PR

1HB

!

(o)}

|



P

. . t
B.F.Goodrich Aerospace & Defense Products °
A Division of The B.F.Goodrich Company T
~ Wheel and Brake Plant -
‘ T Troy, Ohio
(NASA=CR-134129) BNGINEERINC REPORT. N7L=12505%

PART 2: NASA WAJEEL AND BKAKE MATEERIAL
IRADEGFF ST'DY FCR SPACE SHUTILE TYFE
ZNVIRONMFEN . RECUTIREMENTS (Goodrich (B. Unclas

¥.) Co.) 2/ p HC $3.50 C5CL 22B Gi/21 2834




' NASA Contract No. NAS-9-12049
' DRL No. Exhibit ""A"

Line Item No. 9

DRD No. MA 1297

ENGINEERING REPORT NO 4239
PART II

NASA Whee! and Brake Material
Tradeoff Study for Space Shuttle
Type Environmental Requirements
May 8, 1973

1 3

-
=
=i

B.F. GOODRICH AElSPACE & DEFENSE PRODUCTS
Wheei and Brake Plant
Troy, Ohio

H. . Sunderman
Chief Engineer




l ER-4239
FSC 97153
' TABLE OF CONTENTS
' Page
' MTLE PAGE i
TAB..E OF COMTENTS 111
: DISTRIBUTION LIST v
ABSTRACT v
) INTRODUCTION 1
' k RESULTS 2 thru 5
“ Brake Material Trade-Off Study 2 and 3
B : Wheel Material Trade-Off Study 3
: Wheel Design Study 4
‘ CONCLUSIONS 6
BRAKE MATERIAL TRADE-OFF 7 thru 11
Brake Calculations 7 and 38
Loads 7
Materials 7
Analysis 9 and 10
Results 11
WHEEL MATERIAL TRADE-OFF STUDY 12 thru 22
Wheel Calculations 12
Partl Material Trade-Off 12
Loads 12
Materials 13
Analysis 14 thru 17
Results 18
Part 11 Loads Trade-Off 19
L.oads 19
Analysis 20
Results 21
REFERENCES 22
Written by:
I.. D. Bok
Checked by:

ii1

% PRECFNING PAGE BLANK NOT FILMED

S —




ER-4239
FSC 97153

ABSTRACT

NASA Wheel and Brake Material Trade-Off Study

This investigation covers material selection and trade-off for
the structural components of the wheel and brake optimizing
weight vs cost and feasibility for the space shuttle type ap-
plication. Analytical methods were used to determine section
thickness for various materials ending with a table showing
weight vs. cost trade-off. The wheel and brake were further
optimized by considering design philosophies that deviate from
standard aircraft specifications and designs that best utilize
the materials being considered.
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INTRODUCTION:

The purpose of this study was to design a lightweight wheel and
brake which would be lighter than the latest state-of-the-art
designs. To insure optimization between weight and cost, five
basic metals were considered: Steel, titanium, aluminum,
magnesium, and beryllium. For the wheel, the optimum
material was selected and the design was subjected to four
additional loading philisophies.
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RESULTS:
BRAKE MATERIAL TRADE-OFF STUDY

Table I lists the material weight cost trade-off for the structural
components of the brake as shown by 14-1493-2. These components
when combined with the heat sink material, make up the total brake
weigat. There are two lightweight and heat sink materials under
consideration for the space shuttle type application; one bheing
structural carbon and the other being carbon or sintered iron lined
beryllium. The heat sink evaluation and study is reported in
Engineering Report No. 4239, Part III.
TABLE 1
BRAKE MATERIAL TRADE-OFF STUDY

WEIGHT WEIGH [ BUDGETARY * COST/
MATERIAL 1LBS SAVED (LBS) PRICES ** LBS SAVED
Piston Housing
Aluminum 15.4 ———- $ 340.00 ——--
Magnesium 9.6 5.8 $ 400.00 $10.20
Torque Tube
Steel .34.6 -—-- $ 525.00 ——--
Titanium 19.7 15.0 $1,878.00 90.2
Beryllium 12.7 21.9 $6,600.00 $277.69
Back Plate
Titanium 7.769 ——-- $ 800. 00 ————
Beryllium 7.098 .671 $2,200.00 $2,100.00
% COST/iBS SAVED = Difference in Price ** Based on 100 Piece Order

Difference in Weight

st



ER-4239
FSC 97153

RESULTS: (continued)

The magnesium piston housing offers a cheap weight saving
but presents a fire hazard. The fire hazard would be more
probable with the carbon heat sink since it must operate ap-
proximately 1C00CT hotter than the beryllium heat sink to be
weight effective.

Three materials were considered for the torque tube. Steel
being the state-of-the-art for the high performance carbon
heat sink and titanium state-of-the art for the beryllium heat
sink. The titanium torque would need to be proven compatible
with the carbon heat sink designed to the space shuttle require-
ments. Beryllium, the lightest torque tube has not been tried
in a torque tube application although it has proven succ essful
in other structural applications. The high heat capacity and
conductivity of the beryllium torque tube could make it com-
patible with both the carbon and beryllium heat sinks.

Both beryllium and titanium back plates are in production on

high-performance military aircraft. The material selection
for the back plate depends only on the cost trade-off.

WHEEL MATERIAL TRADE-OFF STUDY

Table II lists the material weight cost trade-off for the wheel.
The table lists the aluminum and beryllium wheel weights
based on the same design, and a beryllium wheel with the
design optimized for the beryllium material.
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RESULTS (continued)

TABLE 11

WHEEIL WEIGHT - COS™ TRADE-OFF

Weight Budgetary Tr Cost/
Material LBS Cost* Lbs/Saved
Aluminum 116.5 $ 1325.00 -
Beryllium 79.9 ---- ----
Optimized
Beryllium 70.4 $7200.00 $1530.00

* Based on 100-Piece Order

WHEEL DESIGN STUDY:

The design philosophy and specifications used for commercial
aircraft wheels were reviewed for possible changes that would
allow additional weight reduction.
of design conditions vs weight for the optimized beryllium

wheel design.

Table III shows a comparison

um—— Y e
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RESULTS: (continued)
TABLE 111
DESIGN CONDITION VS WEIGHT
Load Tire Burst Design Weightw_hﬁ
Condition * Deflection Pressure Load
@ Rotgr Load
@ -55 F
| I 37% 1.5 x Bottoming Limit 70.4
Pressure Comb.
2 32% 3.5 x Rated Ultimate | 91.6
Inflation Comb.
3 40% 1.5 x Bottoming Limit 68.6
Pressure Comb.
4 40% 3.5 x Rated Ultimate 34.7
Inflation Comb.
5 40% 3.5 x Rated Limit 77.2
Inflation Comb.

#% Load Condition used in the weight cost trade-off study.

% Roll Life 100 miles for all conditions.
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CONCLUSICNS:

The lightest brake would consist of a magnesium piston housing,
beryllium torque tube and beryllium back plate.

The magnesium piston housing and bery!lium back plate

are current state-of-the art designs and need no develop-
ment. The beryllium torque tube would require development,
but would offe: a low cost weight saving even when compared
to the titanium torque tube.

The beryllium wheel offers the greatest potential weight
saving in current lightweight wheel and brake designs. The
development of the wheel would be expensive and the appli-
cation would have to justify $1,500. 00 cost per pound weight
saved.

The wheel design study indicated that design philosophies and
specifications used for commercial and military applications
could unnecessarily penalize the space shuttle, weight wise.
Careful consideration should be given to tire deflection,
wheel burst pressure, and trade-off in designing the wheel

to limit or ultimate load conditions.
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BRAKE MATERIAL TRADE-OFF STUDY
BRAKE CALCULATIONS
T.oads

The brake structural components were designed to the following load

conditions:
Condition Load Strength Criteria
Normal Operating Pressure 1000 psi
Maximum Operating Pressure 2000 psi
Proof Pressure 3000 psi No Yield
Burst Pressure 4000 psi No Failure
Max. Static Torque (0.55 Gnd. Coef.) 54700 1lb-ft No Yield
Hot Ult. Structural Torque (0.80 Gnd. Coef.) 79564 lb-ft No Failure
Cold Ult. Structural Torque (1.20 Gnd. Coef.) 119400 lb-ft No Failure
Materials

The following materials were considered for the various components of the
brake. Aluminum and magnesium were not evaluated on the components in
direct contact with the heat sink because of their temperature limitation.
See Table IV for material properties:

A. Piston Housing Assembly
1. 7175-Té66 Forged Aluminum
2. Ti-7TAl1-4mo Forged Titanium
3. AZB80A-T5 Forged Magnesium
4, S5-240 Beryllium

B. Torque Tube

1. 4140 Forged Steel
2. Ti-7A1-4mo Forged Titanium
3. S-240 Beryllium

C. Backplate
1. 4140 Forged Steel

2. Ti-7Al-4mo Forged Titanium
3. S-240 Beryllium
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perating temperature for each material was limited
s of 40 percent of room

Maximum O
ure which produced a los

to that tempe rat

temperature prOperties.
Steel 950°F
Titanium 9002F
Beryllium 825 F

r roor temperature only be-

sing was analyzed fo

The piston hou
lated from the heat sink.

cause it is insu

n TABLE 1V

= MATERIAL PROPERTIES
3
ROOM TEM‘PERATURE STRENGTH MAX, OPERATING TEMP. STRENGTH ‘ ’
MATERIAL Ultimate Yield Tltimate | Yield Ultimate| Yield Ultimate| Yield v
Tensile Tensile Shear Shear Tensile Tensil Shear Shear
(psi) (psi) {psi) (psi) (psi) (psi) {psi) {psi) ;

h } H 1 — 1
7175-T66 :
Alyminum 86,000 76,000 ;
Forging

AZ80 A-T5

Magne sium 50, 000 34, 000
Forging

5-240 )
40, 000 30, 000 24,000 18,000 24,000 | 18,000 ji4, 4000 11, 9000
(825°F) (825°F) (825°F) (825°F)

Beryllium

54,000

96, 000 90, 000 57,600
(900°F)

Ti-7A1-4Mo
150, 000 96, 000 90, 000
(900°F) {900°F) (900°F)

Titanium 160, 000

98, 000 108, 000 98,000 |64, 800 58, 600

4140
(950°F) (950°F) (950°F) (950°F)

Steel 180, 000
Forging

163,000 108, 000

P

r———"
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ANALYSIS

The methods of anaysis are shown here and not the actual values
for each component of the brake:

Piston Housing:

/ - ——t—— PT }7
[
// ‘ P; = total thrust load
d=145 />J\A d, o8 p
7 .
.. N
: B
{ -—-—] [B L._
dg =100

P MR wese oms W I G s s

Momentat A = > (d-da) (d,+d, 2 /28d (6w +d, - )w? -a(Aay-Na, Aby [Ab,)/P

1.5(d, +d,)?/6w +d, -d,)w® +a(ha,- Aa, Ab, [Ab,)/t°

where:  Aa, = 24/[(a/b) -1}
Ab, = 15.6[(a/bf? +.539]/a/b[(a/b)? - 1]
M, = 15.6[.539(a/bR +1]/{(a/b)2-1]
Ab, = 24a/b/[(a/b)? - 1]
Nay = {(2.483 Ina/b/[(a/b)? - 1]} + .668
b, = {(2.483a/binajb)/[(a/b)? - 1]} +.668/a/t

a = d,/2

b = dg/2
Moment atB = ()\b3PT + A M AN
2 1

and stresses at A & B are:

Q
]

A 6M A/t, 2
6Mg /1?

.
:
{

N
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Mo & Vo are determined from the deflections & rotations of the cylinder - head

junction — Ref. 1. ;
'}

v, -
t 6Mo Vo
6 = —5 —_
M, ( te t.
S
tc - P -»
i\ 6Mo pr
Oy = +
C ° L2 2
D
Torque Tube:
T = total brake torque ‘
1
D, i %
16-T-D '
Torsional Shear Stress: 7, = T
T (Do‘ - D“) z
Backplate: ‘
—— '
fo
PT -
i -
iy t L.— *
"
0, = PPofo Ref. 2

2
where: 3 = 1n {rolr‘}

P = Al (rc2 'rlz)

10
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RESULTS

MATERIAL

Aluminum
Magnesium
Beryllium
Titanium

Steel

PISTON HOUSING

15.347 1lbs.
9.619 lbs.
10 127 lbs.

23.050 lbs.

TORQUE TUBE

BACK FLais

12.745 \bs.

19.699 1lbs.

34.317 lbs.

7.09% lbs.

7.709 ibs.

11,794 ibs.

The following materials are recommended for the various structural
members of the brake assembly based on weight saved only:

Piston Housing Magnesium AZBOA-T5
Torque Tube Beryllium S-240
Back Plate Beryllium S-240

'..m .

o T Ly

[

11
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WHEEL MATERIAL TRADE-OFF STUDY

WHEEL CALCULATIONS:

PART I: MATERIAL TRADE-OFF

Loads
The loads shown assume a 49 x 17 tire loaded to 37% deflection:

Inflation Pressure 293 psi @ RT
224 psi @ -55°F

Burst Pressure 510 psi @ RT

Limit Combined Load 168, 000 1b. radial ;
+ 59,000 1b. side :
@ -55°F

Roll Load 60,000 1b. for 100 miles
@RT

12
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MATERIALS

All materials are forged except for beryllium which is hot pressed.
See Table V.

TABLE U

MATERIAL PROPERTIES (Values are in ksi)

4. Far. oo
Material ¥ ¥ P @ -55 F ow =33 { Fooowace |
tu tu tu ty ; !
7049-T73 Alum. 72.0 62.0 74.0 65,0 ST ]
2014-T6 Alum. 65.0 55.0 67.0 57.5 10,3
i 7075-T73 Alum. 66.0 56.0 68.0 58.5 9.0
7175-T66 Alum. 86.0 76.0 88.5 79.5 10.5
z‘ }
: J,
ZK60A-T6 Mag. 42.0 26.0 45.0 28.5 5.0 ‘
EK31A-Té6 Mag. 45.0 26.0 48.0 28.5 5.0
l Ti-6A1-4V-Tit. 160.0 150. 0 181.0 171.0 37.0
I Ti-7A1-4Mo Tit. | 170.0 160.0 192.0 182.5 37.0
[ 4340 Steel 180.0 163. 0 186.0 170.0 .| 38.0
[ 4140 Steel 180.0 163.0 186.0 170.0 38.0
[ (Brush S-350) 66.0 55. 0 71.0 60. 0 38,0
Beryllium
y
' 13
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ANALYSIS

The wheel configuration used for this part was a split wheel held
together with bolts and one bearing in each wheel half.

The methods used include analysis for rings, cylinders, and circular
plates. The bearing reactions are calculated using the methods given in
the ""Timken Engineering Journal" (Reference 3). A computer program
was used to calculate the section thicknesses required. This program uses
the thickness as a variable and iterates until a specified margin of safety
is reached. The results of the computer are shown in the following pages.

14
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QAshB Jneer dESIEN_ PROGRAN

WHEEL = MNASA SPACE SHUTTLE *
PATYL -7 en-175 TOREID PAaS4 |
DESICL LOATYS -
- 3} BURST  510,PSE
2 ULT €OmA 147000, RADIAL £9C30.SINF
Coeo 3 ROLL CPUCT.RADEAL FON 130.MILES
SURE COMPRESSIVE STRESS 15030.PS

COMPUTER SOLUTION

SECTION X THICKHESS 115-SURST MS-ULT ns-rott

AASIC. VHFFL DESIAY PROGIRAN

MMEEL ~ NASA SpACT SHUTTLE
HAT'L -23iu-To AL Faneira
PESENt LOANL =
1 tuirLT  51C.PSY
2 ULY cord 155970 RANTAL $9000.31NE
3 ROLL  CCuQu.RARIAL FOR 100.1LFS
SURF COMPRESSIVE 47ReSS 15000.P51

T SECTION X THICKRESS 1S=-rURsT 1MS-ULT nS-a0tt

" o FLALGE 0.5330 11.3 0.6 27.9
AT £ R S W R 0. 000D NG 0.3 3
R 0.31 0.7c0  53.%f  36.2 a.8 an g.:1 3.¢2.0 17.% ¢.7 LSRR
.- Rl 1.19 0.63%0 5s5.0 36.2 c.$ nin 1.19 0.537C 17.6 9.9 253
rint 1.5¢° 0.55(D 53.8 36.2 6.7 ni 1.5b 0.al00 17.0 0.5 27.4
RINM 1.6 0.L65%0 $5.7 36.1 6.7 nin 1.5% 0.57C0 36,3 0.1 Ml
RiIM 2.51 0.3430 5%.§ 36.3 0.9 nin 2.51 9.212 7.7 1.0 RE
R 2.63 0.1770 5.7 36.1 0.7 ni 2.¢8 0.1007 1r.? 1.0 73,5
Rin 3.00 9.23%0 7.8 35.4 0.0 rin 3.0 3.1.°9 1.7 c.1 27.¢
———RIM - 3L kb 0.2270 55.6 36.0 0.6 - § R 348 0.157¢0 7.1 C.h 7.5
RIN 3.81 0.2270 $5.5 55.9 0.5 nite 3.50 9.1000 LS [ 25,2
RIM L.19 0.2153 55.9 36.2 c.38 nin W.13 g.1um0 17.¢C 0.7 ok
RINM L.56 8.1720 53.8 36.2 6.3 Rin [ 0.103¢ 17.¢ 3.9 36
- - RI 6.9y 6.1509 53.9 35.5 6.1 Pt W, Th 0.1127 1Tk s R
RitCIED B.E5 0.2153 51.9 32.3 0.5 AHNER 6. 35 g.17L8 10L.S 5.3 RIS
—— RIPMIES 7,09 6.1516  13i.7 32.6 0.4 LTINS B BT 0.1753 37.¢ 0.8 55,5
RiriES  7.22 g.1618 101.2 3u.2 0.9 RIMGED T.22 0,1528 6C.1 1.0 1503
R1PUEB T.b1 0.25,0 122.7 4. 0.6 CprEs 70061 0,350 1. 0.8 ELE
RIPIER  7.6C 0,2333 107.1 38.2 0.4 RitnEB 7.40 g.2Luu T8.% 0.6 35.2
RitWLS  7.79 g.3715% 122.7 Sh.b 0.6 RitEC 7.73 0.3010 81.s g.3 56.4
RIMUEE 7.97 0.3507 102.2 34.2 6.3 pitER  7.97 0.327 6.1 i.9 35.3
-—— RIMIEB  8.16 0.3758  151.7 32.6 9.4 Lo fis 8.1C 0.35C7 37.6 0.¢ 5¢.1
pirvEn 8,35 6..173  152.9 32.3 0.5 it TR 8,35 0.3213 1M1.5 0.3 37.1
. TIEBSLY neld oge §.375 233.3  151.8 3710.% TIELOLT K=l DOw 0,375  21u.l: 122.2 373.6
VER=PO $.0700 1140.0 0.1 100.0 VEs-no 1.1650 1000.9 0.u 1CJ.0
ueEB-R1 . 1.8600 11u3.C 0.0 100.0 uEe-n 1.9%°00 i€3C.0 c.7 1c¢.0
HUB 0.4009 1140.C 8.1 10C.0 Hug 0.4{00 10C0.0 e.9 103.0
WHEEL DINENSIONS - VMEEL DINENSIONS =
e De20.630 Me 1.75C e 1,200 WCe 1.590 - _ pe20.6C0  He 1.750 e 1.200 Ufe 1.5¢9
p1=15.430 02-16.95¢ H's 1,853 T2= 1.250 Dlel5.430 [2e16.950 H'= 1,550 72= 1.250
- - l1e 9.60u0 Ri= &.700 RO= 2.400 - Lle 9.C00 Riw &.7¢0 RO= 3.483
_ __TIRE OD=47.950 - BOLT 571= 133KS4 . 1iRE 9Oewt.950 . BOLT SIR- 120KS1 e =
coTTT T RASES UMFFL DESIG! PROGRAN = ke T BASIC MIFEL BESION PROGTAN
ML - MASA STACT SWUTTLE ST T TR UTHMEEIL - BASA SPACE SHUTTLE
__PAT'L -7075-773 AL FONGIe | MAT'L =7175-TEG FOGRS ALUI
DESIGH LOADS - T T DESICN LOADS - -
1 BURST  51€.P5L B 1 BURST  510.P51
2 ULT €OnA 3iCSCNQ.RENIAL  55U0G.SINE 2 ULT €ONMG 10IONC.HADIAL  539DC.510F
3 ROLL  COUCL. RATIAL FOR 1¢0.MiLES 3 ROLL  CCOCT.RATIAL 1240 120.1ILES
SURF COPRISSINE STRFSS 15000.P5¢ . CSURF COMPRELSIVE STRESS 15009.15¢

~-sEcTion TTX T THICKNESS NMS=RURST nS-ULT ns-aott

FLANGE 0.5:080 17,7 6.9
nint 0.hb 0.657) 17.7 1.¢
[ 0.31 0.5950 17,5 0.7
__Rin 1.19 0,530 12.5 0.8
nn 1.36 0.4550 17.6 0.9
rin 1.56 0.35C50 17.5 0.7
Rin 2.31 0.123% 12.5 0.7
i 2.€9 0.165¢0 1.3 0.2
RIN 3.00 0.1L70 16.7 0.1
fin . 3.kh 0.1348¢C 17.1 0.
“REI 3.31 0.1550 17.6 .9
1113} 4,19 0.1533 17.8 1.0
11323 L5 g.19%0 17.2 0.5
. are L. 0.11¢€0 16.9 0.3
rreire 6.35 n. 170 102.8 0.3
nerite 7,06 6.1750 3c. 0.2
noirs 7,22 0.1517 0.2
prrcre 7.6l 6.1249 1.0
RIMJES  7.E0 0.21.20 0.2
ritice 7.9 8.2900 1.¢
winurs 7.97 0.3230 e.2
witwge  3.1¢C 0.3%40 0.2
nnFe S.5% 0.3723 0.3
TIFCCLT L=12 DOs 0,277 125.1
UEL-T.0 1.1500 1C.C.0 0.2
uec-Re 1.9700 1020.0 0.¢
we 9.450C 1020.0 0.7

TUMECL NEIESIONS -

N=20,00v He 1,758 e 1,200 ure 1,
Dle1%.430 N2=10.709 W= 1.7.0 T3¢ 1.2.0

Lle 9.0 Rie 4,700 HOe 3,400

_ . TIRC OD=87.350  BOLY STN- 136KS1

“TgEeTION T X THIGEPESS MS-8URST N3-ULT 13-70LL

14.6 FLALGE 0.u87C 52.8 13.9 6.7
14.6 nin 0.t& 0.5620 33.1 1%.1 1.0
16,3 fin 6.81 6.5098 32,7 13.8 0.6
lu.w __min 1.19 0.4bkd 32.6 15.7 0.5
1L.5 RN 1.56 6.3700 32.3 i3.% 6.2
16.3 tn 1.9% 0.27:0 32.6 13:7 0.5
1.3 nin 2.31 g.12Ln 32,7 3s.0 0.3
13.% nm 2.C8 0.1530 32.7 13.8 9.6
13.3 i 3.C6 0.1cic 52,9 15.5 0.7
13.8 ..orn 3.4 0.1¢29 32.3 15.5 0.2
14.5 [ 3.21 0.15.0 52.6 15.3 0.5
16,7 nin 4.19 0.037¢ 32.% 1.6 0.3
15.9 R a.5C 0.£920 521.C 15.7 9.5
13.¢ RN L9+ 0.9937 53.1 1.1 1.0
25.3 aueirs 6.5 8.10%0  157.% 6.3 c.u
22.2 _ onu(s 7.Ce 0.15(C  124.C L.G 0.3
21.3 gimice 7.2 0.13.9 10L.4 u.3 i.¢
12.% s 7,481 0.1317% 17.5 .9 1.9
22.2 .y 7,690 6.22:.0 137.9 u.3 1.0
18.4 e 7.7y 6.2720 1.5 9.9 1.0
21.3 riwrs  7.97 0.30L0  105.% 3.3 1.0
22.2 preuta 3,16 0,33(0 126.3 6.6 0.3
25.3 nEwiLe .39 0.3L03  137.« €.3 .6
370.5 _CYAPERLY Nell NOe 0870 12..9 HLESY 570.9%
100.0 WEn-no 6.7660 1e2y.d 6.0 1an.0
110.0 MEB-TY 1.6700 1uly.0 a1 10,0
160.0 "o 0.3240 1820.0 0.3 G32.0
. UNEFL NINFELINHS -
50 Del0.AN3  Me 1.730 W= 1,200 ure 1,500

tle 9.000 Ri1e 8,700 K= 8,400

- _ _TIRE 0D=87.930 . AOLT $Tite 200150

Nle1y.u30 N.e3C.4950 IPte 1,900 T2e 1,220
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BASHIC UMTLL DEZEGH PUOGRAN

WHEEL = BASA SPACE SUUTTLR . .

[T AT A BaY 4 TiTAvIUn fenr o

DESIOH LOADS - hefiitay
1 ARURST  510.7351
2 ULT CONG 103000 . RARTAL  59008.SINE
3 ROLL  CNOCU.RARIAL FOR 129.n1LCS

SURF CONPRISTIVE STRTSS 15¢00.751

‘secrion X THICKIESS 115-76R5T NS-ULY ns-nott

" FLANGE 8.3370 25.6 1.7 0.6
fin 0.8k 6.3470 25.7 7.3 0.8
st G.81 0.2970 5.4 7.6 9.5
rib 1.19 0,230 293 7.5 .y .
RN T1.56 0.1779 25.9 7.3 0.0
ni 1.9 0.07%3 5.6 1.2 0.6
nin 2.31 0.0950 25.% 1.7 0.6
RinM 2.9 6.0o38 25.9 3.0 1.0
rin 5.¢C 0.0L15 5.4 7.5 0.4
Rl 3.4% 8.7.56 5.0 7.8 0.7
wn 3.31 C.045% 25.3 7.9 0.8
N .19 0.0233 . 25.C 7.7 0.6
R v.56 0.0619 25.8 7.9 0.3
i L -1 0.0420 5.2 7.4 6.2
nyruite €. 0.1640 168.9 0.4 S.}
 RinaEs  7.1s . 0.100 137.2 0.2 _ 5.0 ____
RrEnGEs  7.32 0.277¢  176.% 0.9 5.6
RiruCE 7.5 0.0274  153.3 1.0 §.b
psnugs  7.70 0.073h «317.5 6.6 2.2
nitER 7.8 g.1¢00  153.2 1.0 b
gILLCR .67 5.2050 176.5 0.9 S.h
ptrice .26 0.2310 187.2 0.2 5.0
RIINER. 3009 0.2550 122. 8.4 5.3
YIEROLT Hell DO= 0.375  1306.5 89.%  5u493.2
ug3-no 0.6750 27¢H.0 1.2 333.0
wEs-ri ) 1.1700 2910.¢ 8.6 230.4
wo 0.1530 29€0.0 0.6 14l1.2
UHEEL DINEESIONS -
T ps30.005 He 1,750 Ve 1.2C0 fife 1.000
01s15.43C Nh2e16.950 n'e 3.950 T2= 1.150
1= 9.600 Ri= 5,700 RO= 3.400 .
___VIRE OD=47.950_ 8OLT STR- Joonst . _ . .

COMPUTER SOLUTION

BASIC UNELL DLSEGH PROGRAN

CHEEL = NMASA SPACT SHUTTLE
FAXS CXS RURTATINS SR O] FULE Sala]
T prsien 1oesns -
1 CunsT S10.PSH
2 ULT COvH 1CLCUC.RANIAL  59000.3I0F
3 ROLL  C0aen.mAniAL Fon  100.MILPS
SURE COMPRFSSIVE STRTSS 15000.°58

= GECTION X THICENrSS MS-LLAST n3-ULY 15=10LL

T FLANGE 6.33%0 32.3 13.5 0.5
mn 0.8% 0.34L" 3.6 15.7 0.3
iin c.31 0.290 32.2 15.4 0.%

_mm 1,19 0.2330 31.9 13.2 3.1
[ 121 1.56 g.3i030 32.7 13.3 0.9
nin 1.% 0.07%G 52.6 13.7 0.3
rRin 2.31 0.0925 32.7 13.8 0.3
nut 2.09 0.r329 32.9 13.2 2.2
i 3.0 0.€513 32,46 13.6 0.6
nm 3.L8 0.0850 51.9 13.1 0.0
nin 3.31 0.Cunl 32.8 5.6 0.3
nin .19 0,025 32.7 15.3 0.9
[H1a) .56 0.Culh 52.7 13.3 0.9
niy (P2 0.%417 32.60 13.? 0.3
RIMUER 6.0S 0.1007  199.5 2.9 9.9
RIMER T.1e 9.108% 13%.s 2.0 c.3
pineEs .53 0.€35% 13L.G 5.2 0.9
rinuEe 7,51 90,0060 3165.5 3.6 3.k
niGiEs 7,790 6.0750 130.% S.4 0.8
pHn.cb 7,59 0.1510 ice.S r.G 0.6
RimiES  3.C7 8.19¢0  188.6 3.2 0.9

_mpinves 8,20 0.225¢C 139.4 2.8 8.3
_erers 3,50 0.2509 13¢6.5 2.9 3.9
TI1EBOLT Msel3 DOe G.o75 161.5 « 23.9 571.1
\EB-RO ¢.6500 32100.0 €.2 253e.7
ugs-ny 1.13¢0 351c0.0 6.2 220.5
ns g.130 5160.0 0.7

125.1

WMEEL DIprrsions -

$#20.63G  tie 1.750 M= 1.700 wes 1,000
01=15.450 02#16.950 H'e 1.950 T2= 1.150
L1+ 9.600 Ri= 4.700 ROe 3.400

TINRE O0DalT. 320 AOLT STRe "130KST _

© BASIC WHEEL DESIGH PROGRAN

WHMEEL = MASA SPACE SIUTTLE
— MAT'L - IKCSA 1°AG FCRG
DESIGYE LOADS - :
1 BURST 510.PSY
2 ULT CCiB 1650U0. RADIAL SS20C.SINE
3 ROLL  GOOCD.AANEAL FOR 1COLMILES
SURF COIPRESSIVE STRESS  600D.PS)

CFLANGE 0.7330  17.5

0.8

R 0.4 1.2200 17.1 0.%
RiN 9.51 1.1500 17.2 0.5
-- RN 1.19 1.0700 6.7 0.1
RN 1.56 0.9700 17.7 1.¢
RiN 1.6 0.8950 17.6 6.9
RN 2.31 0.7:72 17.8 1.8
RIM” 2.69 0.6C"0 17.5 0.8
RiM 3.06 0.uC50 1.3 0.6
--. RIW 3. 40 0.3C530 173 0.6
RiN 3.131 C.3u30 17.6 0.9
Rift ..19 0.3C30 17.5 0.7
RN .56 0.379¢C 17.5 0.8
RIY s.94 0.3763 17.7 1.0
RIIFE 6.35 0.5260 1dl.s 0.2
RItCIES  7.04 0.3L00 173.6 8.7
RIMUEB  7.22 0.2€40 9.5 0.3
/ML 7oL 0.3110 . 1.7 0.2
Rir.EQ 7,50 g.s100 C.6 33.9
pinEe 7.7% 0.4209 1.7 9.2
6.7.00 8.5 0.5

0.5t00 173.6 0.7

R ED l.{i 0.61C0h 121.% 0.2
TIEL OLY lield DO 0.2.4 2.1.0 134.6
uEB-RO 1.7260 K13.0 1.0
uEs-"4 2.9%03 420,08 0.?
B 1,0%00 820.0 0eh

WHEELL DINFNSIONS -

31.6
31.0
31.1
30.%
31.9
31.7
32.0
31.6
31.3
3l
31.8
31.6
31.6
31.9
76.3

28.5h
23.0
100.7
23.0

208.0

0=20.C63 tie 1.750 Ve 1,200 VCe 1.500-
N1e39.330 D2s1L.75C N'e 1,530 T2e 1.250

Lle 9,600 Ri= 8,700 ROe $.000
TIRE 00=87.950  AOLT STR= 180KSt

sgcrion X THICKHESS HS-BURST ns-uLY HS-RbLC

16

BASIC WHEEL DESIGH PROGRAN -
MHEEL - IASA SPACE SMUTTLE '

- WAT'L -Ei31A=TL FAG FORG . -

PESIGH LOADS -
- 1 RURST S51C.PSI
2 ULT COMe 16C00C.MA%1AL 59000.SIDE
3 ROLL 6CCCO.RADIAL FOR 1C0.MILED
SURF COMPRESSIVE STRESS 6000.PS)

SECTiION X » THICKNESS hS-BURST #1S-ULT NS-ROLL

FLANGE 0.7t50 17.5 6.8 31.8
(3L 0.4tk 1.2200 17.% 0.7 31.8
RIM §.31 1.1500 17.7 1.0 32.2
RIM 1.19 1.67C0 17,5 - 0.7 31.8
RIM 1.56 0.9300 16.7 0.1 30.7
RIM 1.9% 0,339 17.6 0.9 32.8
Rin 2.31 0.2:00 17.5 0.8 31.9
RN 2.69 0. 6500 17.7 0.9 32.1
RIN 3.06 0.2540 16.9 0.3 31.0
- RN 3. 64 6.30C0 16.9 0.3 31.0
RIM 3.81 0.3459 17.2 0.6 31.8
RIM .19 0.3690 17.3 6.6 31.%
RN 4.50 08.3730 17.5 0.3 31.9
RN L.k 9,370 17.6 0.9 32.1
RIFUER  6.85 0.8100  172.2 0.7 75.3
RIGIES  T7.06 0.9270 16¢.% 0.1 £2.2
RiER 7,22 0.12630 10.7 0.3 ..
rorgee 7.6l 6.3120 3.8 0.e 23.7
RitiFs  3.€0 0.4029 0.6 $0.0 119.0
RIMUER  T7.79 0.4770 3.5 0.4 23.7
REVES 7,57 8.%300 10,7 0.3 219.%
:lrwfc :.gg 0.57C0  16f.% 0.1 32.2
ety .3 d 9, .7 .
JIELOLT neie uo-obfgsg yid x:g.o 3.2
ugs-no 1.7200 825.0 1.0 1€9.0
GES-RE 2.9900 420.0 e.? 100.0
e 1.0800 _420.0 a.n 266.8

WHELL DINCUSIONG -

0+23.000 15e 1,750 Wle 1,200 Ufe 1.500
PIe39.4>C NIelC.2% W'+ 1.7.0 72 1.230
L= 9.6UC Mie §.700 RO= §.400

- TIRE ONet?,950 SOLY STRe JB0K3S, - —

n——— wepe———— [rm—] e
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COMPUTER SOLUTION
' o BASIC UMEEL DISIGH PROGRAN "] 77 PTTT 7 BASKC UMEEL DESIGN PROGRAM
UMEEL - NASA SPACE SHUTTLE T LT T MMEEL - MASA SPACF SHUTTLE ) :
_ MAT'L -131GHSt 4IR0 STIEL e ] BAT'L - S-35 YLL iU
DESIGH LOADS - © pESIGN L%Asn’sc BCRYLLIY |
._ 1 BURST 510.PS1 1 BURST 510.PSI .
2 ULT conn 1CCQGN.RADIAL 59600.SI1DE ” 2 ULT cois 162000.RANIAL 5900C.51NF
3 ROLL GODOD.RADIAL FOR - 100.MILES 3 ROLL  GOOOO.RATIAL FOR  100.MILES
SURF COMPRESSIVE STRESS 50000, P51 SURF COMPRESSIVE 5THESS 0.PS1
—gecTION X THICKNESS NS:RURST MS-ULT MS-ROLL™ | SECTION X  THICKNESL MS-BURST MS-ULT MS-nOLL "
- - . i
' FLANGE 0.3150 17.17 0.9 1.0 " FLANGE 6.5380 17.3 8.6 31.3 |
RIN 0.54 0.3130 17.3 0.6 13.6 RN 0. L% 0.7260 17.7 1.0 32.2 !
Rit 6.31 0.27¢60 15.3 g.2 12.9 win 0.¢1 6.6670 17.7 1.0 82.2 .=
__Rim_1.19  0.2i70 7.5 0.9 13.9 __ _| _mn _ 1.19 0.60600 17.6 0.8 81.3 :
rin 1.56 0.1650 17.3 0.6 13.4. RIN 1.36 0.5240 . 17.6 c.3 81.8
RN 1.94 0.0725 17.8 0.7 13.6 . it 1.9 0.58330 17.5 0.8 81.8
Rif 2.31 0.0856 17.6 0.9 1.0 e 2.31 . 2990 17.7 6.9 82.1
RN 2.6 0.0200 16.6 0.0 12.6 R 2.4 0.1700 17.3 0.6 81,2
Rin 3.06 0.0352 17.5 0.3 13.8 . RN 3.06 0.1960 17.0 0.3 £0.5 |
3 — RiN 3,6 . 0.0400 17.6 0.9 13.9 oo mip _ 3.8 0.2070 17.3 0.6 31.5 |
- RIN 3.31 0.0579 17.¢ 0.9 16.0 RIN 3.81 . 2000 17.1 0.4 30.3 |
; RIN 5.19 0.0360 17.3 0.6 13.5 RIM 4,19 0.1696 17.5 0.3 31.2 |
- N 4.56 8.0360 17.0 0.3 13.1 . fin 4.56 6.1080 17.6 0.3 81.9 |
: ... RIK 4. 9% 0.05G0 16.7 0.1 12.7 Ritn b 9% 0.11530 1¢.8 0.2 se.1 |
& RIMIEB 7.10 0.0960 177.6 0.5 29.1 RILAES  6.35 0.1920 99.6 0.2  104.2 |
. . RIMIEB  7.29 0.0960  173.h 9.7 29.3  __]. RumES 7.0% 0.1800 87.8 9.6 100.3 |
¢ RUNEB 7,67 0.0918 170.3 0.9 29.1 RinuEs 7,22 0.1570 69.0 6.1 56.1
¢ . mEMNCB  7.66 0.0813 150.1 0.8 27.8 RUNIEE  7.51 0.1397 43.9 0.9 91.5
RIPWICS  7.85 0.067: i 51 1.0 5.9 RINIES 7.G0 0.2540 73.2 0.5 1£3.9
& RIMIEB . S04 0...EC 130, g.s 27.8 RIEMES 7,79 0.2930  &3.9 0.9 913
5 RIMMFE 3,22 0.1740  170.3 0.9 29.1 RUNIEE  7.97 0.3220 69.0 0.1 96.1
5 .. RIMMEE 3.41 0.1970 17C.% 0.7 29.3 U pinves 8.16 0.5470 .. 87.8 0.4 1¢n.3
2 RiMUES  3.60 0.2168 177.6 0.5 29.1 RIMMIES  3.35 0.3710 99.6 0.2 164.2
’ TIECOLT H=13 NOe= 0. 375 151.0 37.8 95¢,.98 TIE30LT N=13 DUs 0.750 255.8 1024 91.0
WEB-RO 0.6460 31C0.0 0.8 106.0 uEB-RO 1.1400 1000.0 6.0 1371.7
MEB-R}) 1.1200 3160.0 0. 100.0 VIEB-RI 1.9906 1000.0 0.7 135.3
I s 0.1450 3160.0 0.6 2752.6 nue o.4600 1000.0 0.9 337.5
“"UMEEL DINCNSIONS < N Tt T T U uMgeL otmensions - ) C
De20.000 W2 1,750 We 1,200 YC= 0,600 0=20.000 = 1,750 U= 1,200 tiCe 0,600
D1=17.430 D2216.950 #'s 1.950 T2« 1.000  p1=19.430 D2+16.350 i'e 1,950 T2= 1.250
[ t1= 9,600 Ri= 4,700 RO= 3.400 o tle 9.600 Ris 4,700 RO 8.400
: ____TIRE OD=4?,950  BOLT 5TRe 130K3I 4 YTIRE_0De7.350  BOLT STR= 130:Sl
3 '
P
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»
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RESULTS
Material D(elgjzi%) Weight of(ﬁ)a.s;ic Wheel

7049 Aluminum . 101 128.3
2014 Aluminum . 101 116.5
7075 Aluminum . 101 116.5
7175 Aluminum . 101 114.8
ZK60A Magnesium . 065 126.8
EK31A Magnesium . 065 126. 8
Ti-6A1-4V . 163 134.8
Ti-7A1-4Mo . 163 134.3
4340 Steel . 283 214.8
4140 Steel .283 214.8
S-350 Beryllium . 066 79.9

Beryllium is recommended as the best choice of the eleven

materials studied.

18
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WHEEL CALCULATIONS - PART II:

LOADS TRADE-OFF

From Partl, a beryllium wheel was chosen as being the best
possible choice of the eleven materials studied.

To make the best advantage of a beryllium billet, thereby mini-

mizing cost, it was decided that a configuration change was needed.
The sketch below shows the wheel analyzed in this part:

Loads

The following loading conditions were analyzed in this part:

Load 1 Load 2 Load 3| lLoad 4 Load 5
Tire Deflaction @ -55°F 37% 32% 40% | 40% 407
Burst Pressure 510 psi] 1236 psi] 472 psi 924 psi| 924 psi
Load Type Limit Ult Limit Ult Limit
o 168 252 168 252 168
Combined Load (kips)
Radial/Side 59 88.2 59 88.2 59
60 60 60 60 60
Roll Load (kips) Radial
Miles 100 100 100 100 100
19
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The philosophy of designing with these loads was to compare the weight
difference between the ultimate faiiure loading and the design limit load-
ing. The ultimate loads are designed to the ultimate material strength
and the limit loads are designed to the material yield strength.

Analysis

As in Part I, the analysis includes ring, cylinder, and plate methods; the
results are shown in the Table yi below:

B
.
’Q:f

.

TABLE VI
THICKNESSES AT VARIOUS LOCATIONS
Load 1 Load 2 lLoad 3 Load 4 Load §
A . 450 .631 .430 . 546 .546
B .360 .505 . 344 .437 .437
c .500 . 897 . 444 .699 .699
: D .395 .637 .351 482 .482
E .850 1.100 .850 1.100 1.100
F .680 1.030 . 640 .860 . 640
‘G .894 .934 .894 .934 . 894
H 1.556 1.631 1.556 1.631 1.556
4 . 138 . 965 .738 . 965 .738
J .512 .690 512 690 .512
L
20
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RESULTS:

Load Wheel Weight *

1 70.4 lbs.

3 68.6 lbs.
4 84.7 lbs.

5 77.2 1bs.

*The weights given do not include the bearings.

§

Loading philosophy number 3 gives the lightest wheel desigr.
This philosophy suggests designing a wheel to a 40% deflection,
a burst pressure 1-1/2 times the tire bottoming pressure, and
the limit combined load.

' 2 91.6 1lbs.

{
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