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INTRODUCTION

This is a companion document to Volume I, NASA CR-121103, "Final Report",
The appendixes contained herein supplement the technical discussion in that
document,

Appendix A is a description of the TATE (Tank Arrangement Thermal Efficiency)
computer program. The results of the TATE analysis were discussed in Sections
1,1,2, 1,2.3, 1.3.2, 1.3.5 and 3.2 of Volume I,

Appendix B contains the detailed results of the Vehicle Structure Evaluation for
the ten preliminary designs. Vehicle configurations and dimensions are shown,

Tabulated weights for various construction methods and materials are presented.

Structural concept weights are summarized in tables which include end attach-

ment weight adjustments, The material in this appendix supplements the discus-
sion and summary charts of Section 1,2.3 of Volume I,

Appendix C presents a description of the meteoroid environment, derivation of
the earth-mars trajectory for this study and the entire quantity of design curves
developed from the test data of this program. This material supplements the
discussion of Sections 1.2.3 and 1.3.4 of Volume I,

Appendix D contains the detail design drawings and a discussion of the ten
vehicle preliminary designs. These results were summarized in Section 1.2.3
of Volume I. )

Appendix E contains the temperature data obtained in the thermal performance
tests, This appendix also contains a description of the thermal model used in
the analysis of results and gives the temperatures predicted for each test case.
The test results are discussed in Section 2,2,3 of Volume I,
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APPENDIX A
TANK ARRANGEMENT THERMAL EFFICIENCY COMPUTER PROGRAM

This appendix discusses the construction and operation of the TATE program used
to derive optimized weights for tanks, insulation, propellant vapor, helium and
helium tank. The results obtained through use of this program were described in
Sections 1,1,2, 1,2.3, 1.3.2, 1.3.5 and 3.2 of Volume | "Final Report",
NASA CR-121103,

The program was designed to arrive at a least weight case for any vehicle con-
figuration through an iterative random search process where search limits were
narrowed after evaluation of every 2000 cases. This process was continued for
10 iterations or a total of 20,000 cases. A computerized search technique was
necessary in order to find optimum values of multiple, independent variables,
each with arbitrary constraints,

The program randomly selected thicknesses of insulation for all locations on a
given vehicle and calculated heat flow to the cryogens. Two mission phases
were considered, ascent and coast. Ascent heating included the effects of
residual purge gos in the MLI (Multilayer Insulation) and higher temperatures due
to near earth environment and random orientation, A thermal balance was main-
tained, therefore, heat could flow in or out of the propellants. The program
calculated tank pressures and determined the critical point of the mission, i.e,,
launch, end boost, or end of mission. The tank sizes and gages were determined
and a summary of insulation, tanks, propellant vapor and helium weights were
made,

The assumptions for the study were:

1) The spacecraft was oriented during coast so that the payload was
between the sun and the propulsion vehicle., The only heat to the
propulsion vehicle came from the payload and the solar panels which
were assumed to be 520°R (289°K) with € = 1,0, and 620°F (344°K)
with € = 0,05, respectively,

2)  The net heat that penetrated the insulation blanket was considered
the heat into the cryogenic tank,

The internal and extemal insulation surface temperatures used in the analysis
were derived from the steady state solution of the BETA (Boeing Engineering

Thermal Analyzer) program.

The thickness of MLI on all surfaces was determined by:




tnum T Guaxum N RUNIFA)

RUNIF(A) is a subroutine that selects random numbers uniformly
between 0 and 1.

*MAXLIM S

- <
fMAX+ tMAX tMIN) £ 2.0 1IN,

S ( ) 20,01 IN,

PMINLIM — TN T2 Tiax T TN

Extreme thicknesses obtained from 5 best cases

'MAx}

PN from previous 2000 iterations,

rMAXLIM] Insulation thickness limits to be used for next

FMINLIM

S = 0.5 Factor to control search limit reduction rate,

2000 iterations.

After every 2000 cases TMAX'LIM and TMINLIM were modified and set equal

to the minimum and maximum thickness of the 5 leastweight cases. Each con-
figuration was run for 20,000 cases.

The total heat transfer into the propéllant tanks included heat transfer through
the MLI during the ascent phase plus heat transfer through the MLI combined
with heat leaks through tank supports and fluid lines during the coast phase.

The equations for heat transfer were:

Q. = (QI + QI + QS + QP + QH )/ 4992 (Hours)
M A L

where QT =  Total average heat transfer rate to fuel or oxidizer.
Ql =  Total heat transferred thru MLI during coast.
M
Q| =  Total heat transferred thru MLI during ascent,
A
‘ QS =  Total heat transferred thru tank supports.
QP =  Total heat transferred thru plumbing lines.
QH =  Total heat transferred thru MLI by any other form.
L
4




QI
M

Modifying the MLI heat transfer equation
k

C R )
Qii - (TL" ¥ KPEN) Aii M, =Tp)

and QI = 4992, Q'i (for the coast phase)
M i !
where L = Temperature on outside of MLI
i
T2 = Temperature on inside of MLI
i
A = Surface area of MLI
|
k. = Thickness of MLI
!
kii = Thermal conductivity of MLI
KPEN = Thermal conductance of nylon fasteners per unit MLl area
é,_ = Average heat transfer rate to fuel or oxidizer during coast
I phase of mission
T] and T2 are input constants for each insulation panel. These were ob-

i i
tained by a separate thermal analysis.

The insulation conductivity was generalized as

2 . 2
T )M T ) K (T )

I I " I I i " I

The subscripts on the constants were required to identify the different types of
MLI used on the vehicles,

The term KPEN was assumed to be o constant.
Ql
A
— QAl.i
A, T ( " CQaz fii)
.. i ji
ll
QIA = E QI (for the ascent phase)
i A




Q

At and QAzii
i

= heat transferred thru MLI during ascent phase of
mission for panel ji.

= constant which depended on the type of MLI and
location on vehicle.

= Term required for use with perforated radiation shields

were constants which depended on the type of insulation

and location on the vehicle., These constants were determined by a curve fit

to data from the evacuation analyses. In most cases, QAZ = 0,
i
s
= 49922 Q..
¥ Syi
Ky = Ty )
I OR OX

where:

where

was an input constant for each configuration,

was one of the boundary temperatures specified for the MLI,

was fuel temperature

was oxidizer temperature

was. heat leak through structure

499226P
Kt " Teo ) * Kyt = Ty ) 7
' OROX It OROX
Keeeo Teng = T -
OROX
was thermal conductivity of fill line

was thermal conductivity of vent line
was thermal conductivity of feed line

was engine temperature

These were all input constants,




Q =

e - K - T

1 2)

where T wos temperature outside

1

T2 was temperature inside

KHL was conductivity from BETA program

This form of C.Q was used for special cases, e.g., where the LF2 feed line
penetrated the LH2 compartment on Vehicle 1-14,

K Tv)

reep Teng ~ Tox

which was divided into:

K (T - T,) where Tp was the temperature
HL] OX 2 on the feed line in the LH,
TO compartment,
K (1, - T7,) where T3 was a point near
LH2 HLZ 2 3 the engine but outside the
T MLI,
2
== Ky (T, -T)  where T feed i
TI 4 HL 4 2 where 4 Was a tee ine
3 3 support.

The representative Q's were accumulated and the, Q was determined by divid-
ing by the mission time and checked against the Q constraints, The Q con-
straints were_the heat flow values which resulted in limiting pressures (5 psia
(34.5 kN/m*) minimum pressure and critical maximum pressure),  If either of

the Q's was outside the constraints then the case was cancelled and the program
proceeded to the next case. If the constraints were satisfied then the MLI
weight was calculated,

WT, =), (A.t.)

ins ;
Ai = Area of panel
b= Thickness of MLI
p = Density of MLI




With non-vented tanks, any heat added to the propellant was reflected in a
change in internal energy, U. Assuming saturated liquid and vapor always in
equilibrium, the pressure, temperature, liquid density and vapor density was also
changed continuously with change in U. The total internal energy was made up
of contributions of the liquid and the vapor:

L G
or _ .
VM= u M T ueMg
M M
_ L G, _
v ulw T ) TamL T Yeme

The mass ratios m, and m_ could be defined in terms of the specific volume

of liquid (VL), gc':'s ( VG) and total system (v ):
e MM TN
= m—— = - m + V m
M M LL G G

Since the sum of the liquid and vapor masses was equal to the total mass,

i.e., m + mg = 1
= bV - v
v L(] mG) + GmG
. v-VL
G VG -y

substituting

u = uL+mG(uG uL)
| A 4
T — (vg =v)
G VL

At any given set of conditions, the only unknown was v




A table of Q versus vapor pressure was derived for both cryogens, assuming that
the liquid and vapor existed in equilibrium. Also used were tables of pressure
versus densities of vapor and liquid in addition to helium gas used to pressurize
tanks for the engine burn. The helium gas was assumed to be at the cryogen
temperature and pressure plus N_ P S, P, From this information was found:

x M P
1 Vapor Weight = __)_p (——)
’ ( ]-x lpL
Mp = mass propellant usable plus residuals
x = vullage required at mission end
p, = density of vapor
P = density of liquid
D
2, Helium Weight = M he
P Py
p = density of helium gas

he

This assumed the required helium equalled the replacement of all the cryogenic
liquid.
3. Helium bottle weight = 2,74 (wt. helium)

assuming:

301 CRES ARDEFORM

5000 psia (34.5 MN/m2 design limit pressure

fo, = 265KSI@ - 320°F (1827 MN/m> @ 77.7°K)
yield F,5 = 1.33

2 74 = wt, helium bottle
’ wt., helium




The sizing and weighing of the fuel and oxidizer tanks is shown below:

LH2 - LF, System

2

Fuel Tank

The helium was stored in the oxidizer tank

W in fuel tank = 0
he

Fuel tank operating pressure = P + NPSP 2 14,7 psia

fuel vapor (101 3 kN/mz)

Then call tank sizing subroutine corresponding to the kind of tank.

Oxidizer Tank

W, = wt, helium in oxidizer tank

he
Oxidizer tank operating pressure = Poxidizer vaoor NPSP 2 14.7 psia
P (101.3 kN/m2)

Call Tank sizing subrautine corresponding to the kind of tank.

NOTE: The sizing of the oxidizer tank included the volume
of helium.

CH4 - FLOX Uninsulated System (Both propellants at same temperature)

Fuel Tank

The helium was stored in the oxidizer tank

W in fuel tank = 0
he

Fuel tank operating pressure = P + 14.7* (101.3 kN/mz)

fuel vapor
Call fuel tank sizing subroutine corresponding to the kind of tank.

Oxidizer Tank

Whe = wt. helium for oxidizer tank plus wt. helium for fuel tank

Oxidizer tank operating pressure = P + NPSP 2 14,7 psia
oxy vapor

(101.3 kN/m?)

Call tank sizing subroutine corresponding to the kind of tank.

*  Based on initially adding helium to prevent tank collapse prior to launch

due to vapor pressure less than one atmosphere.

10




CH, - FLOX Insulated System

4

Fuel Tank

The helium was stored in the fuel tank

Whe = Whe fuel *

Fuel tank operating pressure = PF

he oxidizer

v NPSP 2 14,7 psia (101.3 kN/m2)

Call tank sizing subroutine corresponding to the kind of tank

Oxidizer Tank

W, = 0 since it was stored in fuel tank

he

Oxidizer tank operating pressure = P

+ NPSP 2 14,7 psia
oxy vapor

2
(101.3 kN/m")
Call tank sizing subroutine corresponding to the kind of tank.

The kinds of tanks included in this program were spherical, cylindrical, oblate
spheroid, toroidal, and a common bulkhead tank.  Following is a description of
the sizing and weighing of each,

The baseline tank parameters were:

Factors

F = 1.25P
o

PROOF ~ 'ty p

Allowables (2219-T6E46 Aluminum Alloy)

psi (MN/m2) SX psi (MN/mZ)

F
by

Room Temp.

Methane -260°F

F,-FLOX -306°F
o

H2 -423°F

39,000 (248. 9)
43,500 (299.9)
44,900 (309. 6)
51,900 (357.8)

54,000 (372.3)
61,700 (425, 4)
64,800 (446, 8)
75,600 (521,2)

1
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Pressures

P =P + P
op vp npsh .

.y _ . 2
Oxidizers Pop = Pvp + 12.0 psia (82,7 kN/m")

_ . 2
Fuels - Pop = Pvp + 8.0 psia (55.2 kN/m")

Design pressure = proof pressure = 1,25 Pop

Weight

Based on calculated or minimum gage x area x density

P = 0.102 Ib/in> (2823 kg/m’)
Minimum Gage = 0,025 in (0.064 cm)

Spherical Tank

MU Ve -
V = 1728 (——— + )
.95 Py 7.7 d
\" = total volume stored in all tanks (in3)
ML =  mass of liquid (Ibs) 1
p L " density of liquid (|bs/ff3)
Whe =  wt. helium stored in tank (lbs)

R = (KNTZ\'/HWS) v

R = radius of each tank (in)
AN = number of tanks
. 1.25 (Pop) R
2F

ty b
T = wall thickness (in)
Pop = operating pressure of tank 1
ny yield stress of tank (psi)




WT = AN (1.2818) R2T
WT = weight of all tanks (Ibs)

2. Cylindrical Tank - Oblate Spheroid Heads

<
il

Radius is fixed (in.)

Vv 3
JKN‘ - 2.9600 R’)

H 7

3.1416 R

H = height of cylindrical portion of tank (in.)

- V3 >
T, 20.25 (P, ) R/2 F, 2025

T = thickness of cylindrical wall (in.)

—
"

thickness of spherical cap wall (in.)

WT = AN (1.0392 R2 TS + ,64089 RH Tc)

WT = weight of all tanks

3. Oblate Spheroid Tank

: -
W
1728 ( L he )

95 p, 7.7

\%

B = .7071 A

A = major radius of tank
B

= minor radius of tank

13




V2(1.25P_ A

T = F >
2F

ty

T = thickness of wall (in.)

WT = AN (1.0392 A%T)
WT = weight of all tanks (lbs)

4. Torus Tank

\\q'

A is fixed major radius

ﬂ:‘*
L

ML Whe
V.- s (.9‘5 " 7.7‘)
. v\
AN (19. 739 A
e (Z-B/A

=
F )_.025

ty 2 -2B/A

WT = AN (4.0268 ABT)

5. Common Bulkhead Tank - Conical Base

i = 1728 _AiliOL + E
FLOX 557 7.7

] s
'eLox e

VCH = ]728[ o5

=] | Xg

4 L
CH,
_ 1/3
R = (Vi) gy /2-528)
H = V. /3.1416R))
Hy

14




(V2) (129 cpy R

- 4 >
T, = B 2 025
Y FLOX
125 P CH4R i
Tc = 3 5.025
Y FLOX
(V2) (1.25) P R
T = TFLOX 5 025
OH ZF, :
Y FLOX
(V2) (1.25) P R
T = TFLOX 5 025
ocC F >
Y FLox
_ 2 2
WT = 0.5196 R® (T, + T,) + .64089 RH T . + .4531 R” T

Common Bulkhead Tank - Oblate Spheroid Heads

M W
- FLOX he
Verox = 1728 (=3 P, f =)

po— R —df
FLOX o '\

M
CH4 y

VCH4 = 1728 (—95—p-L———') FLOX
CH
4 H
FC 4

x - [FLox 13

Z2.96]
H =V / (3.1416 RZ) T

CH4 ' FS

15




(V2) (1.25) P R

o]
_ FLOX >
T = 7F) 2.025
Y FLOX
1.25 Pop cH, R
= >
Tec : > .025
Y FLox
V3 R
(VD 0.29) Py, ey, .
T = ¥, 2 .025
Y FLOX
2 2
WT = 1.0392 R T.. + .64089 RH T__ + .5196 R° T

O FC FS

At this point, all weights were accumulated (insulation weight, vapor weights,
helium weights, helium bottle weight and fuel and oxidizer tank weights), If
this total weight was less than any of the 5 previous least weight cases, then
it was inserted in its appropriate place and the heaviest previous case was

dropped,

16




APPENDIX B
VEHICLE STRUCTURE EVALUATION - PRELIMINARY DESIGN

Section 1,2.3 of Volume 1, "Final Report", NASA CR-121103, described the
structural evaluation for the ten preliminary vehicle designs. Structural weights
for the main body and Centaur adaptor for each of the study vehicles were sum-
marized in Figures 1.2-10 and 1.2~11 of that report.

This appendix presents sketches of the vehicles, the major dimensions and weight
assignments, and the detailed results of the computer aided OPTRAN (Optimiza-
tion by Random Search) structural optimization program. The OPTRAN program
operations were discussed in Section 1.1.3 of the Volume | document,

Three payload heights were evaluated for each of the study vehicles, These
heights were approximately 1/2 and 1/5 of the vehicle diameter and a minimum
case of 4 inches (10.2 cm) above the top deck insulation. Two continuous shell
construction methods, and truss structures were evaluated in combination with
three materials, The shells consisted of honeycomb sandwich and ring stiffened
corrugations, The materials were aluminum, carbon/epoxy, and fiberglass/epoxy
composites,

Sketches of the vehicle configurations with the dimensions and weights used for
the study are shown in Figures B-1 through B-10,

The results of the study are presented in Tables B-1 through B-13. The case
numbers refer to payload heights, Case 1 being the lowest payload position.

The limits on member sizes as well as the optimum design point are shown., The
results of the honeycomb sandwich evaluation indicated that shell loading was
too low to make this approach competitive on a weight basis. In the majority
of the cases, minimum gage configurations were selected., Examination of the
weight results shows that optimum configurations were not achieved in all cases.
For example, in Table B-1 for Vehicle 1-14 (upper body) with an aluminum
structure, the highest shell loading produced the least weight case. To achieve
more nearly optimum designs for all cases the design limits were narrowed as
shown in Table B-4 with the result that minimum gages were selected for all
vehicles and all payload heights. Finalized shell weights are also shown in
Table B-4, Several "non-optimum" cases were noted in the truss structure data
also; however, since these cases tended towards minimum gage designs, it was
concluded that the least weight case could be used where discrepancies existed.

It should be noted that the weights of Tables B-1 through B-13 do not include

end attachments. The weights are for the structural configuration, extending
between the panel points shown in Figures B-1 through B-10,

17




Vehicle 2-19 carried axial, bending and internal pressure loads in the tank wall,

therefore, a stiffened skin was necessary to avoid shell buckling.

It appeared

that this configuration could combine tank mounted and shell mounted MLI

effectively,

An analysis was made to determine stiffener size and spacing options for the.
three payload heights and vehicle configuration shown in Figure B-10. The
stiffener chosen was a 1,00 inch high leg, integral with the tank wall and
Several design points were
evaoluated to establish stiffener proportions in terms of compression load carrying

aligned with the longitudinal axis of the vehicle.

capacity. The results are presented in Figure B-11,

A tank gage of .025 in.

(0.064 cm) stiffener thickness of .040 in, (0.10 cm) and spacing of 2,00 in.

(5.1 cm) were set as minimum values.

The table below shows the compression

loads and stiffener proportions at the top and bottom of the cylindrical shell for
the three loading conditions (three payload heights).

Top of
Cylindrical
Shell

Bottom of
Cylindrical
Shell

PAYLOAD HEIGHT (above skirt)
28.5in(0.7m) 37.5in(0.9m) 67.5in(1.7m)

Nx~ Ib/in (kN/m) 260 (45.5)

Fin™ in (cm) .029 (.074)
fsfiff~ in (cm) .046 (L117)
Spacing ~ in (em) 2,30 (5.85)
T~ in (cm) .050 (,013)
Nx~|b/in (kN/m) 300 (52.5)
Fin™ in (cm) .032 (,081)
tsﬁff”in (cm) .051 (.130)
Spacing ~in (ecm) 2,50 (6.35)
T~in (cm) ,053 (. 135)

288 (50, 5)
.031 (.079)
.049 (,125)
2.50 (6.35)
,052 (.013)

326 (57.0)
.035 (.089)
.053 (.135)
2,70 (6.85)
.055 (. 140)

377 (66.0)
.040 (,102)
.060 (.152)
3.00 (7. 60)
.060 (.152)

417 (73.0)
.044 (,112)
.064 (.163)
3.22 (8.18)
.064 (,163)

The t values defined the shell thickness assuming the stiffeners were "smeared"

over the surface.

The average dimensions between top and bottom of the

cylindrical shell were used in the vehicle design and meteoroid protection eval-
vation of the Volume | document,

The conical shell was checked for buckling stability when subjected to an engine

thrust load of 12,500 lbs (55.5 kN).
pressure loads was found to be adequate for the thrust load condition.

18
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ring was necessary at the intersection of the conical and cylindrical surfaces
to carry the radial loads. A cross section of 0.26 square inches (1.68 cm2)
was required, The weights of the "Y" rings, shell stiffening and tank skirt
plus ring were respectively;

Case 1: 5.1 1b (2.3 kg), 4.51b (2.0 kg), 7.1 1b (3.2 kg)

Case 2: 5.1 1b (2.3 kg), 4.6 1b (2.1 kg), 7.2 Ib (3.3 kg)

Case 3: 5.1 1b (2.3 kg), 6.1 1b (2.8 kg), 8.0 Ib (3.6 kg)
The Vehicle Structure Evaluation was concluded by calculating end fitting and
attachment bracket weights for all of the vehicles and adaptors using the curves
of Figures 1.2-6 and 1.2-7, and the methods described in Section 1.2.2 of the

Volume | document. The final results are presented in Tables B-14 through
B-23,

19
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B-6: VEHICLE 2-14
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CH, TANK = 7#

4

FLOX TANK = 10#

FLOX TANK = 10

CH, TANK = 7#

4

Case 1 = 4" o 102,0" -
Case 2 = 20" DIA
Case 3 = 52" *
PAYLOAD [ 4698*
7 16" C.G.
|
47" +
74. 5ll l
27.5u \ ’I \\
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L 110" DIA

Figure B-7:

VEHICLE 2-3

STRUCTURE = 150%

ENGINE = 1087
ADAPTOR = 70#




LH, TANK = 15#
A8 LFJ-zooo# H, 84
/ LH, TANK = 15#
U w LF, TANK = 15#
| 49,0 —e=i
Case 1 = 4" ‘
Case 2 = 14" |
Case 3 = 35 t SAVIORD —
‘ 16" clc.
47,0"
83"
! [
109, 5" 23 0"
- 13.0"
1
26,5" / N
|~ /2 3 STRUCTURE = 125#

l—-— 110" DIA

17

\—ADAPTOR = 50f

ENGINE 108#

Figure B-8: VEHICLE 1-7
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B-9: VEHICLE 2-18

FLOX TANK = 16f
FLOX = 2050F

CH r TANK = 15¢
CH, = 390f

4
STRUCTURE = 100f

ENGINE = 108f

oA \/‘ ADAPTOR = 50f
\
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et— 62" [D| A—=
Case 1 = 4,0"
Case 2 = 13,0" PAYLOAD 4871 TOP DECK INSULATION
Case 3 = 43,0" —] EQPE
| 16 1°- CH, TANK = 15f
CH, = 3907
| 24 50 ! FLOX TANK = 16
38.0" ’ | FLOX = 2050f
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]
] v/ ADAPTOR = 50f
’
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/ | \
! / \
ya
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B-10: VEHICLE 2-19
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Figure B-11: VEHICLE 2-19 STIFFENER PROPORTIONS
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Table B-1: HONEYCOMB SANDWICH DATA (Cont)
bowerel L ﬁ:%:;r ‘L’-"éxo gg::m conzhz’em ;:%E(?ég maaoN(ll;H)lcxNess cn(:; s,uzs WEIGHT
FONFIG tn) [unin)| mwve3d) *Imax | min | 0es [max | min | pes [max | min | pes {max | min [ oEs | abr?)
1 s0 | 287 | 1s8 |0s500{0250[0.255|0.040]0.020 10020 [0003{0001 |0.001(0.375/0250|0.338| 0605
ALUMINUM | 2 31| 188 0.250 0283| 0610
s 3 5 | 150 0262 ) 03s8| 0604
8 1 2 | 147 0.250 0365| 034
5 E g,‘g:e“’ 2 an | 142 0257 0374| 0334
5§ 3 »5 | 144 0.251 0.003 | 0001 | 0 001 0373 0334
>= 1 % | 13 o2sz2| |’ 0,005 | 0.003 | 0003 0317] 0439
FIBERG 2 311 | 288 0.254 000s | 0003|0003 0369 04X
3| % 365 | 286 (0500 0.253 | 0.040 0.005 | 0003 | 0 003 0250|0372 | 0.43t
1 35 | 76 | 141 [0270 6.251 { 0.0 0.003 | 0.001 | 0.001 0375(0375{ 0601
ALUMINUM | 2 519 141 0251 ~ 0601
5 3 571 141 0251 0601
8 1 a8 | 142 0250 0332
§ E 2‘:5‘:‘,’"’ 2 s19 | 142 033
§§ 3 s11 | 142 |o2m0 0003 | 0001 [a001 032
>= 1 a8 | 281 [0.300 0005 | 6003 | 0003 0430
FIBERGLASS| 2 519 281 |0.300 0005 | 0003 ] 0.003 0430
3| %85 | e | 2m (0300 0.250 (0021 0.005 { 0003 | 0.003 0375|0375 | 043
1| 425 | 206 | 144 [0S00 0.251 | 0040 0003 | 0001 | 0.001 0250{0371| 0602
ALUMINUM | 2 kv/] 18% 0.253 0344} 0605
- 3 arr | 158 0253 0338 0605
i é 1 29 | 144 0.254 0374 030
ue | Boxy |2 m| 14 0252 0.372 | 0.334
zg 3 n 142 0.251 0003 | 0 00t [0 001 0373| 0334
>= 1 206 | 290 0251 0005 | 0.003 | 0003 0368 | 0432
FIBERGLASS| 2 k7] 281 0.251 0.005 | 0003 | 0 003 0374 043
3 25 | an 284 0251 0005 | 0003 | 0.003 0371 0431
1 B/ | &7? 154 0.252 0.003 { 0.001 | 0.001 0349 0604
ALUMINUM | 2 @ | 14 0250 0.003 0370| Q.602
— 3 519 148 0.251 0366| 0.6G2
3 a 1 a7 142 0.250 0374 Q334
g g g‘g:e"’ 2 “2 | 143 0.250 0375 0334
; 3 3 519 144 0.250 0003 | 0001|0001 0.370| 0334
>= 1 a7 | e 0.252 0005 | 0003 |0 003 0375| 0432
FIBERGLASS| 2 a2 | 288 0.251 0005 | 0003 | 0.003 0371| 042
[ 2] s [s9| 280 [as00 02500256 [0040{0020]0020] 0006 [0003 [0 0ma [037[0250] 0 374] 04z
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Table

B-1: HONEYCOMB SANDWICH DATA

[ emcee seELL |Uo ko [cone conf ;‘spm ;Q%Kﬂ?gs maaou‘;u:cmss CEl;:“S’IZE WEIGHT]
MATERIAL [case|HEIGHT [Ny |DENSITY cm
CONFIG tem) | n/mp{ (kg/m¥°|max | MiN [ 0ES [MAX | MIN | DES [MAX | min | DES [MAX | MIN | DES [(Kg/m2)
1 171 |soz3| 2631 (127 [0635{065 [a.102{0051 0051 [0008)0003]/0.003 |0953}0635/ng58 | 295
ALUMINUM | - 5443] 3124 0635 0718 ] 298
s 3 6388 2400 - 0665 0909 | 2948
3§ 1 5023| 2ss 08635 0927 | 162
35 EAoEON/ | 2 s3] 7275 0653 095 | 163
s 3 6388| 2307 0638 0008 | 0 003 [0003 0947 | 163
>= 1 s00s| 5335 0.64 0013 [ g 00 |0 008 0805 | 214
FIBERGLASS| 2 5443 4582 0635 1 0.645 00130003 |0008 0937 | 2108
3 127 6388] 4582 | 127 |a64 |0643 0102 0013|0008 (0008 0635|0945 | 2103
1 027 |83%| 2s9 !0Q69 0638 [0053 0008 | 0 003 (0.003 0953|p9s3| 2933
ALUMINUM| 2 9083| 2258 0.638 2933
<5 3 9993| 2259 0.638 2933
i8 1 83| 2275 0.635 162
gg Soxr | 2 9083| 2275 162
3 3 8993 2275 |oes 0008 | 0 002 [0 003 162
>= 1 83%| 4oz [078 0.013 | 0.008 [0 008 210
FIBERGLASS| 2 0083 4502 |0.78 0013 | 0 008 {0008 210
3 927 [9993| 4502 |O.78 0.835 |0 083 0013 | n.008 |0 008 0953 | pos3| 210
1 10795 5,180| 2307 127 |064 |0.638 |0 102 0008 | p 003 |0 003 0635{ 0942 294
ALUMINUM | 2 5635] 2483 0635(0643 0874] 295
- 3 6598 | 2531 0.643 0859 295
ig 1 si80| 2307 0645 095 | 163
e o/ | 2 5635| 2201 0.6 0845 163
E3 3 6598 | 2275 0638 0008 | 0.003|0003 0847| 183
52 1 5180 | 4648 0638 0013} 00080008 093 | 2108
FIBERGLASS| 2 5635 | 4502 0.638 0013 | g o080 008 095 | 210
3 |10795 | 6598 | 4550 0638 0.013 | 0 008 {0 008 0942{ 2103
1| 9779|7048 407 0.664 0008 | 0.003|0.003 08ss| 2948
ALuMINuM | 2 8085 | 2355 0635 094 | 294
= 3 8083 | 2371 0.638 093 | 204
"'.é ! 7648| 275 0835 095 | 163
g: CE:SXBW 2 8,085 | 2201 0.635 0953| 163
£z 3 0083 | 2.0 0635 0.008 | 0.003] 0003 ou | 163
52 ' 7648 | 4598 a.e4) 0013} 0 o080 008 0953| 2108
FIBERG 2 8085 | 45.66 0.638 0013 | 0008|0008 0942 2108
3 | 9779 |9083| 4502 {127 [0635{065 [0102{0051 0051|0013 0003]0.008|0953)0.635)095 | 2108

*ALUM CORE WITH ALUM & CARBON FACES

HAP (F G) CORE WITH F G FACES
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Table B-2: HONEYCOMB SANDWICH DATA (Cont)

enicLe sieeL |U5ko | core CORE DEPTH THICKNESS  |RIBBON THICKNESS|  CELLSIZE |
LONFIG | MATERIAL |CASE [HEIGHT [Ny | DENSITY tn) {in} tin) tin)

m) [(mind| (iveed) |max | min | Des [max | min | pES [max | min | pes [max | min | pes | aot2)

1 | 385 | 118 | 152 |0500|0.250|0.251]0.040|0.020 [ 0020 |0 003 | 0001{ 0.001[0.375]0.250{0354 | 0603

ALuMiNum | 2 } {138 | 184 0253 0203 | 0609

3 165 | 148 0.260 0351 | 0603

2 1 119 | 145 0250 0366 | 03m
3 g‘g;‘y’"/ 2 138 | 148 - 0365 | 033
z 3 165 | 144 0251 0003 [ 0001 0001 0373 | 0334
> 1 18 | 284 0256 0005 | 0003| 0003 0369 | 0431
FIBERGLASS] 2 138 | 288 000s | 0003] 0003 0372 | 0431

3 | s | 165 | 299 0250 0.005 | 0 003 | 0003 0363 | 0433

1 | 170 | 142 | 142 0.250 0003 | 0001|0001 0349 | 0604

ALUMINUM [ 2 159 | 148 0.253 T 1 11 lo3s7] 062

_ 3 188 | 179 0255 n299 | 0608
3§ 1 142 | 148 0.250 0368 | 0334
4% | Gmsow T, 158 | 148 0.253 0370 03
§3" 3 188 | 143 0.25¢ 0003 | 0001 | 0 001 0372 033
1 142 | 285 0251 0005|0003 | 0003 0372 0431

FIBERGLASS| 2 158 282 0.253 0005 | 0.003 | 0.003 0372 0430

3| 170 | e | 285 0.281 0.005 | 0003 | 0 003 0369 [ 0434

1| ma5 [ 113 ] 142 0.258 0.003 | 0001 | 0001 0371 | 0603

ALUMINUM | 2 120 | 15 0.252 0357 | 0603

N 3 159 | 188 0.250 0321 | 0606
3§ 1 "3 | 144 0.253 0369 | 0334
33 | Snsow 3 128 | 144 0.252 0.373| 0334
é:"‘ 3 159 | 148 0.251 0003 | 0001 { 0,001 0.366 | 0334
1 13 | 28 0.251 0005 | 0.003 | 0003 0373| 0430

fiasncusl 2 129 284 0250 0005 | 0003 | 0003 0371] 043

3 s | 158 285 0.250 0.005 | 0.003 {.0.003 0.375{ 0.43

1| o |08 | 145 0251 0.003 [ 0001 | 0001 0374| 0603

ALUMINUM]| 2 326 157 0251 0345| 0604

3 60 | 182 0253 0293 | 0609

3 1 06 | 142 0.250 0375 0333
g oo | 2 26 | 14 0252 0371} 0334
é 3 360 148 0252 0.003 | 0,001 | 0.001 Q.361] 0334
1 08 | 282 027 000s { 0003 | 0003 0373| 0436

FIBERGLASS| 2 xe | 202 27 0.005 | 0003 | 0.003 0366| 0438

3| 2o | 30 | 284 [0.500/0.250]0.297 {0040 |0.020 {0020 [0.005 [0003 [ 0.003 [0 3750250 0371} g aas

*ALUM CORE WITH ALUM OR CARBON FACES

HRP (F G.) CORE WiTH F G. FACES




Table B-2: HONEYCOMB SANDWICH DATA

vsmcn.4 swewe |US1o [come CORE DEPTH FACESKIN ™ 3iBBON THICKNESS|  CELL SIZE L:mm
CONFiG | MATERIAL |CASE[HEIGHT|Ny | DENSITY {em) cm) {em) {em)

tom) | N/my | (Ke/m3)"[max | min | 0ES [MAX | MmN | DES [Max | min | DES |max | miv | DES Jikg/m?)

1 9778 |2083| 2435 |1.27 |0.635|0.638[0.102|0.051 | 0 051 | 0.008| 0.003 | 0.003 ;0.953|0.635|0876 | 2943

ALUMINUM | 2 2380| 2848 0.643 0744 | 2972

3 2888 | BN 0.661 0917 | 2943

e 1 2083| 1N 0.635 093 | 1620

a Chmeon | 2 23%0 | 2339 0.643 0927 | 1630

& 3 2883 | 213.07 0.638 0.008 | 0.003 | 0.003 0.947 | 1 630

> 1 2083 | 4550 0.650 0.013 | 0 oos | 0.008 0937 | 2103

FIBERG! 2 2380 | 4582 0.643 0.013 | 0 008 { 0 008 0845 | 2.103

3 | 9779 [2888] 9% 0635 0013 {0008 0008 0922 | 213

1 4318 2485 | 2275 0.635 0.008 ( 0.003 | 0 003 0886 | 2 947

ALUMINUM | 2 278 | »n3m 0643 10932 | 2938

3 3200 | 2876 0.648 076 |2972

,':g 1 2485| 73 0635 0935 | 1630

35 g(‘)‘:e"’ 2 283 | B3 0.643 094 | 1630

55"‘ 3 320 | 29 0.645 0008 | 0.003 | 0003 0945 | 1630

>= 1 2485 | 4566 0.639 0.013 | 0.008 | 0 008 0945 2 102

FIBERG 2 27183 | 4518 0.643 0013 | 0.008 | 0008 0945 | 2088

3 | 4318 |3290 | 568 0.683 0.013 { 0.008 | 0.008 0937} 2118

1 | es.08 |1978 ] 220 0855 0008 {0,003 | 0.003 0942 | 2.943

ALUMINUM | 2 2268 | 2418 0.640 [ 0907 | 2943

3 2183 2891 0635 0815 2957

.'?g 1 1918 | 307 0.643 0937| 163C

;_,“J‘g gg:e"/ 2 2258 | no? 0.640 , 0947] 1 63C

é:ﬁl‘ 3 273 | B3 0.638 0008 | 0.003 | 0003 003 | 163

1 1978 | 45.18 0638 0013 | 0 008 | 0008 0947| 2098

FIBERG 2 2258 | 4550 0.635 0.013 | 0.008 | 0 008 0942 2 103

3 | eaos [2783| 4568 0635 0.013 { 0.008 | 0.008 0.953( 2103

1 5588 |535| BN 0638 0.008 | 0.003 { 0 003 095 | 2943

ALuminum | 2 5706 | 2515 0638 0876| 2.947

3 6300 | 29186 0.643 0744| 2972

p 1 5365 | 2275 0.635 09s3| 1625

3 %:3” 2 5106 | Bno .40 0s42| 1630

X 3 830 | 23N 0.640 0.008 | 0.003 | 0.003 0917 1630

> 1 5355 | 4518 0.691 0.013| 0.008 | 0008 0947| 2128

FIBERG 2 5,706 | 4a.78 0.704 0.013| 0.008 { 0 008 083 | 2137

5688 (6300 | 4550 |1.27 [0.635 [Q754 |0.102{ 0051 | 0.051 | 0.013| 0.008 | 0.008|0 953 [0 635 | 0942] 2.152

“ALUM CORE WITH ALUM OR CARBON FACES HRP (F G.} CORE WITH F G FACES
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Table B-3: HONEYCOMB SANDWICH DATA (Cont)

zg:L C,EE . ?42%57 ECZID gg:glw COR(EI :)EPTH mfcfﬁf(l)'é's"é RIBBON (‘:‘:;CKNESS caLLn iuze WEIGHT
tn)  [up/in)| o/e3)* {max [ Min | DES [MAX | MIN | DES {MAX | MIN | DES [max | MiN | DES | (Ib/ft2)

1 47 152 | 1.61 [0.500{0.250] 025200400020 | 0020 |0003]0.001 | 0.001 [0.375]|0.250 | 0.337 0.605%
ALUMINUM | 2 169 | 186 | A |ozs3| A l 0.287 | 0.610
3 203 | 153 0.254 0.354 | 0.604
& 1 152 | 146 0.251 0366 | 0.334
g gﬁgfg“’ 2 169 | 142 0.252 \ \ 0374 0334
T 3 203 | 143 0.253 0003 | 0.001 | 0.001 0373 | 0.334
> 1 152 | 285 0.251 0.005 | 0.003 | 0.003 0.372 | 0431
FIBERGLASY 2 L] 169 | 281 0.255 0.005 | 0.003 | 0.003 0.375 | 0.431
3 47 | 203 | 289 0.252 0.005 | 0.003 | 0.003 0.370 | 0.431
1 51 are [ 143 0250 0.003 | 0.001 { 0.001 0.373 | 0.602
ALUMINUM | 2 | 405 1.43 0.262 ) A 0373 | 0.603
3 458 | 148 0 256 0.375 | 0.603
f 1 379 | 144 0.251 0373 | 0334
g 2:3,?3“’ 2 405 | 144 0252 ‘ | 1 0373 | 0.334
T 3 458 | 144 0 256 0003 | 0.001 | 0001 0.371 | 0334
> 1 379 | 282 0251 0005 | 0.003 | 0003 0374 | 0432
FIBERGLASS| 2 Y 405 | 290 \ Y Jo2s1| ¥ | | ! |ooos |oo0o3{0003| ¥ | ¥ [0375]| 0.431
3 51 458 | 297 |0.500(0.250|0.251 [0.040 {'0.020 | 06020 {0005 | 0.003 | 0003 |0.375|0.250|0.371 | 0433

1

*ALUM CORE WITH ALUM AND CARBON FACES
HRP (F G.) CORE WITH F G FACES
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Table B-3: HONEYCOMB SANDWICH DATA (Cont)

T FACE SKIN
e I N - T e B

tem) |(N/m) | (Ke/m3) | MAX [ MIN | DES [MAX | MIN | DES {MAX | MIN | DES {MAX | MIN | DES |(Kg/m2)

1 |119.38 | 2660| 2679 | 1.27 [0.635/0.64 [0.102|0.051 | 0.051 | 0.008| 0.003 | 0.003 |0.953|0635 [ 0.856| 2.953

ALUMINUM | 2 } |2958| 2980 1 | [0.643 \ \ 0.729| 2.977

3 3553 24.51 0.645 0899 2.948

& 1 2,660 | 23.39 0.638 0.93 | 1.630
§ g‘:g:g”’ 2 2,958 | 2275 0.64 ] ' 0.95 | 1.630
u 3 3553 | 22.91 0.643 0.008 | 0.003 | 0.003 0.948| 1.630
1 2,660 | 45.66 0.638 0.013{0.008 | 0 008 0.945| 2.103

LIBERGLASS 2 2,958 | 45.02 0.648 0.013{0.008 | 0.008 0.948] 2.103

3 | 119.38 | 3553 | 46.30 0.643 0.013 | 0.008 | 0.008 0.94 | 2.103

1 | 12054 | 6,633 | 22.91 0.635 0.008 | 0.003 | 0.003 0.948 | 2.938

ALUMINUM | .2 7,088 | 22.91 0.64 ) | 0948 | 2.943

3 8015 | 237 0.65 0953 | 2.943

§ 1 6,633 | 23.07 0.638 0.948 | 1.830
§ g:g:sm 2 7,088 | 23.07 0.64 ] | 0.848| 1630
T 3 8,015 | 23.07 0.65 0.008 | 0.003 | 0.003 0.943| 1.630
> 1 6633 45.18 0.638 0.013 | 0.008 | 0.008 095 | 2113
FIBERGLASS| 2 7088 | 4646 [ y | y [oe3s| ¥ Y |0.0130.008 | 0.008| | 0.953| 2.103

3 | 129.54 |8,015 | 4758 | 1.27 [0.635(0.638 |0.102 | 0.051 | 0.051|0.013 | 0.008 | 0.008 [ 0.953[0.635 [0.843| 2.113

*ALUM CORE WITH ALUM AND CARBON FACES
HRP (F.G ) CORE WITH F.G. FACES
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Table B-4: HONEYCOMB SANDWICH DATA (NARROW LIMITS)

[ CORE CORE DEPTH FACE SKIN RIBBON CELL SIZE WEIGHT

DENS! N (C THICKNESS THICKNESS N 2

LB/FT3e (cm) N. (CM)_ IN,_(CM) - lem) L8/FT

DE
(kg/m3) [ max | miN sﬂ;EN MAX| MIN | gign [MAX| MIN s?gn MAX | MIN QEN (kg/m?)
1.41 270 | .250 | 251 |021| 020 | 020 [ .003 | 001 001 | 376 | 376 375 601
ALUM
ALL STUDY VEHICLES (24.68) |(.686) |(.635) | (.638) |(.003) | .051)](.051) }(,008) | (.003)|1.003) | (.953) | (953)}(.953)|  (2.93)
CARBON 1.42 270 | .250| .260 | 021 | 020 | .020 | .003 | .00t | 001 | 375 | 375 | 375 333
AND

EPOXY (24.85) | (.886) | (.635)| (635 [(.063)| (.051) | ( 051) |1.008) | (.003) | (.003) | (.953) |(.953)|(.953) | (1.625)

ALT FIGHTS FIBER 2.81 300 | 250 | 250 | 021 | .020 | .020 | .005 { .003 | .003 | .376 | .375 | 375 430
GLASS (49.18) (.762) | (.835)| (,635) |(.053)|(.061) | (.061) |(.013) | (.008) | {.008) | (963} [(.953) {{963)| (2.088)

*ALUM CORE WITH ALUM AND CARBON FACES
HRP (F.G.) CORE WITH F.G. FACES




PAYLOAD SUPPORT

re

Table

B-5: TRUSS STRUCTURE DATA

URATION ary | in) W) 1 max | min | DEs | mMax| min | oes | ) |

A;.)uhgl:l::ﬂwm sl 2 | a 3246 | 0200|0020 0020| 250 | 100 |101 | o526
E=10x10® | 2 3319 | 0200 | 0020] 0020] 250 | 1.00 [103 |os38
LB/IN.2 3 3520 | 0.200 | 0o20| 0021| 250 | 100 |100 |os4e7
2 [cARBON-EPOXY | 1 3,246 | 0070 [ 0028 | 0028 225 | 076 [0788 |o317
g g‘_ gﬁ%’ T2 3319 | 0070 [ 0028 [ 0028 225 | 075 [0.793 | 0310
é LB/IN 3 3520 { 0070|0028 | 0028] 225 | 075 0809 | 0325
FIBERGLASS 1 3246 | 0.054 | 0030 | 0030] 250 | 100 | 102 |o526
g: ‘;-255 ::g’“ 2 3319 | 0054 {0030 | 0030 250 | 100 |104 [os532
Le/N.2 3 42 3520 | 0.054 [ 0030 0030 250 | 100 | 105 | 0541
1 56 3885 | 0200|0020 | 0020 250 | 100 | 124 [o0s74
ALUMINUM 2 3054 | 0200 [0020] 0020 250 | 100 [12¢ [ossn
_ 3 4,079 0200 | 0020} 0020} 250 | 100 | 126 | o890
X é ?.5 3 1 3885 |0070 |oo28 | 0028} 225 | 075 | 102 | o558
303 eSO/ 2 3954 | 0070 |0028 | 0028 | 225 | 076 | 103 | 0560
3—5 :‘: 5N 3 4,079 0070 | 0028 | 00281225 | 075 |104 | 0566
7°F 1 3885 | 0054 |0030| 0030|250 | 100 [133 |o92s
FIBERGLASS | 2 3954 | 0054 [0030| 0030|250 | 100 {133 [qa30
3 s6 | 4079 |o0054 |0030] 0030250 | 100 [135 |opoas

1 23 | 3223 [0200 [0020 [ 0020 [ 250 | 100 {102 [o291.

ALUMINUM 2 3467 [0200 [0020] 0020 250 | 100 {105 [o0301.
> = 3 4046 | 0200 {0020 0020 | 250 | 100 {100 [o286
E § é 1 3223 | 0070 0028 {0028 | 225 | - [0532 [o119
gcd g:‘gss”/ 2 3467 | 0070 0028|0028 [ 225 | - |[0544 [ 0123
é § f 3 4,046 | 0070 (0028 | 0028 | 225 | - |0614 | 0138
1 3223 | 0054 [0030| 0030 | 250 | 100 |100 | 0288
FIBERGLASS 2 3,467 00564 | 0030 | 0030 | 250 1.00 [ 100 0288
3 4,046 | 0054 | 0030 | 0030 | 250 | 100 | 100 | 0288

1 2.997 | 0200 | 0020|0020 | 250 | 100 |107 | 0495«
ALUMINUM 2 3070 | 0200 | 0020|0020 | 250 | 100 |102- | 0472
_ 3 3329 | 0200 [o0020[ 0020 250 | 100 [103 [ o476
X § 1 2997 | 0070 0028|0028 [ 225 | - Jo709 | 0254
33 g,‘,‘g;’,?“’ 2 3070 |o0070 0028|0028 [ 225 | — [o715 | 0256
é ;” 3 3320 |0070 {0028 [0028 [ 225 | - Jo734 [ 0263
1 2007 | 0054 [0030[0030 [ 250 [ 100 [100 [ 0260
FIBERGLASS | 2 3070 |00s4 | 0030|0030 | 250 [ 100 [100 | 0ass
3 24 37 | 3320 | 0054 | 0030|0030 | 250 | 100 100 | 0462
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PAYLOAD SUPPORT

AL

Table B-5: TRUSS STRUCTURE DATA
VEMICLE MEM | eneril Loap | TUBE THICKNESS TUBE RADIUS  [WEIGHT
CONFIG- MATERIAL | CASE | BER {em) (cm) MEMBER|
URATION ary | tem) N I max | min | DEs | max| min | oes | (ke
ALUMINUM 1 24 | 10668 | 14,438 | 0508 {0051 | 0051 | 635 | 254 | 257 | 0238
‘: : "g ti’(‘)g' : 2 14,763 | 0608 [0051 [ 0051 | 635 | 254 | 262 | 0244
LB/IN 2 3 15657 | 0608 [ 0051 | 0053 | 6.35 | 2564 | 2.54 | 0248
2 lcarson-epoxy| 1 14438 [ 0178 [oo71 [ 0071 [ 572 [ 190 | 200 [ 0.144
3 p= 055 LB/IN 2 14,763 | 0.179 J o071 { 0071 | 572 | 190 | 201 | 0145
z “ﬁ,‘.;‘% 3 16,657 | 0179 [oo071{ 0071 | 572 | 1.90 | 205 | 0148
g FIBERGLASS 1 14438 [ 0137 {0076 | 0076 | 635 | 254 | 259 | 0239
p- 06 LB’;" 3 2 14,763 | 0137 {0076 | 0076 264 | 0245
E~75x 10
LB/IN 2 3 106.68| 15.657 | 0137 | 0.076 | 0076 2.68 | 0247
1 14224 | 17.281 | o508 [ 0051 | 0051 315 | 0397
ALUMINUM 2 17,587 | 0508 | 0051 | 0051 315 | 0400
_ 3 18,143 | 0.508 | 0051 [ 0051 | 635 | 254 | 320 | 0404
'3§§ 1 17,281 | 0179 Joo71 | 0071 | 572 | 190 | 259 [ 0253
3 c3 g:g:e"‘/ 2 17687 | 0179 o071 [ 0071 [ 572 [ 190 | 262 | 0254
Ig 3" 3 18,143 | 0.179 [oo71 {0071 | 572 | 190 | 264 J 0257
>-2= 1 17,281 | 0137 | 0076 | 0076 | 635 | 254 | 338 | 0420
FIBERGLASS 2 17,587 | 0137 | 0.076 | 0076 338 | 0422
3 142241 18,943 | 0137 | 0076 | 0076 343 | 0431
1 58.40 | 14,336 | 0508 | 0051 | 0051 262 | 0132°
ALUMINUM 2 15,421 | 0508 | 0.051 | 0.051 268 | 0137°
3 17,997 | 0508 [0051 | 0051 | 635 | 254 | 254 [0130
Ség 1 14336 [0178 o071 J 0071 [ s72 | — | 135 |oo0sa
:'3 E z CoRBON/ 2 15421 10178 o071 | 0071 | 572 ] — | 138 | o588
ééﬁ“ 3 17,997 [0178 [oo71 | 0071 | 572 | - 156 | 0627
= 1 14336 | 0137 |0076 | 0076 | 635 | 254 | 254 ] 0131
FIBERGLASS 2 16,421 | 0137 [ 0076 | 0076 254 10131
3 5840 17,997 | 0137 [oo076 | 0076 254 | 0131
1 9400 13,331 | o508 |oos1 | 0051 2.72 | 0225°
ALUMINUM 2 13,655 | 0508 | 0051 | 0.051 259 | 0214
- 3 14,807 | 0508 |0o051 [ 0051 | 635 | 254 | 262 | 0216
;’ o 1 13331 | 0178 |oo71 | 0071 | 572 | - 180 |0115
o 5 CoRBON/ 2 13655 | 0178 | 0071 | 0071 | 572 | — | 182 |0116
§ 5 3 14807 | 0178 (0071 {oon [s72 | - |18 |ons
1 13331 [ 0137 (0076 {0076 | 635 | 254 | 254 | 0209
-FIBERGLASS 2 13656 | 0137 [0076 | 0076 | 635 | 254 | 254 [ 02092
2 24 | 9400| 14807 | 0137 {0076, [ 0076 [ 635 | 254 | 254 | 02097

° NON-OPTIMUM CASE
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TABLE B-6: TRUSS STRUCTURE DATA (Cont)
URATION ary | nd W0t yax | min | oes | max | min | oes | b
1 24 | 2 2698 [0200 | 0020 | 0020 | 250 | 100 | 1.02 | 0318°
ALUMINUM 2 2,767 | 0200 | 0020 0021 | 250 | 100 | 103 | 0.320°
3 3,118 |0.200 | 0.020 | 0021 | 260 | 1.00 | 1.00 | 0312
& 1 2698 |0.070 [0028 | 0028 | 2256 | 076 | 0533 | 0130
g ayvivand 2 2,767 | 0.070 | 0028 | 0028 | 225 | 0756 [ 0536 | 0.1
T 3 3118 |0070 | 0028 | 0028 | 225 | 075 | 0587 | 0137
> 1 2698 [0.054 | 00300030 | 250 [ 100 | 100 | 0.314
FIBERGLASS 2 2,767 | 0.054 | 0030 | 0.030 ) 100 | 0314
3 24 25 3,118 |0.054 | 0030 | 0030 1 |1.00 | 0315
1 12 63 6,656 | 0200 | 0.020 | 0021 1.356 0936
ALUMINUM | 2 8,656 | 0.200 | 0020 | 0021 135 | 0936
_ 3 6679 |0.200 | 00200020 [ 250 | 100 |1.43 | 0945
§ g CARBON 1 6,656 | 0.070 {0028 (0028 | 225 | 075 |1.18 | 0606
e} EPOXY 2 6656 |0070 | 0028|0028 | 225 | 075 {118 | 0606
Ig 3 6679 |0.070 | 00280028 | 225 | 075 [1.18 | 0606
>= 1 6656 | 0054 | 0.030 [ 0036 | 250 [ 1.00 | 142 [ 1132
FIBERGLASS | 2 6,656 | 0.054 | 0030 | 0036 142 | 1132
3 53 | 6679 | 0054 | 0030 | 0036 142 | 1132
1 a1 | 8824 |o0.200 [ 00200021 120 | 0692
ALUMINUM 2 9,077 | 0.200 | 0020 | 0021 129 | 0692
.5 3 9582 | 0.200 [ 0020|0022 | 250 | 1.00 | 130 | 0730
78 1 8824 | 0070 | 0028 ) 0042 | 225 | 075 | 0866 | 0.512
4 E g:‘g:f,’"/ 2 9,077 [0.070 [ 0028 0042 | 225 | 075 |o0874 | 0518
3 3 9582 |0.070 | 0028|0042 | 225 | 075 | o890 | .0526
>= 1 8824 | 0053 | 0030|0036 | 250 | 100 [139 | 0845
FIBERGLASS | 2 9,077 | 0054 | 0030 | 0042 1.24 | 0882
3 41 | 9582 | 0054 |go30| 0042 127. | 0899
1 a6 | 6119 | 02000020 | 0020 124 | 0710
ALUMINUM 2 6,119 | 0.200 | 0020 | 0020 124 | 0710
«s 3 6,220 {0200 | 0.020 | 0021 | 250 | 100 | 124 [ 0746
&8 1 6119 | 0070 | 0028 | 0028 | 225 | 075 |1.03 | 0456
;—; 5 g:g;’e"’ 2 6,119 | 0070 [ 0028 [ 0028 | 225 | 075 [ 1.03 | 0456
58 3 6220 | 0.070 | 0.028 | 0028 | 225 | 075 | 104 | 0457
1 6,119 | 0054 | 0030 [ 0036 | 250 | 100 | 1.25 | 0848
FIBERGLASS | 2 ‘ 6,119 | 0.054 0030 | 0036 { 250 | 1.00 [125 | 0848
3 12 | a8 6220 | 0054 | 0030 | 0036 | 250 [ 100 |125 | o8s0
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Table B-6: TRUSS STRUCTURE DATA (Cont)
VEHICLE MEM- | cverl Lono | TUBE THICKNESS TUBE RADIUS :f’cf"(GH’
CONFIG MATERIAL | CASE | BER (cm) (cm) MEMGE R
URATION oty | fem) (N} MAX | min | DES | MAX| MIN | DES | (kg
1 24 | 636 | 12,000 | 0,508 | 0051 | 0051 | 635 | 254 | 259 | 0.144°
ALUMINUM 2 12,308 | 0508 | 0051 | 0053 | 635 | 254 | 262 | 0.145°
3 13,869 | 0508 | 0061 | 0.053 | 6.35 | 254 | 254 | 0.142
o 1 12,000 [ 0179 0071 | 0071 | 672 | 191 | 1.35 | o0.059
3 g:g:e N 2 12,308 | 0179 o071 | 0071 | 572 | 191 | 1.36 | 0.0594
5 3 13868 | 0.178 [oo071 [ 0071 | 672 | 191 | 141 | 0.062
z 1 12,000 | 0137 | 0076 | 0.076 | 635 | 254 | 254 | 0.143
FIBERGLASS 2 12,308 | 0.137 | o076 | 0076 | | ] 254 | 0.143
3 24 | 636 | 13869 | 0137 {0076 | 0076 254 | 0143
1 12 | 13462 | 29606 | 0508 | 0051 | 0053 343 | 0425
ALUMINUM 2 20,606 | 0508 | 0051 | 0053 | | 343 | 0425
s 3 29,708 | 0508 |00s1 | 0051 | 635 | 254 | 363 | 0.4209
S § CARBON/ 1 29606 | 0179 {0071 {0071 | 572 | 191 | 300 | 0275
de EPOXY 2 29606 | 0179 0071 J 0071 | 572 | 191 | 300 | 0275
é % 3 29,708 | 0.179 |oo71 | 0071 | 572 | 1.91 | 300 | 0275
1 29606 | 0137 0076 | 0091 [ 635 | 254 | 361 | 0514
FIBERGLASS 2 | 29,606 | 0.137 | 0076 | 0091 } 361 | 0514
3 13462 | 29,708 | 0.137 | 0076 | 0091 361 | 0514
1 10414 | 39,249 | 0508 [0,051 | 0053 328 | 0.314
ALUMINUM 2 \ 40,375 [ 0.508 {0051 [ 0053 328 | 0314
_ 3 42621 [ 0508 [0051 [ 0059 | 635 | 254 | 330 | 0.3m
f é 1 39,249 | 0179 [0071 [ 0107 [ 572 | 191 [ 220 | 0232
- E vl 2 40375 | 0179 [0071 | 0107 | 572 | 191 | 222 | 0235
T g 3 42621 | 0179 0071 | 0107 { 572 | 197 | 226 | 0.239
>= 1 39249 | 0.137 0076 | 0091 | 635 | 254 | 353 | 0.384
FIBERGLASS 2 \ 40375 | 0137 | 0076 | 0107 3.15 | 0400
3 10414 | 42621 [ 0137 o076 | 0107 3.23 | 0.408
1 11684 | 27,217 | 0508 [ 0051 | 0051 315 | 0322
ALUMINUM 2 27,217 | 0508 | 0051 | 0051 3.15 | 0.322
_ 3 27667 | 0508 | 0051 {0053 | 635 | 254 | 315 { 0339
ég CARBON/ 1 27217 | 0179|0071 J o071 | 572 | 191 | 262 | 0207
ge EPOXY 2 27217 [0179 Joun o071 [s72 | 191 | 262 | 0207
§§ 3 27667 | 0179 |0071 | 0071 | 572 | 191 | 264 | 0207
= 1 27,217 10137 | 0076 [ 0091 | 635 | 254 | 318 | 0.385
FIBERGLASS 2 1 ] 27217 | 0137 | 0076 | 0091 | 635 | 254 | 318 | 0365
3 12 | 11684 | 27667 | 0137 [0076 | 0091 [675 | 254 | 318 | 0386

* NON OPTIMUM CASE
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Table B-7: TRUSS STRUCTURE DATA (Cont)
VENICLE MM TUBE THICKNESS TUBE RADIUS  |WEIGHT
CONFIG- MATERIAL | case | gen [ENGTH| LOAD (in.) (n) :AEE':ABER
URATION Q1Y | i) Wbt max [ min oes | max| min | oes | oo
1 12 42 6947 | 0.200 {0020 | 0020 | 250 | 1.00 | 123 | oest
ALUMINUM 2 7,168 | 0.200 1 0.020 | 0020 | 250 | 100 | 1.24 | 0662
.5 3 7.719 | 0.200 | 0020 | 0020 ] 250 | 100 | 128 | 0672
x § B 6947 | 0070 0028 [ 0.028| 225 | 075 | 105 | 0426
‘:‘_). « g:g;’f,’"’ 2 7.168 | 0070 0028 [ 0028 | 225 | 075 | 109 | 0440
T § 3 7719 | 0070 o028 | 0028 | 225 | 075 | 117 | o045
>= 1 6047 | 0054 [0.030 [0036 | 250 | 100 [131 [ —
FIBERGLASS 2 7.168 | 0.054 | 0.030 | 0036 124 | 0775
3 12 42 7,719 0054 |0030 | 0036 128 | 0794
1 24 49 3760 | 0200 [ 0020 | 0020 111 |oe91*
ALUMINUM 2 3g22 | 0200 |o0.020 | 0020 112 | 0689
3 3947 | 0200 [0.020 | 0021 | 250 | 100 {112 | o707
o 1 3760 | 0070 {0028 {00287| 225 | 075 | 0921 | 0435
S g:g:eN/ 2 3822 0070 |0028 | 0028 | 225 | 075 | 0926 | 0437
; 3 3947 | 0070 (0028 {0028 | 225 | 075 | 0936 | 0443
1 3760 | 0054 [0030 [ 0030 | 250 | 100 [119 |o0726
FIBERGLASS | 2 3822 | 0054 0030 | 0.030 120 | 0.728
3 24 49 3,947 0054 | 0030 | 0030 1.21 0736
1 12 53 7,020 | 0200 |0.020 | 0.020 145 | pog
ALUMINUM 2 0.200 [ 0020 | 0020 145 | 0981
3 0200 [0020 | 0020 [ 250 | 100 | 145 | o981
g T 0070 {0028 [ 0028 | 225 | 075 [ 120 [ o620
3 g:g:g"/ 2 0070 |0028 | 0028 [ 225 | 075 | 120 | 0620
X 3 0070 |0.028 | 0028 | 225 | 075 [ 120 |o620
> 1 0.054 {0030 | 0036 | 250 | 100 | 145 | 1153
FIBERGLASS 2 0054 | 0030 | 0036 145 1183
3 12 53 7020 | 0054 [0030 [ 0036 145 | 1153
= 1 8 37 | 16210 | 0200 | 06020 | 0029 134 | 0908
g -l 2 8 37 | 17,400 0031 137 | o978
- = 3 8 37 | 18590 0035 132 | 1.073
;' 2 « 1 4 a7 8,100 0022 141 {o9mn
3 § S| 2 4 47 | 10,480 10023 146 | 0994
§ 2 s 3 4 a7 | 13340 0026 152 | 1.160
« 1 4 35 | 22,700 0039 138 | 1190
Sef 2 4 35 | 25350 0048 126 | 1325
= 3 4 35 28,150 {0200 | 0020 | 0052 | 260 | 100 | 129 | 1476

*NON-OPTIMUM CASE




Table B-7: TRUSS STRUCTURE DATA (Cont)
VEHICLE MEM- | veonl Loap TUBE THICKNESS TUBE RADIUS \PNEEF:GHT
CONFIG- MATERIAL | CASE | BER (cm) (em) Memserl
URATION ary f temh | NV Foax [ min | oes | max| min | oes | (ke
1 12 |1wee8 | 30900 | 0.508 |0.051 | 0051 ] 635 | 254 | 342 | 0207
ALUMINUM 2 31883 | 9508 0051 ] 0.051 | 635 | 2.54 | 315 | 0300
o5 3 34334 { 0508 0051 | 0051 | 635 | 254 | 325 | 0305
0 § 1 30900 | 0178 [0.071 [ 0071 | 672 ] 191 | 267 | 0.103
Y g;‘g:s"’ 2 31883 | 0178 [0071 [ 0071 | s72| 191 | 277 [ 0199
T Z 3 3,334 [0178 o071 o001 ] 572] 1.91 | 207 | 028
>= 1 30,000 | 0137 |0076 | 0091 | 635 | 254 | 333 | -
FIBERGLASS 2 31,883 | 0137 | 0076 | 0.091 315 | 0352
3 12 | 10668 | 34,33a [ 0137 | 0076 | 0091 325 | 0360
1 24 | 12446 | 16724 | 0508 | 0.051 | 0.051 282 | 0314
ALUMINUM 2 17,000 { 0508 | 0.051 | 0051 2.84 0313
3 17556 | 0508 | 0051 | 0.051 | 635 | 254 | 284 | 0321
o 1 16,724 | 0.178 o071 | oom | 572] 191 | 234 | 0197
3 g:g)?e”’ 2 17.000 | 0178 o071 [ 0071 | 572 191 | 235 | o0.198
= 3 17556 | 0178 | 0071 | 0071 | 572 191 | 238 | 0201
> 1 16,724 | 0137 |0076 | 0076 | 635 254 | 302 | 0329
FIBERGLASS 2 17,000 | 0137 | 0076 | 0076 305 | 0330
3 24 | 12448| 17,556 | 0137 | 0.076 | 0076 307 | 0334
1 12 |13a62| 31225 | 0508 | 0051 | 0051 368 | 0445
ALUMINUM 2 0508 | 0051 | 0.051 368 | 0445
3 0508 [0.051 | 0051 | 635 | 254 | 368 | 0445
& 1 0178 [oo71 [ 0071 | 572 191 | 305 | 0282
3 oo 2 0178 | 0071 | 0071 | 572 | 191 | 305 | 0282
P 3 0178 |0071 | 0071 | 572| 191 | 305 | 0282
> 1 0137 (0076 [ 0091 | 635 | 254 | 368 | 0523
FIBERGLASS 2 0137 {0076 | 0091 368 | 0523
3 12 | 13462 31,225 | 0137 | 0.076 | 0091 368 | 0523
5 1 8 | 9398 72,102 [0s08 [0051 ] 0074 340 | 0412
S-| 2 8 | 9398| 77.395 0079 338 /| 0444
- . = 3 8 | 9398 84,290 .0090 335 | 0487
" 3 | 1 4 |11938| 40477 0056 358 | 0414
3] S a |1938| 46615 0058 37 | oast
é e = 3 4 |[11938| 59336 0066 386 | 0527
« 1 4 8890 | 100,970 0099 351 | 0540
Sal 2 4 8390 | 112,757 0122 320 | 0602
= 3 4 8890 | 125211 | 0508 0051 [ 0132 | 635 | 254 | 328 | 0670

* NON OPTIMUM CASE
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Table B-8: TRUSS STRUCTURE DATA (Cont)
LE | e | e | A oo wono | TOETIPSS | egous T
URATION ary | b 1 I'max [ min [ oes [max| minv [ oes | b
© 1 4 48 15,100 | 0.200 | 0.020 | 0.028 | 250 | 100 | 157 | 1311
Q. 2 | 4 | 48 | 15100 [ 0200 0020 0028 | 250 | 100 | 157 | 1311
2 [ 3 | &« | a8 | 15100 | 0200|0020 0028 | 250 | 100 | 157 | 1311
= 1 4 4 2350 | - - looas| - | - |[o7s0] 0725
Sw| 2 4 2,350 0.750 | 0725
s 3 7 2,350 0750 | 0725
g « 1 4 2,453 0813 | 0785
S 2. 2 | a 2,453 0813 | 0785
; g 3 2 2,453 0813 | 0785
« ' 8 4,483 0938 | 0905
2~ 2 8 \ 4,483 0938 | 0905
= 3 8 44 4,483 0.035 0938 | 0905
« 1 8 53 5,700 0049 112 0915
Sw| 2 8 | 53 5,700 0049 112 | 0915
z 3 8 53 5700 | - | - |ood| - 1 J112 | o915
« 1 8 37 16,210 | 090 | 0018 | 0054 | 250 | 100 | 129 | 1082
n % - 2 8 37 17,400 0054 133 | 1109
" = 3 8 ¥ 18590 0 054 136 | 1134
;% § 1 4 47 9,100 0042 137 1118
S a2 4 47 10,480 0042 143 | 1172
S 3 4 47 13,340 0048 148 | 1383
= 1 4 35 22,700 0060 133 | 1.163
Sef 2 4 35 | 25350 0066 134 | 1281
s 3 4 3 | 28,150 0066 139 | 1328
g « 1 4 a8 | 15,100 0048 156 | 1490
g %v 2 4 48 | 15,100 0048 156 | 1490
® |= 3 4 48 | 15,100 0048 156 | 1490
" « 1 4 44 2,350 0024 104 | oas6
Sul| 2 4 2,350 104 | 0456
= 3 4 2,350 104 | 0456
|= 1 4 2,453 106 | 0463
Seo| 2 a 2,453 106 | 0463
5 3 4 2,453 0024 106 | 0463
= 1 8 i 4,483 0030 118 | 0645
el 2 [ &8 ' 4,483 0030 118 | 0645
s 3 8 4 4483 | 090 [ 0018 | 0030 | 250 [ 100 [118 | 0645
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Table B-8: TRUSS STRUCTURE DATA (Cont) .
VEHICLE MEM- TUBE THICKNESS TUBE RADIUS  |WEIGHT
CONFIG- MATERIAL | case [en FENGTH LOAD (em) fem) MEMBER
URATION oty | femd NV L yax | miv [oes | max| min | oes | el |
x 1 s |12102| 67165 | 0508 | 0,051 | 0071 | 635 | 254 | 390 | 0595
gv 2 4 |12192] e7.165 o0on 399 | 0595
z 3 4 |12192] 67,165 0071 399 | 0595
« 1 4 |11176] 10453 0089 191 | 0320
Su| 2 a 10,453 191 | 0329
= 3 4 10,453 191 | 0329
5 = 1 4 10,911 207 | 0356
§ So| 2 4 10,911 207 | 0356
p) w
3 = 3 4 10,911 207 | 0356
x 1 8 19,940 238 | 04ant
S| 2 8 19,940 238 | oan
= 3 8 11176 19,940 0089 238 | 0411
x 1 8 |13s62] 25354 0124 284 | 0415
S| 2 8 |13462| 25354 0124 284 | 0415
= 3 8 |13462| 25354 | 0508 | 0051 | 0124 284 | 0415
« 1 g8 | 9398 72,102 | 0220 | 0046 | 0137 328 | 0491
5 g.. 2 g8 | 9398 77,395 0137 338 | 0503
w = 3 8 9398 | 82,688 0137 345 | 0515
2 « 1 a |1938]| 0477 0 107 348 | 0508
> Sa| 2 4 {1938| 46615 0 107 363 | 0532
= 3 4 |1938| 59336 0123 377 | 0628
x 1 4 | 8890 | 100969 0152 338 | 0528
S| 2 4 | 8890 112757 0168 340 | 0582
= 3 s | 8890 | 125211 0168 353 | 0603
g « 1 s |12192] 67,168 0122 396 | 0676
o %v 2 s [12192] 67,165 0122 396 | 0676
@  |= 3 a [12102] 67,165 0122 39 | 0676
" e 1 4 |16 10453 0 061 264 | 0207
gm 2 a 10,453 264 | 0207
= 3 4 10,453 264 | 0207
« 1 4 10,911 269 | 0210
So] 2 4 10,911 269 | 0210
= 3 4 10,911 0 061 269 | 0210
= 1 8 19,940 0076 300 | 0203
%.\ 2 8 19,940 0076 300 | 0293
= 3 8 |1176| 19940 | 0229 | 0046 | 0076 | 635 | 254 | 300 | 0293
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Table B-9: TRUSS STRUCTURE DATA (Cont)

VEHICLE MEM.- TUBE THICKNESS TUBE RADIUS  |WEIGHT
N JENGTH| LOAD PER
CONFIG MATERIAL | CASE | BER (in) (in) MEMBER
URATION Y . {Ib)
© ary | el Max | MIN | DEs | Max | mIN | DES | (Ib)
ph ———— |
« 1 8 53 5700 | 0090 [0.018 | 0030 | 250 | 100 | 144 | 0953
a
VEHICLE 1-7 [FIBERGLASS 2| 2 53 5700 | 0.090 {0018 | 0.030 | 250 | 1.00 | 144 | 0953
= 3 8 53 5,700 | 0.090 |0.018 | 0.030 | 250 | 1.00 | 144 | 0.953
Table B-9: TRUSS STRUCTURE DATA (Cont)
VEHICLE MEm || oap | TUBE THICKNESS TUBE RADIUS ‘;VEEF'{G“T
CONKIG MATERIAL CASC | BER (em) (cm) MEMBER
R Y {cm) (N)
URATION ar max | min | pes | Max| MIN | DES | (Kg)
- — - ——————
< 1 13462 | 25,354 | 0.229 | 0.046 | 0076 | 635 | 254 | 3.67 | 0433
VEHICLE 1-7 FIBERGLASS % 2 13462 | 25354 | 0229 |0.046 | 0.076 | 6.35 | 254 | 367 | 0.433
= 3 13462 | 25354 0229 {0046 [ 0076 | 6.35 | 2564 | 3.67 | 0.433




Table

B-10: CORRUGATED SHELL DATA

‘-o"' s | LT CORRUGATION RINGS (ALUMINUM®®}
VEMICLE HEiGHT| 0n” DEPTH SKIN WEOTH ANGLE THICK.|  RING REIGHT REINFORCEMENT WEIGHT
CONFIG MATERIAL CASE X ) ml('::')JESS ) (deg) NO ;";gc NESS ol THIC:‘C"N)ESS (WIDTH
ot leniny | ax | mn | pes | max | sow | pes MALL aun | oes [ max | N | pEs wnt | nt {max ] auw | oes | max | s | 06s | i | ot
A;UMINUM R 385 | 119 | 200 [0500 [0746 | 0.050 | 6020 [ 0020 [ 250 [ 0500 | 167 | B0 | 45 % o] - - - - - - - - . | o3z
Ak R - . v
LanN?| 3 165 0922 0020 143 % 0337
2 cARBON EPOXY | 1 1e asn 0020 169 52 0186
3 ’::‘:“’:5_"‘:’5'" ) 138 0509 0020 159 o 0187
I wngd 3 165 097 0020 102 a 01%0
> FIBERGLASS | 1 19 118 0026 133 60 032
g'_‘;?u‘.;a"" 2 138 118 0027 138 0 0342
N 3 | ms | 165 126 0030 145 60 0380
1 1o | 142 0521 0.020 142 o 0322
ALUMINUM 2 159 0579 0020 143 45 0324
_ 3 188 0514 0020 128 s 0324
] ' 142 0549 0020 147 45 0176
Z";;S g‘g:?" 2 159 0613 0.020 140 48 0177
é T 3 188 0.501 0020 138 a7 0177
1 142 aror 0.021 0.875 48 0239
FIBERGLASS 2 159 0.684 0020 0.845 64 0260
3 | wo [ 18 o747 Q021 0848 58 0265
1 s ns3 0.898 0020 161 50 0339°
ALUMINUM 2 120 0694 0020 159 “ 0328
_ 3 159 0847 0020 143 © 0333
I3 1 3 0608 0.020 170 P 0177
3 -3 g‘g:e" 2 129 0.701 0.020 )64 , ” 0179
g;" 3 1598 0725 0.020 152 48 0182
1 "3 108 0023 127 6 0304
FIBERGLASS 2 120 13 0.024 116 59 |0 0312
3 | s | 15 0628 0020 0813 ' 50 {1| w8 |003 |200 | 100 [109 {0100| o | o0o02s| wn | 0322
1 2 308 ar10 0,020 105 a |o 0340
o ALUMINUM 2 26 0.810 a.020 102 @ o3 |
g 3 360 0788 0.020 100 51 0353
2 1 06 o719 0020 109 P 0187
s ?.‘3:3" 2 o 0761 0021 113 4 0195
3 n» 30 | 200 | 0500 | 0.773 | 0.050 [ 0020 [ 0021 | 250 | 0500 [oore | 80 | 45 | as 0197

** STUDY MAT'L USED FOR RING REINF

* NON-OPTIMUM CASE
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Table B-10: CORRUGATED SHELL DATA
] ur | CORRUGATION | RINGS (ALUMINUM®®)
VEMICLE 3:%,:} 104D SKIN \ [ - REMFARCEMENT WEIGHT
CONFIG MATERIAL | case Ny JEPTH THICKNESS WIOTH ANGLE SPAC L:;gx RING HEIGHT THICKNESS WIDTH
{em) {em) {cm) (rad) NO | NG fem) tem)
fem} | (N/m) | MAX | MIN | DES | MAX | MIN | DES | MmAX | mIN DES | MaX | MIN | DES fem} temi | Max | min | DES | max | miN | DES | tem) | (Kg/M2y
ALUMINUM 1 9779 | 2083 | 508 | 127 | 189 o127 | 0oo51 ] 0051|508 | 127 | 424 | 14 | D79 | 081 [ O 1600
peo.a0LBnN 3
€-10x 108 2 2380 226 39 o8 160
wiN?| 3 2888 234 163 081 1645
2 CARBON EPOXY | 2083 206 420 091 0808
et R o o
z N2 3 2888 247 0051 259 082 0527
> FIBERGLASS 1 2083 285 0066 338 105 1606
::g?‘““"": 2 7380 300 0069 as 105 66|
win2l 3 [ grye | 2888 220 0076 368 108 1654
t 43.18 | 2485 132 0051 361 082 151
ALUMINUM 2 2696 147 3163 078 1581
- 3 3290 131 318 079 1581
oy} 2485
14 1 139 an 079 08588
a ] 2:3,‘23" 2 2695 130 356 08) 08638
54 3 3290 V27 0051 345 082 08838
1 2485 180 0053 222 084 1168
FIBERGLASS 2 2695 174 0051 215 112 ] 1 269
3 4318 | 32980 190 0053 215 102 1203
v | 8509 | 1978 228 0051 409 oes 1654
ALUMINUM 2 2258 176 404 082 1 600
_ 3 2783 215 383 081 1625
E § 1 ' 978 154 an 084 0863y
33 O RON 2 2258 178 o 082 08735
g ;" 3 2783 184 0081 385 084 08282
1 1978 267 0.058 3.23 118 1484
FIBERGLASS 2 2258 2.87 0081 205 103 | o 1523
3 | gso9 | 2783 160 0.081 207 088 | 1 | 4267 | 0076 | 762 | 254 | 277 jo2sa | o 0064 | ¥H | 1571
1 5588 | 5355 180 268 082 | o 1659
) ALUMINUM 2 5706 208 259 086 1698
a 3 6300 200 254 089 123
‘§ CARBON i 58 183 005! n o84 09128
EPOXY 2 5705 193 0053 287 08§ 09516
3 $588 | 6300 | 508 | 127 {196 | 0127 | 005t joos3 | s08 | 127 | 2@ [ 14 079 | 084 09614
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Table B-11: CORRUGATED SHELL DATA (Cont)
SHELL L%LAI;) CORRUGAT'ON RINGS ——
vewicLe matemiaL | case [ME'OHT) Ny DEPTH THIKNESS WiDTH ANGLE spac. [fHiCK-|  RING HEIGHT P oknEss | wiorw
{n) {in} (in} {deg) NO | ING n) {in}

{in) {n/in} | MAX MIN DES MAX MIN DES ATAX MIN DES MAX MIN DES {in) {in) MAX MIN DES MAX MIN DES [{LR] llb/hz)

' ) 306 | 200 {0500 {0960 | 0050 {0020 | 031 | 250 0500 [112 | 80 | 45 60 [0 - - - - - _ - - - 0383

VEKICLE 2-2 | FIBERGLASS 2 n 28 0980 0032 113 60 0408
3 n 380 100 0033 116 60 0418

1 50 28?7 0644 0020 AR K} 56 1 25 0030 | 300 | 100 100 | 0100 0 0055 wH 0413

ALUMINUM 2 m a7es oon 0960 g |1 FS) 'Y 0037 | wH | oas2

.5 3 385 0757 0021 0983 s |1 F-3 i 0055 | %H 0448
: § CARBON 1 287 128 0.024 145 60 01253
§ [ EPOXY 2 n 129 0025 148 0263
§ § 3 %5 133 0.027 155 0285
1 287 0.620 0023 0720 3| 125 109 0032 | %1 | o412

FIBERGLASS 2 n 0.630 0024 0.730 3| z2s 109 0032 0424

3 | s 85 06650 0028 0760 680 | 3| 125 109 0032 0449

1 ®Ss | a8 0644 0021 0908 a7 1| 183 101 0027 0440

ALUMINUM 2 519 0.683 a0 0754 @ | 1| 13 105 0075 0459

<z 3 5T 0730 0021 0779 st | 1] 83 107 0044 | %u | oan
<9 1 476 113 0026 130 6 Jo 0273

W CARBON

of EPOXY 2 519 115 0027 123 60 0284
é ] 3 s 120 0028 139 60 0295
- 1 476 as46 0023 0626 6 |3| a1 100 004a | wu | oas7
FIBERGLASS 2 519 0596 0029 0685 s |3 91 106 0006 | wu | o475

3 8.5 7 0883 0034 102 66 3 91 101 0025 | wH 0538

t 25 298 118 0023 137 60 (/] 0440

ALUMINUM 2 2 121 0024 140 0460

.5 3 3n 128 0026 145 0438
;—"§ canson 1 296 113 0022 130 ‘ 0231
3% EPOXY H 322 118 0023 133 0242
é £ 3 n 119 0025 137 50 01263
- 1 296 0 6ad 0.022 0672 87 2 142 105 0063 | w4 | o407
FIBERGLASS 2 =2 aer2 0021 0.634 6 | 3| 106 106 0003 { %N | 0407

3 s | 7 0568 0021 0560 | g5 | 3] 06 | 003 | 300100 [ 102 [or100| O {0028 | ux [ o416

1 385 | 437 B3 002 140 e |o . 0498

(ower sopw|  Atuminum |2 | s | 42 123 0027 142 0 0517
3 385 | 519 | 200 | 0500 [ 126 | 0.0s0 [ 0.020 |0029 | 250 | 0500 | 146 80 e 60 0557
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Table B-11: CORRUGATED SHELL DATA (Cont)
SHELL L‘:)LAL CORRUGATION RINGS werce
VEMICLE MaTERIAL | case [ME'GHT] TNy OEFTH THIGNESS wiotH ANGLE spac. |THICK-|  RINGHEIGHT P TNIKNESS | {wipTH
ConFIG tem) {em) tem) rad) no| g |NESS em )
tem) | oy | ¥aX | min | Des [ max | min [ oes [ max | min | oes | max | s | oes temt | temy | Max | win | pes | max | miN | DES | tem | (kgm?)
1 | 5588|6355 [ 508 [ 127 | 244 | Q122 [ 0081 [0079 [ 835 [ 127 [ 284 [ 14 [ 079 | 108 1918
VEHICLE2-2 | FIBERGLASS | 2 | 5588 | 5708 249 0.081 287 108 1881
3 | 5588 | 8300 254 0.084 205 106 ’ 2039
1 o |som 164 0.051 207 098 635 | 0078 | 762 | 254 | 25¢ o284 | 0 |O140 2015
ALUMINUM 2 5443 194 0.068 244 08s a5 282 0004 2157
s 3 6,388 192 0.063 250 0.98 a5 282 0140 2186
I § 1 5073 3.20 0.081 168 106 1235
gs gg:g“ 2 5443 azs 0084 176 T
;x"g 3 6,383 338 0.069 1% 1391
>= 1 5023 1857 2088 o nr 21 0082 2018
FIBERGLASS 2 5,443 | 180 0.081 1885 N 277 0082 2068
3 |20 |68 168 0.068 193 106 3175 2 0082 2181
1 o271 | 8330 184 0083 23 0.82 4848 157 0063 2147
ALUMINUM 2 9083 1 0.053 202 0.8e 4648 267 0191 2240
<5 3 999 1.68 0053 198 0.89 4848 272 0112 2208
T § — 1 8,330 287 0.068 130 108 1332
35 XY 2 9,083 202 0.068 138 106 1398
z § 3 963 206 0.071 ass 108 § 440
>= 1 83 139 0.058 159 118 BN 254 0112 2279
FIBERGLASS 2 9083 151 0074 174 070 31 289 016 2318
3 | mn| o 251 0.088 2598 118 2311 257 0064 2618
1 [vw7es| 51680 3.00 0.068 348 105 2.147
ALUMINUM 2 835 o 0.081 156 2.245
.5 3 8588 120 0.068 368 2430
;g 1 5180 287 0.058 13 1127
35 oo 2 5.635 28 0058 im 1181
55 3 6,598 302 0.084 153 108 1283
> ' 5,180 164 0.056 1 117 3708 267 © 160 1688 |
FIBERGLASS 2 5835 1.55 0.083 161 118 92 2.69 0008 &4
3 | 10705 | 6500 144 0.063 142 114 2692 |oore | 762 | 254 [ 250 |0254 | o | oOm 20% |
' | 70| 76048 2.07 0,086 156 106 2430
Noucezst) s [T oo oo o =y
3 o779 1908 | 508 | 127 {220 a1 |cosr joova| 83 J 122 a1 | 14 |0 | 108 218
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Table B-12: CORRUGATED SHELL DATA (Cont)

SHELL ng::o CORRUGATION RINGS
VEHICLE MATERIAL | case [HE'OHT| n DEPTH N WIOTH ANGLE Pac rmcx.] RING HEIGHT REFORCEMENT ol o
CONFIG LI tnd iin) tin) tdegl NOf ing  [MESS tn fn ) )
max | miN | DEs | max | min | pes | max | win | pEs [ max | min | pEs tny | tny) | max | min | oeEs | max | min | pes | fed | S
1 [ 385 | «3» | 200 0500|115 [ 0050 {0020 |0025] 250 [0500 [132 | 80 | 4s | 60 {o | - Z - - - - - - _ | o283
* s g;‘:v"" 2 <82 117 0026 V34 60 i 0274
QE 3 519 120 ooz8 139 60 0295
oy 1 ar 0556 0022 058 60 |3| 96 [o003 {300 100 |[106 [0100 o loo0s| ww | oa3s
@3 FIBERGLASS | 2 2 0559 Y] 0561 67 3| se 105 0016 [ w1 | 04
3 | Bs|ss 0710 0024 069 7 |3]| 8e 108 0043 | wn | oso1 |
v | @ s 108 0020 185 @ |o 0342
ALUMINUM 2 169 113 0020 Va7 a9 0350
3 200 120 oo 140 S0 0379
2 1 152 101 o020 158 a5 0187
3 %,?3“ 2 169 1086 0020 145 52 0197
§ 3 23 122 0020 137 55 0205
1 152 0617 002 0880 s 2] 157 105 0070 | %H | omas
FIBERGLASS | 2 169 06% 0023 0890 2| 157 108 0070 0360
3 47 o3 0.850 0024 0820 2 157 105 0070 o3n
1 51 79 0.830 0022 117 1 %5 104 0092 0447
ALUMINUM 2 «05 0.700 0024 0 9% 2| w 102 0043 0488
3 8 0720 002 102 s 2| w 105 0012 | wH | os20
f 1 79 138 0027 158 60 |0 0285
g P 2 e 140 0028 61 0 0295
,z, 3 458 144 0030 187 60 | ! 0316
1 379 0591 0.022 052 61 4 102 102 1 0011 | ¥%H 0417
FIBERGLASS | 2 5 oem 00 0708 s 14l 102 102 1 Joon | wn | oam
3 | s | 458 | 200 | 0500 | 0680 | 0oso [ 0020 (0028 | 250 | 0500 [ggz1 | 80 [ 45 | 49 [« | w02 [oo0m0| 300 | 100 | 101 {0t006] 0 |0021| %M | 0as3
1 <] 544 - - 208 - - ooM - - 240 - - 60 [1] - - - - - - - - - 0780
ALUMINUM 2 601 214 0043 247 0820
3 ) 220 0045 253 0860
'—T 1 544 202 Q.038 233 0400
5 &?:e" 2 601 208 0040 2139 0420
E;‘, 3 658 213 0042 245 0 440
1 se4 283 0073 225 0930
FIBERGLASS 0! 280 0077 3133 , - 0 980
3 a3 | 858 295 0081 140 60 l 103
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Table B-12 CORRUGATED SHELL DATA (Cont)
T CORRUGATION RINGS
NEIGHT om o SKIN WIDTH ANGLE THICK RING HEIGHT REINFORCENENT WEIGHT
CONFIG. MATERIAL | cAse Mx .:::H THICKNESS iom) {rac) no| o |NESS l et e o

tem) IN/m} | max | min DES MAX MIN OES | MAX | MIN DES | MAX | MIN DES fem) teml MAX | MIN DES HAX MIN | DES {em) | trg m?)

1 8779 | 7648 | 508 | 127 | 202 | 0127 [ 005t [0064 | 635 [ 127 [ 335 | 14 o079 [ 105 [ O R _ _ _ - - - - - 1283

Eg v 2 8085 207 0068 340 105 1337

w : k] 9083 308 oon as3 109 1 440

g% 1 7648 14 0056 152 105 { 3] 2438 | 0078 | 762 | 254 | 264 |02 | 0 [0023]12m | 2923

Sz FIBERGLASS 2 8 085 142 0058 142 117 [ 3] 2438 268 00d1 [1au | 2250

3 9779 | 9083 180 0 081 177 137 (3 24 38 274 0109 {172 H | 2445

1 1933 | 2660 269 005! 3.94 (1] 1669

ALUMINUM 2 2958 287 0051 173 086 1708

- 3 3553 105 0053 356 088 1850
~ 1 2660 256 0051 404 079 09125
g ::g:vou 2 2958 269 0081 304 091 YT

§ 3 3553 210 0051 348 096 1000

i 2660 157 0056 224 079 { 2| 3988 268 0178 (12w | 1703

FIBERGLASS 2 2988 160 0058 226 2| 3988 268 0178 1752

3 | e3s| 3ssa 165 0.081 234 2| 3988 268 018 1810

1 126054 | 863 2N 0056 207 1| 6477 264 0234 2181

ALUMINUM 2 7088 178 0.081 252 2| 4318 259 0109 2430

« 3 8015 189 0066 259 079 | 2 | a318 268 003t | 17214 | 2440

& 1 663 a5 0.069 401 105 139

g ‘5.:3,?3" 2 7068 156 007 409 105 1440

é 3 8015 167 0078 a2 105 i 1542
1 6633 1 50 0056 132 107 |4 | 29 259 ! 0028 | 1/2m | 2035

FIBERGLASS 2 7 088 16t 0064 180 095 [« | Mgt 258 ' 0028 | 1/2H | 2084

3 12054 8015 ]| 508 | 1.27 | 147 | 0127 [0O51f0071 | 635 | 122 | 158 | 14 | o070 |08 |4 | 2591 | 0076 | 762 | 254 | 256 |o0254] o0 |o00s3|w2m | 22n

1 | 21082 | 9520 528 010¢ 610 105 - - - - - - - - - | 3806

ALUMINUM 2 105618 544 0109 8.27 4002

- 3 11515 560 0114 £43 4197
E CARBON 1 9520 513 0097 592 1952
5] EPOXY 2 10518 s.28 o102 s 07 Son
§ F] 1518 543 0.107 62 2147
' 9520 719 0.18% 8.28 4538

FIBERGLASS H 10518 LX) 0 196 848 4782

3 20K [ 11815 749 0.208 864 105 5026
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B-13: ADAPTER TRUSS DATA

VEHICLE MEM- | cnorrl Loap | TUPE THICKNESS TUBE RADIUS  [WEIGHT
CONFIG MATERIAL | CASE | BER (in) {in) MEMBER
URATION ary | tmd o Bh x| min [ oes | max| min | pes | b
CARBON 1 24 43 | 5404 | 0070 [0028 | 0028 | 225 | 0750 0953 | 0306
VEHICLE 1-3 E;?:;ss N3l 2 43 5,604 i ) } | o965 | 0402
E=28x105Ps) | 3 43 6,963 0985 | 0408
1 54 | 6434 118 | 0620
:"L‘:l' g:Eng) 2 54 | 6633 120 | o627
3 54 6.977 0028 122 | o638
1 103 9,490 0042 165 | 247
:’LEF':' g';ﬁg:) 2 103 9,675 0042 166 | 248
3 103 | 10,010 0042 168 | 251
1 38 5,748 0028 0899 | 0331
VEHICKE 2-2 2 38 5,923 0028 0906 | 0333
3 24 | 38 6,260 0028 0949 | 0347
1 12 73 | 13520 0042 147 | 157
VEMCLE 2 13 | 14280 0042 150 | 160
3 73 | 15140 0042 153 | 163
1 70 | 13350 0056 125 | 170
ver \CLE 2 70 | 13740 0056 124 | 195
3 12 | 70 | 14660 0056 148 | 201
1 2 | 2 4,686 0028 0750 | 0225
VEHICLE 2-3 2 24 | 3 4,868 0028 0750 | 0225
3 24 | 3 5,231 0028 0760 | 0227
1 12 | 75 | 12260 0042 145 | 157
VE:_ '&LE 2 75 | 12660 146 | 158
3 75 | 13610 150 | 163
1 86 | 12,386 158 | 199
VERIE 2 86 | 12732 | 161 | 201
3 12 | 8 | 13613 0042 165 | 206
1 24 | 354 7447 0028 0934 | 0320
VEHICLE 1-7 g;‘gfg” 2 24 | 354 | 7905 Y |[oo2 0956 | 0327
3 24 | 354 | 8542 | 0070 [ 0028 | 0028 | 225 | 0750 |0 978 | 0335
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Table B-13: ADAPTER TRUSS DATA
VEHICLE MEM | cnorrl Loap | TUBE THICKNESS TUBE RADIUS ":'EEF'.G“T
CONFIG. MATERIAL | CASE | BER (cm) (cm) MEMBER
URATION oty [ fem (N Fuax [ min [ oes [ max] min | pes | ke
‘é;‘g:s“ 1 24 |10922| 24037 0178 |oo71 | 0071 | 572 | 191 | 242 | 0180
VEHICLE 1-3| p.oossannd 2 10922 | 24,827 245 | 0182
E=28x108ps1 [ 3 10922 | 26,528 250 | 0185
1 13716 | 28618 300 | o281
:"LZ';'(;:ETB; 2 13716 | 29,504 304 | 0285
3 13716 | 31,034 0071 310 | 0290
1 26162 42,212 0107 419 | 1121
VEHICLE 1-2 2 26162 43,034 0107 422 | 1126
(LF, ON TOP)
3 26162 | 44,524 0107 427 | 1140
1 9652 | 25567 0071 228 | o150
VEHICLE 2-2 2 9652 | 26,346 0071 230 | o151
3 20 | 9652| 27,844 0071 241 | 0158
1 12 | 18542 | 60,137 0107 373 | 0713
VEE'SLE 2 18542 63517 0107 380 | 0726
3 18542 | 67,343 0107 390 | 0740
1 17780 | 59,381 0142 318 | 0772
VE:_'S‘LE 2 17780 61,115 0 142 367 | osss
3 12 | 17780 65,208 0142 376 | 0913
1 26 | 7874 20843 0071 1905 | 0102
VEHICLE 2-3 2 24 | 7874 21,653 0071 1905 | 0102
3 24 | 1874| 23267 0071 193 | 0103
t 12 | 19050 54,532 0107 368 | 0713
VE:Z"_'::LE 2 19050 | 54,532 371 [ o717
3 18050 | 60,537 150 | 0740
1 21844 | 55,002 404 | 0903
VEz“_'S-E 2 21844 | 56,632 409 | 0913
3 12 | 21844 | 60551 0107 419 | 0935
1 1 24 | 8992| 33124 0071 237 0145
VEHICLE 1-7(  ARSON 2 | 24 | Boo2| 35562 0071 243 | 0148
3 24 | 8992 37995 [ 0178 0071|0071 | 572 | 191 | 249 | 0152
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VEHICLE 1-3

Table B-14: STRUCTURAL WEIGHT SUMMARY
MATERIAL |WEIGHTWT/MEM] AREA [MEMBER BODY JAUDS:TED TOTAL
nTY wro B WEIGHT
(b/ed) | (ib) (73 (o) faw)* | o)t
ALUM 0.328 - 101 331 | 418 | 658
CARBON
CORRUG. | gpoxy 0.186 - $ 188 | 352 | 592
> FIBERGLASS| 0304 - 30.7 47.1 71.1
@]
9 ALUM 0601 | — 6.6 | 799 | 1039
o HC CARBON
g% | sanpwick | EPOXY 0333 | - 336 | 485 | 725
e FIBERGLASS| 0.430 - 434 | 583 82.3
>
ALUM - 0.526 24 126 | 25.3 49.3
CARBON
TRUSS EPOXY - 0.317 24 7.6 197 43.7
FIBERGLASS| - 0.526 24 126 | 253 49.3
ADAPTER | TRuss |CAREBON ~ | o036 24 | 95 | 240 | -
| ALum 0330 | - -|-- | 333 | 432 675
CORRUG E@g,’?g“ 0.187 - 189 | 376 61.9
S FIBERGLASS| 0.316 - 319 | 506 | 749
8. ALUM 0.601 - 606 | 827 | 107.0
o8 HC. CARBON
4 § SANDWICH | EPOXY 0.333 - 336 | 507 75.0
o FIBERGLASS| 0430 | - 434 | 605 | 848
>
ALUM - 0.538 24 129 | 25.7 50.0
BON
TRUSS | ERORY - | 0319 24 77 | 199 | 442
FIBERGLASS| — 0532 24 128 | 256 49.9
ADAPTER | TRuss |[CAHBON - | 0402 24 | 97 |23 | -
ALUM 0.337 - 340 | 46.0 70.7
CARBON
g CORRUG. | EpoxY 0.190 - 192 | 419 66.6
3% FIBERGLASS| 0322 | - 325 | 552 | 799
jr ] W
0Z ALUM 0.601 ~ 606 | 874 | 112.1
o
W= H.C. CARBON 0.333 - 336 | 543 79.0
> SANDWICH | EPOXY - Y ’ :
FIBERGLASS| 0.430 . 101 434 64.1 88.8

58

* CASE 1 — LOWPAYLOAD — 4~

CASE 2 — MED PAYLOAD - L/D=0.2
CASE 3 — HIGH PAYLOAD - L/D=0.5

** INCLUDING END FTG'S AND ATTACHMENTS

t BODY PLUS ADAPTER




VEHICLE 1-3

Table B-14: STRUCTURAL WEIGHT SUMMARY
memseR 8opy |40 TOTAL
MATERIAL [WEIGHT WT/MEM| AREA [ -BER o &JTSTED WEIGHT
(Kg/m?)| (kg | (m?) (Kg |(Kg)** | (Kg} 1
] ALUM 160 | - 9.38 161 | 190 | 209
CORRUG Eég,?e N 091 - ’ 854 | 160 | 26.8
g FIBERGLASS| 148 | - 138 | 214 | 223
8. ALUM 203 | - 275 | 383 | 467
g % :Aiiom CH 29338 N 1.65 - 155 | 218 | 329
e FIBERGLASS| 210 - 198 | 264 | 374
> ALUM _ | o2 24 | 57 | 15 | 224
TRUSS | SARBON - | 014a 24 | 34 | 88 | 197
FIBERGLASS| _ 0.24 24 57 | 15 | 223
ADAPTER TRUSS 29339 N - 018 24 4.3 10.9 -
ALUM 1.62 - 152 | 196 | 307
CORRUG. ES\SE?N 0.91 - 854 17.2 281
FIBERGLASS| 154 | - 145 | 228 | 330
é ] ALUM 202 | - 275 | 376 | 486
Qe
- % :ACNDWICH EPOXY 165 | - 185 | 28 | 314
T0 FIBERGLASS| 2.10 | - 193 | 275 | 386
> ALUM - | 024 24 58 | 117 | 227
TRUSS C,‘,‘g,??" - 0145 24 34 89 | 203
FIBERGLASS| - 0.245 24 577 | 1.6 | 226
ADAPTER TRuss | CARBON - 0.185 24 44 | nos| -
ALUM 165 | - 156 | 209 | 321
g ‘ corrug | SAREON 093 | - 87 | 191 | 302
@ % FIBERGLASS| 157 [ - 147 | 252 | 363
g @ ALUM 202 | - 275 | 398 | s1.1
(8]

= | Sanowicn |crgen [ wes [ - | 185 | 247 | 39
FIBERGLASS| 2.10 | - 9.38 193 | 202 | 407

* CASE 1 — LOWPAYLOAD —4”
CASE 2 — MED PAYLOAD —L/D =02
CASE 3 — HIGH PAYLOAD — L/D = 0.5

** INCLUDING END FTG'S AND ATTACHMENTS

1 BODY PLUS ADAPTER
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Table B-15: WEIGHT SUMMARY (Cont)
memser Booy |0 [tortal
MATERIAL WEIGHTWT/MEM| AREA |ir wT .\IALIJTSTED WEIGHT
i) | o | RD o | b | o)t
W ALUM - | osa47 24 131 | 262| 509
>
w OSnd¥ CARBON
om| EQ < TRUSS EPOXY — 0325 24 78 | 203} 450
Tl > = FIBERGLASY _ | o541 24 130 | 261 508
>
ADAPTER | TRuss | EARBON ~ | o408 24 98 | 2a7| -
ALUM 0.440 1322 582 | 785 | 1084
N
GORRUG. | CARBO 0273 | 361 | 744| 1083
N FIBERGLASS| 467 618 | 1001 | 1300
5 ALUM 0.601 795 | 1245 | 1544
m —
W HC. CARBON
4 § SANDWICH | EPOXY 0333 440 | 788 | 1087
T Qo FIBERGLASS| 0430 1322 56 9 917 | 1216
>
0936 12 ;
ALUM 0936 | - 15 196-| 370 669
TRUSS | SHRBON 0606 12 1 134 | 200]| s89
FIBE 1.132 12
BERGLASS 0'84E 1 238 420 719
ADAPTER | TRuss | SARBON 157 12 | 189 | 29 -
< ALUM 0.459 132.2 605 826 | 1131
v
" CORRUG | SAREON 0284 ! 376 | 793 1008
-
3] s FIBERGLASS| g.475 628 | 1045 | 1350
X
[a)
S S _ ALUM 0.601 795 | 1285 | 1590
& H.C CARBON
w
3% | SANDWICH | EPOXY 0.333 ‘ 440 | 819 1124
Ie FIBERGLASS| 0430 1322 56 9 948 | 1263
>
ALUM 8-33‘25 }g 196 | 372 | 677
ARBON
TRUSS | EPOXY 9.500 12 1135 | 204 | 599
FIBERGLASS Sa2 2 | 242 | @14 | 719
ADAPTER TRuss | SARBON 160 12 | 192 | 3085 | -
w5 ALUM 0.471 1322 I* ° 624" | 868 | 118.0
Dpw CARBON
89 CORRUG. | foaxy 0.295 1322 390 850 | 1162
wo|o
> = FIBERGLASS| 0536 132.2 710 | 1170 | 1482

60

"CASE1 — LOWPAYLOAD - 4"
CASE 2 — MEDPAYLOAD —L/D=02
CASE 3 — HIGH PAYLOAD —L/D=065

t BODY PLUS ADAPTER




Table B-15: WEIGHT SUMMARY (Cont)
MATERIAL |WEIGHTWT/MEM| ARea [MEMBER BODY ?uos-reo TOTAL
QTY wro s WEIGHT
(Kgm?)| (Kg) | (m?) Ko | (Ka)* | (Kg)t
w 5 ALUM - | o2a8 24 59 | 118 | 238
w = >
oow CARBON
C—"«, ié%’ TRUSS | E00WY - | 0148 24 35 1 92 | 204
w Q
§ A1 5= FIBERGLASS| — 0.246 24 58 | 1175| 238
ADAPTER | TRuss |CAREON - | oss 24 45 | 12 | -
ALUM 2.15 12.3 263 | 367 | 49.1
CARBON
CORRUG | EPOXY 134 ‘ 164 | 339 | 472
| FIBERGLASS| 233 281 | 455 | 590
>
a ALUM 294 362 | 566 | 700
m —
= HC CARBON 162
49
o SANDWICH | EPOXY ! 200 | 358 0
e FIBERGLASS| 210 12.3 258 | 416 |' 550
TO
> 0.425 12
ALUM 0315 12 89 | 168 | 308
CARBON 0273 12
TRUSS | gpOXY 0232 12 61 | 132 | 267
0.514 12
FIBERGLASS 0374 12 109 | 191 | 327
ADAPTER TRUSS E,‘,‘SE?N 0708 12 86 | 136 -
<
T ALUM 2.24 12.3 275 | 375 | 514
CARBON
g CORRUG | EpoXY 1.39 | 172 | 360 | 495
T FIBERGLASS| 232 285 | 473 | 614
> >
g ALUM 2.94 362 | 581 | 723
$ N HC CARBON 162
3% | sanowicH | EpoxY ' 200 [ 372 | 510
IO FIBERGLASS| 215 12.3 258 | 430 | 568
>
0425 12
ALUM 0.315 12 89 16 8 308
CARBON 0273 12
TRUSS | EpoxY 0235 12 62 | 183 | 272
0514 12
FIBERGLASS 0402 12 10 188 323
ADAPTER TRUSS ,gﬁg,?? N 0726 12 87 | 138 -
W = ALUM 2.35 12.3 283 | 395 537
= >
Daw CARBON
=8 @ CORRUG | Epoxy 1.44 123 177 | 386 52.3
[&)
> = FIBERGLASS| 2.62 12.3 322 | 532 673

* CASE1 — LOWPAYLOAD - 4"
CASE 2 — MED PAYLOAD - L/D=0.2
CASE 3 — HIGH PAYLOAD —L/D=05

t BODY PLUS ADAPTER
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Table B-16: WEIGHT SUMMARY (Cont)
MEMBER BODY [AD- _ | TOTAL
MATERIAL [WEIGHTWT/MEM) AREA e o™ iy IUSTED| we G
ooty | by | tr?) iy oo | oot
ALUM 0.601 1322 795 | 1335 | 1647
HC CARBON
- 3 SANDWICH | EPOXY 0333 1322 430 | 857 | 1169
i 8 & FIBERGLASS| 0.430 1322 569 | 986 | 1208
w a4y
- o2 ALUM 0.9 2 1 201 ) 385 | 607
o 25 0730 12
5 W TRuss | CAREON 080 12| 136 | 206 | 608
1132 12
FIBERGLASS 1152 2 244 | 418 | 730
ADAPTER TRUss | SARBON 163 12 196 | 312 | -
ALUM 0322 44 5 143 247 56 0
corruG | SATBON | 0176 78 | 274 | 587
FIBERGLASS| 0239 107 | 303 | 616
>
8 ALUM 0 601 268 | 498 | 811
m —
= HC CARBON ‘
“i | sanowice | EPOXY 0333 | 148 | 326 | 639
E_Zf: FIBERGLASS| 0430 445 192 | 370 | 683
—_ >
g ALUM 0.286 24 69 | 200 | 513
-
CARBON
z TRUSS 0119 139 | 452
3 EPOXY 24 29
£ FIBERGLASS 0.288 24 69 | 201 | 514
= RBON
~ | ADAPTER TRUss | CAHBO 0620 24 149 | 313 | -
w ALUM 0.324 445 144 | 260 | 582
[ &]
2 CARBON
é CORRUG | EpoXY 0177 79 | 2909 | 621
N FIBERGLASS| 0260 116 | 336 | 658
§ ALUM 0601 268 | 526 | 848
N
w HC CARBON 333
3% | SANDWICH | EPOXY 0. 148 | 347 | 669
e FIBERGLASS| 0430 44.5 192 | 391 | 73
>
ALUM 0.286 24 69 | 202 | 524
TRUSS | SHSEON 0123 24 30 | 142 | 464
FIBERGLASS 0288 2 69 | 203 | 525
ADAPTER | TRUSS | Shome. 0.627 24 | 151 | 22| -
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* CASE 1 — LOW PAYLOAD -4~
CASE 2 - MED PAYLOAD - L/D=02
CASE 3 — HIGH PAYLOAD — L/D=05
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Table B-16: WEIGHT SUMMARY (Cont)
MEMBER BOD;’ AD-  IroraL
MATERIAL [WEIGHTWT/MEM| AREA | =005 (2PY LusTeD| 2
wT
(Kg/m?) | (Kg) | (m? (Ka) | ka)* |(Kg) t
‘ ALUM 294 123 31 | 605 | 745
H.C CARBON
3 SANDWICH | EPOXY 163 123 200 | 390 | %30
<
- @5 FIBERGLASS| 215 123 258 | 448 | 586
- w
w ] 0430 12
3 ©¢ ALUM 030 12 g2 | 175 | @7
T ne CARBON 0273 12
L > TRUSS | Epoxy 0.238 12 | 6171134 ) 24
0514 12
FIBERGLASS 03 2 [ 112 [ 190 | 332
ADAPTER TRuss | CARBON 0741 12 g9 | 143 -
ALUM 157 0.42 65 | 112 | 254
CARBON
corruG [ CAREO 0865 A 35 | 124 | 267
FIBERGLASS| 117 a9 | 139 | 278
>
8 ALUM 294 123 | 2256 369
m -—
= H.C CARBON
@ .
("_, L‘g SANDWICH EPOXY 163 Y 67 14.8 290
T 3 FIBERGLASS| 215 0.42 87 | 168 | 309
- g ALUM 0.130 24 3.2 91 233
o
e TRUSS | SAREUN 0054 4 | 13 | 63 | 208
P-4
O'N FIBERGLASS 0.132 24 32 9.12 234
I
S | ADAPTER TRuss | SAHBON 0.282 2 68 _| 144 _
(9]
- ALUM 158 042 67 |18 26 4
w
o corruc | SAHEON | o865 } 36 | 136 | 282
I
i~ s FIBERGLASS| 127 53 | 153 299
8 ALUM 294 123 | 239 | 385
m -—
N
u. H.C. CARBON
3% | sanNDwicH | EPOXY 163 1 67 |87 | 304
o FIBERGLASS| 215 042 87 |178 | 323
>
ALUM 0.130 24 313 92 238
TRuss | SpARON 0 056 24 | 136 | 645 211
FIBERGLASS 0.132 24 313 | 92 [ 239
ADAPTER TRUSS EQSE?N 0285 24 675 | 146 -

* CASE 1 - LOWPAYLOAD -4~
CASE 2 — MED PAYLOAD - L/D = 0.2

CASE 3 — HIGH PAYLOAD - L/D=05

+ BODY PLUS ADAPTER
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Table

B-17: WEIGHT SUMMARY (Cont)

- |AD-
MEMBER BODY TOTAL
MATERIAL (WEIGHT[WT/MEM| AREA [ -y wT .‘%-STED WEIGHT
(b/ft2) | Uib) (f12) (Ib) tby | Wby t
1 ALUM 0324 45 144 | 281 | 607
CARBON \
CORRUG | CARBO 0177 4 79 | 339 | 665
g FIBERGLASS| 0265 118 | 378 70 4
>..
-
> 8 ALUM 0.601 268 | 573 | 899
© e® HC CARBON
o~ w . 4
£ d§ SANDWICH LEPORY 0.333 ' 148 | 38 710
;. E o FIBERGLASS| 0430 445 192 | 428 754
- >
w ALUM 0286 24 69 | 207 533
3 -
o CARBON
T TRUSS | ERowy 0138 24 33 | 154 480
> FIBERGLASS 0288 24 69 | 208 | 534
CARBON
ADAPTER TRUSS | Epoxy _ 0.638 24 153 | 326 -
— |ALUM T | 0328 87.5 287 | 369 67 8
CORRUG | ShoooN 0177 ) 155 | 311 | 620
FIBERGLASS| 0.304 266 | 422 731
>
9 ALUM 0.601 525 | 709 [ 101.8
m —
o HC CARBON 0.333 2 2
g4 SANDWICH | EPOXY : ' 21 |93 | 12
= o : FIBERGLASS| 0430 87.5 376 | 518 827
o S
F ALUM 0472 24 114 | 238 54 7
o CARBON
~ TRUSS | Epoxy 0 254 24 61 | 177 48.6
-
= FIBERGLASS 0460 24 110 | 235 | 544
1}
- CARBON
w ‘| ADAPTER TRUSS | Epoxy 247 24 59 | 309 -
% ALUM 0.328 875 287 | 381 69.8
w
> CARBON
N CORRUG | Ehoxy 0.179 157 | 335 | 652
8 FIBERGLASS| 0312 273 | 451 76.8
Q —~
o~
Y w ALUM 0.601 525 | 735 | 1052
O
=g
HC. CARBON
IO 0333 i
W= | sanDwicH | EPOXY ! 21 | S3 | 70
FIBERGLASS| 0430 87.5 376 | 538 | 855

1 BODY PLUS ADAPTER




Table B-17: WEIGHT SUMMARY {(Cont)

- |AD-
MEMBER BODY TOTAL
MATERIAL |WEIGHTWT/MEM| AREA by WT .\IAL’JTSTED WEIGHT
(Kg/m2)| (Kg) | (m?) (Kg) | (Ka) [(ka t
ALUM 1.58 042 65 127 | 277
CARBON
CORRUG | EpOXY 0.87 | 36 | 154 | 302
~ FIBERGLASS| 1.29 545 | 16.8 | 32.0
(@] >
2 8 ALUM 2.94 124 | 270 | 408
% W o HC CARBON 163 ! 2| 323
T g# | sanowicH | EPOXY : 672 | 7.
= E o FIBERGLASS| 2.15 042 872 | 195 343
1
- >
w ALUM 0130 24 3.2 94 24 2
O CARBON
z TRUSS | EpOxy 0.063 24 15 70 | 218
> FIBERGLASS 0132 24 3.2 938 | 243
ARBON
ADAPTER TRUSS | EpOXY 0.290 24 695 | 148 -
ALUM 161 0813 131 167 309
CORRUG | chipoN 0.865 A 704 | 143 | 282
FIBERGLASS| 0.148 122 | 194 | 333
>
3 ALUM 2.94 238 | 322 46 2
m —
= HC CARBON
w
_ 3% SANDWICH | EPOXY 163 Y 132 | 197 | 337
§ ;:':'J o FIBERGLASS| 2.15 0.813 172 | 236 377
>
Z ALUM 0214 24 518 | 108 24 8
~ CARBON
‘-:,'-_ TRUSS EPOXY 0116 24 27 804 221
oy FIBERGLASS 0208 24 50 | 107 247
" CARBON
2 '| ADAPTER TRUSS | Epoxy 113 24 27 | 141 -
T ALUM 1.61 0.813 131 176 317
>
CARBON
> CORRUG | EpODY 0.87 ) 714 | 153 | 296
S _ FIBERGLASS| 153 125 | 204 34.9
~N
§ w ALUM 2.94 238 | 334 478
Cq
To HC CARBON -
3] . 1.63 360
< SANDWICH | EPOXY Y 134 | 206 6
FIBERGLASS| 2.15 0.813 172 | 244 388

t BODY PLUS ADAPTER




Table B-18: WEIGHT SUMMARY (Cont)
mMemBER BODY |20 | TOTAL
MATERIAL (WEIGHT\WT/MEM| AREA iry™ | iy .wrSTED WEIGHT
k) | b | (1) ) | by | o)t
ﬁﬁi—:ﬁum 0.472 24 113 | 238 555
BODY TRUSS g;\g)?fg” 0256 24 62 | 177 | 404
(CASE 2)
FIBERGLASS 0.461 24 111 | 236 55 3
ADAPTER TRuss | CARBON. 248 2 60 | 317 -
?S ALUM 0.333 875 29.1 407 727
% CORRUG | CARBON 0182 ‘ 159 | 378 | 698
£ N FIBERGLASS | 327 282 | 501 | 821
E § _ ALUM 0601 525 | 783 | 1103
g g% :ACNDWICH EPOXY 0.333 ‘ 291 | 491 | 8
T O FIBERGLASS| 0430 875 376 | 576 | 896
> > ALUM 0476 24 1na.l 242 | 562
TRUSS | CABEON 0263 24 | 63 | 182 | 502
FIBERGLASS 0462 24 11 24 0 56 0
ADAPTER | TRUSS |ChREON 251 - 24 60 | 320 | -
ALUM 0 340 455 155 | 331 | 552
CORRUG | EpGxy'" 0187 ) 85 | 419 | 64.0
N FIBERGLASS| ¢ 393 ) 179 | 513 | 734
S _ ALUM 0601 274 | 666 | 887
g . % o owich | EPoRy 0333 | 152 | 455 | 676
& IO FIBERGLASS| g.430 455 196 | 499 [ 720
g > ALUM 0312 24 75 | 195 | a1
é TRUss | EARBON 0130 24 3y | w35 | 386
FIBERGLASS 0314 24 75 | 195 | 4186
ADAPTER | TRuss |ERREON 0331 2 | 79 | 21| -
ALUM 0348 455 158 | 345 | 567
VEBE','SYL * | corauc EhoET 0195 45.5 89 | 444 | 666
(CASE2) FIBERGLASS | 0406 455 185 | 540 | 762
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Table B-18: WEIGHT SUMMARY {(Cont)
HiEBER BODY (0o | ToTAL
MATERIAL [\WEIGHTpNVT/UIEL, AREA TY WT \\I\Uq:QTED WEIGHT
(Kg/m?)| (Kg) | (m?) (Kg) | (Ka) | (Kg)t
Pr—— T = R —_——— = —
| ALUM 0215 24 5.1 10.8 252
| VEHICLE CARBON
BODY TRUSS 0116 24 2.7 8.05| 224
I (CASE 2) EPOXY
I FIBERGLASS 0209 24 50 | 107 | 251
CARBON
ADAPTER TRUSS | Epoxy 113 24 27 | 148 -
- ALUM 163 0813 134 | 183 | 330
[- 9
o CARBON
- CORRUG | Fpd2l 089 ' 72 | 173 | 317
S, FIBERGLASS| "1.57 128 | 228 | a73
w >
2 8 ALUM 294 248 | 355 | 500
[y ] o -
) ™ HC CARBON
- w
3] IO FIBERGLASS| 215 0813 166 | 261 406
z ]
>
i~ ALUM 0.216 24 52 | 110 | 255
) TRUSS | SpreoN 0119 24 | 27 | 83| 228
FIBERGLASS 0.209 24 50 | 108 | 254
ADAPTER TRUSS E,’;‘S,?QN 114 24 27 | 145 -
ALUM 166 0.42 70 | 150 | 253
CARBON
CORRUG | ERGeY 0.914 } 39 | 190 | 291
FIBERGLASS| 1.92 g1 | 232 | 333
>
8 ALUM 2.94 124 | 308 | 404
m —
= H.C CARBON
o )
N 4 § SANDWICH | EPOXY 163 \ 69 | 207 | 306
~ IO FIBERGLASS| 2.10 0.42 89 | 226 32.7
w
>
3] ALUM 0.143 24 34 | 885 188
I
w TRUSS | ShiooN 0.059 24 14 61 | 166
FIBERGLASS 0144 24 34 885 | 188
ADAPTER | TRUSS |EpopoN 0151 24 | 36 101 | -
ALUM 0.170 0.42 72 | 157 | 257
VEHICLE ~+- -y ——
BODY CORRUG | EpepoN 0.952 042 41 | 201 | 308
(CASE 2)
FIBERGLASS | 197 0.42 g8a | 245 | 346

t BODY PLUS ADAPTER
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Table

B-19: WEIGHT SUMMARY (Cont)

|
MATERIAL |WEIGHT [WT/MEM; AREA gﬁﬁ’“%ﬂm %isno JJ? ,'(';\,';T
)| b | (P ) | (o) | oy t
r — [ALm 0.601 455 274 | 691 | 913
§ _ :Acl:\iDWICH EPOXY " 0333 45.5 152 | 47.4 69 6
2§ FIBERGLASS | 0430 45.5 196 | 518 740
g 3 ALUM 0.312 24 75 19.7 419
> TRUss | EAOBON 0131 24 31 | 137 | 359
FIBERGLASS 0314 24 75 | 197 419
ADAPTER [ TRuss |SARBON 0333 24 80 | 222 -
ALUM 0353 45.5 161 | 36.8 60 6
5 corrRuG [SAREON 1 0197 \ 90 | 483 | 72
o FIBERGLASS| 0418 19.0 | 58.3 821
é §~ ALUM 0601 | 274 | 734 97 2
[y}
TS FIBERGLASS| 0.430 45.5 196 | 55.3 791
> ALUM 0312 24 75 | 202 | 440
TRUss | SATEON 0.137 24 | 33 | 148 | 386
FIBERGLASS 0315 2 | 76 | 202 | 440
ADAPTER TRuss | SARBON 0347 24 83 | 238 -
ALUM 0.498 112.4 560 | 73.0 | 102.6
corRruG | EARBON 0.263 b 25 | 617 | 91.3
FIBERGLASS| 0435 489 | 81 —1 110.7
. % _ ALUM 0.601 - _"_“» 615 {105 ;__ 1350 |
S1H8 | oo [ERe [ oo t [ [ fer | e
3] TS FIBERGLASS | 0430 112.4 484 | 777 | 107.3
2 oa || B | e fmo | e ]
TRUSS | EPOXY | | oa% 3| 106 | :9 | s |
FIBERGLASS g-gﬂ,g }; 1 195 | 358 | 654
ADAPTER TRUSS Eﬁgf?” 170 | 2 | 08 | 296 | -]
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Table

B-19. WEIGHT SUMMARY (Cont)

- AD-
DY TOTAL
MATERIAL [WEIGHTWT/MEM| AREA gw““ SVOT JUSTED| e 1t
wT
(Ke/m?)| (Kg) | (m?) Kg) | kg |(ka) 1
| aLum 204 0.42 128 | 314 | 414
> HC CARBON 215
9 SANDWICH | EPOXY 1.63 042 69 36
E ~ FIBERGLASS| 210 0.42 89 | 235 | 336
172 ]
gg ALUM 0.142 24 34 894 | 190
9
> TRUSS | CHRBON 0059 24 [ 14 | 63 | 166
FIBERGLASS 0143 24 34 895 | 190
apapTER | TRUss | EASSON 0.152 24 | 36 |00 | -
ALUM 173 042 7.3 168 273
N
' CARBON
g CORRUG | £paxy 0963 | 4.1 219 327
%’ FIBERGLASS| 199 86 | 264 373
w >
> § _ ALUM 2.04 125 333 44 1
(3]
HC CARBON
W 6.9 231 339
a2 | sanowicw [ EPOXY 163 !
E o FIBERGLASS 210 042 89 251 360
> ALUM 0142 24 | 34 917 | 199
CAREBON
TRUSS | Epoxy 0059 24 1.5 67 | 175
FIBERGLASS 0143 24 34 917 | 100
ADAPTER | TRUSS [ EAEEON 0157 24 | 37 |08 | -
ALUM 243 115 254 | 341 | 465
CORAUG | SAREON 128 1 134 | 281 | 41.3
FIBERGLASS| 212 21 | 368 | 502
>
< 8 ALUM 294 30.6 478 613
! o<
o hC CARBON 169 | 308 | 437
w 3% | sanowich |EPOXY 1.63 1
= T9 FIBERGLASS [ 210 15 219 | 343 | 86
w
w
> > ALUM gggg }g 7.4 149 28.4
CARBON 0.207 12
TRuss | SARBO 020 12 a8 | 136 | 255
FIBERGLASS 93 12 885 | 163 | 203
ARBON
ADAPTER | TRUSS |chope 077 12 | e25 | 134 | -

t BODY PLUS ADAPTER
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Table B-20: WEIGHT SUMMARY (Cont)
MATERIAL |WEIGH MEMBE'J BODY fu%.reo TOTAL
TIWT/MEM; AREA oy wr s WEIGHT
)] by | @D (b) tb) | b 1t
o ALUM 0517 112.4 581 | 761 | 1006
CORRUG (E:PAS)?QN 0274 308 649 | 984
. FIBERGLASS| 0461 518 859 | 1194
§A ALUM 0 601 675 | 1076 | 1411
N
W ow HC CARBON \
o2 SANDWICH | EPOXY 0333 374 | 684 1019
TS FIBERGLASS| 0430 1124 a4 | 794 | 1129
>
0710 12
ALUM o710 5 164 | 33.1 66 6
CARBON 0456 12
TRUSS | Epoy D40 I 108 | 263 | 598
0848 12
: FIBERGLASS 08 15 195 | 358 | 693
~ CARBON _
w | ADAPTER TRUss | CARBO 195 12 234 | 335
2 ALUM 0567 1124 625 | 827 | 1174
s
> CORRUG EQSQQN 0295 332 | 714 | 1061
FIBERGLASS| 0501 564 | 946 | 12903
>-
o ALUM 0601 675 | 1125 | 1472
2 & HC CARBON
W 1
=L SANDWICH | EPORY 0333 374 | 722 | 1069
59 FIBERGLASS| 0430 1124 484 832 | 1179
> 0746 12
ALUM 0672 1 170 | 339 | 686
CARBON 0457 12
TRUSS EPOXY 0475 12 112 269 6816
0850 12
FIBERGLASS 0794 3 197 | 359 | 706
ADAPTER TRUSS g@ggg” 201 12 241 | 347 _
ALUM 0.342 1045 357 | 451 | 638
CORRUG | cpocoN | 0187 ‘ 195 | 373 | s60
@ é FIBERGLASS| 0349 34 | 542 | 729
=
”g 5 ALUM 0.601 627 | 837 | 1024
I o< HC CARBON -
= 0333 34
> IS | sanpwicH |[EPOXY Ly 8 | 510 | 697 |
> FIBERGLASS| 0.430 104.5 450 612 799
—— —
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Table B-20: WEIGHT SUMMARY (Cont)
memsed Booy [P !toral
MATERIAL [WEIGHTWT/MEM| AREA [T=01P5T om wTsveo WEIGHT
(Kg/m2)| (Kg) | (m?) (Kg) | (Kg) | (Kg) t
ALUM 2.57 15 26.4 | 345 | 498
corRUG | SAREON 134 140 | 205 | 447
FIBERGLASS| 2.25 235 | 390 | 542
é ALUM 294 306 | 489 | 641
g w SANDWICH | copo 163 ! 170 ] 311 | 463
Eé FIBERGLASS| 210 15 220 | 361 | 512
> ALUM 0322 2 76 | 150 | 302
TRUSS g;‘ggg” 8%88 }% 49 | 119 272
5 FIBERGLASS 03 12 89 | 163 | 315
3 | apapTER TRuss |CARBON | 0885 12 106 | 152 | -
= ALUM 272 115 284 | 375 | 533
g corruG | SAREON 144 ‘ 151 | 324 | 482
FIBERGLASS| 245 256 | 430 | s87
é ALUM 294 306 | 511 | 668
)
g 8 :A(I:\IDWI ch |ShGBON 163 ‘ 170 | 328 | 485
EQ FIBERGLASS| 210 115 220 378 536
> ALUM 0339 12 27 | 154 | 311
TRUSS  |Epcoey " 0216 12 51 | 122 | 280
FIBERGLASS 0388 12 89 | 163 | 321
ADAPTER TRUSS ggggeN 0913 12 109 | 158 -
ALUM 167 965 162 | 205 | 200
> CORRUG ggggg” 0.915 89 | 170 | 254
i Q- FIBERGLASS | 170 165 | 246 | 331
a‘ ”d’ “%,‘ ALUM 2.94 285 | 380 | 465
é é e gA%DWlCH (Elggg\c()“ 163 Y 158 | 232 | 316
FIBERGLASS | 210 9.65 204 | 278 | 363

1 BODY PLUS ADAPTER
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Table B-21: WEIGHT SUMMARY (Cont)
MEMBER BODY |7 | 101AL
MATERIAL [WEIGHT|WT/MEM| AREA |\ro wr . PUSTIDl W
wT
mwmd) | ) | w2 {Ib) (ib) | (b) t
P —————em—— s — e
W o~ ALUM 0689 24 16.5 304 491
- >
Sauw CARBON
=34 TRuss | GORBO 0435 24 105 238 | 425
> 2 FIBERGLASS 0726 24 17 4 21| s08
ADAPTER | TRuss |CARBON 0.225 24 | sa | w7| -
ALUM 0 350 104.5 366 471 | 661
CORRUG (CARBON | g ,q7 ‘ 206 | 404 | 594
FIBERGLASS | 0.360 376 57 4 76 4
>
o ALUM 0.601 627 | 860 | 1050
o«
HC CARBON
w
34 SANDWICH |EPOXY 0333 48 | 528 | 718
5 e FIBERGLASS | 0.430 104 5 450 630 820
> — - —
o ALUM 0689 24 | 165 | 304 | 494
| +—
& CARBON
» TRUSS | £pdxy 0437 24 106 238 | 428
% FIBERGLASS 0728 24 175 321 511
z .
2 | ADAPTER TRUSS gﬁg,’?g” 0225 24 54 | 190 -
ALUM 0379 104.5 396 52 2 715
CARBON .
CORRUG EPOXY 0205 214 452 64 5
FIBERGLASS! 0.371 388 62 6 819
>
3 ALUM 0.601 627 | 907 | 110.0
@ & HC CARBON T
”d‘ § SANDWICH | EPOXY 0333 U8 | 564 | 757
IO FIBERGLASS| 0.430 1045 450 66 6 85.9
w - ee— -
> ALUM 0707 24 170 | 310 | 503
CARBON
TRUSS | EpOXY 0443 24 | 106 | 246 | 439
FIBERGLASS 0.736 24 17.7 | 325 | 518
ADAPTER | TRuss |[CSRREON 0227 24 55 | 193 | -
w W~ ALUM 0.447 668 299 437 73.2
-t > —_—— e - T TS e B
) 05w CARBON
To| IQY CORRUG | gpoxy 0.285 668 191 | 453 | 748
w - — el Bl —t - —_—— - - —_——
>d > € FIBERGLASS | 0417 66 8 278 | 540 | 835
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Table B-21: WEIGHT SUMMARY (Cont)
memser 8ooy |AD | voTalL
MATERIAL [WEIGHTWT/MEM| AREA [1EUTSSY 0 \&JTSTED WEIGHT
(ke/md)| g | (md (Kg) | (Kg) |i(Kg) 1t

w . ALUM 0313 24 | 75 | 138 | 223
%’ g % TRUss | CORBON 0198 24 | a8 | 108 | 193

> 2 FIBERGLASS 0330 24 79 146 231

ADAPTER | TRUss | CARBON 0102 24 | 25 | 85 | -
ALUM 170 965 166 214 300
CORRUG E{,\g)!(BQN 0 096 94 183 270
N FIBERGLASS| 176 171 | 281 | 347
S _ ALUM 293 285 | 300 | a77

N

3 @ :ACI;VDWICH EPOXY 163 158 | 240 | 326
E&’_ FIBERGLASS | 209 965 204 286 372
- > ALUM 0313 24 75 138 22.4
L:; TRuss  |CARBON 0198 24 | 48 | 108 | 194
D FIBERGLASS 0330 24 79 | 146 | 232

> | ADAPTER | TRUSS |Ehory 0102 2 2.6 86 | -
ALUM 185 9 65 180 | 237 | 325
CORRUG gﬁggg” 1.00 9.7 205 | 293
FIBERGLASS | 181 176 | 284 | 372
é ALUM 293 285 | 412 | 499

S

4 % :ACNDWICH EPOXY | 163 158 | 256 | 344
¢ FIBERGLASS | 210 9.65 204 | 302 | 390
> ALUM 0321 24 77 141 | 228
TRUSS  [SogeoN 0201 24 | 48 | 112 | 200
FIBERGLASS 0334 24 80 | 148 | 235

ADAPTER | TRUSS [Shgeo™ 0103 24 25 88 -
w w ALUM 2.18 062 136 198 332
g;‘E gé'% CORRUG [CARBON 139 062 87 | 206 | 340
S&| 870 FIBERGLASS | 203 062 126 | 245 | 379

t BODY PLUS ADAPTER
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VEHICLE 2-18

Table B-22: WEIGHT SUMMARY (Cont)
memBeR 80Dy |22 | ToTAL
MATERIAL |WEIGHT WT/MEM| AREA |-y wT .\J/bJTSTED WEIGHT
(ib/f2) | (ib) (#2) ) | (o) | by ¢
ALUM 0.601 668 40.2 710 1005
HC CARBON
% SANDWICH | EPOXY 0333 668 223 | 461 | 756
= FIBERGLASS| 0430 66 8 287 | 525 | 820
W w
g‘g ALUM 0981 12 118 | 214 509
=
u TRUSS g@gﬁg” 0620 12 75 | 160 | 455
FIBERGLASS 115 12 138 | 231 526
ADAPTER | TRuss | CATEON 157 12 | 188 | 295 | -
ALUM 0498 66 8 332 | 479 776
CORRUG | SAREON 0295 197 | 477 | 774
FIBERGLASS | 0427 285 | 565 862
> T
8 ALUM 0601 40.2 | 732 | 1029
@ N HC
ARBON
. D SANDWICH | Sotias 0333 23 | 477 | 774
Liue FIBERGLASS | 0430 66 8 287 | 541 838
>
ALUM 0.981 12 18 | 214 | 511
TRUSS CARBON
CARBO 0620 12 75 | 160 | 457
FIBERGLASS 115 12 138 | 231 52 8
ADAPTER TRUSS CQSEQN 158 12 190 | 297 -
ALUM 0520 66 8 347 516 823
CORRUG | CARBON
EPOXY 0316 211 | 528 | 836
FIBERGLASS| 0453 303 | 620 | 928
>
8 ALUM 0601 402 | 774 (1082
@5
H.C CARBON
{57]
3% SANDWICH | EPOXY 0333 223 | 510 | 818
5 ) FIBERGLASS| 0.430 66.8 287 | 574 | 88.2
>
ALUM 0981 12 118 | 214 | 522
CARBON
TRUSS | EpOXY 0620 12 75 | 16.0 | 46.8
FIBERGLASS 115 12 138 | 231 | 539
——— antandd —1
ADAPTER TRUSS EQSQ?N 163 12 196 | 308 | -

74

t BODY PLUS ADAPTER




Table

B-22: WEIGHT SUMMARY (Cont)

AD-
MATERIAL |WEIGHT[WT/MEM| AREA "é‘f&"BER 3,3“ JUSTED \;/(gé\rkr
WwT
Ka/m?)| Kg) | (m2) (Kg) | (Ka) | (kg) t
prr— e e
, ALUM 293 062 183 | 322 | 457
HC CARBON
> SANDWICH | S8 1.63 062 101 | 209 | 343
8= FIBERGLASS| 210 062 130 | 238 | 372
w w
o2 ALUM 0445 12 54 97 | 231
Te
i CARBON
W TRUSS 8O 0282 12 34 73 | 206
FIBERGLASS 0522 12 63 | 105 | 239
CARBON
ADAPTER TRuss | CARBO 0713 12 85 | 134 -
ALUM 243 062 151 | 217 | 352
CORRUG g;‘gge” 144 89 | 217 | 351
FIBERGLASS | 208 129 | 257 | 391
>
3 ALUM 293 183 | 332 | 467
o~ HC CARBON
[+ o]
a9 :“_). “‘2‘ SANDWICH | EPOXY 163 101 [ 217 | 381
N
¥ =) FIBERGLASS | 210 0.62 130 | 246 | 380
w
Q
5 > ALUM 0445 12 54 | 97 | 232
w
> TRuss | CARBON 0282 12 34 | 73 | 207
FIBERGLASS 0522 12 63 | 105 | 240
ADAPTER | TRuss |SREBON 0717 12 86 |135 | -
ALUM 2.54 062 158 | 234 | 374
CARBON
CORRUG [ CARBO 154 96 |[280 | 380
FIBERGLASS | 221 138 | 282 | 421
>
S ALUM 2.93 183 | 352 | 494
28 HC CARBON
w
2 § SANDWICH | EPOXY 163 , 101 | 231 371
5 ° FIBERGLASS| 210 0.62 130 | 261 400
>
ALUM 0.445 12 54 | g7 237
CARBON
TRUSS EPOXY 0281 12 3.4 73 212
FIBERGLASS 0522 12 6.3 105 245
CARBON
ADAPTER TRUSS | EAERY 0740 12 89 | 140

t BODY PLUS ADAPTER
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Table B-23: WEIGHT SUMMARY (Cont)
benseER Booy 0T 1
-MBE -
MATERIAL [WEIGHTIWT/MEM) AREA |7y WT \u\ ".1 R
w2 | b | (12 (1b) by | (b}t
=== e U S—— - -
ALUM 0780 1130 880 | 1086 | 1317
CORRUG | CARBON 1 9400 113.0 452 | 842 | 1073
FIBERGLASS| 0930 1130 1050 | 1440 | 1671
N 0
9 ALUM — as | 415 | 710 | 941
0 - —
oo TRUSS
0% .
23 FIBERGLASS - 44 | 402 | 723 | 954
: 1.4
._WL_ -
ADAPTER | TRuss |CARBON 0.320 2 | 77 | 81§ -
ALUM 0820 113.0 926 | 1154 | 1395
CORRUG E,ﬁ‘g,%? N 0.420 113.0 474 | 904 | 1145
~ -1 -
;‘ N FIBERGLASS | 0.980 113.0 1110 |1540 | 1781
" 1040
o 8 _ ALUM - 44 430 728 969
I 0 oy -
< Wuw TRUSS
O< .
e FIBERGLASS - 44 |a11 736 | 977
& ;
ADAPTER | TRUss |EARBON 0327 a | 79 | 200 | -
ALUM 0.860 113.0 970 |1220 | 171
CARBON
é CORRUG | Fpowy 0.440 113.0 496 | 966 _‘2’ 7
85 FIBERGLASS | 1.03 1130 1162 |1632 | 1883
a0 -
o< ALUM - 44 450 | 751 | 1002
I — . _
S TRUSS
FIBERGLASS -~ 44 423 | 758 | 1009
ADAPTER |  TRuss |ShapoN 0.335 2 go | 251 | -
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Table B-23: WEIGHT SUMMARY (Cont)

AD-
MEMBER BODY TOTAL
MATERIAL |WEIGHT WT/MEM| AREA | -y wT .\l/t,JTSTED WEIGHT
(Ke/md)| (Kg) | (m?) Ke) | (kg | (kg t
ALUM 380 105 400 | 493 59 8
CARBON
| CORRUG | Ehoey 195 105 205 | ag2 | 487
! FIBERGLASS | 454 105 477 | 654 759
3 ALUM - a4 | 188 | 322 | 427
o _.
, @ TRUSS
' w w
y - N
3 :&[’ 3 FIBERGLASS a4 183 328 433
1 w o
I >
]
I
i
' C
| ADAPTER TRuss  |SARBON 0145 24 35 | 108 -
: ALUM 400 105 420 52 4 633
RBON
! CORRUG |Shged 205 106 215 | 411 | 520
D FIBERGLASS | 478 105 50 4 700 809
- >
w 14
3 ! S _ ALUM 44 195 | 331 | 440
= @~
T W w TRUSS
0«
' 59 FIBERGLASS 44 187 334 444
; >
t
|
CARBON
ADAPTER | TRuss [SAREQ 0148 24 | 36 | 109| -
ALUM 4.20 105 440 | 554 | 6638
CARBON
> CORRUG |Epoxy 2.15 105 225 | 439 | 553
& FIBERGLASS| 503 105 528 | 741 | 855
w w
02 ALUM 44 204 | 341 | 455
e
W TRUSS
>
FIBERGLASS 44 192 | 344 | 458
R
ADAPTER | TRUSS |EhGeoN 0152 2 36 | nal| -

t BODY PLUS ADAPTER
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APPENDIX C

METEOROID PROTECTION

This appendix discusses the meteoroid environment and the method of laboratory
simulation, derivation of the Earth=Mars trajectory for the study vehicles, the
design meteoroid sizes for the study, a tabulation of weights for the materials
used in the tests, and the design curves developed in the course of the study.

METEOROID ENVIRONMENT

Meteoroid experimental information comes from two primary sources: meteors in
the Earth's upper atmosphere and satellite impact records, None of the sources
of the information provide meteoroid mass directly except meteorite finds which
are of no interest here,

The most important sources of information on meteors are the photographic ob-
servations, This covers a mass range down to about 0.01 grams. Figure C-1 is
a cumulative distribution of a sample of sporadic photographic meteors as a func-
tion of brightness, using the stellar magnitude scale (Reference C-1), Since the
total collecting rate of the cameras is known, the cumulative flux as a function
of magnitude can be approximated (Reference C-2) as

log N = 0.537 M__ - 4.34 (km~2he ™)

The equations of meteor physics and an average meteor velocity (variously taken
as 16.5, 20, 35, 40 km/sec) can be used to obtain a mass flux curve. These
average values are usually obtained from the raw data: 35 km/sec from photo-
graphic data, 40 km/sec from radar data, and the other values resulting from
various data weighting schemes.

A derivation of the velocity distribution (Reference C-3) was considered here,
From Figure C-1 note that the sample appeared to be complete only to magnitude
one. The roll-off was not a real effect. Rather, it was caused by the limiting
sensitivity of the photographic system.

If the sensitivity were independent of velocity, the raw data would provide a
velocity distribution at constant brightness., However, slow meteors are easier

to see, and the limiting magnitude extends to much fainter meteors for low
velocities than for high velocities, The sensitivity dependence is essentially
inversely as the velocity, as would be expected., To eliminate those observa-
tional biases, the total sample of Figure C-1 is divided into small velocity inter-
vals with distributions of the same form in each. The velocity distribution of

the raw data wos obtained from the total number in each velocity interval, This
is called the observed distribution in Figure C-2, Next, the portion of the dis-
tribution where the data was complete was fitted by a straight line in each
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interval with the same slope as in Figure C-=1. From these straight lines the
constants in equations of the form shown in Figure C-l are obtained, but now
for each velocity interval. From the theory of meteor physics (Reference C-4)
a relationship among magnitude M_, velocity V, and mass m is obtained.

By this means the number per unit velocity interval at constant mass is then ob-
tained with the observational bias removed. The average velocity of meteors in
the earth's atmosphere is computed to be 16.5 km/sec. The average velocity
for impact on a near earth satelliteis 17.8 km/sec.

The velocity distribution in the absence of the Earth's field is also shown in
Figure C-2. The average of this distribution is 14.1 km/sec, however, the
average for impact is 17.0 km/sec. Meteoroid velocities relative to a space-
craft can range from 0 to 70 km/sec; however, 90 percent of the population is
in the range 0 to 20 km/sec.

Taking the appropriate average over the velocity distribution, the luminous flux
of Figure C-1 is converted to a mass flux, given by

log N = -1.21 logm - 13.85 (M2 sec™') - -

where m was in grams. When the influence of the Earth's field on the flux
is removed:

log N = -1,21 logm - 14,20

which is shown as the straight line portion of Figure C-3. This is the flux en-
countered by a spacecraft at Earth's distance from the sun, but not near Earth
itself,

The meteoroid satellites such as Explorer 16 and 23, Pegasus 1, 2, and 3, and
also the Lunar Orbiters provide flux rates by recording the number of perforations
in thin metal sheets of several thicknesses, These measurements automatically give
the cumulative penetration flux, since particles larger than the threshold size also
penetrated. The sensors on Lunar Orbiter were the same as the ,001 inch (.0025 cm}
be-cu pressure cans on Explorer 16. The penetration rate of Explorer 16 was 2.0
times that recorded by the Lunar Orbiter (44 penetrations on Explorer 16 and 22
on Lunar Orbiter with almost the same effective exposure). This result was due
to the increase in the meteor flux by the Earth's field and, to a lesser extent,
the greater velocity of the near Earth satellites. Since this effect is velocity
dependent, something can be inferred about the average speed from the experi-
mental result,

To analyze this problem, the meteor flux is taken to be effectively isotropic. The

meteoroids are in hyperbolic orbits and the satellites were in elliptic orbits, The
penetrated thickness is given by the empirical formula:
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p = kml/3 (V cosA)B
The satellite penetrating flux is approximately of the form:

log F = - 8§logp + log F )

The penetration rate of a satellite is given by Reference C-5

6 -d 2
N, k™ p Y
_ 1] e 2R R 2
AF-—zTBa——VBS[” - z‘)] x
2 1/2 2

1/2
v 2V
[( - \e/z (l-rE)) + (1 -R—z- \e/z (1-5)) ]F(V)AV (2)

Integrating over V using the bias free velocity distribution (the near-Earth curve)
in Figure C-2 and averaging over the orbits of Lunar Orbiter and over Explorer
16 and computing the ratio Fex /Fo the function of B8 shown in Figure C-4
is obtained. The best value of’éjs is 0,64 (B = 2/3 from impact data, § = 0.96
from satellite data) which checks the experimental result exactly. However, the
extreme range of possible values (0.43<88 < 0.96) gives good comparison, The
dashed curves were computed using unique values for the velocity rather than a
distribution in Equation 2. These curves illustrate the velocity dependence, It
can be seen that the bias free velocity distribution obtained from the photographic
range is confirmed by the comparison of Lunar Orbiter and Explorer 16 data.

The satellite data is available in the form of Equation 1. From the integral of
. Equation 2 the parameter Ny can be evaluated and hence the mass flux results
in the form:

log N = -1/3 8log m + log N] 3)

The curve for the satellite range in Figure C-3 was obtained by using Equation 3
over short intervals of mass,

The mass range of importance in spacecraft design is from about 10-6 grams to

one gram. The flux curve was established on the satellite and the photographic
dota; an interpolation was used between these ranges, Radar data appears to be
improperly corrected, especially for low velocity meteors. Radar meteors appear
to have velocities which are too high and flux rates which are too low,
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Meteors of the photographic and radar range, because of their behavior in the
atmosphere, appear to be fragile and of very low density, ranging from less

than 0.25 gm/cc at one gram to around 0.8 gm/cc at 10-4 grams, They crumble
and burn up in the 80 to 120 km altitude region. They are believed to be
cometary debris; the association of some meteor streams with comets bears this out,

Annual meteor streams do not appear to be a significant hazard to spacecraft
(Reference C-6). Although some streams have very high visual rates, this is
primarily because of the high luminosity of even the very small particles in those
streams which have large velocities relative to Earth,

EXPERIMENTAL SIMULATION

The Boeing Company Meteoroid Protection Laboratory was developed for the
primary purpose of generating data suitable for design of meteoroid protection
systems. Little emphasis was placed on the study of the physics of hypervelocity
impact as such, Within the physical limitations, meteoroid impact was simulated
as closely as possible,

As shown in the previous section, most meteoroids have velocities ranging up to
20 km/sec, densities from 0,25 to 0.8 gm/cc, and very little strength, These
conditions could not be simulated in the laboratory, Although speeds up to

10 km/sec were occasionally reported, a practical upper limit for routine testing
is about 8.5 km/sec. The minimum density projectile that can be routinely
launched is polyethylene (sp. gr. = 0.95), although inlyte (sp.gr. = 0.7) has
been launched with some success in other laboratories (Reference C-7).

Most laboratories used spherical projectiles because they gave symmetrical and
repeatable damage patterns. This was necessary for the study of hypervelocity
impact phenomena. However, there is no reason to believe that meteoroids are
spheres. Indeed, the current theory that they are cometary fragments would pre-
clude this possibility except for those few which come close enough to the sun
to be melted but not vaporized, Cylindrical projectiles with random attitudes
at impact give random damage patterns, which should be more representative of
meteoroid damage. Reference C-8 concluded that cylindrical projectiles caused
greater damage than spherical projectiles, thus the use of the latter projectiles
could yield non-conservative results. Since cylindrical polyethylene projectiles
were easy to launch, these were selected by Boeing as the best projectiles to
simulate meteoroid impact,

A family of small light-gas guns, which were simple and economical to operate,
were available, With polyethylene and Lexan projectiles, velocities up to

9 km/sec were achieved. The 1/16 and 3/32~inch (.16 and .24cm) projectiles
were launched with basically the same gun. It was powered by a .375 magnum
case loaded with Bullseye powder. The guns were shock compression types using
hydrogen gas. The most important factor in their economical operation was the
disposable launch tube consisting of commercial tubing.
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Velocity Dependence - Meteor speeds relative to a spacecraft have o wide range.
From Figure C-2 it was seen that velocities up to 20 km/sec must be considered
to include 90 percent of the meteoroid population. Since the test data effectively
ends at 8.5 km/sec an extrapolation is required, In Reference C-9 a theoretical
treatment based on blast loading of the second sheet was given. This resulted in
a linear increase of the threshold thickness of the second wall with velocity.
However, this approach did not determine the constant, This linear dependence
is included in an empirical relation in Reference C-10, resulting in @ very con-
servative penetration threshold at approximately 20 km/sec. This is a consequence
of the fact that in the test range, the blast loading contributes only a small part
of the damage to the second sheet. A more realistic treatment is given in Ref-
erence C-11 where experimental thresholds, using glass spheres, were determined
with sufficient accuracy so that extrapolation was possible, Here the second wall
thickness was found to vary with velocity as:

I
2 . v0.278
D

This weak dependence on velocity was in keeping with Boeing test results. Since
the Boeing data was valid up to about 8 km/sec, the following expression could
be written:

T T S
) Fl (—D—, —D-) F2 (p) 4 <V <8 km/sec

T T 0.278
2 1 S \Y ‘
5 °h (3'3) f (P) (@) V>8 km/sec

Density Dependence - Very little accurate work has been done on the density
dependence of low density projectiles. This is because low density (sp. gr.< 1)
materials hove little strength ond testing is difficult. Reference C-7 compared
Inlyte (sp. gr. = 0.7) with aluminum projectiles (sp. gr. = 2.8). Several con-
figurations were considered, and it was found that total thickness varied as

(1, + 1) /D= po8

for very small mass and low density projectiles, This was a somewhat stronger
dependence on density than would have been the case if damage depended only

on the projectile mass; i.e., p1/3." The second sheet thickness was not given
separately as a function of density,
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However, in spite of the value of this work, there was

insufficient supporting

test data to include this density dependence in the penetration equation of this
study. It did demonstrate, though, that a threshold dependence on projectile
mass is conservative, Consequently, the penetration equation is:

5o (385" e
D 1\D "’ D/ \0.95

8 km/sec

T 13 0.278
2 _ 1 S p \
5 = (—D : 6) (o—.%) (?) V> 8 km/sec

since test data was obtained with polyethylene (sp. gr. = 0,95) projectiles.

DETERMINATION OF THE METEOROID ENVIRONMENT FOR EARTH TO MARS

TRAJECTORY

The meteordid flux varies in the solar system as a function of distance from the
sun, The reliability requirement for this study was stated for the total mission,
Therefore, an average flux was used in the meteoroid protection analysis, This

average was not very sensitive to the particular mission,
computation was based on a feasible 208-day trajectory
October 7, 1975. This trajectory was not necessarily a
served the purposes of computing the average meteoroid

but specifically the

starting on Earth on
practical one, but
flux for the study.

The desired trajectory was an ellipse satisfying the two end conditions. Earth

distance from the sun would be very close to one A U,
distance from the sun on May 2, 1976 was computed,
anomaly was

M=nt+ ¢ -
For epoch January 15, 1960, this was

M = ,524033t - 76.5554
for Mars' orbit. On May 2, 1976, M = 169.535°,

Other data for Mars' orbit were:

1.523691
.093368

semi-major axis, a

eccentricity, e
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Mars distance was computed from

r=a(l -ecoskE

M

where E,, was the eccentric anomaly which was determined from Kepler's equation

M

M=EM -esmEM

which was solved by iteration., The result was r = 1,664 A U, on May 2, 1976,

The trajectory, that is a and e, of the spacecraft was next computed. It was
assumed that perihelion of this trajectory was at Earth; hence was

1 =a(l -e)

At intercept
1.664 = a(l -e cos ES)

where E. was the eccentric anomaly of the spacecroft trajectory at intercept,
It was re?ofed to time by

'r=208=3—6£a3/2

o (E. - esinE

S S) days.

These three equations were solved for o, e, and E. by iteration. Starting with

ES =1 , the solutions converged in four steps to:
Eq = 2.389 rad (136.8°)
a = 1,38 AU,
e = .275

The orbits of Earth, Mars, and the spacecraft are shown in Figure C-5. A
plot of the equations

R

1.383 (1 - .275 cos E) AU, (1)
94,5 (E - .275sin E) Days (2)

t
giving R as a function of t is shown in Figure C-6,

The model of the cumulative meteoroid flux in interplanetary space was assumed
to have the functional form

N=Ff(m) f (R 3)




where N was the total rate on a surface of unit area by meteoroids of mass m
and larger at a distance R from the sun. This implied that the mass distribution

was independent of the distance R. Hence, the near Earth flux model gave f(m).

Strictly speaking, this was the flux relative to an object in a direct circular
orbit such as Earth; however, the spacecraft's elliptic trajectory would produce
only a very small deviation in the relative flux. This model also assumed that
the flux was isotropic relative to the spacecraft. Meteoroids are primarily in
direct orbits. However, most of the orbits are very eccentric and the relative
flux is approximately isotropic.

The total number of hits per unit area during the mission was

ff (m) f (R) dt

hence the average rate was

.
_ f(m)
<N> = Tf FR) dt (4)

o
Over the relatively small distance from Earthito Mars the space dependence could
be approximated as

where R was in AU, From Equation 1
Y
R = [1980 0-2500]

and from Equation 2

dt = 94,5 (1 - .275 cos E) dE
Substituting in Equation 4

<N> =f (m) F(Y)/F0) (6)

where

Es
f (1 = .275 cos E) dE

o
and E. = 2,389 rad, For the purpose of computation, the integrand could be
exponéed in a series and integrated term by term as

E
fs (0 - .275cos )’ ¥ oE =
(o]

2,389 - ,1879 (Y+1) + .,03574 (Y+1) Y- .002 (Y+1)(Y -1)Y

F(y) = (1.383)"

+,0001848 (Y+1) (Y-1)(Y-2)Y.
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The quontity F(Y)/F(0) is plotted in Figure C-7.

The average of the relative meteoroid velicity over the trajectory was next cal-
culated, An approximation suitable for the purpose was that the relative meteoroid
speed depended on distance from the sun as

V=V, R"/2 )

This result was exact for o particular (fictitious) distribution of meteoroid orbital
elements. The velocity relative to an object in a circular orbit varied as

V = R-]/Z[B -R/a -2V (1 =€) a/R cos i]]/z

If the distribution was such that the average semi-major axis "a" was proportional
to the distance R ot each point in space, then Equation 7 was exact.

The average over the trajectory was defined as

_ FNV dt

VD> = e
V2 T N

From (3), (4) and (7) this became

v, R 12

V> =
SRY dt

and by means of Equation (6) this was represented by

<V> = V' F(Y-1/2)/F(Y)
which is plotted in Figure C-7.

The curves of Figure C-7 were used to determine the sensitivity of the meteoroid
protection requirement to variations in the model of the environment as described
in Section 1.3.4 of the Volume | document,

For instance, various published models of the environment corresponded to a range
of Y from -2 (Reference C-12) to an unrealistic extreme of +5 (Reference C-13),
A nominal value of Y was selected, and the flux from the near-Earth model
multiplied by F(Y)/F(0) to give the average flux over the trajectory (the nominal
value of ¥ was most likely between 0 and -2), This was used to determine the
design meteoroid mass. The average velocity for penetration based on the near-
Earth flux was multiplied by F(Y=1/2)/F(Y) to give the average velocity over
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the trajectory. The amount of meteoroid protection required was computed from
these values. Another value, Y =3 for instance, would then be used for a
similar calculation. A comparison of the two results gave a measure of the sen~
sitivity of the weight to the model used.

DESIGN METEOROID SIZES

Section 1.3.4 of the Volume | document described how the spherical diameter
of the polyethylene design projectile was computed. The nominal values of the
meteoroid environment and velocity dependence, B and Y , were used to derive
design meteoroids for all study vehicles with varying payload heights, These
values were B = 0,182, Y = -2, and the design probability of no failure was
0.999. The resulting design meteoroid diameters are listed in Table C-1,

METEOROID PROTECTION MATERIALS

The meteoroid protection design curves presented in this Appendix were developed
from a wide range of materials. The weights and description of materials are

listed in Table C-2: .

DESIGN CURVES J

Figures C-8 through C-12 present meteoroid protection design curves for the
various MLI materials of the program. The 3 0 curve and the arithmetic mean
curves are shown as well as the individual data points. The experimental results
were developed in terms of an equivalent thickness of aluminum protection sys-
tem (T{) necessary to protect a certain aluminum tank wall thickness (Tp). Both
thicknesses (T] and Tp) were normalized to meteoroid diameter (D) so the data
could be used to evaluate protection systems for various vehicles and probabili-
ties of mission success, The normalized penetration depth is also shown on the
ordinate,

The aluminized mylar/nylon net curve, Figure C-8, had a very steep slope,
indicating a substantial increase in protection efficiency with a slight increase
in thickness, Figure C-12 shows the arithmetic mean curve for multiple discrete
shields of 1/2 mil aluminized mylar with 1/4 inch (0,64 cm) spacing. This
concept was very weight efficient; however, it would be difficult to maintain
the spacing in a vehicle installation.

Figures C-13, C-14 and C-15 are the curves for single sheet materials., The
characteristic decrease in protection efficiency as aluminum sheet thickness was
increased is evident in Figure C-14, Figures C-16 and C=17 represent fiber-
glass honeycomb sandwich with different thickness face skins. Figure C-18 is
for aluminum honeycomb sandwich. Fiberglass honeycomb sandwich provided
considerably more protection than an equivalent weight of aluminum honeycomb
sondwich, Fiberglass sandwich approximately 1/7 the weight of the aluminum
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sandwich shown in the curve provided equal protection. Continuous shell con-
cepts were not tested in more detail because of prohibitive structural weight.

Figures C-19 through C-22 present the test data for combinations of Beta fiber
cloth in front of MLI. The curves show a reduction in protection system
efficiency with initial additions of MLI, moving from left to right on the curves,
As more MLl was added there was a corresponding increase in efficiency.  There
was no apparent explanation for this. Figures C-23 through C-31 present data
for combinations of aluminum skin in front of MLI, and Figures C-32 through
C-42 for fiberglass laminate skin in front of MLI.

Figures C-43 through C-48 show the data for combined honeycomb sandwich and
MLI.  The honeycomb sandwich was in front of the MLl and was impacted first,
Fiberglass honeycomb shows greater efficiency in combination with MLI than
aluminum honeycomb.

Figure C-49 shows data for one thickness of carbon composite bidirectional
laminate,

Figures C-50 and C-51 show data for MLI in front of an aluminum skin. This
configuration was representative of vehicles with MLl on the outside of the
structural shell., Figure C-52 is for vehicles with MLI on the outside of a fiber-
glass laminate structural shell,

Figures C-53 and C-54 show data for MLI in front of aluminum and fiberglass
honeycomb sandwich., The results were about the same as for MLI located be-
hind the honeycomb sandwich shell.

Figures C-55 through C-57 represent a combination of metallic bumpers in front
of MLI, located on the outside of an aluminum vehicle shell, The curves show
the trend towards less efficiency as an aluminum bumper is added, except for
Figure C=57. In this cose, the downward turn of the curve could have been
due to an increased effectiveness of MLI. Figures C-58 through C-60 show
similar data for fiberglass laminate structural shells, In this configuration, im-
proved efficiency was experienced because spallation consisted of low mass
particles,

Figures C-61 through C-66 represent vehicles constructed with honeycomb sandwich
shells and incorporating a metallic bumper and MLI on the outside, Observations

made previously for fiberglass and aluminum honeycomb sandwich are also applic-

able for these configurations.

Figures C~67 through C-78 present final design curves for material combinations

where the thickness of MLl and bumper material were varied. The curves identi-
fied as TB /D or Trg/D represent constant Beta fiber cloth or fiberglass laminate
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thickness with varying amounts of MLI, The interpolation formula used to derive
these curves was described in Section 2.1.2 of the Volume | document. The
curves were constructed with 3ag values.

Figures C-79 through C-81 are the final design curves for MLl and bumper com-
binations located in front of fiberglass laminate structural shells, The curves
labeled Ts/D represent a fixed laminate skin thickness with varying thickness of
MLI.

Figure C-82 is the design curve for MLI located outside of an aluminum structural
shell,
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FIGURE C-1: CUMULATIVE DISTRIBUTION OF METEORS
AS A FUNCTION OF MASNITUDE
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TABLE C-1
DESIGN METEOROID SIZES

PAYLOAD | METEOROID PAYLOAD | METEOROID
VEHICLE| HEIGHT DIA VEHICLE | HEIGHT DIA
in cm in cm in cm in__ cm
4 10 ].0644 | .1636 4 10 | .0605 | .1537
1-14 [ 14 36 |.0648 | .1646 2-14 13 33 | .0609 [.1547
35 89 |.0655 | .1664 32 81 |.0615 [.1562
4 10 [.0615 | .1542 4 10 [.0538 1.1367
1-28 | 24 61 1.0626 | .1590 2-3 20 51 ].0541 |.1374
60 | 152 |.0638 | .1621 50 | 1271.0548 |.1392
4 10 [.0626 [ .1590 | 4 10 [.0539 [.1369
1-2A | 24 61 ].0637 | .1618 | 2-18 | 12 30 [.0543 |.1379
60 | 152 | .0648 | .1646 32 81 [.0555 |.1410
4 10 |.0588 [ .1494 4 10 1.0577 | .1466
1-3 24 &1 1.0602 | .1529 2-2 9 23 |.0586 |.1488
60 | 152 | .0619 | .1572 48 | 122 |.0598 |.1519 |
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TABLE C-2:

METEOROID PROTECTION MATERIALS

WEIGHT
MATERIAL 5 1 SOURCE DESCRIPTION
— — [ Vel = 0,41 oz/yd?
-4 -2 Sears Catalog Bridal Veil - oz
3.186 x 10 "|1.400 x 10 0.007 inch (.178
Nylon net * X #36P1000 Nomml:lc Thlcknes;nm{
15 gage double -4 -3| National Metallizing ;
aluminized mylar | 1+320 X 107" | 5.800 x 10 Spec. 1003 48" (1.219 m) roll stock
] 415 110 x 1072 Industrial Rubber and 1/32 lab" °5°?ncm)
Sliced foam 4.802 x 10 . x Supply Co. 48" Roll Stock
Silk net 6.860 x 10723.014 x 10| Bosing Stores
-4 =3 . 25 gage crinkled , 48"
NRC-2 2,253 x 10 | 9.900 x 10 Boeing Stores aluminized mylar wide roll
50 gage -
alumgingized mylar |4.415 x 10-4 1.940 x 10 2 Boeing Stores 48" (1.219 m) roll stock
- - Style 15035 fabric, 6.3
Beta fiber cloth |4.916 x 1073|2.160 x 10| J. P. Stevens fyle oo ebrie
oz/yd” 10 yd sample
Fiberglass/epox - .
Ia:nginaf{ poXy 2.464 x 10 2 1.083 Boeing Stores Fiberglass cloth layup
] -3 -2 0.001 inch (.0254 mm)
Aluminum 1,607 x 10 " |7.061 x 10 thick sheet
Aluminum =2 -1 Hexcell - 3/16"
Honeycomb 2.060 x 10 ~19.052 x 10 (.476 cm) cell size
Fiberglass -2 Hexcell - 3/16"
Honeycomb 3.640 x 10 1.599 Boeing Stores (.476 cm) coll size
One Iayer ylon -4 -2
net + one |dyer 4,506 x 10 1.980 x 10 |
15 gage Alm, |
2 Iayers sllk net -4 -2
+ one ciyer 2,700 x 10 "|1.186 x 10
One layer sliced -4 -2
foam + one 6.122 x 10 "12.690 x 10
layer 15 gage Alm




APPENDIX D

VEHICLE PRELIMINARY DESIGNS

Section 1.2.3 of Volume |, "Final Report" NASA CR-121103, summarized the
weight data for ten vehicle preliminary designs. This oppendix presents the
design drawings, discusses some of the main features and includes a detailed
weight statement for each vehicle configuration.

LH2-LF2 Propellants

‘Vehicle 1-14 - Figure D=1 shows the vehicle structural arrangement and fluid
line details. A median height payload position was selected for design. A
possible design improvement was the elimination of upper ring and payload sup-
ports. The payload supports would then originate at the mid-body ring and would
be constructed of fiberglass., This feature was incorporated in the final designs
discussed in Section 1.3.1 of Volume I. The ring weight saved by this change
would be offset to some extent by the addition of a MLI support ring between
the payload and the LFp tank. It was estimated that the net effect was a weight
reduction of 7 Ibs (3.2 kg).

Figure D-2 shows insulating details. Internal ML! was selected and the meteoroid
protection was provided by the MLI. The top deck, compartment separation and
bottom blankets were supported by X-850 film laminate. A fiberglass laminate
ring wos added of the mid-body point to support the compartment separation
blanket., This ring was totally enclosed within the MLI blanket, thus there were
no bracket penetrations through the multilayer. The ring rested on a pair of
fluid line support beams which spanned the vehicle at the mid-body location.

The innermost radiation shields were joined at this location, shown in Detail |,

to provide thermal continuity around the corner and to act as a purge seal.

A 90°’corner and blanket overlap was provided at the intersection of top deck
and sidewall MLI. It was necessary to add strips of fiberglass laminate to the
upper ring to produce this type of joint,

Vehicle 1-2A - The structural arrangement is shown in Figure D-3. It was
necessary to provide secondary structure in the form of an insulation support
framework over and under the LH, tank. The vehicle body was only 17 in,
(0.43 m) high, with @ 52 in, (1,32 m) centaur adaptor below and a 58 in,
(1.48 m) payload support bay above. A six-truss member structure supported the
engine and some of the tank load. The LF, tanks were manifolded together for
engine feed and venting functions,

Figure D-4 shows the insulation design. The conical surface above the LH, tank
was insulated with six large panels and six filler panels. The smaller panels were
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necessary due to material width limitations and the arrangement of MLI support
members, A more efficient design could be possible by splicing aluminized mylar
roll stock to greater widths and by relocating some MLI support structure; how-
ever, a minimum of six panels still appeared necessary.

This insulation design located the MLI on the outside of the vehicle structure,
therefore, it is necessary to provide penetrations for the payload supports and
for the adaptor. Hand-fitting at these penetrations would be necessary to pro-
duce a thermally efficient joint, Access to the LH, tank would necessitate
removal of several panels with the attendant problems of replacement to produce
a thermally efficient joint.

Vehicle 1-2B - The structural arrangement of this vehicle eliminated the internal
truss construction of its counterpart, Vehicle 1-2A. Instead, the tanks were sus-
pended from the main body rings, and engine loads were applied through a conical
framework. It was necessary, however, to provide secondary structural support for
the MLI blanket separating the two propellants. Figure D-5 shows these details,
As in the case of the previous vehicle, there was a considerable amount of un-
used volume between the LF2 tanks. o
Figure D-6 shows insulation details. Extemal MLI was used and meteoroid pro-
tection was provided by the addition of MLl with non-aluminized radiation
shields, That portion of the blanket using clear mylar films was used as a struc=
tural support for the remainder of the MLI, The compartment separation blanket
utilized X-850 film laminate for support. This blanket would be applied in two
pieces. The top deck blanket was also supported by X-850 film and would be
applied as one piece. It would be necessary to splice the mylar to produce

this panel.

Vehicle 1-3 - Figure D=7 shows the structural arrangement. The vehicle was
divided into four bays by trusses, The tanks were supported partially on the
trusses and partially on the external ring. A manifold system connected pairs
of oxidizer and fuel tanks. The manifold system was located above the tanks
for simplicity, however, this necessitated some additional MLI support structure.

Figure D-8 shows the insulating details for this vehicle, External MLI was
chosen and non-oluminized mylar was used in the MLI added for meteoroid pro-
tection, The top deck blanket thicknesses were different for the fuel and oxi-
dizer compartments, therefore, foam block shims were used along abutting edges
to maintain panel alignment, A fiberglass laminate support structure was devised
to elevate the MLI above the plumbing lines. The sidewall blankets were all
the same thickness for meteoroid protection, however, the number of radiation
shields varied between oxidizer and fuel compartments. This necessitated four
panels to insulate the sidewall. Compartment separation blankets within the
vehicle were located inside the LH, tank enclosure, The intersection of these
blankets at the center, and the joints with top and bottom panels, would present
severe insulating problems,
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Vehicle 1-7 ~ The structure of this vehicle is arranged in a square configura-
tion, with four corner posts supporting tank and engine loads. Fiberglass tubular
struts were selected for the design because the structural trades indicated this was
the least weight approach. The two LHp tanks were suspended externally by a
system of fiberglass struts and tension straps. Figure D-9 shows the structural
arrangement,

Figure D-10 shows the insulation details for this vehicle. It was necessary to
add fiberglass laminate structure to support the MLI blankets around the perimeter
of the LHy tanks. It appeared that this configuration could be efficiently in-
sulated with tank mounted MLI, at least for the LHy tanks. Producing thermally
efficient MLI joints at sidewall, top deck and the intersection of compartment
separation blankets would be very difficult,

FLOX-CH, PROPELLANTS

Vehicle 2-19 - The structure is shown in Figure D-11, This configuration was
unique in that tank mounted insulation appeared to be more adaptable to all the
surfaces except possibly the upper deck. Primary boost loads would be carried
through the cylindrical portion of the tank which necessitated a tank gage in-
crease and the integral stiffening ribs shown on the drawing. There were obvious
pressure vessel weight penalties associated with this approach, however, such
items as structural members, MLI supports, tank support and engine thrust structure
were minimized, thus offsetting the tank weight increases, The structure was
relatively simple, consisting of a tank shell extension (skirt), payload supports
and an adaptor, A design review revealed that the skirt shown on the drawing
was 5 in, (12.7 cm) longer than necessary. Shortening the skirt and lengthening
the payload support struts resulted in a weight reduction of 4 Ibs (1.82 kg). The
weights of Table D=1 do not reflect this reduction. The reduction was included
in the weight summary, Figure 1,2-42, of the Volume | report,

Figure D-12 shows insulation details. External MLI was selected. The MLI
blanket on the sidewall and cone consisted partly of aluminized shields for thermal
protection and non-aluminized shields for meteoroid protection. The non-alumin-
ized shield portion of the blanket was used to support the thermal protection
portions and incorporated a zipper joint to aid installation and obtain a close
fitting joint,

The top deck blanket was supported by an aluminized laminate film, Schjedahl
X-850. The film was reinforced around the perimeter with fiberglass laminate
and riveted to an insulation mounting ring. The MLI blanket was attached to
the laminate with nylon retainers, A 90° corner was incorporated in the top
deck blanket. This comer was formed during construction by cutting and taping
the edges of shields and spacers, The insulation extension along the sidewall
was held in place with hollow nylon studs and the edges restrained by sewing
several net spacers to the sidewall blanket, Aluminized mylar roll stock was
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not wide enough to make a complete radiation shield. It would be necessary to
splice this material for the top deck of all vehicles. The splice would be made
by overlapping and taping sheets of aluminized mylar. The overlapped joints
would be staggered to avoid excessive thickness,

Payload support members penetrated the top deck blanket and were wrapped with
MLI. The external plumbing lines and those within the insulation enclosure were
also wrapped with MLI,

Venting of the purge gas used during prelaunch operations would be accomplished
along the edges of the blankets. The mylar films (but not the radiation shields)
would be perforated in the zipper area to aid in evacuation.

Vehicle 2-18 - Figure D-13 shows the structural arrangement for this vehicle,
Payload supports and the adaptor attached to a common ring. The tanks, as
well as the engine thrust structure, were also connected to the same ring.

Figure D-14 shows insulation details. Internal MLl was used. A fiberglass
mounting ring was added to support the top deck and sidewall blankets. X-850
film was used to support the top deck blanket and a group of mylar films and
net spacers were used for sidewall blanket suspension. The sidewall blanket was
separated at the top so that the top deck blanket could be overlapped outside
of the radiation shields and spacers, The sidewall meteoroid protection (mylar
films and net spacers) was on the outside so a zipper could be used for closing
the longitudinal joint, The MLI on the inside, above the separation point, was
held in place with hollow nylon studs and washers.

The conical base MLI blanket was envisioned as two pieces, with appropriate
cuts and taped joints in the aluminized mylar to produce the correct shape. The
net spacers could be cut and sewn, or formed to the desired contour, The mylar
films and spacers which were added for meteoroid protection were also used here
to support the blanket. Structural members were external to the MLI blanket,

therefore, they were uninsulated. This simplified fabrication as compared to
Vehicles 2-2 and 2-3.

Vehicle 2-14 - Figure D-15 shows the structural arrangement., The vehicle is
divided into two bays with rings enclosing each bay. Further structural weight
reductions appeared possible by omission of the uppermost ring, changing the
upper bay truss members to fiberglass and connecting them directly to the pay-
load. It was not expected that these changes would improve the ranking of this
vehicle significantly, based on similar changes to Vehicle 1-14,

Figure D-16 shows insulation blanket and mounting details, The multilayer was
located inside the structure and the entire blanket incorporated aluminized

shields, The top deck blanket was suspended from an X-850 film and was held
in place at the comers with velcro tape. The sidewall blanket was suspended
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at the top from hollow nylon studs. A blanket joint was necessary at the mid-
body ring because of aluminized mylar roll stock width limitations. Velcro tape
was used for suspending the lower sidewall blanket and restraining the bottom

of both upper and lower sidewall blankets, A lacing joint was used on the side-
wall. The outer and inner net layers were reinforced with X-850 in this area to
support the nylon retainers,

The bottom insulation panel employed X-850 film for support since it was nearly
perpendicular to the direction of maximum acceleration forces, Velcro patches
attached the panel to the engine thrust members.

Vehicle 2-3 - The body structure of this vehicle (Figure D-17) consisted of
two rings separated by aluminum truss members, A crossed truss arrangement
supported the tanks and engine thrust loads.

Figure D-18 shows the insulation arrangement, External MLl was used which
made it necessary to insulate all of the structural members., This task was com-
plicated because of the numerous joints, and because external portions of the
members had to be left exposed to permit attachment of sidewall and bottom
blankets to velcro patches. Sidewall and top blankets were both suspended from
the upper vehicle ring, thus additional MLI support structure was unnecessary in
this area, A fiberglass ring was added in the engine recess to hold the blanket
clear of the engine. The engine recess MLI joints would require considerable
hand work to obtain thermally efficient joints,

Vehicle 2-2 - A six beam structural arrangement was employed to support tank
and engine thrust loads of this vehicle, An insulation cage covered the FLOX
tank and also supported the fluid lines. The details are shown in Figure D-19,
The payload height of this vehicle was found to be excessive and a reduction
of 27.1 Ibs (12,3 kg) was possible with shorter payload support members. This
change was incorporated in the weight summary, Figure 1.2-42 of Volume |,
but not in Table D-1 of this appendix.

Figure D-20 shows MLI and meteoroid protection details, External MLI was

used, therefore the difficulties of insulating structural members described for
Vehicle 2-3 were encountered for this vehicle also. The top deck blanket was
penetrated diagonally by the twelve payload support members. This resulted in

a large cut, which would need to be prepared carefully to avoid heat shorts,

The conical blankets were supported by X-850 film and were assembled in six
units. A scarf joint, attached by velcro tape, was employed at the longitudinal
edges of these panels. The scarf joint was held together on the outside by sew-
ing adjacent panels. Sidewall, bottom and engine recess panels were supported
by the non-aluminized mylar films and net spacers added for meteoroid protection.




Weight Statement

The weight data for the ten vehicle preliminary designs is summarized in Table
D-1. The weights breakdown is confined to major systems in this table, Tables
D-2, D3, D-4 and D-5 show secondary structure and MLI weights, The latter
item consists of additions to the basic MLI panel weights derived by the TATE
program discussed in Appendix A, Tables D-6 through D-8, and D-9 through
D-11 show FLOX-CHy and LHy-LF, vehicle plumbing weights,
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TABLE D-1:

SUMMARY WEIGHT COMPARISON

TYPE PROPELLANT FLOX/CH 4 LF 2/ LH 2
COMMENT
CONFIGURATION NO. 2-2 2-3 2-14 2—-18 2-19 1-2A 1-2B 1-3 1-7 1-14
STRUCTURE GROUP 180.1 132.3 1193 86.2 93.5 199.8 169.2 166.4 1352 150.7
Primary Structure 416 49.1 62.6 295 56.1 513 54.7 493 954 677 [ 'nctuding Adapter
" R X 3 X X Including Thrust Structure, Propellant Tank
Secondary Structure 916 72.3 45.8 28.1 28.4 17.7 103.6 106.2 325 73.9 Sugts., Main Body Rings pe
Payload Support 47.5 10.9 109 286 8.0 30.8 10.9 109 7.3 91 |nc|ud|ng FG.Structure Between P/L
and Upper Ring
THERMAL SYSTEM GROUP 81.2 89.5 65.5 58.7 65.0 1125 1030 1250 110.7 76.8
Including P
Primary Components 57.2 | 640 | 695 | 476 | 618 | 752 | 661 | 782 | 884 | 6AB |iisiacn s Hel e amemorana Wt., Vapor,
(as s1zed by tate program).
. X . . 5 X Including Misc."Overlap” Penalties, Velcro and
Secondary Insul. AWeight 167 14.6 6.0 7.0 9.6 37.3 20.4 33.2 223 120 fionciading M Amchm?ms, analties, Velcro and
Structure and Plumbing.
Protection A Waight 6.3 10.9 * 4.1 3.6 ¢ 16.5 13.6 . . including Non-aluminized or Aluminized Shields
as required for Meteoroid Protection **
PROPULSION SYSTEM GROUP | 281.7 294.2 247.2 254.1 245.5 331.7 338.8 360.6 3171 278.5
Engine 108.0 108.0 108.0 108.0 108.0 108.0 108.0 108.0 108.0 108.0 Including Thrust Vector Control
Fuel System 80.4 67.3 51.4 44.2 449 68.5 67.9 1206 | 119.7 62.5 ‘ Including Vent, Feed & Fill Plumbing, Supports
Oxidizer System 600 86.6 56.2 711 618 1225 130.6 99.6 56 2 76.4ﬂ & Propellant Tank Qutiet Penalties
Penumatic Control 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0
Pressurization A Weight 173 16.3 156 14.8 148 16.7 16.3 16.4 17.2 15.6 Total System Except Helium & Helium Tank
TOTAL HARDWARE 542.0 516 0 432.0 399.0 404 0 644 0 611.0 652.0 563 0 506.0
PROPELLANT 2,440.0 | 2,4400 | 2,4400 | 2,440.0 | 2,4400 | 2,170.0 | 2,170.0 | 2,1700 | 2,170.0 | 21700
TOTAL SYSTEM 2,982.0| 2,856.0 | 2,872.0| 2,8390| 2,844.0] 2,814.0| 2,781.0 | 2,.8220 | 2,733.0 | 2.676.0
RELATIVE HARDWARE WEIGHT] 1.36 129 1.08 1.00 1.01 1.27 L4l 1.29 mn 1.00
WEIGHT (LB) ¢

Included in Primary Thermal System Components

** Config. Hardware Weight/Lightest Config. Hardware Weight
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TABLE D-1: SUMMARY WEIGHT COMPARISON

TYPE PROPELLANT FLOX/CH 4 LF 2/ LH 2
COMMENTS
CONFIGURATION NO. 2-2 2-3 2—-14 2-18 2-19 1-2A 1-28 1-3 1-7 1-14
STRUCTURE GROUP 81.8 60.0 54 2 39.1 42.5 907 76.8 75.5 84.1 68 4
Primary Structure 18.8 23 28.4 13.4 25.5 23.4 248 224 43.3 30.7
Secondary Structure 41.5 328 20.8 12.8 12.9 53.4 47.0 48.2 14.8 33.6
Payload Support 2.6 4.9 4.9 13.0 4.1 13.9 4.9 49 3.3 4.1
THERMAL SYSTEM GROUP 36.9 40.6 29.7 26.6 29.5 51.1 46.8 56.8 50.3 349 See Tabte D—1 for Comments
Primary Components 26.0 29.1 27.0 21.6 23.5 34.1 30.0 35.5 40.1 29.4
Secondary Insul AWelgpt 7.6 6.6 2.7 3.2 4.4 16.9 9.3 15.1 12.4 54
Protection AWeight 2.9 4.9 . 1.9 16 . 7.5 6.2 . .
PROPULSION SYSTEM GROUP 127.9 133.6 112.2 115.4 111.5 150.6 153.8 163.7 144.0 126.4
Engine 49.0 40.0 49.0 49.0 49.0 49.0 49.0 49 0 49.0 49.0
Fuel System 36.5 30.5 23.3 20.0 20.4 311 30.8 54 8 53.9 28.4
Oxidizer System 27.2 39.3 25.5 32.3 28.0 55.6 59.3 45.2 25.5 347
Pneumatic Contro! 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3
Pressurization EWaimt 78 7.4 71 6.7 6.7 7.6 7.4 7.4 78 7.1
TOTAL HARDWARE 246.0 234.3 196.0 191.1 183.4 2924 277.4 296 1 255.6 229.7
PROPELLANT 1107.8 |1107.8 (1107.8 |1107.8 [1107.8 985.2 985.2 985.2 985.2 985 2
TOTAL SYSTEM 1353.8 [1296.6 [1303.9 |1288.9 [1291.2 [1277.6 [1262.6 [1281.2 |1240.8 [1214.9
RELATIVE HARDWARE WT ** 1.36 129 1.08 100 1.00 1.27 1.21 1.29 wmn 1.00

b Config. Hardware Weight/Lightest Config. Hardware Weight.

WEIGHT (KILOGRANMS)
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TABLE D-2: SECONDARY STRUCTURE AND INSULATION DETAIL WEIGHTS

CONFIGURATION NUMBER
A
1-2A 1-28 1-3 | 1~-7 1-14
] - 1 i o] .T
¢ SECONDARY STRUCTURE ] 1177 i 103.6 106.2 32.5 739
i — T T
I~ Main Body Rings 57.54 T lesu| 48.12 T an ] ] 5772 |
{ Upper Ring 28.77 20| 24.06 AAM _ 8.40
| Mid Ring — — . i _ i - 2300
! Lower Ring 28,77 36.76 | i 24.06 1 940 26.32
' — 4 { SR T -t —
. A D b oo ) e
Tank Support Structure I 7.81 613 T 6.16 7.73 3.76
R —— - . — -1
Thrust Structure T ] 51.92 13.66 1242
Engine Ring 9.10 - — _l — —
Thrust Ring Assy, 8.00 | 800 _ 1 1203, 9.07 7.12 ]
Thrust Truss/Tube Assy. 33.00 | 2330 1 2861 | 4.59 5.30
Torsion Tubes & Braces 2.25 - __p. na3 = -
: -
H 1 ) -1 T
b } - —
| SECONDARY INSULATION ] : i 37.3 20.4 33.2 22.3 12.0
L —
)
1 Insulation Support Structure 25.63 9.37 12.77 B 4133 .
!r Rlng! 10.81 L e 489 e .27 e - -
' Support Tubes 8.57 ] 1 7ea I N D 1 - IS
i’__ Misc. Supports 626 | 2.84 , 12.77 v |44 _ _ - _‘
: 1 . !
Additional Insulstion T B2 B 361 1 429 | | 1Tl 0.70
Tank Support Str. Insulation 1 0.51 | | 050 0.32 i 0.34 0.17
_ Thrust Str. Insulation o8, | 1 o644 114 T"__ L 1_- N - I
Plumbing Insulation | aga | ol BRI ] oss I 1035 "
Tnsulation on Other Int, Str. a.61 0.17 l“ 0.38 I 027 T 1 -
Misc Overlaps, Etc. 1.53 1 1.39 1.39 - 01
| e e i e e s e e
L - B s LTV YSTRUE SRR RV — ———--—-—-:ol——-—— B I B e L D SIPRPT
} _— - A - PR —_—
L 1. _.. ‘1_ ——— v b e -._.._l . Jr . !

* Upper Diagonal Brace

WEIGHT IN LB




TABLE D-2:

SECONDARY STRUCTURE AND INSULATION DETAIL WEIGHTS

CONFIGURATION NUMBER -
1-2A 1-2B -3 1-7 1-14
SECONDARY STRUCTURE 53.44 47 03 | 48 21 1476 36
Main Body Rings 26.12 300 2185 504 262 |
Upper Ring 1306 13.35 1092 0776 3.81
Mid Ring - - - — 10 44 ]
Lowsr Ring 13 06 16 69 1092 427 11 95
Tank Support Structure 355 278 | ____ -4 280 3_21_,_ in
Thrust Structure 23.77 L¥3| 2357 620 ———) 588
Engine Ring_ 413 _ _ _ e
Thrust Ring Assy 3.63 363 5 46 412 323
Thrust Truss/Tube Assy 14 98 10.58 12297 208 240
Torsion Tubes & Braces 102 - —— ) 514 s =
- - r
SECONDARY INSULATION 16.93 9.26 | 15.07 1012 545
1 ~a 9 -
| Insulation Support Structure 11, 425 ~ ;. 807 { I 3.51 -— b=
Rings 4 91 222 S M L 148 -
Support Tubes 3.89 074 I = . = L 1 =
s Misc. Supports “284 120 | 2 S A I 1 1=
1]
Additiona! Insulation 188 i 1.64 195 0.57 032
5 Tank Support Str_Insulation 0.231 0227 0145 e _]1.0.154 0077 o
Thrust Structure Insulation 0.354 : 0.291 0.518 B - -
Plumbing Insulation 0.426 0.413 0.481 0 30 0158
Insulation on Other Int. Str 0277 0.077 0173 0123 -
{ Misc. Overlaps, Etc. 0.695 0.631 0631 ! - o082
. -1
- - —

WEIGHT (KILOGRAMS)




091

TABLE D-3:

SECONDARY STRUCTURE & INSULATION DETAIL WEIGHTS

CONFIGURATION NUMBER
1-2A 1-28 1-3 1-7 1-14
1 |
SECONDARY INSULATION (Cont.) 'i‘ _ L - _ ]
+
Major Joint Assemblies - 0.72 351 634 634 8.31
Sidawall & Base 0.02 0.03 0.76 0.12 0.08
At Upper Ring 013 140 322 - 212
At Mud Ring L - - - - __ 579
At Lower Ring i 013 066 066 - 019
AtEngine & Thrust Rings |  0.35 0.09 1.70 - 013
Other 1009 133 - 622 —
X—860 Film 2.75 2.16 - 215 459 1.11
Misc. Attachments 1> 2.35 0.10 036 0.13 0.08
Velcro §_ 037 0.03 0.03 0.03 0.03
Clamps, Retainers, Studs, Etc.; _ 0.10 007 _ 1 o33l 0.10 005
. Misc Fiberglass Rings, Etc. 1.88 - -1 I A _ -
1 — .
| Muceltanoous Insulation iters | 1.48 165 [ 2.29 225 1.80
- {Bond. Etc ) N _ i A } -
——— | — —
’. - ——— ——— e
b = e e e e e ] e e e e e e s e — —— -ttt 1
—— ——— - - -— a— — _r. A ——— ——— et St .
EOSESVS SRpRE r— el ——
WEIGHT (LB) b Includes items not accounted for under major joints.
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TABLE D-3:

SECONDARY

STRUCTURE AND

INSULATION DETAIL WEIGHTS

CONFIGURATION NUMBER

1-2A 1-28 -3 1-7 1-14
SECONDARY INSULATION (Cont
Major Joint Assemblies 033 159 288 2.88 377
Sidewal!l & Base 0.009 0009 035 0.054 0036
At Upper Ring 0.059 0.630 146 — 0 96
At Mid Ring = - - - ; 263
At Lower Ring 0.059 0 299 030 - 0083
At Engine & Thrust Rings 0159 0 041 0.77 - 0 059
Other 0.041 0.149 — 282 —
X—850 Film 125 0.98 097 208 0.504
Misc. Attachments 1.07 0.0454 0163 0.059 0.036
| _ Velcro 0168 0009 0.009 0014 _ 0.014
Clamps, Retainers, Studs, Etc{ 0.0454 0032 00149 0 0454 0.023
Muisc. Fiberglass Rings, Etc 0.85 - - — -
Miscellaneous Insulation ltems 0.67 075 104 102 0.82
{Bonds, Etc) —_—
> Rt - - r— —
- N
T t— t -
— r I
- T |
} |
&
-

WEIGHT (KILOGRAMS)
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TABLE D-4: SECONDARY STRUCTURE & INSULATION DETAIL WEIGHTS

CONFIGURATION NUMBER

2-2 2-3 2-14 2-18 2-19
SECONDARY STRUCTURE 91.5 72.3 45.8 281 284
Main Body Rings ] 50.70 21.38 27 21 1071 25 80°
Upper Ring 13.12 10 69 278 - 1290
Mid Ring — — 2,78 10 71 -
Lower Ring 37 68 10 69 21.65 - 12.90
Tank Support Structure 773 N 8.60 333 3.34
Thrust Structure 33.07 42.32 1526 | 14.05 2.60
Engine Ring 3.30 1318 - - -
Thrust Ring Assy 7.83 8.32 9.76 9.33 2.60
Thrust Truss/Tube Assy ] 2028 20,12 5.50 . 4.72 -
Torsion Tubes & Braces 1.96 .70 - 1_- -
SECONDARY INSULATION 18.7 14.6 6.0 70 9.6
Insulation Support Structure 8.45 - — i = - -
Rings S 0.92 - = o I N -
Support Tubes 4.64 - - = - -
Misc. Supports 2.89 - — _ "F— _ —J
- ; § R
P — — e
Additional Insulation 3.58 3.65 —— 1.08 - 066 1.90
Tank Support Structure Insul. 0.37 040 0.16 0.14_ - o
Thrust Structure !nsulation ﬁ 0.50 0.52 . - 1 _ - ~ —
Plumbing Insulation __0.54 0.61 0.23 0.25 } 028
Insulation on Other Int. Str. 0.70 0.61 005 - . 0.33
Misc. Overlaps, Etc. 147 151 0.64 027 T 129
WEIGHT (LB)

® Tank Y-Rings
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TABLE D-4: SECONDARY STRUCTURE AND INSULATION DETAIL WEIGHTS

CONFIGURATION NUMBER
2-2 2-3 2-14 2-18 2-19
SECONDARY STRUCTURE 415 328 207 128 129
Mam Body Rings 231 9.7 12.35 T T 1T aes 11.71
Upper Ring 5.96 + 485 126 - 5 86
Mid Ring - - 1 26_~ 4 86 -
Lower Ring 17.06 485 983 - - 5.86
|
Tank Support Structures 360 ! 390 1.5 1.52
Thrust Swucture T T Ts0 ] 2103 6.93 _6.38 -4 1.18
_ __Engine Ring i 150 i 5.98 1= - -
Thrust Ring Assembly 342 1.61 4.43 N S 1?‘_‘ 118
| __ Thrust Truss/Tube Assembly | 9.21 913 250 214 -
Torsion Tubes & Braces 3.61 0.32 - | - 1 - -
SECONDARY INSULATION 758 6.62 2.72 ﬂ 3.18 4 36
L Insulation Support Structure 3s4 | = - —_—— __— S y
Rings ] _042 - = } o l_= . —
Support Tubes 2.1 . - - — -
B Misc. Supports 1.31 | - N R | .= -
Additiona! Insulation 1.63 1.66 049 _ 030 0.86
Tank Support Structure Insulationy  0.17 0.18 0.073 0084 —
_ — N R |
Thrust Structure insulation 0.23 0.24 - - . - .
i Plumbing Insulgtion ~ 025 - 028 1 o104 1 0.0114 | ~ 0.0127 N
Insulation on Other Int. Str. 0.32 0.28 0.0023 R S - o __(_).91_50__4 NPT S
Misc, Overlaps, Etc 0.67 0.69 __L___Q;2_9~______“‘____ - T_O_Q]ZG _ 0.586 [
13 = - —— -1»-
L S — - - — L. .

WEIGHT (KILOGRAMS)
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TABLE D-5: SECONDARY STRUCTURE & INSULATION DETAIL WEIGHTS

CONFIGURATION NUMBER

2-2 2-3 2-14 2-18 2-19
L_S_ECONDARY INSULATION (Continued)
Major Joint Assemblies 1.47 4.49 3.30 447 4.88
Sidewall & Base 0.11 0.14 0.08 0.08 01 ]
At Upper Ring 0.27 3.47 1.78 3.97 457
At Mid Ring - — 1.04 0.29 -
At Lower Ring 0.27 0.58 0.27 - 0.18
__ AtEngine & Thrust Rings 0.14 0.30 0.13 0.13 0.02
Other 0.68 - - - -
X-850 Film 1.24 1.84 0.62 0.23 0.29
Misc. Attachments [L> 0.61 2.30 0.07 0.56 1.04
Velcro 0.02 0.03 0.03 0.03 0.02
Clamps, Retainers, Studs, Etc. 0.13 007 0.04 0.53 1.02
Misc. Fiberglass Rings, Etc. 046 2.20 - - -
Miscellaneous Insulation ltems 1.35 2.32 0.93 1.08 1.49
(Bond, Etc.)
———
-
+
L i
B}lncludes items not accounted for undcr major joints WEIGHT (L8B)
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TABLE D-5: SECONDARY STRUCTURE AND INSULATION DETAIL WEIGHTS
CONFIGURATION NUMBER
2-2 2-3 2—-14 2-18 2-19
SECONDARY INSULATION {Continued)
Major Joint Assemblies 0.68 2.04 150 203 2.22
Sidewall and Base 0.049 0.064 0.036 0.036 0.049
At Upper Ring 0.123 1.575 0.81 1.80 2075
At Mid Ring ~ — 0.47 0.132 —
At Lower Ring 0.123 0.263 0.123 - 0.082
At Engine & Thrust Rings 0.064 0.136 0.059 0.059 0.009
Other 0.31 — - - -
X-850 Film 0.56 0.83 0.28 0.104 0.132
Misc. Attachments  [1> 0.28 1.04 0.032 0.29 0.47
Veicro 0.009 0.0136 0.0136 0.0138 0.009
Clamps, Retainers, Studs, Etc, 0.59 0.032 0.0182 0.24 0.46
Misc, Fibergiass Rings, Etc. a.21 0.99 - - =
[T Miscellanecus Insulation ltems 0.873 1.05 0.42 0.49 0.68
{Bonds, Etc.}
— - —
-
-_— — e —— —-— B
R ] — - JEE— ......1... E e
— —
t
: _

WEIGHT (KILOGRAMS)

D Includes tems not accounted for under major joints.
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TABLE D-6:

CHy, SYSTEM WEIGHTS

CONFIGURATION

Qry 2-2 Qry 2-3 arty 2-14 arty 2-18 arty 2-19
VENT 40.3 33.2 227 21.6 220
Line 2.00 x Q.035 (0.0613 Ib/in.) 150 in 9.2 90 n 55 35.n. 2.1 20 n 12 301n 18
Flanges 0.130 Ib/ea. 26 34 9 1.2 6 0.8 6 08 4 0.5
Solenoid Valve 8.0 8.0 8.0 8.0 80 80
ellows 5.0 ea. 2 10.0 2 10.0 50 50 50
Disconnect Valve 3.0 3.0 3.0 3.0 3.0 3.0
Supports — 0% 6.7 5.5 38 36 3.7
FEED 26.2 20.5 16.0 9.6 10 2
Manifold 1.25 x 0.025 0.027 Ib/in. 40" x 3 32 90 in, 24 - - -
Feed 0.80 x 0.020 0.014 Ib/in. 15 1n. 02 20 1n. 0.3 100 in. 1.4 20 . 0.3 50 in. 0.7
Flanges—Manifold 0.067 Ib/ea, 18 1.2 6 04 - - =
Feed 0.042 Ib/ea. 2 Q.1 2 o1 9 0.4 5 0.2 6 0.3
Bellows 1.25D 3.2 3 9.6 2 2.4 - - -
08D 20 2.0 2.0 3 6.0 20 20
Shutoff Valve 8.5 5.5 6.6 5.5 55 5.5
Supports 20% 4.4 3.4 2.7 1.6 1.7
FILL 121 124 121 124 12.1
Line 0.75 x 0.020 0.013 42 n 0.6 55'in. 2.7 35 in, 06 50 In 0.7 35 in. 0.5
Flange 0.040 2 0.1 4 0.2 4 0.2 4 0.2 4 _0.2
Disconnect 1.9 1.9 1.9 1.9 - 1.9 1.9
Fill Valve 5.5 5.5 5.5 5.5 55 5.5
Bellows 2.0 2.0 2.0 2.0 2.0 2.0
Supports 20% 2.0 2.1 2.0 121 2.0
TANK OUTLET AWEIGHT 1.8 1.2 0.6 0.6 0.6
Vent {3) (0.13}/Tank 3 1.2 2 0.8 0.4 ] 0.4 0.4
Foed (3) (0.067)/Tank 3 0.6 2 0.4 0.2 0.2 0.2
TOTAL 80.4 62.3 | 51.4 i [~ %42 239
WEIGHT (LB}
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TABLE D-6: CH, SYSTEM WEIGHTS

4
CONFIGURATION
ary 2-2 aQry 2-3 ary 2-14 ary 2-18 Qry 2-19
VENT 18,3 151 10,3 9.8 10.0
Line 5,08 x .089cm  (.02Bkg/cm) | 381 cm| 4.18 228cm| 250 88.9 cm 50.8 cm 76.2 cm
Flanges (.059 kg/ea 26 1.54 9 0.54 6 0.363 6 0.363 4 0.227
Solenoid Valve 3.6 kg/ea, 363 3.63 363 3.63 3.63
Bellows 2.27 kg/ea, 2 4,54 2 4,54 2,27 2.27 227
Disconnect Valve 1.36 kg/es. 1.36 1.36 1.36 1.36 1.38
Suppom 20% 204 2.50 1.73 1.63 1.68
FEED 11.89 9.31 7.26 4.36 4.63
Manifold 3.17 x .064 cm (.012 kg/cm) _1’061.6 x |1.45 228.6 cm|{1.09 p - -
.6 em
Feed {.006 kg/cm) 38.1cm | 0.091 50.8 cm} 0.136 2640 |0.64 50.8 cm [0.136 127 cm [0.32
Flanges—Manifold .034 kg/ea. 18 0.54 6 0.182 - -~ =
Feod .019 kg/ea, 2 0.045 2 0.045 9 0.182 5 0.091 6 0.138
Bellows 3170 1.45 kg 3 4.36 2 1.09 — - =
2,030 91 kg 0.908 0.91 3 2,72 0.91 0.91
Shutoff Valve 2,60 kg 250 2.50 2.50 2.50 2.60
Supports 20% 1.99 1.59 1.27
L 55 5.5 1 5.6 5.5
r__um.am:__‘_mm 10.2cmi 0. 27 13,7cm}0,32 8,9 cm_|3,23 12,7 cm_{0.32 88cm 023
Flange O02kalea | 2 10045 4 1 4 0.041 4 0.091 4 0.091
Disconnect .86 kg 0.86 0.88 0.86 0.86 0.86
|__Fin vaive 249kn 25 2.49 2.49 2.49 2.49
Bellows 0.91 kg 0.91 0.91 0.91 0.91 0.91 1
Supports 20% Q.91 0.91 0.91 0.91 0.91
TANK OUTLET A WEIGHT 0.817 0.544 0.272 0.272 0.272
Vent 3/.058/Tank 377 |0544 2 0.3683 0.383 0.363 0.363
Feed 3/.031/Tank 3 0,272 2 0.181 0.091 0.091 0.091
TOTAL 36.50 30.55 23.34 20.07 20.29

WEIGHT (KILOGRAMS)
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TABLE D-7: FLOX SYSTEM WEIGHTS

CONFIGURATION !
aTy 2—-2 QaTty 2-3 aTty 2-14 Qarty 2-18 Qry 2-19

VENT 25.9 33.0 22.4 23.9 26.0
Line 2,00 x 0,035 (0.0613 Ib/in.) 78 in. 4.8 90 in. 5.5 35 n, 2.1 50 in. 3.1 80 in. 4.9
Flanges 0.13 tb/es. 6 0.8 8 1.0 6 0.8 6 0.8 6 0.8
Solenoid Valves 8.0 Ib/ea. 8.0 8.0 8.0 8.0 8.0
Disconnect Valves 3.0 Ib/ea. 3.0 3.0 3.0 3.0 3.0
Bellows 6.0 Ib/ea. 5.0 2 10.0 5.0 5.0 5.0
Supports 20% 4.3 6.5 3.5 4.0 4.3

I

FEED 15.6 34.2 15.6 29.9 17.6
Line 1.60 x 0,035 0.0497 25 in. 1.2 25in, 1.2 25 . 1.2 90 n, 4.5 50 in. 25
Flanges 0.10 Ib/ea, 3 0.3 8 0.9 3 0.3 8 0.9 6 0.7
Bellows 4.0 4.0 3 12.0 4.0 3 12.0 4.0
Shutoff Vaive 7.5 7.5 7.5 1.5 7.5 7.6
Supports 20% 26 5.7 2.6 5.0 2.9 ’
Manmifold 2.50 x 0.035 0.0768 - 90 in. 6.9 — - -

FiLL 17.8 12.8 17.5 16.6 172.5 .
Line 1.50 x 0.020 0.0264 50 in. 1.3 65 in, 1.4 40 in. 1.1 15 in. 0.4 35in. 0.9 |
Flanges 0.060 ) 0.2 4 0.2 4 0.2 a 0.2 6 0.4 ‘
Bellows 38 3.8 3.8 3.8 3.8 3.8 1
Fill Valve 7.0 7.0 7.0 7.0 7.0 7.0 |
Disconnect Valve 2.5 2.5 2,5 2.5 25 2.5
Supports 20% 3.0 3.0 2.9 2.7 2.9

TANK OUTLET DELTA WEIGHT a7 1.5 0.7 0.7 0.7 \
Vent {3) (0.13}/Tank 0.4 2 0.8 0.4 0.4 0.4
Feed (3) {0.14)/Tank 0.3 2 0.7 0.3 0.3 0.3
!
PURUPEVEUININ SUSEUE—— -
TOTAL 60.0 86.6 56.2 711 61.8 )

WEIGHT (LB) !
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TABLE D-7:

FLOX SYSTEM WEIGHTS

CONFIGURATION NUMBER
ary 2-2 ary 2-3 ary 2-14 ary 2-18 ary 2-19
VENT 1176 14.98 10.17 10.85 1180
Line 508 x .089cm  (.028 kg/cm) 198 cm | 2.18 229cm| 250 89 cm| 0.95 127 em| 141 203cm| 2.22
Flange .059 kg/ea 6 0.36 8 0.45 6 0.36 6 036 6 0.36
Solenoid Valves 3.6 kg/ea. 3.63 2.62 3.63 3.63 3.63
Disconnect Valves 1 36 kg/ea. 1.36 1.36 1.36 1.36 1.36
Bellows 2 27 kgea. 227 2 4.54 2.27 2.27 227
" Supports 20% 1.95 2.50 160 182 1.95
FEED 71 15.53 7.1 13.57 7.99
Line 4.06 x .089 cm__( 026 kg/em) | 636cm | 0.56 63.5cm| 055 635 cm  0.55 | 228cm| 204 127cm| _1.14
Flanges .045 kg/ea. 3 014 8 0.a1 3 014 8 041 6 0.32
Bellows 1.81 kg/ea. 1.81 3 5.45 181 3 5.45 1.81 —
Shut-Off Vaive 3.4 kg/ea 34 34 34 34 3.4
Supports 20% 1.18 2.68 099 227 1.32
Manifold 6.35 x .089 cm (.0349 kg/cm 228 cm 3.13 - . TS — _
— - b
FILL B8.78 8.13 7.95 7.64 7.95
Line 3.81 x.051cm (.O12kg/cm) [127cm | 059 140 cm C 102cm | 38cm - 89 cm
Fianges 027 kgles. 4 1009 4 | 009 _4 | 009 4 [ o009 6 | o018
Bellows 1.73 kg/ea, 173 1.73 1.73 | 1.73 1.73
" Full Valve 3.18 , 318 318 ! 318 3.18 318
Disconnect Valve 1.14 . 114 1.14 1.14 1.14 114
Supports 20% 1.36 1.36 132 123 132
TANK OUTLET AWEIGHT 0.32 __ 068 T 0.32 0.32 0.32
Vent (3) .059 kg/Tank 0.18 2 0.36 0.18 0.18 018
| _Feed (3) .064 kg/Tank 0.14 2 0.32 0.14 0.14 014
- TOTAL 27.24 39.32 2561 3228 28.06
WEIGHT (KILOGRAMS)




0s1

TABLE D-8: PNEUMATIC CONTROL AND PRESSURIZATION WEIGHTS

CONFIGURATION

2-2 2-3 2-14 218 2-19
ary ary ary aTy ary
PNEUMATIC CONTROL 16.0 16.0 160 16.0 160
- —
He PRESSURIZATION DELTA WEIGH 17.3 16.3 " wel T _ i 148 T 14.8
Lines % XD.020 __0.0085 180mn.| 1.5 150in | 1.3 110m. | 0.9 60m. | 05 65in. | 06 ]
% x 0.020  0,0041 g8sin.| 0.4 20m.| O 110in. | 0.2 45mn | 02 20in.| O1
Fittings 75% 1.4 11 0.8 05 05 |
Regulators 3.5 Ibfea. 2 7.0 2 2.0 |.-2_] 30 2 7.0 2 7.0
Filter 1.0 ea. 1.0 1.0 NN 10 1.0
" %" Squib 0.7 ea. 0.7 0.7 07 0.7 07
Check Valves 0.6 ea. 2 1.2 2 1.2 2 1.2 |2 12 2 12
Disconnects 0.6 ea. 2 1.2 2 1.2 2 12 2 1.2 2 12 _
Supports 20% 29 _ 27 T 1_“ 26 T 1 s 26 |
f
i o — - -+
:.— o~ —— —— IS - o e ey --AL-— ——p — b e e ] — — [V SERE R W —
1 4 - - —
{- TOTAL PROPELLANT FEED | 1737 | 186.2 ) 139.5 | 146 2 __}._1378
$ s ———— [Rp— — . al m———— —— —— e — - — e e o——
—tee b — ~ “" - 'L "—]l—""_" o e e e § s e e} - D
b e ——— —_— e ————— —_—— ——— — - - — —— ——f — ~—— .
P - | _ ; e e - —
: I B S —
WEIGHT (LB)
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TABLE D-8: PNEUMATIC CONTROL AND PRESSURIZATION WEIGHTS

CONFIGURATION NUMBER

2-2 2-3 2-14 2-18 2-19
(104 aTy aTy 8 QTy Qarty
PNEUMATIC CONTROL 7.26 726 7.26 7.26 7.26
— H ——— —
1
He PRESSURIZATION AWEIGHT 785 7.40 7.08 6.72 6.72
Lines 1.27 x .051 cm (.0039 kg/cm) 457cm! 0.68 381 ¢ 279 cm 152 cm 165 cm
0.635 x .0561 cm (.0019 kg/cm) | 216cm| 0.18 s0.8cm| 102 cm 114 cm 50.8 cm
Fittings 75% 0.64
Regulstors 1.60 kg/ea. 2 3.19 2 119 2 3.19 2 3.19 2 3.19
Filter 0.454 kg/ea. 0.454 0. 0.454 0454 0.454
Squib .835 cm -318 kg/ea. 0.318 0318 0.318 0.318 0.318
Check Valves .272 kgles. 2 0.544 2 0.544 2 0.5644 2 0.544 2 0.544
Disconnect .272 kg/ea. 2 0.544 2 0.544 2 0.544 2 0.544 2 0544
Supports 20% 1.32 1.23 1.18 1.13 1.14
-—
-
TOTAL PROPELLANT FEED 78.86 84.53 63.33 66.37 62 46
— ——
-] —
. - -
i ] I

WEIGHT (KILOGRAMS
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TABLE D-9: LH2 SYSTEM WEIGHTS

CONFIGURATION -
Qry 1-2A ary 1-2B ary 1-3 QTy 1-7 Qry 1-14
VENT 26.4 247 348 346 22.3
LINE 200 x 0035  (0.0613 Lb/in) | 85n 5.2 65 in 40 f10m.| 67 105in | 64 35 in 21 .
Flanges 0.130 Lb/Ea 6 0.8 5 0.6 10 13 1 14 4 05 1
Solenoid Valve 8 0 Lb/Ea. 80 8.0 8.0 80 80 |_
Bellows 5.0 Lb/Ea. 5.0 ‘ 6.0 2 100 - 2 100 | —_ 50
Disconn Valve 3.0 Lb/Ea. 30 30 | 30 30 L 30
Supports 20% 4.4 a1 ' 58 58 | | 37
FEED I 167 16.7 T 594 600 o0
5 Manifold 3.25 x 0 049 (0.1386 Ib/in.) — - 120 in !r 166 135in | 187 -
Feed 2.1x0.035  (0.0644 Ib/in} 35 2.2 35 2.2 50in., 32 25mn.| 1.6 35 n 2.2
Flanges—Manifold 0 26 Ib/ea — — 10 26 10 26 — —
Feed 0.14 Ib/ea 2 03 2 0.3 2 | o3 _ 2 0.3 I 06
Ballows — 5 2 Ib/ea. 5.2 5.2 52 5.2 52 | _
"7 7 Iblea. — — 2 154 _ 2 [ 154 - 1
Shutoff Valve 6.2 ib/ea. 6.2 6.2 6.2 62 6.2
Supports 20% 2.8 ~ 28 I 99 L 100 ' 28
FILL ] T R X2 N R U7 A A -5 ___4_"224
[_Line 2.00x0.035 _ (0.08131b/in.) | 65m. 4.0 80 in 49 + | s6m | 34 | 38| 23 Bin. | 21
{_ Flanges 0.130 _ 1 a 05 4 | o5 ; | 5 0.6 1 s 06 | | .5 06 |
i _Disconnect 3.0 1 30 . 30 0 1 f30 o 30 | 3o |
Fill_Valve 8.0 I |80 80 | r 8.0 | 80 .} 80 "}
Bellows 5.0 | 50 i 1_s0 b s0 50 50
""Supports 20% X 4.3 I 4.0 ! 1738 37
i ¢ | - ‘ - - - -
TANK OUTLET AWeight 1 o8 [ es [T 2a | T 24 | o8
vent {3) (0 130) Ib/tank 04 | ea | 1 2 | os 2 | o8| 04 |
Foed (3) (0.140) Ib/tank 04 0.4 - 1 - 0.4
. (3) (0.26) Ib/tank — — 2 16 2 16 —
TOTAL | 68.5 679 120 6 1197 625

(WEIGHT IN LBS)
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TABLE D-9* LH2 SYSTEM WEIGHTS

L CONFIGURATION NUMBER
ary | 1-2A aty 1-28 aty 1-3 ary | -7 Qry | '-14
VENT 120 11.2 15.8 15.7 101
Line 5.08 x 089 cm (.028 kg/cm) | 216cm] 236 165cm]| 1.82 279cm! 304 268cm| 291 83cm| 0.95
Flange 059 kg ea. 6 0.36 5 0.27 10 0.59 11 0.64 4 023
Solenoid Valve 3.6 kg ea. 3.63 3.36 3.36 336 3.36
Bellows 2.27 kg ea. 2.27 2.27 2 4.54 2 4.54 227
Disconnect Valve 1.36 kg ea. 1.36 1.36 1.36 136 1.36
Supports 20% 2.00 186 263 263 168
—_ I *__ (I
EEED 758 7,58 —fo-—.l2mo | 1l 12724 | 12
| Manifold 8,26 x.124 cm (063 kafem)| — - 305cm| 754 1 ., 343cm]| 844 | = el
| Feed 5,33 x,089 cm ( 029 ka/cm) 89cm| 1.0 | 89cm| 1.0 127cm! 145 66cm| 073 89cm | 10
Flanges — Manifold 118 kg ea. - - 10 118} 10 118 -
— Feed .064 kg ea. 2 0.14 2 o14_| | 2 014 | 2 lo1a 4 0.27
Bellows 2.361 kg ea. 2.36 2.36 i 23% _, | _1 23 2.3
35kgea - - I I I N T A —
Shut-Off Vaive 2.82 kg ea 2.82 2.82 2.82 2.82 2.82
Supports 20% 127 1.27 4,50 4.54 1.27
ElLL 11,17 11.66 109 10,31 | _ 10.17
. Line 5.08 x.089%cm (028 kg/cm) 165 ¢ 1.82 o l_203¢c 222 | 140cm; 154 L - 97cm| 104 | _ | _89cm} 095
Flanges 059kgea 4 0.23 _4 023 | ___ i 5 lox { | 6 027 | _ _5__1027
| Duconnect _ 1.382kgea we | b e L |13 e b et t38 L1 038
b FEMValve  363keea | ! 363 : a3z | _ __}___|33% , ] ___ 133 b} 336
Bellowa _ 2.27 kg e, 221 | [227 |~ 0 ez TN TTam - 227
Supports 20% ee 1| 1aes i " le 1 i3 | 168
g ———— -y _— [——— - m——
’__'_I'_AN_K;IOUTLET AWeliGHT | L 0.36 | .. _0.36 1.09 1.(19__T 0.36
- ent (3) 059 k n | 0.18 0,18 2 _036 ] 2 036 | 0.18
o Feed {3).064kg/tank | i 0.18 0.18 e — — 0,18
(3)_118 kg/Tank | __;_ — L - 2 ;1 0713 2 0.73 _
NI R B NSRS I HN -
TQTAL I | V ____4 311 __}_______ _ 30.83 ! 54 75 54.34 28&4
1 1 O N
WEIGHT (KILOGRAMS)
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TABLE D-10: LF2 SYSTEM WEIGHTS

CONFIGURATION
Qary 1-2A Qrty 1-28B QaTty 1-3 QaTy 1-7 aTty 1-14
VENT 53.6 46 3 353 220 22.7
Line 200 x 0035 (0.0613 Ib/in.) 195in| 12.0 180 .| 11.0 115in 70 25 1n 16 35in 2.1
Flanges 0.13 ib/ea. 13 17 12 16 1 14 6 08 6 0.8
{ Solenoid Valves 8 Ib/ea. 8.0 80 80 8.0 8.0
Disconnect 31b/ea 3.0 30 3.0 3.0 30
Bellows 5 iblea 4 | 200 3 15.0 2 10.0 _50 | 50
Supports 20% 8.9 77 5.9 3.7 38
FEED 485 649 44.8 163 355
Line 160 x 0.035 (0.0497 ib/in.) 35 0. 17 65 in 3.2 50 in 25 35 in 17 105 in. 52
[ Manifold 2.50 x 0.035 (00769ib/in] 175in. | 134 175 n.{ 13.4 125 in 9.6 - -
Flanges 0.111 Ibfes. 4 0.4 3 0.3 2 0.2 4 0.4 8 09
0.153 Ib/ea. 9 1.4 11 1.7 10 1.5 - -
Bellows—F eed 4 0 ib/ea. 4.0 4.0 4.0 4.0 4 16.0
Shut-off Vaive 7.5 Ib/es. 1.5 75 7.5 75 75
Supports 20% 8.1 10.8 75 127 59
Bellows—Manifold 6.0 Ib/ea. 2 120 4 240 2 120 - -
FILL 178 16.8 17.8 17.0 173
Line 1 50 x 0.020 (0 0264 ib/in) 50 in 1.3 20 in 0.5 50 1.3 251n 07 35in 0.8
Flan 0.060 ib/ea. 4 0.2 3 0.2 3 02 4 | _ 0.2 4 02
Bellows 2.8 iblea. 38 3.8 38 38 38
Fill Valve 7.0 Ib/ea 7.0 7.0 70 70 7.0
Disconnect 25 Ib/ea. 25 25 2.5 25 25
Support 20% 3.0 2.8 3.0 28 29
T R
TANK OUTLET DELTA WEIGHT 2.6 26 1.7 i 09 &+ _09
Vent 13) (0.13) Ib/Tank 3 1.2 3 12 2 08 04 . 04 |
Feed {3} {0.153) Ib/Tank 3 1.4 3 14 2 09 08 | .. 05
TOTAL 1225_ 1306 996 56 2 76 4
WEIGHT (LB)
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TABLE D-10:

LF,, SYSTEM WEIGHTS

2
CONFIGURATION NUMBER
Qry 1-2A Qry 1-2B ‘ary 1-3 ary 1-7 ary 1-14
VENT 243 21.02 16 03 9.99 10 31
Line 5.08 x .089 cm {.028 kg/cm) 495 cm 5.45 457 cm| 4.99 292 cm 318 63cn| 068 89cm 095
Flanges 059 kg/ea. 13 0.77 12 0.73 11 0.64 3 036 8 0.36
Solenoid Valve _ 3.60 kg/ea. 3.63 360 3.60 360 3.60
Disconnect 1.36 kg/ea. 136 1.36 1.36 136 1.36
Bellows 2.77 kglea. a 9.08 3 6.81 2 454 227 2.27
Supports 20% 404 3.49 2.68 1.68 1.73
FEED 22.10 B 295 2034 7.4 16.12
Line 4 06 x .089 cm ( 023 kg/cm) 89cm| 077 165cm| 1.45 127cm, 1.14 83cm| 077 268cm| 2.36
Manifold { 035 kg/cm) 445cm| 6.08 445 cm| 6.08 318cm| 4.36 i~ -
Flanges .054 kg/ea. 4 0.18 3 0.14 1.2 009 4 018 8 0.41
L0695 kg/ea, ] 8.36 11 0.77 10 0.68 - -
Bellows_Foed ___ 1.816 kg/ea. 1.82 182 U 1.82 182 | 4 ] 182
Shut-Off Valve __ 3.405 kg/ea. 341 a1 Tt 3.4 I3 3.4
Support 20% 368 4.90 3.41 1.23 2.68
Bellows—Manifold 2.72 kg/ea. 2 5.44 4 10.88 . 2 | i
FILL j 8.08 763 8.08 772 785
Line 3.81 x .051 cm (.012 kg/cm) 127 cm{ 0.59 50.8cm i 0.23 127 cm| 0.59 63cm| 0.32 89cm] 0.36
Flanges .0272 kg/ea. 4 0.091 3 0.091 3 0.091 4 0.091 __4 0091
Bellows 1.725 kg/ea. 1.73 1.73 1.73 173 1.73
Fill Valve 3.178 kglea. 318 3.18 3.18 3.18 3.18
Disconnect 1.135 kg/ea. 1.14 1.14 1.14 114 1.14
Supports 20% 1.36 127 136 127 1.32
TANK OUTLET & WEIGHT 1.18 118 T 0.772 0.409 0 409
Vent (3).058 kg/tank 3 0.53 3 0.54 2 0.36 018 0.18
Feed 137.068 kg/tank 3 0.64 3 0.64 2 0.41 0.23 023
e
“TOTAL 55.62 59 29 45.22 25.51 3469

WEIGHT (KILOGRAMS)
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TABLE D-11: PNEUMATIC CONTROL AND PRESSURIZATION WEIGHTS

CONFIGURATION
1-2A 1-28 1-3 1-7 1-14
aTy ary aty QaTty Qarty
PNEUMATIC CONTROL 16.0 16.0 16.0 16.0 160
I : —_
Pressurization Delta Weight 16,7 16.3 16.4 17.2 15.6
Lnes % x 0.020 0.0085 Ib/in. 175ip. 186 160ih. 1.4 160m. 1.4 20014 17 105 1 0.9
% x 0.020 0.0041 Ib/in. 25ip. 0.1 101h. N 35p. 01 358 0.1 401m. 0.2
Fittings 75% 1.2 1.1 1.1 1.4 0.8
Regulators, Filters, Squib
Check Valves & Disconnect 1.1 11 11.1 1.1 1.1
{See Table D—8)
Supports 20% 2.8 27 27 2.9 2.6
— +-
o — - B S —
" {-
TOTAL PROPELLANT FEED 223.7 230.8 i 252.6 209.1 170.5
b — - __1 ——
{ o l A -

WEIGHT (LB)




74

TABLE D-11: PNEUMATIC CONTROL & PRESSURIZATION WEIGHTS

CONFIGURATION NUMBER

1-2A 1-28 1-3 1-7 1-14
ary ary ary ary ary

PNEUMATIC CONTROL 7.26 726 7.26 71.26 7.26
Pressurlzation AWeight 7.58 7.40 7.45 781 708
Lines 1.37 x 061 cm (0039 ko/cm) | 446¢m| 0.68 406 cm| 0.64 406 cm| 0.64 508cm| 0.77 267cm| 0.41

835 x.08lcm  (.0019 kg/cm) | 63 cmi 0.045 25cm| Neg. 89cm| 0.045 89cm! 0.045 102cm | 0091
Fittings 75% 0.545 0 499 0.499 0.636 0.363
Regulators, Filters, Squibs,
Check Valves, Disconnect 0.504 0.504 0.504 0 504 0.504
{See Table D—8)
Supports 20% 1.27 1.23 1.23 132 1.18
b—
TOTAL PROPELLANT FEED 101.56 104.78 114 68 94.93 77.41

WEIGHT (KILOGRAMS)
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APPENDIX E

THERMAL TEST RESULTS AND ANALYSIS

This appendix presents the temperature data obtained in the thermal performance
tests, The material is organized by test number, in the order discussed in
Section 2.2.3 of the Volume | document, NASA CR-121103, This material
supplements the discussion on correlation of analysis and results in Section 2.2.3
of that document. Figure E-1 is a drawing of the test article showing locations
of the thermocouples discussed in this appendix.

The analytical models used in the analysis of results, and the temperatures pre-
dicted by means of these models are also described here.

Test Results

Test T-1 - This was the first of a baseline test series consisting of Tests T-1,
T-2 and T-3. The test series was intended to evaluate heat transfer rates of
the test article with two different warm boundaries and two cryogenic fluids.
Test T-1 used LHy in the test tank and guard and & 70°F (295°K) water in the
thermal shroud.

The temperatures measured at points on the thermal shroud, and the ambient
temperature are shown in Figure £-2, The temperature spike at 3300 minutes
was due to an ovei-adjustment of the shroud thermostat. A gradual drift down=~
wards had been noted in the shroud temperatures and in an attempt to correct
this situation the water heater was activated.

Figure E-3 shows the temperatuies on the outside of the MLI at the upper edge
of the test article, These temperatures reflect the fluctuations in the shroud,
including the spike at 3300 minutes. The MLI surface ranged from one to three
degrees colder than the shroud as measured by Thermocouple T13.

Figure E-4 represents the temperatures on the inside of the MLI at the same lo-
cations as in Figure E-3. These values had become very stable after about
2600 minutes, indicating thermal equilibrium had been attained.

Figure E-5 shows temperatures on the exterior of the MLI, across the lap joint,
Figure E-6 shows the temperatures on the inside of the MLI at the same locations.
The outside temperatures followed the same general pattern as the shroud except
with somewhat greater deviations, The inside temperatures were very stable
except for the period at 3300 minutes,

Figure £-7 is the temperature of the wet test meter exhaust gas. The heat ex-

changer, water saturator and wet test meter were located in an environmentally
controlled room, therefore the gas temperature was expected to remain constant.

179




However, the door was opened several times during the test to make adjustments,
which accounts for the variations in the plot,

Figure E-8 gives the pressure in the guard tank and Figure E-9 shows vacuum
chamber pressure. Normally, when a test series was started, the chamber pumps
were started on a Friday and allowed to pump over the weekend, A decision
was then made on the following Monday whether to load the cryogen into the
tanks or to continue pumping.

Figure E-10 shows the temperature in the guard tank during the test,

Test T-2 =~ This was a repeat of Test T-1 except that LNy was used in the
guard and test tanks, The thermal shroud and ambient temperatures are shown
in Figure E-11, External and internal MLI temperatures at two locations are
shown in Figures E-12 through E-15, The external temperatures followed the
shroud whereas the internal temperatures were very stable,

Wet test meter exhaust gas temperature is shown in Figure E-16. Figure E-17
shows the guard tank pressure., A mistake was made in filling the water mano-
meter which controlled the guard pressure, This is evident at 1200 minutes,
where the pressure rose abruptly,

Figure E~18 shows vacuum chamber pressure and Figure E-19 shows the tempera-
ture in the guard tank,

Test T3 - In this test the fluid in the tanks was LHp and the thermal shroud
was filled with LN, to represent the warm boundary temperature of the propul-
sion vehicle sidewall, The thermal shroud and ambient temperatures are shown

in Figure E-20, There was no explanation for the discrepancy noted for Thermo-
couple T-705,

External and internal MLI temperatures are shown in Figures E-21 through E-24,
The external temperatures did not reach the shroud temperature in this test,
instead they were approximately 25°F (14°K) warmer,

Temperature of the wet test meter exhaust gas is shown in Figure E-25, Figures
E-26 and E-27 show altitude chamber and guard tank pressures, respectively.,
Figure E-28 gives the temperature data in the guard tank.

Test T-4 - This was a repeat of Test T-1, after the simulated launch loads
were applied to the test article, Thermal shroud and ambient temperatures are

shown in Figure E-29,

The temperatures on the external surface of the MLI in Figure E-30 follow the
shroud temperatures, Internal MLI temperatures are shown in Figure E-31,
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Figure E-32 shows temperatures on the aluminum tubing framework. These temp-
eratures are reasonably uniform regardless of location. T-45 was located on a
different part of the framework than the other thermocuples shown.

Figures E-33, E-34, and E-35 show wet test meter gas temperature, altitude
chamber pressure and guard tank pressure, respectively. Figure E-36 gives the
temperatures in the guard tank.

Test T-5 - The test article was modified to add a fiberglass tubular strut con-
nected between the aluminum fraomework and the test tank., A cutout of the MLI
was necessary to attach the strut to the framework, The strut was equipped with
a heater at the outboard (warm) end and was instrumented with thermocouples

for about one-half its length.

Thermal shroud and ambient temperatures are shown in Figure E-37. The external
and internal surface temperatures of the MLI are presented in Figures E-38 and
E-39. The inner surface reflected the effects of the MLI penetration at the strut
location, as evidenced by T-416, T-415 and T-413, The influence of the strut
heater is evident at approximately 3100 minutes,

Figure E-40 shows the temperatures on the aluminum framework. The effect of

heater activation at 3100 minutes is very apparent in this figure. Thermocouple
T-45 was located on an adjacent framework member and was used as a control

for application of heater power,

Figure E-41 shows the temperature distribution along the fiberglass strut, The
thermocouple nearest the heater (T-41) reflected the addition of heater power
at 3100 minutes as was expected, This effect was essentially "washed-out” at

Thermocouple T-43.
Figure E-42 shows the heater power settings,

Figures E-43, E-44 and E-45 show gas temperature at the wet test meter, vacuum
chamber pressure and guard tank pressure, respectively, Figure E-46 shows the
guard tank temperature,

Test T-6 =~ The test article was modified for this series by adding a stainless
steel fluid line section. The line connected between the aluminum framework
and the test tank, and a cutout in the MLl was necessary. The fluid line was
equipped with a heater at the warm end and was instrumented with thermocouples.
The test was run with the heaters off during the initial phase, then the heaters
were activated.

Figure E-47 shows the thermal shroud and ambient temperatures.,
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Figures E-48, E-49 and E-50 show temperatures on the inside and outside of the
MLl during the test. In Figure E-48, Thermocouple T-519 was closest to the
cut in the MLl which was made to represent an assembly joint, This thermo-
couple was warmer than the other two which were farther away from the joint.
All of these curves reflect the heater activation point at 5000 minutes, Thermo-
couple T-55 in Figure E-50 was closest to the pipe penetration and was con-
siderably warmer than other thermocouples farther away. This location was also
influenced more by heater activation.

Figure E-51 shows temperatures on the aluminum framework in the vicinity of
the line penetration, and at more remote locations, Thermocouple T-532 was
located farthest away from the penetration.

Figure E-52 shows the temperature on the fluid line support plate at the warm
end (T-525) and temperatures along the fluid line. The influence of heater
activation is evident at 5000 minutes.

Figure E=53 shows the heater power settings.

Figures E-54, E-55 and E=56 present wet test meter gas temperature results,
pressure in the guard tank and vacuum chamber pressure, respectively,

Test T-7 = This was a repeat of the preceding test, except that LNy was the
fluid rather than LH,. Figure E-57 shows thermal shroud and ambient tempera-
tures,

Figure E-58 shows the external and internal temperatures on the MLI near the
fluid line penetration. The heaters were not used in this test, Figures E-59
and E-60 show more MLI temperatures,

Figure E-61 shows temperatures on the aluminum framework. Figure E-62 shows
the temperature distribution along the fluid line and on the mounting plate
(T-525) at the warm end.

Figures E-63, E-64 and E-65 show wet test meter gas temperature, vacuum
chamber pressure and guard tank pressure, respectively,

Test T-8 - This test incorporated a new base MLI blanket which was lapped
over the outside of the sidewall blanket, The joint resembled the top deck lap
joint of the vehicle final designs described in Volume |, The base section of
the thermal shroud was isolated from the sidewall section by micarta blocks.
Warm water was used in the base section and LN, was used in the sidewall
section to represent the flight thermal environment. Figure E-66 shows the
shroud and ambient temperatures,
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Figures E-67 and E-68 show MLI temperatures on the outside and inside at the
lap joint location. The heaters were inactive during this test.

Figure E-69 shows temperatures on the aluminum framework and on the fluid line.

Figures E-70 and E-71 show the wet test meter gas temperature, the guard tank
pressure and the vacuum chamber pressure.

Analysis

Figures E<72 through E-81 illustrafe the nodal networks that formed the basis for
analytical models used for theoretical predictions of temperatures and heat flow
at the test conditions. Symbolism used throughout the figures is as follows:

N
Thermal Conductor
With Finite Conductance
Temperature Nodes

we—_ Thermal Conductor With
Infinite Conductance
(Zero Resistance)

T3

The temperature nodes were the points at which temperatures were evaluated,
Incremental surface areas involved in radiant heat interchange were assumed con-
centrated at the temperature nodes, The conductance value of each thermal
conductor was based on the cross section area normal to the heat flow, length
between temperature node terminals, and thermal conductivity of the segment of
material represented by that conductor, Where necessary these areas, lengths,
and conductivities were determined as the appropriate mean values for the con-
ductor span.

Radiation connectors, which included the effects of incremental areas, geometric
view factors, and material emittances upon thermal radiation interchange, were
not shown in the figures. In general, radiation connectors joined each pair of
temperature nodes lying on surfaces absorbing or emitting thermal radiation,
Some radiation connectors, where very small radiative interchange factors would
have resulted in insignificant heat transfer, were omitted for simplification.
Radiation through the MLl was accounted for in the MLI effective conductivity

property.
The nodal network representing the basic MLI assembly with the original miter

base joint, shown in Figure E-72, was a two-dimensional network, a simplifi-
cation made possible by the assumption of axial symmetry of the tank=-insulation-
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shroud assembly. This network was representative of the configuration of Tests
T-1 through T-7 and was used in the analytical predictions for Tests T-1 through
T-4.

Figure E-73 shows the nodal network used to analyze the longitudinal joint for
Tests T-1 through T-4 and for Test T-8. The use of a two-dimensional network
here was based on the assumption of invariance of properties, geometry, and
boundary conditions along the length of the joint.

The network used for analyzing typical nylon pin fasteners for Tests T-1 through
T-4 and for Test T-8 is shown in Figure E-74, Axial symmetry about the pin
centerline was assumed, again permitting the use of a two-dimensional model.
The figure shows the addition of a one-dimensional model for heat flow through
the MLI at a location remote from fastener (or other) influence. This feature
was added to the fastener analysis to provide an accurate basis for computing
the net heat flow attributable to the fastener and for checking the adequacy of
the fastener model in isolating the fastener influence. Results of the remote-
location one-dimensional analysis were also used as baseline values for assessing
longitudinal joint incremental heat flow.

The nodal network used for analyzing the strut penetration for Tests T-5, T-7
and T-8 is shown in part in Figure E-75, For the purpose of these analyses,
the MLI surrounding the penetration was divided into 3 layers, each one node
thick, in the same manner as for the basic MLl of Figure E-72, These layers
are shown schematically in Figure E-75 and are illustrated as a developed view
in Figure E-76. Note that the strut itself is considered a one-dimensional con-
ductor and thot the nodes on the inner surface of the strut MLl were identical
to the strut nodes, consistent with the assumptions made for this model, Heat
flow between the main ML! and the strut attach pad, the strut bracket, and the
upper strut end fitting was assumed to occur by radiation only; hence, no con~
ductors were shown connecting the main MLl and the strut heat flow path, The
symmetry of the strut MLl permitted representing all circumferential conductors
with a set lying on only one-half of the MLI tube,

The nodal network for the plumbing line penetration, used in analyzing tests
T-6, T-7 and T-8, is illustrated in Figures E-77 and E-78, in a manner similar
to the strut penetration network in the two previous figures. In the case of the
plumbing line penetration, conduction paths were assumed to exist between the
main MLI ond the plumbing line MLI, Therefore, the diagram included a sub-
network representing the joint resistances between these two components. In a
manner similar to the strut and strut MLl network, the nodes on the plumbing
line MLI inner surface were identical to the plumbing line nodes,

The nodal network for the basic MLl assembly with the lap base joint made ex-

tensive use of the network for the original basic MLl configuration. The network
for the revised joint, used for the analysis of Test T-8, is shown in Figures E-79
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through E-81. In addition to the obvious changes in the MLI network and the
inclusion of the base joint support assembly, the model for Test T-8 also differed
from that of the earlier tests in that the shroud side wall and base, having dif-
ferent temperatures, could no longer be represented by a common node.

The predicted steady state temperatures from the thermal analyses are listed in
Tables E-1 through E-13. The node identification is that used on the diagrams
of the nodal networks, Figures E-72 through E-81,

Details of both the computed and the measured heat flow results are presented
in Table E-14. This table is a more detailed version of the heat flow summary,
Table 2.2-2 of the Volume | report. The analytical basic heat flow (QBasic)’

the additional heat flow due to the longitudinal joint (Aé ), and the

additional heat flow due to the fasteners ( A Q
the inner suiface of the main MLI,

Long. Joint

) were all evaluated at
Fasteners

)

The predicted additional heat flow associated with the strut penetration (A QSfruf
consisted of three components, The first two, the heat conducted into the strut
itself and the heat conducted into the strut MLI, were evaluated at the inter-
section of the plane of the main MLI inner surface with these components, The
third component of the incremental heat flow was the additional heat radiated
from the inner surface of the main MLI, that heat having entered the MLI by
radiation or conduction at the opening for the strut bracket,

The predicted additional heat flow due to the plumbing line (AQPlumb Line)
penetration was synthesized from three components in a manner very similar to
that for the strut heat flow, The entry in Table E-11 for heat conducted into
the plumbing line includes that heat transfer by radiation in the line interior
at the heat flow evaluation plane.

Examination of the three components of incremental heat flow in the case of the
strut and plumbing line penetrations permitted limited assessment of the effective-
ness of the insulation designs for those components, The heat conducted into

the penetrating member (strut or plumbing line) and into its MLl were interrelated
and depended upon the length, cross-section area, and conductivity of the mem-
ber and upon the thickness of the MLI wrap. The additional heat radiated by the
main MLI, on the other hand, was primarily a function of the design at the
penetration,

The advantage of the low conductivity strut material was quite evident, while
the strong heat leak contribution of the relatively heavy metal plumbing line was
also clear, Because of the high conductance of the plumbing line, most of the
heat conducted into its upper end probably continued through the length of the
line. Therefore, there appeared to be little advantage to increasing the thick-
ness of the plumbing line MLI, Insulation of the plumbing line from the structure
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at its support points and increasing the length of insulated line inside or outside
the main MLI assembly would have reduced the heat leak,

In cases of tests with no applied heat, it was seen that the additional heat
radiated from the main MLI was greater near the strut than near the plumbing

line, even th ough the plumbing line penetration required a larger opening.

The difference was probably due to the extension of the plumbing line MLI through
the opening in the main MLI and indicated an advantage of this feature,

The total measured heat flow (é ) was computed from two components. Part
. Megas . . . .

of the heat reaching the fest vessel was absorbed in vaporizing the liquid cryo-

gen and is identified as QVo . The remainder of the heat, QAT acted to

raise the temperature of the resulting gas prior to its discharge from the insulated
part of the system, The sum of ch and QAT constituted the total measured
heat flow, P
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Table E-1: PREDICTED STEADY STATE TEMPERATURES TEST T-1 & T4,
BASIC MLI ASSEMBLY

Boundary Nodes (Temperatures Input)

NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE
og ox °R ok °R oK OR oK
T1 527 2928 T23 421 233.9 T45 531 2339 T70° 37.0 204
T2 429 2383 T24 243 135 T46 520 288.9 ™m° 532 2956
T3 257 1428 T25 526 2922 T47 530 294 4 72 209 116.1
T4 527 2928 T26 420 233.3 T48 498 276.6 ™ 219 1216
T5 429 2383 127 229 12125 149 386 203.3 T8 526 292.2
T6 259 144 9 T28 526 292.2 T50° 370 24 77 526 2922
™ 527 292.8 T29 419 7328 51 529 2938
T8 429 2388 T30 213 118.3 T52 480 266 6
T9 258 1433 T31 526 2922 153 528 2333
T10 527 202.8 T32 418 232.3 T54 443 246.1
™ 428 378 T33 223 1328 TS5 166 .. 92.2
Ti2 255 14165 T4 526 2922 T56 206 1145
T13 527 292.8 T35 415 "2305 157 220 91221
T4 428 2378 136 250 1164 58 195 1083
T1S 254 1411 T37 519 7884 T59 219 1216
Ti6 527 202.8 T38 402 2233 T60 179 978
T1? 427 2372 T38 268 1489 Tet 213 1183
Ti8 254 1411 T40 464 2578 162 160 89
T19 527 2928 T41 382 2122 763 179 994
T20 423 2350 Ta2 316 1755 T64 138 766
™ 251 1395 T43 5§32 2955 165 108 60.0
T22 527 2928 Ta4 526 2922 T66 751 a5
Table E-2: PREDICTED STEADY STATE TEMPERATURES TEST T-1 & T4,
MLI LONGITUDINAL JOINT
* * Boundary Nodes (Temp. Input)
NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE
°g ox °R oK °R ox °R oK
T 529 2938 123 499 2722 T45 468 2600 T67 43 2394
T2 500 2778 T24 468 2600 T46 432 2400 168 389 2161
13 458 | 2600 T25 433 240 6 T47 3N 2173 T69 339 188.3
T4 430 2389 126 390 2167 T48 341 1895 T70 276 1534
15 385 2139 727 340 188.9 Ta9 277 154 0 ™ 527 292.8
T6 330 1833 T28 275 1528 150 527 292.8 T72 499 272.2
17 254 1411 T29 527 292.8 751 499 2722 173 468 2600
T8 579 293.8 T30 499 2722 T52 468 260 0 T4 [X]] 2394
T9 500 2778 T31 469 206 153 432 2400 T75 389 2161
T10 468 2600 T32 433 2406 T54 390 2176 T76 338 1878
™ 4N 794 733 391 2173 T85 341 1895 177 a3 1518
T12 388 2155 134 340 1889 T56 277 1540 T78 529 2938
T13 334 185.6 T35 276 153 4 T57 627 2028 179 500 2718
T14 258 143.3 T36 527 2928 158 499 2722 T80 468 2600
TS 627 2928 37 499 2722 T59 468 2600 T81 43 2394
T6 499 2772 T38 468 2600 T60 431 2394 T82 388 2155
T17 468 2600 T39 433 2406 T61 389 2161 h£:<] 333 1850
T8 432 2400 T40 390 2167 162 340 183.9 T84 258 198.9
T19 390 2167 T41 341 1895 763 277 154 0 185 529 293.8
T20 338 1878 T42 277 154 0 T64 527 292.8 188 500 2778
™ 273 151 6 T43 527 292.8 T6S 499 2722 187 487 2594
122 527 2928 T44 499 2722 T66 468 2600 T88 430 238.9
N 189 385 2129
T94 469 2606 T98 432 2400 7102 389 216.1 790 330 1833
| 195 433 2406 T99 391 2173 T103 340 1889 191 254 141 1
T96 499 272.2 T100 342 1900 T104° 532 295.6 192 526 2022
T 469 260.6 Ti01 278 154 6 T105° 370 204 Ta3 490 2722




Table E-3: PREDICTED STEADY STATE TEMPERATURES TEST T-1 & T4,
FASTENER AND SURROUNDING MLI

*Boundary Nodes (Temp. Input)

NODES TEMPERATURE NODE TEMPERATURE NODE YEMPERATURE
On °K UR UK R OK

T 290 1611 126 492 2734 141 403 2238
T2 341 1896 126 526 2922 148 451 2508
13 40} 2228 Y27 259 143.9 149 482 2734
T4 450 250.0 v28 342 180.1 150 527 292.8
76 491 27128 T20 403 2238 151 268 1433

8 522 .0 T30 451 2506 162 342 1801
T8 287 159.5 T31 492 2734 753 403 2238
T9 342 190.1 T32 527 2028 T64 461 25008
110 401 222.6 733 258 14313 165 482 2734
™ 450 250 0 T34 342 1901 156 627 2928
T2 491 2728 T35 403 2238 760 284 1578
T13 522 2900 T36 451 250 6 761 277 1539
T16 2N 150 5 T37 492 2724 Y62 218 1633 |
Ti6 342 1901 T8 527 2928 Y83 278 1533
7 402 2232 Tas 768 1433 Tes 626 | 2818
T8 451 2506 740 342 190 1 165 520 %30
Ti9 492 2734 Ta1 403 2238 Tee | 620 2039
T20 626 2018 T42 451 2506 167 529 2939
T 262 145.5 T43 492 2734 T58° 832 | 2856 _
122 342 190.1 Ta4 527 2928 T67° 370 204
Y22 402 2232 Ta5 258 1433
T24 as) 250 6 Tae 342 1901

Table E-4: PREDICTED STEADY STATE TEMPERATURES TEST T-2, BASIC MLI ASSEMBLY

* Boundary Nodes (Temp. Input)

NODE | TEMPERATURES | NODE TEMPERATURES NODE TEMPERATURES
°] oK °R oK °R ok

T1 627 2928 T23 423 2350 T45 531 2939
T2 430 2400 T24 251 1395 746 520 288 9

Ja _-262 145.5 125 £27 2928 Y41 $30 294 4

T4 627 2928 128 4722 2345 Y48 499 2772

15 430 2400 T27 241 1739 T48 373 2072

18 264 146 7 T28 527 2928 150° __140 718

T7 627 292.8 720 422 2345 TS 529 2039

T8 430 2400 T30 229 1272 52 482 2676

T9 264 1467 ™ 526 2922 T63 528 2033

T10 627 2928 T32 an 2339 T64 448 2489

™m 429 2383 T33 237 131 6 55 197 1094

112 260 14456 T34 526 2022 156 224 1245 |
T13 627 2928 T35 417 W7 | T81 | 234 1300

T4 429 2383 T35 257 1428 [ Te8 | __ 217 1206

Ti6 260 1445 137 519 2884 T59 2 1283

Ti8 627 2928 T38 406 2256 T60 206 1145

T17 428 377 739 274 1522 T61 226 1256

T18 260 144 5 T40 466 2589 162 194 1078

T19 527 2928 T4 387 2150 | 63 204 1134

120 425 2381 T42 322 1789 T84 181 100 5

T29 258 1433 T43 532 7956 765 165 9186

T22 227 2928 Taa 627 2928 T66 151 839
T70° 140 778 T73 234 130 0

[T | em [ wse | e | ey mea | T 1T
172 227 126 1 177 527 | “2928 [
-
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Table E-5: PREDICTED STEADY STATE TEMPERATURES TEST T-2, MLI LONGITUDINAL JOINT

-

Boundary Node {Temp Input}

TEMPERATURE TEMPERATURE TEMPERATURE TEMPERATURE
NODE NODE NODE NODE
OR oK oR o OR oK °R oK

T 529 2939 T28 | 279 i 155.0 TS5 344 1956 782 389 216.1*
T2 500 2778 T29 | 527 | 2928 T56 “281 156 2 T83 336 186.6"
T3 268 260.0 T30 | a9e {2172 | 87 527 292.8 T84 263 1461 _ |
T4 431 240 6 T31 . 469 | 2606 Ts8 499 277 2 T85 529 2039
T5 387 2150 T32 1 434 | 2422 T59 468 260 0 786 501 2784
T6 333 185.0 T33 392 217.9 T60 433 240.5 T87 468 260 0
T7 259 143.9 T34 343 195.0 T61 391 2173 Tes 431 240 6
T8 529 293.9 T35 280 155 6 T62 343 195 0 T89 387 2150
T9 500 277.8 T36 527 292.8 T63 281 156 2 T90 333 185.0
T10 469 260.6 T37 499 277 2 Te4 527 292.8 To1 259 1439
™ 433 241.8 138 269 260.6 765 499 277.2 T92 526 2939 |
T12 390 216 7 T39 434 242.2 T66 468 260 0 Ta3 499 277 2
T13 337 187 2 T40 392 217.9 T67 | 432 241.2 Toa 469 %06 |
T14 263 146.2 Ta1 343 195.0 Tes 391 2173 Tas 434 242.2 |
T15 527 292.8 Ta2 281 155.0 T69 342 190 0 T96 499 277 2
T16 500 277.8 Ta3 527 2928 T70 280 156 6 Ta7 469 2606
T17 469 260.6 Tﬁ4 499 277.2 :T71 N ~!'12_‘{_ 2_9?_ 8 To8 433 2405
T18 433 241.8 Tas 469 260.6 T72 500 2778 Tog 392 217.7
T19 391 217.3 Ta6 433 240.5 173 468 260.0 T100 344 1956
T20 341 189.5 Ta7 392 2179 T74 432 241 2 T101 282 1556 |
T21 278 1545 Tag 344 1956 775 301 2173 T102 301 217.3
T22 527 292.8 Ta9 281 156.2 T76 340 188 9 T103 343 190.7
T23 499 277 2 T50 527 292.8 T77 277 153.9 T104° 532 2956 |

_T2a | 469 2606 | 151 499 2772 | 78 520 | 2039 | Ti08*| 140 77.8
T25 434 242.2 T52 469 260 6 179 500 _ 2778 ]
T26 392 2179 T53 433 240.5 T80 468 2600
T27 342 190 1 Ts4 392 2179 | T8 432 | 2412 J
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| Table E-6: PREDICTED STEADY STATE TEMPERATURES TEST T-2,
| FASTENER AND SURROUNDING MLI

‘ ® Boundary Nodes (Temparatures Input)

NODE | TEMPERATURE NODE | TEMPERATURE NODE | TEMPERATURE
OR oy op °K o °K

I 04 1634 T26 402 273.3 142 4085 | 2261 |
T2 344 1911 T26 526 2022 748 452 2611
13 403 | 223p 121 263 | 1482 | e | 4m2 27133
T4 451 250.6 128 346 1917 T 527 2028
T8 492 2733 T29 404 2246 151 262 1458
18 522 | 2000 730 2 2511 152 5 1817
T8 280 1611 T3 492 2733 153 405 2251
T9 344 191 1 T32 527 2028 T64 452 2511
T10 403 2239 733 263 1482 756 492 2733
™ 451 250.5 T34 345 1917 768 527 2928
T12 492 273.3 T35 405 2251 160 288 160.0
T13 623 200.6 T36 452 261 1 161 280 1556
T16 276 1628 T37 492 2733 T62 280 1656
T18 345 1917 T38 627 202.8 163 280 165 8
1?7 404 2246 T39 263 148 2 Te4 526 2017

i T8 452 2511 T40 46 1917 T65 529 2039
T19 482 2733 T4l 405 225 1 T68 529 2039
T20 626 2017 742 462 7511 T67 629 2839
™ 267 148.4 Ta3 492 2733 T57° 140 778
122 346 1917 Ta4 527 2928 T68° 532 2956
T23 | 404 __| 226 T46 263 148 2 -
T24 452 26511 T48 345 1917

Table E~7: PREDICTED STEADY STATE TEMPERATURES TEST T-3, BASIC MLI ASSEMBLY
® Boundary Nodes (Temperatures Input)

NoDE|  TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE
OR OK OR OK Oﬂ OK
T 133 738 T23 108 806 T45 138 7586
T2 18 66,6 T24 840 488 T48 127 705
13 100 65,5 126 129 718 T47 134 745
T4 133 738 126 108 611 148 19 66 1
6 18 65.5 T27 774 230 Ta9 825 458
T 101 56 1 728 129 718 Tsa* 370 206
T7 133 73.9 120 107 69 4 T51 133 73.9
Te 1 66,5 T30 714 386 T62 13 628 |
T9 101 56 t T3t 129 ne 763 129 716
Tio 133 738 T3z 107 594 Tod 103 572
1 17 849 T33 748 as 165 586 »e |
12 893 5.2 T34 127 706 1568 690 383 |
13 | 133 7380 135 105 583 157 | _ 732 | 408 _
14 17 649 T38 840 466 158 859 | _ 381
T16 98.9 654 137 120 666 169 7122 | a0y
TI8 132 733 Tag | o979 64 4 T60 613 352
T17 115 630 Tag 849 a7 Te1 68 1 380
Y18 078 543 T40 100 556 T62 56 1 312
Ti9 131 727 T4 890 495 T63 556 3o
™ m 818 Ta2 &t a8 Tea 512 296
T21 910 50 6 Ta3 137 761 | 165 358 253
722 130 | 7122 Taa | 120 716 T66 w7 | 226
0" 370 206 773 | 738 408 - i
™ 140 178|178 129 718 1 B |
172 703 391 777 129 )
190 )
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Table E-8: PREDICTED STEADY STATE TEMPERATURES TEST T-3 & T-8, MLI LONGITUDINAL JOINT

¢ B dary Nodes {T inpuyt)

NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE
°R OK OR OK OR OK OR OK
T1 136 75.5 123 130 722 145 125 _ 695 167 121 62.2
T2 13 727 T24 125 695 T46 121 672 T68 118 845
13 126 700 125 121 672 747 1 645 T69 110 61.1
T4 120 667 T26 118 645 748 1 6186 T70 105 58 4
15 115 63.9 T27 1m 616 749 106 58.9 ™ 134 745
16 108 600 128 105 58.4 150 134 745 172 130 122
17 102 56 6 729 124 745 151 130 722 173 125 695
Ta 136 755 T30 130 72.2 T52 125 695 T74 121 672
79 131 727 ™ 125 695 753 121 672 TI5 1s 640
Ti0 126 700 732 121 672 T54 116 645 T76 110 611
™ 121 673 T33 116 645 155 11 816 T77 105 584
T12 15 639 T34 m 616 756 106 58.9 78 136 755
713 109 606 T35 106 600 757 134 745 179 131 728
T4 | 103 572 T36 134 745 T8 | 130 722 T80 128 700
Ti5 134 745 T37 130 722 T59 125 695 T81 120 667
T6 130 722 T38 125 695 760 17 672 182 115 640
Ti7 | 125 695 T39 121 672 T61 116 645 783 109 605
Tig | 12 672 T40 116 645 | T62 1" 616 TB4 103 672
Tig | 116 64 5 T41 [XX] 616 763 106 58.9 185 136 75.5
T20_[__110 611 Ta2 106 600 T64 134 745 186 131 727
T2 | 105 58.4 T43 134 s T65 130 722 T8? 126 700
) 745 Taa 130 722 T66 125 695 Tes 120 66 7

o T89 114 63.
s 125 695 To8 121 672 | Ti02 116 645 Too 108 mz
T95 ¥yl 67 2 T99 116 64 5 7103 1 616 To1 102 56.6
T96 130 722 T100 111 816 ] T104° 140 778 T82 134 745
T97 125 695 Ti01 106 | 589 T105° 7 2.6 783 130 722

Table E-9: PREDICTED STEADY STATE TEMPERATURES TEST T-3, FASTENER AND

NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE
°R °K °R oK °R og

T m 616 T25 127 7086 TA? 115 638
T2 112 62.2 T26 132 733 T48 121 67.3
T3 17 650 T27 102 56 6 T49 127 706
T4 122 678 T28 109 605 T50 133 73.9
T5 127 70.6 T29 116 645 T51 101 561
76 130 72.2 130 122 678 152 108 600
T8 110 611 T3t 127 706 753 16 63.9
T9 12 62.2 T32 133 73.9 T54 121 67.3
T10 117 650 133 102 56 6 T55 127 70.6
T11 122 678 T34 109 605 156 133 73.9
T12 127 706 T35 115 63.8 T60 m 616
T13 130 72.2 136 121 673 T61 112 62.2
715 106 589 37 127 70.6 T62 12 62.2
T16 i 616 T38 13 739 183 112 62.2
T17 116 645 T39 103 56 1 T64 130 722
T18 122 678 T40 109 605 T65 131 728
719 127 706 T41 15 63.9 T66 131 72.8
T20 132 733 T42 121 673 T67 131 728
T21 104 578 T43 127 70.6 T57° 370 206
122 10 611 Taa 133 73.9 T587 140 778
T23 116 645 T45 101 56.1

T4 122 678 746 108 60.0

dary Nodes (T

191

SURROUNDING MLI

input}




Z61

Table E-10: PREDICTED STEADY STATE TEMPERATURES TEST T-5, TANK SUPPORT STRUT AND SURROUNDING MLI

* Boundary Nodes {Temp. Input)

{ ) Heater On
NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERAYURE
o o °r | ox | ) ox °R ox °R ° °r ox °R °x
oo | sm as Yan o " To® 102 8.7 T 52 m2 T8 a3 ;.8 T60 o 2.8 v L] s |
o | w0 Wy T 118 o4 T " [T 13 528 w2 % ey 89 T8 5] E=TX) T283 478 18
Yoo ) s T T 700 o473 s 113 Tiia (%3 ™2 Y40 o) hr.Y [T.] me T4 A WA
Yoo L] 28 TS = 708 ToW 140 na T8 5% 2 T80 [r-] ™3 T8 am 737.8 101 256 142.7
Tom e ] o .- .7 152 " T8 20 2 T242 [ 383 T64 s 278 1303 %0 1422
Toma 824 (529 21 (e B ) 190 ®’s TOBO 184 1K} TIY 526 w22 7243 a7 318 T2 428 mse 7303 50 142 2
) ) = (e o ) (=) To81 e 078 Tie 52 2.2 TIa | em e 766 P 218 T304 £ s
) 524 (G20 (B0 Yoo " (X ToB2 Y 1.9 ™e 2% (S26) | &1 7 (W2 248 o8 ma 267 am fe12 ] 7305 s 1511
Tooe ) T2 Ton m 1008 ) 97 1005 T170 524 (529) | 2911129391 T246 an nrs Y268 az 2318 7208 39 N8 [ 191611766
o0 ™ [T:X] TOX2 = 122 OB o7 1130 "“n 524 (528! | 291 (2920 ™Y 29 03 T283 428 2378 1307 309 1)18) 17181176 6
pry = 3 o m Y s e 1700 T2 524 (529) | 201 1(293m Tr43 <o F="T) 1270 [T 278 T308 o Ew | menso |
TO12 -] 1848 oM m 1122 TN 528 23 "nn 82 528) | W 7iAR23 TP a0 7289 n 48 78 1308 292 (194) 1622 183D |
o 4 YY) T o .2 Ti24 5 222 TI0 <0 a0 T <28 2378 T30 7 1550 |
Tove 8 1IN Q3 3] TV 58 2.3 s 52 2 TS0 ) 5.9 7273 P 3] 7311 200 Y ,
o YT 2732 (7500 Ti08 526 2 128 536 2 T752 ) 783 e «28 78 1312 264 e8!
To18 87 (5208 7.2 (2008 nes s | mrimen]| Ty 529 w2 283 a ™3 TI7s am 78 313 61 145.0 i
o7 819 (578 (290 T108 55 | MMIDAN | TS Lad =22 TZ54 az8 ms TG 8 s ™e E=") 1433 |
O 20 (8 e (I N TI07 S5 | BirdIm | i m3 255 423 nrs T 42 278 s 256 1422 |
oI & o s (2 D Tl semzm | Wr11(9am | T30 526 o2 256 am ms T8 s e ™e 256 1422 t
a0 €24 c20 1 (e T100 sms26 | WM2m> | i 828 2 257 = 2.8 T8 B ms ™ 6 1422
yan ) 21 118 ™0 [ w22 Ny 526 m2 IS8 4z nrs 7780 an 78 ™8 7 1439
o 524 (529 11923 TOM - -0 hiil] 526 2.2 "3 sow (528} | WY YI22D e aB 8 Tim az me ™ kicd 151
T smsam |22 | rise (=] 2.2 Ti78 576 2.2 T216 « ms 320 001318 [171801%68) 7342 258 1413 TG4 768 1422
T3 28 | W IE2 | TIm) 538 ma T 578 w1 1217 o .8 XN 00118 L insiee v 43 58 1422 T™S 256 1422
T130 575 (520 | M II2A | Tiss 828 22 180 [ 2.2 T218 ) 738.3 iR 30913181 | 171611768 T ad 756 1422 TI66 75 1422
nn s | 792D | Tise 528 =22 TI8t .3 =22 ™e o 2411 1 2754276 | 1528 1153 T34 756 1422 167 2% a2z |
T3 a2 2 Tien 28 2.2 T182 [ %22 720 41 (e M5 (249 324 28 1489 T346 757 1427 7368 750 [ |
T8 ) 2 Y181 528 222 7183 528 %22 T 41 e 245 (249} TIS 265 478 Y47 %8 123 368 56 1422 i
v 3 222 e 5 23 Tisd 528 22 m a9 (48 245 (209) yos 262 1458 T8 60 1804 1370 E 1422
41 528 =2 ne 52 223 ™ r7.) b2 | hrs2] 6 17 247 124270 ™ 260 148 TG 260 1444 371 256 1422 {
T142 520 222 184 5 2923 ™2 «m 348 T224 d 240.5 T8 | 258 1423 T3S0 260 ' a4 4 1372 756 142.2
T a8 3 T186 829 ma 1203 8 s 7= o 240.0 IR 1422 7351 =0 1aae 373 %6 2
Tiae [ 2 T8 [ =22 T204 o 1383 T8 410 89 RO T e 1422 752 0 [ e T4 26 1822 J
Tie [*-] ™2 Ti67 <] 2.2 T8 e 2411 ™ 0 0 T 756 1422 TIS3 8 [ B ¥ T8 256 1427
) =) T Ties ] =3 T8 D | 165 ey T8 < 218 T2 143 T34 1 | 27 T3¢ 26 sa22 |}
nea [ =23 i 526 22 a7 - teat M5 24 ™ an ms TS g 1500 1355 57 1427 77 266 1422
. = =3 nrn 2 22 T "D | e @ 70 ) s M, m 15t 1358 | e RE%) 750 vezz_ |
Tie e 2.2 Tin e %22 T8 arwa | romal - 778 ™]ms | m 1511 Tas7 " T a2 Tare 7% Yazo
T80 [ -] 222 T2 528 ™2 TI0 L~ ) 233 hr--] 9 a3 I8 ] m 1511 T358 756 1 1422 T380 6 1422 ,
Ti51 [ 2.2 173 =) =22 ™™ =) a8 T3 ) 417 T | me [T TS0 754 ) T3 6 vers
TiS2 28 =23 TI74 20 222 ™2 @ 240.0 T234 4% 2421 e | m 108 1 T260 7% I 1e22 1382 %56 [ w22
183 L m.3 e [ E2%] ™3 o e ™ @ 4t Ty ] 0 .48 181 = HIECE] TI63 756 | IR .
Ti04 | e ™22 e 528 =X ™ ) ™ e < T 2 0 | 140 1362 6 | tat 1264 76 | ven?
Tse - 2 " =) 27 ™ms o8 s ™) e I 21t L) 1433 T30 E=S) 1427 1
: o A Y 2




Table E-11: PREDICTED STEADY STATE TEMPERATURES TEST T-6,

PLUMBING LINE AND SURROUNDING MLI

Boundary Nuds (Temp Input)
) Heatess On
NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE
%q O °R oK % o A 3
too1* 5] 298.8 TO23 463 (820) 260 (203} TO48 78133 433 (6.1 1103 528 w22
TOO* » 20.4 3 YF 1] 3 TO48 041102} 822156 7] T104 825 (820} MBI N
Y003 45 1651 55 130.5) Taz8 [1] 608 T047 1272 1137) 678 176.1) Y108 62015200 | 73001 0
TOO04 62070 M5 is40S) Taz8 14 a13 TO48 140 {161} 778 (84} Y108 B13(819) 785 1288 31
1005 74 198} 4111827 Too? 138 {129) 187D TO49 158 1168) 867923 THo 624 m
1008 95013y | 6221728 To78 1wsomen | es3win | _voso | panan | gs(ion nun 624 long |
00?7 10713 77 2(98.11 020 182 (189} 10t {1054 YO81 185 1196} ‘l_l_l_.'l 331} T2 525 w8
TO08 70 UIN0} 4 4(1158) T030 108 (205} 1104114} TO62 106 {208) 100 (116} Y143 528 W86
T009 198 (247) 101137 2) TON 213 (223 1181124} T083 211 (728) nwrom T114 528 2916
TO10 227 17821 126 (158.6) ToxN 726 (238 125 (131) Y054 720 (238 172 1132 TS 628 w8
Tous 258 (3141 11801744 | TO3Y 237 1281 132 (138) T068 240 (256} 133 (142) Y118 520 072
To12 283 (48) 1266(181 &) | 1034 750 (268} 129 1140) Y060 260 (275) Va4 1163 T 526 022
O3 310137 w221200 D) yoam 265 (2800 147 (156) To8? 278 (3041 155 1168) e 628 %22
TO14 238 {3974 186.7 (218) T038 290 {295} 168 (164) T068 297 1318 168 (178) T 822 (625) | W0{M18)
To18 w4200 | 20081233 | voa7 296 (312) 188 (171 Y060 320 (328) 118 4101} T120 620 1524) | 7839 (291 1)
To1e 385 (494) 2130127261 | voap 210 (329 V12 (183 7080 336 (383) 188 {196) T 620i524) | 28891 1)
TO17 408 {458) 2267 (31081 | yoae 330 {3451 1828 (192) To8Y 344 1363 19 (2021 T3 e85 | 2888628890
T018 478 1676 239 (264) 1040 342 (369 190 {199 Y082 360 (39) 194 (206) T124 624 E K
TO19 444 1508) 247 {282) T041 349 (365) 104 (203 Y063 363 (71 196 {208) T8 Lk '
Yoo 4631490 V(21D Toaz 363 1368) 196 1204) Y128 628 8
Taay 450 (5100 311 (2 To4 %5 (370) 197 (206) T101 826 me nz e R
To2 483 (522) 257 (2000 To44 8 (57) Me T2 525 910 7120 828 X
2% 626 017 T16% 820 222 T20! 418 ’_!'np T8 421 (422} 2339 {234 6)
7162 826 222 V202 413 2208 T 416 m1
nn -¥1 ] 1 2022 T183 826 212 T203 421 2330 T 418 231t
T2 828 20212 Tine 820 2912 TI04 4428 | 238102388 | T a3 s
Y133 sds28 | zapzman | mes 626 »22 208 a8 | 2asern | T 410 (a2 |392.31233 4)
TI4 62218250 | 200(291.8) Y158 828 22 T200 430 (444) | 242302408 | T232 423 (a26) |23 (230.6)
it sz | 20012008 ™o a0 ] TS 437 (14 (24280248
T8 822 (8286) 290 (201 & TN 424 (475} 23781238 1} 7N 43 {e4B) 24322403
Ty 675 (628) M 6(022 | TI89 626 2922 T2 42 (425) B (2X8 1) s 430 (e48) [243.2(247 )
T} [T 2.0 T80 828 2023 ™Y an 17 T8 M ies) (2320207
1% (3] %22 TI8t 628 w22 T4 s 08 ™7 430 (443) | M22 (260}
Ti40 826 nNL2 Yi82 528 w22 ™S 418 230.8 T8 477 4290 | 2371383
T4l 520 292.7 T183 528 m2 218 413 s 258 R0 [MsV @
142 3] w11 TI04 528 2.2 Tan? L] me T240 420 (428) 233 4 (738.1)
Tioe 628 22 ™18 a2 477 | 18612371) | T2 98 211
1688 826 m2 29 430448} | 2420(2e80) | T242 418 2306
T4 528 13 167 826 2022 TI20 amun | a0 | T8 a my
T148 528 m2 T168 826 2022 200 L] 258
T147 570 w2 T [ v, ] w2 T2 428 (447} 237 6 12408} 247 a2 25
T4 828 ™2 0 [30) 2.2 ™ 4714390 | 242812429 | T248 an EET)
) Qs w22 T224 s | 128112370 Y9 IZ7] 7
T180 [3:] ™2 T 424 1a28) | 2376(238.11 | Y60 4 FIX)
Tm -2 778 T30t 264 140.0 ™Y ) 140.3 T2 m 152.8
TI82 o mse T 204 1080 329 208 1472 T8 m 1808
T8 23 ma v30) 2731278} 161 6 (183) I8 257 1428 T4 20 1484
TN an 109 T304 231209 187 1180) T AL 130 1182) T8 = [r°Y}
T8 g 2.3 208 312 378 (I ™ 280 (284) 168 (158} TI00 0 1448
1258 417 2317 7300 21811 177 1184) 7233 307 Qim 17 T8 287 1483
250 o me T30 EYE U 8 (e ™ 312008 173 1181 T30 2 1488
200 @ o T3 ] 168 {187 % 312 (2281 173 {181) Tt 20 149.8
[ e 1 2309 ™2 778 (779 183 {188 ™G 312 (328) 173 0181) TIe2 2% 198
Y03 at e ™3 261 3 ™™ 300 (3200 172 0978) ™3 b 1900
703 L4 e T3 208 1413 T8 04 (209 158 (1581 TIA k) 195
TI04 @ [ s e % 1473 T8 T4 278) 1621164 ) 200 1904
Tote ] [0 ™8 209 1438 T340 272 (179) 181 1188 Y00 m bioed
Y0 a biaued nn 138 | israqin2e | T 208 1013 101 200 18
207 a me . 23208 | 157 (189 T™2 o) 148 he ) 264 1088
200 arn ma e 3124328 | 1730180 THE 208 (260) 140 (149.8) T 20 1448
TI08 a1y m7 TR0 N8 | 11308y ™ m e 181 {182) 70 £ 133
e 418 o Rt 23 | ey 7347 4 152 1184)
™3 netne | vsien ™ FLXE 1528 (164.8)
=4 4287 | o0 it T m Y}
Ll 0128y | 1B OSN TED m 1840
™ meinm | 1831188 ™1 m 184

193




Table E-12: PREDICTED STEADY STATE TEMPERATURES TEST T-7,
PLUMBING LINE AND SURROUNDING MLI

* Boundary Nodes— Yemp inpul

TEMPERATUR TEMPERATURE
NODE ::MPERATU:KE NODE °‘;EMPERATU:I: NODE = moi NODE I e
T001* 632 2056 | T023 601 278.3 Y045 168 878 T103 526 2023 |
' Yooz 140 778 To24 167 873 To48 166 922 Tios 525 201 7
7003 148 82.2 Y025 181 100.6 To47? 182 1011 Ti108 620 889
Yook 170 M8 | _To 202 1122 1048 200 " Ti09 613 285
1005 189 106 7027 218 1211 ] To40 220 1222 T 524 2912
Y006 72 K] Tozs 233 1206 T050 738 13N Tt 525 2917
Too1 | 240 1339 T029 247 1273 | Tos1_|__ 262 140.0 T2 625 217
"'T008 5 1628 T030 | 260 1446 1052 268 1289 13 576 2017
Tooe 280 160.6 To31 2712 (3K "Tos3 283 167 2 Ti14 525 2917
T010 314 1746 Y032 268 168.8 T054 297 168.1 T116 528 2923
ToN 334 185.8 7033 301 167 1 T055 309 1”me 118 627 2928
T012 3853 196.1 T034 m 1727 T056 EI0) 1722 T 637 2029
T013 372 208.6 7035 320 1797 1057 332 184 6 7118 526 2923
T014 392 278 T038 330 1834 Y058 344 1911 19 622 290
TO15 an 2720.4 T037 39 1883 T059 352 195.8 20 $20 288.9
T018 430 238.9 T038 350 194 5 T060 358 188.9 "n 520 2880
T017 447 248.4 T039 383 2016 T081 385 2028 123 621 289 5
T8 468 2668.9 Todo 373 208.4 7062 374 2078 T4 624 0112
Y0198 478 265.6 T041 3719 0086 To83 383 2128 T128 528 m7
7020 487 2708 To42 383 2127 T128 526 17
T2 493 273.9 Y043 385 2130 o 525 17 127 626 2017
Y022 488 276.8 TO44 162 846 T102 525 217 -T128- 628 2917
T129 627 2028 T154 528 223 | T232 440 264 4
i 527 2928 T155 527 2928 T209 481 265 2 1233 442 2456
T132 527 2928 T168 527 2928 T210 462 2511 T234 461 255 2
7133 524 2014 T158 527 2928 T211 442 245 6 T236 463 2572
TIM4 622 200 T160 627 2928 T2 433 243.4 T2368 480 2556
T136 622 20 | Ter 527 2928 T213 434 2411 232|443 1 2461 _J
T138 622 200 T162 627 2028 | T4 41 2395 T238 442 4565
T | s 200 6 T163 527 2028 N6 [ 430 2388 T239 Ay 246
T138 526 2817 T164 527 2028 1218 420 2383 1240 438 2422
T139 526 292.3 T166 827 2928 ™7 438 2434 T241 433 2406
T140 626 2923 T188 527 m28 T8 443 2461 T242 432 240
ALY 520 292.3 T187 527 202.8 T219 458 2534
Tiaz 526 2923 T168 627 202.8 T220 478 264 4
T148 527 292.8 Ti69 827 2028 T222 478 164 4 T245 44 2411
T146 627 92.8 1170 627 2028 T223 476 2838 T248 439 2439
T147 526 292.3 T201 431 2396 T4 448 2472 T247 439 24309
T148 520 2023 T202 an 23365 T225 442 2468 T248 442 458
T149 626 2923 T203 438 243.4 T228 438 2434 TM9 443 2461
T150 528 2023 T204 442 M58 T227 434 241 1 7250 444 467
1161 526 202.3 T206 458 2528 T228 431 2396 T261 443 2461
T162 626 202.3 T220 434 2011 7252 442 2456
TIE3 Ly} 2023 T231 438 2422 1253 438 2439
T84 o4 M1 1 309 330 1834 T333 289 180.7 T359 28 148.9
T258 X1 238.8 T30 29 166.1 TIN 320 1777 T380 218 1826
288 430 238.0 ™ 287 169.8 T338 3 178.9 T381 218 162.8
™2 m 158.1 T338 320 1777 T382 278 1826
™3 212 151 1 T337 0 181 8 T383 278 152.8
1268 47 240.6 14 1478 I8 | 28 160.1 Y384, 78| 1628
260 | &m 428 318 263 1441 T30 | 204 178.8 T388 278 1828
201 27 428 318 260 144 8 T340 274 1522 1386 278 1528
1262 a7 2.8 ny Fill 153.9 T4 268 148.9 T387 273 151 7
1283 437 M2.8 ™e 288 160.1 T342 268 147.8 T388 208 148.8
T264 437 420 19 0 1777 TS 269 149.8 T388 202 145.8
i T268 [X7] 428 T320 358 1972 THe 279 158.1 0 260 144.5
T268 437 2428 T2 368 197 2 ™7 281 166.0
Y267 a8 422 1323 7 180.5 T3 288 1589
T288 438 217 T34 298 164.8 ™D 289 180.7
T269 435 417 T2 87 159.6 T3Is0 291 181.8
T70 a4 M1 T328 270 1681 T361 288 1601
T30 268 1478 27 272 1811 Ti82 287 1888
302 268 1472 T3z 200 144 8 T383 E:1) 168.0
hec] 278 184.8 1329 2% 1448 TI54 270 150.1
T304 289 160 T391 72 1811 T358 264 148.8
T308 19 177 2 T2 282 158.6 T3I56 282 1454




Table E-13: PREDICTED STEADY STATE TEMPERATURES TEST T-8, BASIC MLI ASSEMBLY, INCLUDING BASE

JO
INT SUPPORT RINGS * Boundary Nodes — Temp. Input

G61

NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE NODE TEMPERATURE
°R oK °R oK °R oK °R ok
T1 525 291.7 T28 133 69.9 T55 74 41.2 T105 358 1989
T2 385 213.9 T29 121 67.2 756 03 517 T106 189 105.0
T3 183 1017 | T30 | 96 56.3 T57 106 58.9 T107 189 105 0
T4 505 280.6 T31 132 73.3 T58 89 49.3 T108 185 102.8
TS5 367 2039 | T32 119 661 | 7158 | 109 605 T109 174 967
T6 186 1033 | T33 93| 516 60 84 26.7 T110 159 88.3
T7 233 129.5 T34 130 72.2 T61 107 59 4 TN 160 88.9
T8 183 101.7 T35 113 | 628 | T62 76 423 T2 | 142 789
T9 159 884 | T36 94 522 T63 87 483 T3 | 14 784
T10 144 80.0 Tam | 121 67.2 Tea 67 3792 T114 142 789
™m 147 817 T38 103 57.2 T65 56 311 T115 139 772
T12 138 76.7 T39 %0 50.0 T66 a6 25.5 T116 139 77.2
T13 140 77.8 T40 102 66.6 T67 470 2611 |_ 1117 138 76.7
| _T14 140 778 | Ta1 92 51.1 Tes 389 216.1 T118 143 79.4
T15 139 77.2 T42 86 47.8 T69 326 1811 1123 178 98.9
T16 138 76.7 4__7.15 137 742 T70* 37 20.6 T124 190 105.5
T17 134 74.5 Ta4 129 716 ™" 140 778 T125 363 201.6
T18 134 745 T45 | 136 736 T72 92 51.1 T126 338 187 8
T19 136 73.6 746 | 127 705 173 100 55.5 T127 346 192 2
T20 130 [ 722 T47 134 745 T76 133 69.9 T128 186 103 3
T21 125 69.5 T48 120 66.6 177 133 69.9 T129 348 193.4
T22 134 745 | Ta9 85 472 | T8 290 1611 T130 352 195.5
T23 125 69.5 T50* 37 206 | 19 269 1295 T131 403 2239
| T24 115 63.9 T51 133 699 T101 521 290.6 T132 190 1055
T25 134 745 T52 114 634 T102 376 210.6 T172* 532 295.6
T26 122 678 T53 129 71.6 T103 186 103.3
T27 106 58.9 Ts4 103 572 | Ti04 447 248.4
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TABLE E-14: HEAT FLOW DETAILS

ALL VALUES ARE HEAT FLOW TO TEST TANK IN BTU/HR

Tent da‘ LoAngd)- " 4a Aa st Ad Plumbing Line : Q Total Q Measured Notes
tudinal Q Q
Empirical] Jont B -3 W E Totat ] 3 Bck Total [Predcted vap AT Towl
§2 ) 52 |582 52 | g2 (582
iux 2a § gt RS !a 2 [£% €
2 | se3 3 52 ¢o (3853
3% | 323|334 32 | 322 |38¢3
. 6.558 1537 | 584 0 0 7739 | 516
- 7 596 8 255
T-2 6.477 1324 | 963 0 0 8 60 233
"~ 7872 BE33
T-3 1294 0605 | .0423 0 0 670 | 145
~ 2522 815
Y- 8.558 1537 | 584 0 0 g 47 478
7 59 8 948
T_5 056 0307 | 0640 a R
No 6.948° 1507 0 9 60 £06 Basic * Ioral
Hest 9099 70206 measured trom Test 4
-5 056 0307 | 0640
Hoster aese 1507 ) 960 | 90 Ogasic * 9 Totat
On P 9 0999 10 50 measured from Test 4
1.952 145 058
T-8 10.406° 2155 1213 675 9Basic % Cronal
No Hest 12 561 12 505 Measured from Test 5
. 2.427 158 074 ¢ Y
-8 Bt Total */23ryrad fror Test &
Hester 10.406° 2.699 1303 538 P inciuced assumes 273 2Q Condut..o Flo
On 13 3844 12628 | Truss 8 E.entucly React ang Tana
0494 | 0251 | 0599 1.865 0201 | 0262 a s
-7 a8 1344 19113 1235 200 o ”L"’;“;m )
10 88 1255
.00421 | .00106 | 00123 377 0082 | 000556
v [ 7025 0805 | 1318 006445 3858 294 202
1.307 3142
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