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A B S T R A C T  

THIS REPORT DOCUMENTS TEST RESULTS mnICATmG THAT THE ORIGINAL 
APOLLO WIRE/WIRE HJNDIE DESIGN CRITERIA FOR CURRENT-CARRYDIG CAPACITY 
IN FREE AIR /SPECIFICATION MIL-W-5088B/ RESULTED m A 10- TO 
ISO-PERCENT OVERDESIGN FOR THE APOLLO POWER DISTRIBUTION 33mm. 
WHILE GENERAL DESIGN GUIDES BECOM/[EtND DERATING THE FREE AIR 
CURRENT-CARRYING CAPACITY WHEN OPERATING WIRES IN A VACUUM, TEST 
RESUDrs INDICATE THAT WRAPPED BUNDLES REQUIRED ONLY‘ 20-PERCENT 
DERATING, AND SINGLE WIRES ONLY 35- T0 hO-PERCENT DERATING. 
ANALYTICAL RESUIEES SUPPORT THE TEST FINDINGS FOR ENVIRONMENTAL 
PRESSURE IEVEIS 13mm 2 AND 11w PSIA. THE REPORT POSTUIATES A 
THEORY TO mum THE ENHANCED WIRE mm HEAT TRANSFER DURING 
VACUUM TEsrs, WITH RECOMIENDATIONS FOR FURTHER ANALYTICAL moms 
AND TESJJING TO VERIFY THE THEORY. ‘ ' 
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FOREWORD 

Significant theoretical and experimental work on 
heat t ransfer  and current-carrying capacity of Apollo 
wire/Wire bundles, in support of Contract NAS9-150, 
was conducted between May and September of 1967. 
The results of this work a r e  contained in this report ,  
which was prepared by J .  R .  Bedford, and T .  H. Seitz, 
of the Life Support and Syrstems department, and 
J. L. Schaefer, of Apollo CSM Pr0pulsion and Power 
Technology department. 
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ABSTRACT 

This report documents test resul ts  indicating that 
the original Apollo design criteria f o r  wire/wire 
bundle cur ren t -car ry ing  capacity in f r e e  a i r  (Speci- 

fication MIL-W-5088B.) resulted in a. 1 0 -  to  150-  

percent 'overdesign f o r  the Apollo power distribution 
system. While general  des ign  guides recommend 

derating the f r e e  a i r  cur ren t—car ry ing  capacity when 

operating wires in a vacuum, test  results show that 

wrapped Wire  bundles required only 20 percent  derat-  

ing, and single wires required 35-  to 45-percent 

derating. Analytical results support the test findings 
fo r  environmental p r e s s u r e  levels between 2. and 

14. 7 psia. A. theory is  postulated to explain the 
enhanced wire bundle heat t ransfer  that occurred in 
the vacuum tests ,  with recommendations made for  
further analytical ef for ts  and testing to verify this 
theory. 
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I .  INTRODUCTION 

The dissipation of heat is  the primary factor for  establishing the 

current-carrying.  capacity fo r  electrical wiring that must Operate reliably 

under continuous overload or  transient short circuit conditions. The heat 

generated in a wire can be determined by the equation 

Where,  Q equals heat generation in watts, I equals the current  in  amperes,  

and R equals the Wire resistance in ohms. The heat generation in a wire 

increases  at a greater  rate than the current  squared because the temperature 

r i se  that accompanies the current increase, ra ises  the conductor resistance 

which increases  the heat generation further.  The cur ren t—carry ing  capacity 

is  normally limited to an overload o r  short  circuit condition that resul ts  in 

temperature levels which cause  the insulation to b reak  down, or cause the 

conductor to fuse.  Comrhon practice for  commercial applications is the use 

of overs ized conductors,  heavy insulation jackets over the conductors,  and 

wide spacing between the wires.  However, a number of constraints asso-  

ciated with the Apollo spacecraft and its mission had to be considered before 
the electrical distribution system could be designed. The significant 

considerations involving the heat transfer for  the spacecraft wiring a re :  

1. Spacecraft weight limitations require that the c0pper conductor be 

selected for  each circuit with a minimum of overdesign. The 

Block 11 Apollo wire insulation, consisting of an extruded thin wall 
TFE Te�Àon jacket with an outer coating of poly-imide, was selected 
as  possessing the best  combination of low weight and high tempera- 

ture capability. A similar insulation (FEP Te�Àon) was originally 

recommended f o r  Surveyor (Reference 1 ) .  However, the thin 

wall insulation places a greater  constraint on the conductor ' s  

current-carrying capacity than a. heavier, thicker insulation 

would, when applying the design limit of 400 F fo r  the maximum 

surface temperature within the spacecraft. 

2. ‘It i s  necessary  to u se  several smaller wires in parallel rather 

than a single wire in many spacecraft  circuits to improve the 

reliability of transmitting the power/signal, and to provide �Àex- 

ibility for installing wires in relatively inaccessible a reas .  An 

I - l  
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overload condition occurring in a. smaller wire results in higher 
wire temperature because of the higher res is tance ,  lower heat 
storage capacity, and smaller surface area of the wire. In addi- 
tion, the limited space fo r  routing Wiring necessitates many wires 
being tied together to  form large wire bundles. General design 
practice (Reference 2) f o r  wire bundles consisting of Teflon 
insulated wire indicates ZO-percent derating for  a bundle of 3 to 5 
wires, 30-percent derating f o r  5 to  15 wires and 40-percent fo r  
15 to 30 wires. However, these derating factors do not cover 
many of the Apollo wire bundles, some of which contain in excess  
of 200 wires.  

The environment for  the wiring during a. space �Àight is  very 
different than that which normally exists on earth. The environ- 
ment in the Apollo cabin during space �Àight normally consists of 
loo-percent oxygen at 5 psia. This environment not only requires 
more rigorous control of high temperature Operations to avoid f i re  
hazards ,  but provides l e s s  heat t ransfer  by convection than air  at  
14. 7 psia. However, this reduction i s  small compared to  the loss 
of f ree convection due to ze ro  or low gravity, that exists throughout 
Space�Àight, or  due t o  the m o r e  severe  condition of space  vacuum 
that could exist in the Apollo cabin during short periods of astro-  
naut extravehicular activity, or for  as long as  100 hours if the 
cabin sustained a. nonrepairable micrometeroid puncture. 

As a result of the level of complexity and the small degree of actual 
experience presently existing in spacecraft  wiring design, a. 
theoretical and experimental program was conducted. This pro- 
gram was designed to  determine the criteria f o r  sizing Apollo wire 
and wire bundles for  overload/short  circuit conditions. The 
results of this study, which a r e  documented in this repor t ,  may be 
applicable to the design of wiring systems f o r  future Spacecraft. 

1-2 

SD 68-85 












































































































































