  simulator and the 

lunar plane heaters were turned on t o  operate during the en t i r e  test .  
The high temperatures soon caused the  f resh ly  painted lunar plane t o  

outgas considerably, resu l t ing  i n  higher pressure readings f o r  a shor t  

time. (see Figure 2) 

During Phase I ,  the power t o  the t e s t  a r t i c l e  heater  w a s  erroneously 

set  a t  .220 watts instead of the required 5.4 watts. This condition 

wae corrected later i n  Phase I ,  and 5.4 w a t t s  of power were supplied t o  

the f;mt wAic3r) hsrtter during the romajnin{-: portions of tho tes t .  

A t  1'jOO hours on Augwut 17, the lunar plltne was rotnted 10" t o  form an 

80" angle with the solar beam; and Vhase I1 of tho t e s t  wa.3 st&trted. 

During t h i s  par t  o f  the t e s t ,  "lunar day/worst c m e  conditions" were 

simulated. Temperatures and pressures similar t o  those of T'hase I were 

maintained. A t  2030 hours, August 1'7, the  solar simulator and the 5.4 
watts of power t o  the tes t  a r t i c l e  heater  were turned off.  This ended 
the t e s t .  



: ! I  : ; . . ,  . . 9 

C 

D 

L 

I '  , . . .  . 1 1  
. ! . ,  . I .  

. . ..I.& 

' ;  .!- 

7 .  

i '  j , .  

. /  

t I  
I ,  j '  

I .  

i :  
j 

f *  

. .  

! !  
! & '  

ii 3 



2 , , .  

j 

I 



GENERAL SPECIFICATION GUIDZ: FOE 
oa r  SI-loo MIRRORS FOR USE AS 

THERMAL CONTROL DEVICES 
- October, 1967 - 

The SI- 100 mirror was  recently developed by Optical  Coating Laboratory I_ 

for u s e  as a thermal control device in spacecraf t .  

In  the s p a c e  znvironnen-t, controlled hedting or cooling of hardware 

c a n  be achieved by the  control of thermal radiation incident on the  

s p a c e  package e A reduction of the absorptance of thermal radiation 

coupled with high infrared emittance is e s s e n t i a l  for real iz ing low 

s tab i l iza t ion  temperatures.  Due to its high intensity , t h e  sun is 
t h e  primary source of th i s  thermal radiation; thermal control in s p a c e ,  

therefore,  has  to d e a l  mainly with the contcof of solar irradiation. 

SI-100 mirrors have been  designed to ref lect  nearly a l l  of the  incident  

so la r  rsdiation. Total absorptance of so lar  radiation is held to less 
than 6%; in  addi t ion,  t hese  mirrors are highly emitting at temperatures 

below severa l  hundred degrees  Fahrenhzit; average emittance beyond 

7p is approximately 85% e When mounted properly, SI-100 mirrors are 
instrument a1 i n controlling stabil ization temperatures of s a te l l  i tes 
and/or space hardware in  the  space  environment e In appl icat ions 

where extremely low stabi l izat ion temperatures are  desirable  , t hese  

rnirrclrs have been found to  be the most efficient devices  m a i l a b l e .  

SI-100 mirrors have been used  very successfu l ly ,  for example, on 

programs s u c h  a s  the  "Lunar Orbitor." 

Weight coilsiderations coupled with requirements for ease of handling 

and mounting d ic ta te  the s i z e  of SI-100 mirrors, In other words,  

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

problem; in  addi t ion,  because  they are th in ,  individual mirrors cannot 

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



M i r r o r s  manufactured and coated by OCLI to data  have been for the 

most  pa r t ,  0.0081' thick fused s i l ica  o r  microshee t  flats; cylindrical  

m i r r o r s  to cover ex terna l  tubing on satel l i tes  have also been p ro -  

duced. 

OCLI has chosen a s i ze  of approximately 1" x 1" a s  a s tandard 

i tem; a number of m i r r o r s ,  1-1 /2" x 1-1/211, have also been pro- 

duced. 

Using pas t  requi rements  and existing tooling a s  a bas i s ,  

SI-100 m i r r o r s  a r e  generally attached to hardware by use  of a room 

tempera tu re  vulcanizing (general  c lass i f icat ion of RTV-) cement  of 

the type manufactured by General Elec t r ic  and Dow Corning. 

of SI-100 m i r r o r s  have found that sma l l  m i r r o r s  can  easi ly  be a s s e m -  

bled into panels using existing so la r  ce l l  cover s l ip  assembly techniques. 

Use r s  
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APPENDIX C 

Drawings : 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 Sc reen  Deployment P rocedure  

ALSEP / SIDE / C CGE Special Handling Instructions 

CCIG Lanyard and Cable Stowing P rocedure  
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1. 

2. 

3 .  

4. 

5. 

FOLD-UP PROCEDURE FOR ALSEP/SIDE GROUND SCREEN 

Slowly l i f t  ground s c r e e n  ( G . S . )  off f la t  table (See F i g u r e  1)  
hand (use  c lean  white gloves) .  

m e d i a t e l y  under  hub of G .  S. 

by holding ex t r ac to r  in on 

P l a c e  pa lm of other  hand 

Slowly c lose  p a l m  of hand 
w a r d  to a c losed  position. 
assist in this s t ep ,  

(holding hub) folding all rods  up- 
Note, u s e  other  hand to  guide and 

Drape  all w i r e  loops downward. (C'aution do not put s h a r p  
bends in w i r e )  

L a y  ground s c r e e n  ( in  folded position) horizontially ove r  m y l a r  
I (See F igu re  2 )  . Slowly and tightly ro l l  m y l a r  s leeve  around 

ground s c r e e n  r o d s  (mylar  s leeve  m a y  be removed f r o m  
ground s c r e e n  tube on SIDE Package) .  Hand wind m y l a r  
a round rods  unt i l  smooth and tight. 

6.  Slowly i n s e r t  gound s c r e e n  (Hub End)  into ground s c r e e n  tube. 

7. P r o c e e d  to  i n s e r t  G.S. into tube in a continuous twisting motion. 
Caution: do not wrinkle  up m y l a r  s leeve .  
r e a s s e m b l e  as n e c e s s a r y  ( s t eps  5 , 6  and 7). 

If wrinkles  occur  

8 : Then snap  ground s c r e e n  tube into spr ing cl ips  ons ide  of 
ALSEP/SIDE Package  with ex t r ac to r  on top ( s t o r e  uni t  in 
t h i s  configuration) . (For  prototype only - omit  for' all 
flight units.  ) 

c 
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A LSEP/SIDE/CCGE SPECIAL HANDLING INSTRUCTIONS 

Operation: Instal la t ion of SIDE/CCGE unit  into c a r r i n g  case .  

I n s u r e  that  the outboard mounting tab on SIDE is down and 
loca ted  in  the f ron t  of the c a r r i n g  case .  /--- 

Operat ion:  Handling the SIDE unit  o r  the CCIG unit. 

White gloves m u s t  be used  a t  all times when handling the SIDE o r  
CCIG unit. The e x t e r i o r  is coated with "S13-C" t h e r m a l  paint which 
is degraded  if touched by unprotected hands.  

Operation: Standing the SIDE unit  on anything except  the cen t r a l  
s ta t ion  p la t form.  

The  SIDE unit  is equipped with four  4'' a luminum l e g s  to  suppor t  
the SIDE uni t  i n  the standing posi t ion for  bench testing, etc. Remove 
the auxiliary l e g s  only when deploying the s tandard  l e g s  of f o r  t ie  down 
opera t ions  on the p l a t fo rm (norma l  flight conditions).  

d 

Operation: Cleaning SIDE unit: 

F i n g e r  smudges  o r  m a r k s  on the,SIDE or CCIG uni ts  m a y  be  , - 
r emoved  by rubbing lightly. with a soft  c loth using "BON AMI''  
c l e a n e r  and water .  

The  second su r face  m i r r o r s  on the t h e r m a l  s p a c e r  m a y  be cleaned 
by  using a sof t  c loth and isopropyl  alcohol. 

c 
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PROCEDURE FOR STOWING CCIG LANYARD AND CABLE 

I. 

1)  

F i r s t  0peration;stow Lanyard per  steps below: 

With CCIG in position, hold lanyard s t ra ight  out horizontally p e r  
F igu re  1 (Note: Use c lean  white gloves turnout stowing procedure) .  

Twist  lanyard 180° clockwise to  f o r m  a 3" loop at the end. P e r  
F igu re  2. 

2) 

3)  Fold  loop under to form a complete c i r c l e  of 3" per  F igu re  3 .  

4)  Repeat  s teps  2 through 4 to obtain a total  of 5 loops. See  F igu re  4. 

5) Fold  loops down f la t  against  s ide  of CCIG and hold in place with 
tape temporar i ly .  

11. Second 0peration;stok CCIG cable p e r  s t eps  below: 

1) With CCIG in housing, coi l  cable  counter clock wise into a 3" 
dia bundle, until all cable s lack  i s  removed. See F igu re  5. 

2) Remove tape f r o m  lanyard coil  and combine this coi l  with the 
CCIG cable coi ls .  See F igu re  6. 

. 3)  Fold  down and hold in place while secur ing  cover .  



Hold - 

FIGURE 1 

CCIG LANYARD AND CABLE STOWING 

3" Dia 
Mean 

CCIG 
Cable 

FIGURE 5 

FIGURE 2 . . 

Lanyard 
Twist  Onc e 
Again And 
Repeat  I 3 4 I 4 

J 

FIGURE 4 

FIGURE 6 

Lanyard  

Cable Coils 
Note: 
Fold  down and 
hold in place 
while s ecu r r in l  
cover .  
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Typical Assembly Plan: Chassis Assembly 
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STRESS ANALYSIS, ALSEP LEGS - N E W  DESIGN 3 JANUARY 1968 

1 .0  Reference :  F i l e  1.4.1.6.7 - S t r e s s  Analysis ALSEP Legs (no da te)  

Summary:  

A s  a r e s u l t  of f a i lu re s  of the f iberg lass  m a t e r i a l s  at  lunar  high t empera -  
t u re s ,  the design of the legs has  been modified f r o m  that analyzed in the 
r e fe rence  repor t .  
fitting m a t e r i a l s  f r o m  f iberg lass  to magnes ium.  
aluminum reinforcing plate was  added a c r o s s  the bottom of SIDE where  
the double legs  previously at tached to a f iberg lass  plate. Also,  a 
second a t t ach  s c r e w  was  added to each  body a t t ach  fitting. 

The  p r i m a r y  modification was  to change the leg 
In addition, a n  

F o r  loading, the lunar  weight of the as t ronaut  w a s  added over  the legs  
under  considerat ion,  in addition to  lunar  SIDE weight. 
than e a r t h  weight pe r  leg,  s o  e a r t h  weight was not used. 

A l l  s t r e s s  levels  calculated a r e  adequately safe.  

This  was  g r e a t e r  

2 .0  I. Body Reactions and Loads.  
(Nomenclature  as before ) 

Using lunar  weights,  and 
ful l  as t ronaut  weight over  
single leg: 

C F = O  

R L  = 33.5 - 31.6 = 1.9 lb 

Moment on r ight  leg: 

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

c 
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Moments  f o r  e a r t h  weight, 
w i thout a s t r onaut w e ight , 
a r e  a s  before  (27.9 lb - in  
fo r  right leg)  

-9 
3.0  11. S t r e s s e s  on Eight Leg & Fitt ing 

3.1 The leg fitting 
now extends 1'' 
into the f iberg lass  
leg tube. 

Equivalent load P is 
found f r o m  total length 
and  moment  load: 

M -  lo9  - 17.8 lbs. p =  - 
L - 6.13 - 

F o r  the contilever beam: 4.75 
MC S =- where  M = (17.8) (4.75) = 84.5 l b - i n  
I I = 8.85 x 10-3 in4 

C = 3 / 8  in 

S =  84*5  ( 3 )  XI03 = 3580 p s i  - 
8 (8.85) 

Allowable f lexure s t r e s s  for  the f iberg lass ,  

'Room Temp = 70,000 psi 

S1600F = 22,000 psi 

Therefore ,  if the leg tempera ture  is  not g r e a t e r  than 
1600F a t  deployment, the leg has  a safety margin  of 6:l .  

3 . 2  Fit t ings 

The fittings a r e  
magnes ium.  Addition 
of the No. 4 sc rew changes 
the reactions f r o m  previous 
calculations.  

7 
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.The moment  is 
induced through 
couple R 1  and R , 

corne r ' o f  the fitting and the two s c r e w s ,  both 
of which a r e  in combined s h e a r  and tension 

and reac ted  by t fi e 

MC : . 2 5  S2 t . 7 5  Si = lO&d 

With 3 unknowns and 2 equations, th i s  is 
stat ical ly  indeterminant.  However, the f o r c e s  
a t  SI and S2 can  be proportioned f r o m  geometry:  

. 2 5  S2 t . 7 5  (3)  S2 = 109 

- 109 = 4 3 . 6  l b s  s 2  - - 
2.  5. 

S i  = 3 S 2  = 3 ( 4 3 . 6 )  = 131 lbs .  

3 . 4  S1 is No.  4-40  s ta in less  s t e e l  s c r e w s :  

Tension on s t ee l  sc rew:  ( tensi le  a r e a  = .006 in2) 

- 
-6 = _. 13'  x 1 0 3  = 2 1 , 8 0 0 p s i -  

S.1 A 
S 

Allowable Ss = 19000 p s i .  

Shea r  cinNo. 10 screw:  (F = 218 lbs) 

AS = . 0174  

Ss = F  - = - 4 3 . 6  X 1 0 4  = 2 5 0 p s i  + 

A 174 
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3.5 

3.6 

3.7 

3.8 

3.. 9 

4.0 111. 

Shea r  on threads  is negligible. 

The re fo re ,  s c r e w s  will  adequately take loads.  

S t r e s s  on pin: (pin i s  1 / 8  dia s t a in l e s s )  

= 436 lbs  M 109 = m  F = d  

vl' 1 2 
A = 7 (gq-) = . 0 1 2 3 i n  

F o r  double shea r :  

F -  436 X 104 = 17,750 ps i  

Allowable Ss = .6 (75,000) = 45000 p s i  
S S = 2 A  - 2 4 6  

Pin  load on magnes ium fitting 

Bear ing  s t r e s s  - a r e a  = dia x thickness of par t :  

1 1 A = 2 ( 3 - )  (r) = 1 /32  

F -  436 - 13, 950 p s i +  i -732 - S B  = A  - 
Allowable bear ing  s t r e s s  (ul t imate)  = 50, 000 psi  + 

S t r e s s e s  on the fitting in the leg a r e  proportionally higher 
than previously calculated: 

F 436 - = - = 3.9 x g r e a t e r  
F 2  112 

SB = 7,5000 (3.9)  = 29,300 ps i  (allowable = 50,000 ps i )  

SB = 1,300 (3 .9)  = 5,070 psi  (allowable = 19,000 ps i )  
36& 

I S t r e s s e s  on Left  Legs 

The en t i re  lunar  weight of the 
as t ronaut  wil l  be put over  the lef t  legs .  

F on left  leg due to CG = 1.9  l b  ( see  page 2 )  

L 
I 
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F2 (total)  = 30 -t 1.9 = 31.9 lbs 

4.1 

4.2 

5.0' 

LL per  leg = 31.9 = 16 lbs  - 
2 

ML t 16 (4.5) = 72 lb-in 

S t r e s s  previously calculated on legs  and fi t t ings may 
be sca led  up by the ratio.. 

= 2.73 72 - M1 - 
M2 26.3 
- -  

Leg (at  notch) 

S = 430 (2.73)  = 1170 ps i  

Allowable a t  160 F = 22,000 p s i  

Leg - Support  P a n  

The left  l egs  w e r e  
previously at tached to 
a f ibe rg la s s  shee t  in 
the bottom of the 
housing, which fai led 
as shown. A n  aluminum 
pan has  been added 
under  the f ibe rg la s s  to 
provide s t i f fness .  

The pan i s  a t tached to the housing 
s ide wal l s  (under the bottom) with 
2 No. 4-40 s c r e w s  p e r  s ide.  The leg 
fitting holes a r e  common through the 
pan and the f ibe rg la s s .  

The F i b e r g l a s s  i s  e 10 in thick, expoxied 
in g l a s s  and edge supported,  s o  adds  b 

considerable  s t rength  at room tempera ture .  
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5.1 Loading on side s c r e w s  
of pan; w o r s t  c a s e ,  
en t i r e  load on pan: 

S Mc: .375 Si t 1.375 S2 = 72 
44 ’v -- 

7 2 #-/A 
5.2 Assuming the pan r ema ins  

s t r a igh t  and pivots sl ightly 
about point C ,  then the 
def lect ions a t  S1 and S2 are 

-2 - - 1.375 , , : 2 = 3.67 1 
1 .375 

- F L (F = force S) - -  A E  and 

2 = F 2 L 2  F1 L1 
1 -  J//&’+g /0&0146 

A 2  E 2  A 1  E1 SLBOWS 

F 2  = 3.67 F1 

Since all L,  A & e ‘ s  are  equal,  

F2 = 3.67 F1 a n d S 2  = 3.67 S1 

5.3 Substi tuting in moment  equation: 

-375 Si t 1.375 (3.67) SI = 72 

‘1 _- 5.425 = 1 3 . 3  lbs  - 32 

3.67 (13.3) = 4817 lbs s2 = 
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5 . 4  T h e s e  loads a r e  distributed half on e a c h  s ide:  

Si / s c r e w  = - 1 3 . 3  = 6.65 Ibs 

S 2  / s c r e w  = - = 2 4 . 3  Ibs 

2 

2 
. 48.7 

Shear  a r e a  for  No., 4 - 4 0  s c r e w  = 6 x in. 2 

Ssi = F =' 6.65 x 103 = 1100 p s i  + 

6 - 
A 

= 2 4 . 3  x lo3 = 4040 ps i  - ss2 -7 

5 . 5  Allowable shear s t r e s s  for  s ta in le s s  = 4 5 , 0 0 0  psi  

Bearing  stress in a luminum a t  s c r e w s :  

- 3  2 A r e a  = dia x thickness  ( . 1 1 2 )  (.05) = 5.6 x 10 in 

x l o 3  = 4350 p s i  + 

= 2 4 . 3  
5.6 ' 'B2 

Allowable bearing s t r e s s  = 4 6 , 0 0 0  ps i  c 



ALSER/SIDE TFIEHMAL TEST sErr -UP 
TESTNO.  1 

.. r- - 

DA TA 

1)  Oven Temp - - -  25gCE 

2) 'Ista1 Weight _ _ _  35 
(1.5 x e a r t h  weight) 

3) Time  I n  Oven _ _ _  72 HRS 

N E W  LEG & SUPPORT CONFIGURATION 

TESTNO.  2 

11 /11/11/ 

FIGURE 1 

1 )  Oven T e m p  _ _ _  250°F 

2 )  Weight _ _ _  5.5 at 4.5" 
( 25 in) 

Es t ima ted  E a r t h  Weight 

3)  T i m e  in Oven _ _ _  7 Days 

. 
c 



ALSEP/SIDE TEMPERATURE TESTING - LEG EVALUATION 

6.0 THERMAL TESTING 

Init ial  t he rma l  tes t ing of the ALSEP/SI.DE Housing and Leg Con- 
f igurat ion indicated that  a t empera tu re  c r e e p  problem existed. 
Cor rec t ive  s t eps  w e r e  taken to r emedy  this si tuation as  discussed 
in the proceeding s t r e s s  analysis .  
t h e r m a l  t e s t s  w e r e  conducted a s  follows: 

To substantiate this redesign,  

6.1 The new leg configuration was  placed in a forced  a i r  type 
oven with a s imulated weight of 35 pounds. (ALSEP moon 
weight plus (t) as t ronaut  moon weight fo r  a per iod of 72 
hours  at  a t empera tu re  of 250°F, See Tes t  1 of F igu re  1) .  
A review of the leg and leg components,  a f t e r  completion 
of this tes t ,  showed no evidence of deformation o r  degradation 
of leg performance.  

6.2 In addition to the above t e s t  a t empera tu re  t e s t  of a n  in- 
dividual cant i levered leg was  per formed.  An equivalent 
e a r t h  weight (5.5) was  suspended 4 .5  inches f r o m  the support  
end f o r  a per iod of 7 days a t  250OF. 
took place,  approximately .06" to  .200" permanent  deflection 
w a s  experienced (See F igu re  2). 

Slight bowing of legs  

7..0 CONCLUSION 

. The s t r e s s  ana lys i s  completed with the ac tua l  s imulated t empera tu re  
load t e s t s  per formed at Marsha l l  Labora tor ies  indicated relat ively 
high s t r u c t u r a l  integri ty  of the leg and leg suppor ts .  

Since the ac tua l  moon loads sha l l  be 1 / 6  of the e a r t h  loads,  a high 
contidence level  of this  design configuration i s  believed. 

8.0 L E G  SPRING RETURN MODIFICATION AND TEST 

To insure  zdequate extension of the ALSEP/SIDE Legs the extension 
sp r ings  ( P / N  609-) w e r e  modified to provide a n  extension fo rce  
of 20 ounce in l ieu of 10 ounce. 
and ac tua l  f o r c e  values  obtained. 

See F i g u r e  3 f o r  the t e s t  method 
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SOLENOID TESTING 

&I May 1968 

SOLENOID FORCES 

Number 1 

Number 2 

Number 3 

Number 4 

Number 5 

20 volts 

5 g r a m s  

36 g r a m s  

20 g r a m s  

56 g r a m s  

50 g r a m s  

28 volts 

95 g rams  

133 grams  

161 g rams  

191 g r a m s  

191 g r a m s  



SOLENOID TESTS 

Remarks:  

Resis tance 1 8 a  a t  25OC (77OF) 

192n at 77OF 20 seconds l a t e r  

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

Checked up and down sca l e  (Repeats 0. k. ) 

P r e s e n t  2500 tu rns  - Taken by J i m  Pe te r son  and Sam Pollack 5 /22/68  

Pull-In Voltage Mil l iamperes  Voltage in W a t t s  

16.3 

17 

18 

19 
20 

21 

22  

23 

24 

25 

26 

27 

28 

29 
30 

85 

89 
94 
99.5 

105 

110 

115 

120 

125 

130 

135 

140 

140 

147 

150 

1.382 

1.51 

1 .7  

1.89 

2.1 

2.31 

2.53 

2.76 

3.62 

3.25 

3.51 

3.78 

4 .03  

4.26 

3.5 
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Paint Used: 

P r i m e r  Used: 

Tes t  Samples: 

Temperature:  

Results:  

DUST COVER PAINT PEELING STUDY 

Summary  

of 

Paint Peeling T e s t  with 3-M Velvet 

3-M Velvet Coating, 100 Series No. 101-A-10 
White VC-3-44 Lot 

GE 233-4044 Clear  Silicone P r i m e r  

Aluminum, Lexan and Glass  Epoxy Board. 
All Mating Combination of Painted Samples 
Used ie. AL to AL, A1 to  Glass Board etc. 

Cold tes t  - Room Tempera tu re  to -9O0F 
High Tes t  - Room Tempera ture  to t250°F 

TEST SET-UP 

No peeling encountered 
See Attached Details 



" I  SAMPLE 3-M PAINT TESTS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Cut (2 each) samples  of aluminum, g lass  f iber  board and lexan 
approximately 2" x 2". 

Prepa red  the sur faces  with No. 240 gr i t  emery  cloth and 
cleaned with alcohol. 

P r i m e d  with GE SS-4044 Clear  Silicone P r i m e r .  
30 minutes 

Air  d r i ed  for 

Spray  painted t h r e e  coats  of 3M velvet coating 100 s e r i e s ,  No. 
101 -A-10 White. 
t h i rd  coat ,  13 hours  a f te r  final coat. 

Ai r  dr ied  15 minutes between second and 

Clamped samples  together in  the following o r d e r  - lexan, a lumi-  
num-aluminum, glass  fiber board,  glass  fiber board and lexan. 

Clamped samples  were  then subjected to -75OC for 2 hours .  
re leas ing  c lamps ,  samples  fe l l  apa r t  by the i r  own weight. No 
de ter iora t ion  of the paint was noted. 

Upon 

One of each sample  was then exposed to long wave u l t r a  violet 
a t  a dis tance of 1 / 2  inch and at80°C, for  4 hours.  

Also one of each sample was held at  -75OC while a llO°C hooded 
lamp was placed one half inch over the s e t  up for 3 hours .  
deteriorationowas noted. 
dr i f t  up to 25 C. 

Continuing with the samples  whichowere a t  -75OC for  3 hours ,  
the t empera tu re  was ra i sed  to 11 5 C for  17 hours ,  then dropped 
again to -75OC in  about 45 minutes and then allowed to dr i f t  up 
to 25OC. 

No 
Then the t empera tu re  was allowed t6 

No de ter iora t ion  was  noted. 

For the l a s t  t e s t  the aluminum and g lass  board samples  were  
painted s ide up and the lexan was painted s ide down res t ing  on 
the other two. After the 
t e s t  no bonding o r  sticking action was noted. 

A 250 g ram weight was then added. 

Test ing Pe r fo rmed  by J i m  Pe te r son  

Concurred by Sam Pollack 



ALSEP/SIDE STRESS AND DEFLECTION O F  E L T E R N A L S X  

R e f .  - M a r k s  Handbook 
P 

S t r e s s  of F l a t  Plate S ' ,  ' = K 9 t = 040" thickness 
L 
t =  .0016" 

s, = . 4 9 7 x 2 0  

.0016 

S = 6,200 p s i  

Alum Alloys 
Marks  Handbook 
6-68 

52-S 5052 

12,000 ps i  accep t  yield 

27,000 ps i  ul t imate  

P =  20% 

R = 12 = 2.0 

r 6  
-- 

K . =  .497 

K1. = .0277 

E = l o x  106 p s i  

t 3  = 64 x 

r2 = 36 in2 Deflection of F l a t  P l a t e  

- ~1 P r 2  

E t3 
- - 

Y, = ( .0277) (20) (36 in2) 

10 x 64 

Y .03105 " Deflection 
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SKETCH SIDE OF ALSEP BOX 

I 

A s sume C onc e ntr a te d 

tl Force 20 

\ 
\ 

-/ 

_.- 

1 I 



ASSUME STRESS ABOVE ELASTIC LIMITS 1 3 , 0 0 0  p s i  
-__. 

. 4 9 7  x 20  
= \1 13,000 * 

t = 1- 
- 2  t = 2 . 7 6 , l O  . 

t = . 0276  in thickness 

Deflection MVx 

Pr2 Y .  = K1 - 
Et3 

Y = (.02’77) (20) (36)  

10 x 1 9 . 7  

Y = .120in. 
._ 



Fiat P la t e  F o r c e  

s = P  
tL 

P = S  t2 

K 

P = 13,000 (.0016) 

.497 

With  13,000 PSI (12,000 p s i  is  e las t ic  limit) 

F ind  m a x  fo rce  to r e a c h  yield s t r e s s  
with wall thickness of 

t = .040, t2 = .0016 

S = 13,000 psi  

K = .497 

P = 42 

P = 41.8 

P = 42 * 

Side of Ex te rna l  Box 

P= 

J 



, 

CHANNELTRON STRESS REPORT 

(S Y LGA RD ENCA PSU LA TION) 

The following cove r s  the calculations f o r  possible  the rma l  s t r e s s e s  
set-up in the channeltron due to the rma l  expansion of the potting 
m a t e r i a l  ( sy lgard  182 Dow Corning Mater ia l ) .  

Two (2) considerat ions a r e  given h e r e  f o r  discussion:  

1) During t empera tu re  inc rease  of the channeltron module the 
supporting sy lgard  cavity inc reases  in d i ame te r  as a possibil i ty,  
t he re -by  reducing the rma l  expansion s t r e s s e s  on channeltron. 

2)  The sy lgard  expands with t empera tu re  in a manner  that provides  
tens i le  stresses on chanfieltron neck. 

The second considerat ion is d iscussed  and analyized in this r epor t .  

The f o r c e s  act ing on the channeltron a r e  i l lus t ra ted  in F igu re  1. 

Ref Mate r i a l  (Attached) 

1. Sketch of channeltron in le t te r  f r o m  W .  A .  Smith 
dated 6 June  1967 

2. Dow Corning bulletin on Sylgard 182 

Engineer ing Data 

1. 

2. 

3.  Coef. of Exp.  (G las s )  - 50 x 10-7inch  per  OF(Marks handbook) 

T e m p e r a t u r e  Range 20OC to 80OC 
Coef. of Exp.  (Sylgard 182) = 300 X 10-6 inch pe r  OC 

4. * Giass  s t rength  tensi le  = 10,000 ps i  ( I '  I '  1 
(common g la s s )  Compress ive  = 50,000 ps i  ( I'  ) 

5. Sylgard s t rength  tens i le  = 800 - 1000 p s i  (See Reference  2)  
6. Young modules of e las t ic i ty  

. of Sylgard 182 = 90 ps i  

* Although compress ive  s t r eng th  i s  shown 

Glass  Basical ly  F a i l s  in  Tension 

Reference  Marks  Handbook 
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Information about 

('-- 

to 200C. Other 

transparency -embedded parts can be inspected 

* eosy repairabilify - sections of the resin can be cut 
out for replacement of components; new resin can bc 
poured in place and cured to re-form a tight seal; 
physical and electrical stability - retains propcrtiej 
from -65 to 200 C (-85 to 392 F), over a widc 
range of frequency and humidity; 
firmness ond ff exibility - 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 qualities - Iow 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. 

cured resin are: 

flows easily, even around intricate parts. . visualIy ; 
Features of the Fluid Resin 
Sylgard 182 resin is easy to process and use. The 
resin and its curing agent blend readily, and the low 
viscosity of the catalyzed material (under 4,000 centi- 
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 wiIl 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 serviee at once, at any oper- 

SPECIFICATIONS FOR SYLGARD 182 RESIN 
(These values ate Dow Corning qirality control standnrds) 

As Supplied 

ASTM D-445, Viscosity a t  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 at 65" C: 

.. ASTM D-1298, Specific Gravity at 25" C .................................. 1.05-tO.03 

ASTM D-792, blethod A, Specific Gravity ................................ 1.05rt0.03 . 
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 lo? cps .......................... 2.88 

at 10.' cps .......................... 2.88 
ASTM D-150 Dissipation Factor, maximum, at lo2 cps .......................... 0.002 

at 1V cps ......................... 0.002 
ASTM D-257 Volume Resistivity, ohm-cm, minimum .......................... 1 x 10" 
Afkr 1 hour at 150" C: 

ASTM D-412 Die C, Elongation, % minimum ................................... 100 

' * Tested on specimen 0.062 inch thick, using %-inch standard ASTM electrodes, 500 volts per 

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

second rate of rise. 

I (Continued on next page) 

The information and data contained herein are based BULLETIN: 07-214 DATE: AUGUST. 1966 

ELECTRONICS PRODUCTS DIVISION on information we believe reliable. You should thor- 
oughly test any application, and independently 
conclude satisfactory performance before commer- - " . --- - -----.---- D O W  C O R N I N G  C O R P O R A T I O N  
cialiration. Suggestions of uses should not be taken MIDLAND,  M I C H I G A N  4 8 6 4 0  

c i  
, as inducements to infringe any particular patent. L--.. I --L- 1Iaml.4 BMTDN CMlUCO CLEVELAND DALLAS LDS ANGELES NEW V O W  
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Generol Data* 

TYPICAL PHYSICAL PROPERTIES 
(These values are riot iti?crrdcd for mc* iri prcparitig specificutioris) . 

As Supplied - 
Color ...................................... .:. ....................... Light Straw 
Silicone Resin Content, percent ................................................. 100 

Specific Gravity at 25 C (77 F) ................................................ 1.05 
Viscosity at 25 C. centistokes .................................................. 5.500 

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

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

Pot'Life* at 25 C (with curing agent added) .................................... 8 hours 

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

As Cured (4  hours at 65 C )  

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

Hardness,Shore A Scale ......................................................... 40 

Specific Gravity .............................................................. 1.05 
Thermal Conductivity, cal per [(cm) (degree C) (sec)l ........................ 3.5 x lo-' 
Linear CoeRcient of Thermal Expansion, in/in!degree C (-55 to 150 C) ......... 300 x 10" 

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

after 1.000 hrs at 150C (302 F) ............................................. 1.6 
after 1,000 hrs at 200C (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 megarads 

Flammability (ASTM I9 635) ...................................... !klf-extinguishing 

* Specimpn size: 1 inch by 1% inches by 1/16 inch thick. - 
TYPICAL 'ELECTRICAL PROPERTIES ' 

(These values are not intended for use in prepring specificatioirs) 

. . High Frequency DotoS 

- _  rl r,, 

Cured, then at at a1 
Aged Properties -5SC 23C 15OC 

1.000 hours -,- 
As at 206 c 

Cured (392 F) Dielectric Constant (ASTM D 150) 
ASTM D 150 Dielectric Constant, at Ix loD cps ............... 2.90 

60cps ......... 2.70 2.65 
105 cps ......... 2.79 2.65 

ASTM D 150 Dissipation Factor, 

at 3 x Id" cps ............... 2.86 
at 8.5 x IOD cps .............. 2.81 

6Ocps ......... 0.001 0.001' 
1oGcps ........ 0.001 0.00 1 Dissipation Factor (ASTM D 150) 

ASTM D 257 Volume Resistivity, . at 1 x 10" cps ............... 0.0200 
....... at 3 x  10" cps 0.0240 

AP . D 149 Electric Strength, at 8.5 x 10" cps .............. 0.0290 

ohm-cm 2 ~ 1 0 ~  2 x 10'' 

volts per milt . . 550 600 

. ............... 
i 

2.79 
2.77 
2.73 

0.008 1 

0.0 120 
0.0.1 99 

2.50 
2.48 
2.45 

0.0026 
0.0040 
0.0073 

- 
* 0.062 inch-thick specimens, cured 4 hours at 65 C. 
9 % inch Standard ASTM Electrode, 500 ,volts per second 

$These values were determined at the Massachusetts Institute 
of Technology Laboratory for Insulation Research. 

* .  e . . . . a  A .I . , rate OC rise. 
* Page 6 
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P a g e  7 

AREA OF THROAT 

D1 = OD = . O  80' '  00 

D2 = ID = .O 80" -.030 = .05O1f ID 

.015" inch wa l l  thickness  

AREA OF THROAT OR BASE OF CONE 

A t  - - ,-, r r D 2  - OD: = - P (D1 2 - DZ2 1 
4 4 4 

= r  
A t  - 4 (( =080)2 - (.050)2) 

A t  = - r (.0064 - .0025) 
4 

A t  = ( . l O O l O )  

At  = 3.14 x .001 

At = .00314 in2 
1 - 1 ' .  

A r e a  of Throa t  of Channeltron 



Page  8 

MARSHALL LAB TEST 

OF SYLGARD FOR 

YOUNGS MODULES OF ELASTICITY 

(Not Available In Sylgard Bulletin) 

Young Modules of Elas t ic i ty  

11 y = Stress = F / A  
S t r a in  T 

Y = Fl - 
A d  

Y = 1 x .901in 
1 in2 .010 

Y = 90 psi 

F o r c e  due to sy lgard  on the contact a r e a  ( see  page 5 fo r  l a t e ra l  contact 
area) 

The f o r c e  exer ted  on this  sur face  is * F = 9 0 x . 2 ~  .010 = .18 

F = .18 

Assume  F = . 2  

* 
d= 



._ . . 

A = F . 2 5  ( .125)  t ( . 0 4 )  

A = F . 2 5  ( . 1 6 5 )  

P a g e  9 

= . 0426  

LATERAL CONTACT 

BY SYLGARD 
AREA CONE 

A = F S (r  t '1) 
Net  

Lateral  Area  'Total Cone 

AL = 1 / 2  IT D1 

AL = 1 / 2  IT (.250) ( . 44 )  

Lateral  Area  Top Section of Cone 

A T  = 1 / 2  D ( 3 . 4 )  
= 1 / 2  . 0 4  ( 3 . 4 )  

1 . 7 3  
A = .130in2  (Check Only) 1 - .'043 

I 
Net Surface  - - .130in2  
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STRESS ON GLASS THROAT 

i l  
Fv = FH T a n Q  

F, = ( . 2 )  ( T a n 2 2 - 1 / 2 )  

F, = (.2) (.414) 

F, = .08 

F, = .1 + 

Glass  Throa t  - 

A Throa t  

= .1 = 30 p s i  
__. 

8 .  
.003 

Assume Worst  C a s e  

s = .5 = 500 p s i  ( s t rength  of g las s  = 10,000 p s i  in tension)  

,001 

Over 20X Safety F a c t o r  



-.. 
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CONCLUSION 

Based on these calculations a safe ty  fac tor  of 20 is evident on the 
s t r e s s e s  believed to be exer ted  by the expansion of Sylgard on the 
ChanneLtron Throat .  

During the f reez ing  cycle  the s t r e s s e s  would be reduced accordingly.  

If the 1 s t  considerat ion (mentioned e a r l i e r )  i s  believed to  be t rue  , then 
the ana lys i s  would s t i l l  apply fo r  the f reez ing  cycle  with no s e v e r e  
stress on the g l a s s  t h roa t  due to  sy lgard .  



APPENDIX G 

Assembly Drawings,  High & Low Energy Detection 
Alignment F ix ture  s 
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APPENDIX H 

Paint Specific ations 

Materials List 



S-13, S-13G AND S-13H P A I N T  SPECIFICATIONS 

Formulation: 

P a r t s  by Weiqht 

Mat e.r i a 1 - S-13 S-13G S-13H 

SP500 z i n c  oxide ( N e w  J e r sey  Zinc) 240 - - 
PS7-treated SP500 z i n c  oxide - 240 373 
General Electric RTV-602 s i l i c o n e  100 100 100 

200 Toluene, U . S  .P . 175 175 
515 515 673 

- - - 
. .  

The z i n c  oxide,  the RTV-602, and 100 parts by weight of 

the to luene  are premixed and charged t o  a p o r c e l a i n  b a l l  m i l l  

i n  a q u a n t i t y  s u f f i c i e n t  t o  j u s t  f i l l  the void space when the 

m i l l  is one-half f u l l  of g r ind ing  s tones  0.5 i n .  i n  diameter .  
/ 

The 

The 

the 

and 

and 

but 

p a i n t  is  ground for  4 hr a t  approxtmately 70% c r i t i ca l  speed. 

c r i t i c a l  speed ( r p m )  i s  given by:, 

r a d i u s  of the m i l l  i n  feet. The b a s i c  charge i s  then  removed, 

the remaining to luene  is added t o  the m i l l .  The m i l l  r e s i d u e  

the so lven t  a r e  ground u n t i l  the con ten t s  a r e  uniformly t h i n ,  

=,fez , where R is 
wCS 

not for  more than 5 min. The c o n t e n t s  a r e  then  added t o  the 

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

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

JOT R E S E A R C H  I N S T I T U T E  

1 



- - 

Prepa ra t ion  of Pa in t  for Appi ica t ion :  The p a i n t  i s  fur- 
* 1  

nished wi thout  the SRC-05 c a t a l y s t ,  The c a t a l y s t  is added a s  1 

p a r t  SRC-05 i n  1 0 - p a r t s  of to luene :  The c a t a l y s t  s o l u t i o n  is 

added ' t o  the p a i n t  w i t h  thorough s t i r r i n g  . A low c a t  a l y s  t con- 

c e n t r a t i o n  is recommended i n  order t o  ensu re  optimum s t a b i l i t y  
* -  

t o  u l t r a v i o l e t  i r r a d i a t i o n  i n  vacuum. A concen t r a t ion  of 0.4% 

based upon RTV-602 prov ides  optimum s t a b i l i t y  without  g r e a t l y  

s a c r i f i c i n g  terminal-cure p r o p e r t i e s ,  a l though a c o a t i n g  prepared 

a t  this  concen t r a t ion  r e p r e s e n t s  the lower l i m i t  wi thout  s a c r i -  

f i c i n g  cu re  and p h y s i c a l  p r o p e r t i e s .  Somewhat better p h y s i c a l  

p r o p e r t i e s  a r e  obta ined  w i t h  a c a t a l y s t  concen t r a t ion  of 0 , 5 %  

based on RTV-602 and s t i l l  better p r o p e r t i e s  are obta ined  a t  

0.95% SRC-05. The p a r t s  by weight of p a i n t  t o  which 1 p a r t  of 

SRC-05 c a t a l y s t  and 10 p a r t s  of t o luene  a r e  added a r e  given i n  

the fo l lowing  t a b l e  f o r  s e v e r a l  c a t a l y s t  c o i k e n t r a t i o n s ,  

SRC.-05 C ATALYST-TO-PAINT RATIOS 

SRC-OS 
- -Concentrat ion* 

** 
P a r t s  bv Weiqht of P a i n t  
- S-13 S-13G S-13H 

0 .4  . 1290 1290 1680 
0 . 5  1030 1030 1350 
0 .95  690 690 900 
1.0 515 515 695 

* 
** based on RTV-602 s o l i d s  

( t o  which 1 p a r t  SRC-05 i n  10 p a r t s  t o luene  e 

is added) 

2 



The c a t a l y s t  s o l u t i o n  is added on ly  a s  the p a i n t  i s  used and t o  

only the amount t h a t  can be appl ied  i n  a 30 min period, Allbw 

the ca ta lyzed  p a i n t  t o  set for  10 t o  15 minutes before appl ica-  

t i o n  t o  the primed sur faces .  The p a i n t  should be thoroughly 

st irred before  t r a n s f e r  t o  other c o n t a i n e r s  or before  a d d i t i o n  

of c a t a l y s t ,  

Prepara t ion  of Surfaces  fo r  Pa in t inq :  Standard s u r f a c e  

c l ean ing  procedures should be used t o  prepare  t h e  s u r f a c e  f o r .  

a p p l i c a t i o n  of the 5-13 p a i n t .  S-13 p a i n t  c a n ,  i n  g e n e r a l ,  be 

appl ied  t o  any su r face  t o  which' the requi red  primer can be appl ied.  

The primer General Electric 's  p r o p r i e t a r y  SS-4044, can be appl ied  

t o  either anodized or z i n c  chromate-primed su r faces .  It is pre- 

f e r a b l e  t h a t  it be appl ied  t o  c l e a n  bare  metal or t o  anodized 

su r faces ,  however. Greasy s u r f a c e s  should be cleaned w i t h  s tan-  

dard de t e rgen t  and water prior t o  priming; they should be thor-  
/ 

oughly dry.  

Applicat ion of Pa in t :  The primer can be spray-applied 

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

0.5 m i l  of primer is required ( j u s t  enough t o  provide a base for 

the S-13 p a i n t )  e ?he primer should be allowed t o  a i r - d r y  for  

1 t o  2 hours  before  a p p l i c a t i o n  of the S-13 p a i n t .  

The 5-13 p a i n t  can be spray-applied w i t h  a Binks model 18 

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

Unless  missi le-grade a i r  is a v a i l a b l e  p r e p u r i f i e d  q i t r o g e n  or 

p repur i f i ed  a i r  must be used. The S-13 p a i n t  should be allowed 

3 



t o  a i r -cure  16 hours  before handl ing.  I T  IS IMPERATIVE THAT DUST 

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

The w e t  f i l m  t h i c k n e s s  of the p a i n t  can be measured by 

either the Pfund or the In te rchemica l  w e t - f  i l m  t h i ckness  gage 

or a s u i t a b l e  bridge-type gage. Dry f i l m  t h i ckness  can be measur- 

ed w i t h  a Fischer Permascope nondes t ruc t ive  th i ckness  tester 

\ 

.. 

type ECTH. 

Reappl ica t ion :  So i l ed  or damaged areas can be r ecoa ted .  

Soiled a r e a s  must be c leaned  thoroughly w i t h  de t e rgen t  and water 
- -  __ - 

and-dr ied  be fo re  a p p l i c a t i o n  of a d d i t i o n a l  S-13 p a i n t .  Damaged 

or gouged a r e a s  can be recoa ted  by making a p a s t e  of S-13 i n  

- ----.---which the bu lk  of the s o l v e n t  is  omitted.  Such a m a t e r i a l  can 

be trowelled or brushed over the damaged a r e a s  and c u r e s  

tack-free w i t h i n  a f e w  hours .  

S toraqe  of the P a i n t :  The p a i n t  is supp l i ed  i n  v a r i o u s  

q u a n t i t i e s .  Since the p a i n t  cannot be mixed w i t h  c a t a l y s t  solu-  

t i o n s  i n  l a r g e r  l o t s  t han  can be app l i ed  a t  one t i m e ,  it may be 

d e s i r a b l e  t o  s t o r e  t h e  p a i n t  i n  smaller c o n t a i n e r s .  If  smal le r  -_- - -  

. .._ -- c o n t a i n e r s  a r e  u t i l i z e d ,  on ly  g l a s s ,  n i c k e l ,  or un l ined ,  unleaded, 

unsoldered steel  cans  can  be 'u sed .  The caps ,  t o p s ,  or c l o s u r e s  _ _  

of these c o n t a i n e r s  should - - no t  -. possess gummed s e a l s  or any mat- -. - . 

e r i a l  s o l u b l e  i n  to luene  (we use u n p l a s t i c i z e d  Mylar and aluminum- 

f o i l  s e a l s ) ,  

! I T  R E S E A R C H  I N S T I T U T E  
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Physical  P rope r t i e s :  P a i n t  S-13 (and 3 - 1 3 G  and S-13H 

rubbery and r e s i l i en t ,  Therefore ,  it can be gouged by a sharp 

t o o l  with l i t t l e  e f f o r t .  Its adherence is exce l l en t  when a 

primer i s  used but  is  very poor. when appl ied d i r e c t l y  t o  a metal 

s u b s t r a t e ,  i n  which case  it can be s t r ipped  from the  s u b s t r a t e  

i n  one p i ece ,  Because of t h e  r e s i l i e n c y  of the  surface, dirt 

t ends  t o  c l i n g  t o  the sur face .  D i r t  can be e a s i l y  removed by 

wiping w i t h  a water-moistened CLEAN, SOFT c l o t h ,  NOTE: S-13- 

TYPE COATINGS SHOULID NEVER BE CLEANED WITH aRGANIC SOLVENTS. 

S-13 coa t ings  withstand more than 10 thermal-shock c y c l e s  con- 

i s s t i n g  of immersion i n  l i q u i d  n i t rogen  followed by r a p i d  hea t -  

ing t o  200OF. The p a i n t  can be t o r s i o n a l l y  stressed t o  90° 

without f a i l u r e  and withstands repea ted  bending t o  180O. 

Optical  P rope r t i e s :  Minimal s o l a r  absorptance is not 

obtained u n t i l  a th ickness  of nea r ly  10 m i l s  is reached. The 

following t a b u l a t i o n  i s  provided a s  a guide fo r  S-13. Similar  

values have been obtained f o r  S-13H;  t h e  as of S-13G is  about 

0.01 higher €or each th ickness .  

Thickness 
jf0,25 m i l L  

1 
2 
3 
4 
5 
6 
8 
9 
10 

Solar  Absorptance 
(fO.O1) 
0.30 

e 25 
.23 
e 21 
.20 
a 19 
18 

a 3.7 
0.17 



A working range 'of  5 to 8 m i l s  is recommended. 

of 5 mils or thicker, the total hemispherical emittance is 

For coatings 
- .  

0.85 or better at 30o0KO 

.. . 



* 'I IIT Research Institute 
. i 1 10 West 35 Street, Chicago, Illinois 6061 6 

1. t L! 31 2/225-9630 
CATALYZING S-13 TYPE PAIMTS 

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 1b.solid catalyst to 100 15- 
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 & or 0.1 per cent by 
500 weight of total paint. 

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 f o r  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 8cc of ten per cent 
catalyst. 

Keep the catalyst solutions cool and .in the dark except 
when actually mixing, 

F. Rogers 
9/12/67 

B l ?  R E S E A R C H  I N S B I T  
Formerly Armour Research Foundation 
of Illinois Institute of Technology 



MATERIALS I-.IST FOR ALSEP/SIDE/CCGE 

METALLIC MATERIALS 

Aluminum Alloy 5052-H32 pe r  Spec QQ-A-318c 
Aluminum Alloy 5052-H34 p e r  Spec QQ-A-318c 
Aluminum Alloy 6061 -T6 p e r  Spec QQ-A-32713 
Aluminum Alloy 2024-T3 p e r  Spec QQ-A-355c 
Aluminum Alloy 3003-H14 p e r  Spec WW-T-788c-1 
S ta in less  Type 301, 303, and 304 p e r  Spec QQ-S-766c 
Sta in less  Type 302 p e r  Spec QQ-W-423 
Gold Plat ing Mil-P-55110 and Mil  -G-45204A 
Magnesium AZ31B-HZ4 p e r  Spec QQ-M-44 
Copper P la t ing  Mil-C-14550 
Si lver  Plat ing QQ-S-365A 
Copper-Constantan Awg 28 and Awg 24 thermocouple wi re  
P la t inum black deposit ion ML Spec S40368 
Alloy 180 wire, ribbon, and rod  m a t e r i a l  
E lec t ro l e s s  nickel  Mil-C-26074A 
Phospher  bronze  
Solder  60/40 ML Spec S40126 
Gold plating over  copper-Dalic process(Go1d touch-up p r o c e s s )  

NON -ME TA L LIC MA T E R I A  LS 

Epoxy Board  - Mil-P-18177 
Lexan - Polycarbonate  
Nylon 
F o a m  - Eccofoam F P H  
Sealant  - RTV 60 
Epoxy - Epibond 1210 
Epoxy - Hysol 4268 
G10 Glass  f ibe r  board  
Sealant  - RTV 108 
Glyptol 1202 G . E  , synthetLc r e s  .n 
Glyptol thinner  1500 o r  6710 G.E.  
Epibond 121 0 
Spot bonding and potting R T V  102 
Hysol  4238 ML Spec S40109 
Pro tec t ive  welding board  wafe r s  Krylon ML Spec S40396 
Fused  s i l icon g l a s s  m i r r o r ,  Lockheed Spec LAG 43-4322 
M i r r o r  coating ( s i l ve r  under  inconel) OCLI SI-1 00 
Loctite sea lan t  ML Spec S40244 
Silk m e s h  and s i lk  thread  
Alumuminized m y l a r  3 mil and 1/4 mil 
Sylgard 182 potting m a t e r i a l  Dow Corning 

MlSCE LLANEOUS MATERIALS 

Pa in t  S-13G ITT 
G.E, Silicon p r i m e r  f in i sh  S-13G paint 
Gold tape Y -91 845 Scotch-3M 
Connector m a t e r i a l  Microdot  MCDB s e r i e s  
S i lver  conductive paint or  coating (G-C S i lve r )  ML Spec S40402 
F r e o n  cleaning agent  
Tri-chloroethelene cleaning agent 



ALSEP/SIDE MATERIAL LIST ADDITION 

IT EM 

1 

2 

3 

3A 

4 

5 

6 

7 

8 

9 

'.r o 

11 

12 

13 

14 

15 

DESCRIPTION 

Foam-Eccofoam F P H  

Epoxy-Epibond 121 

Sealant-RTV 108 GE 

Sealant-RTV 118 G E  

Glyptol 1202 GE Synthetic 

Glyptol Thinner 1500 o r  6710 GE 

Crylon, Pro tec t ive  Spray  

Silk Mesh and Silk Thread  

Sylgard 182 Potting Mater ia l  - Dow Corning 

Pa in t  S-13G Illinois Institute of Technology 

GE Silicon P r i m e r  F in ish  S13-G Paint  

Gold Tape Y-9184s-Scotch 3M 

Connector Mater ia l  Microdot,  MCDB S e r i e s  Diallyl 
Phtalate  MIL - M- 14F  

Epibond 1210 (Repeat - See item number 1) 

No-Mar Nylon Tip  Set Screw 

Del r in  100 


