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1.7 Plate with width chamge, Fig, A1),
P:—“BGOON) W, =24, w, = (b, t= 5 momn
Polycarboma‘te. ,0,=62 MFao E—F“ HO to IS0,
X,=7 adeguate?

=F 2600 N .45 MPx
5_ w,t [6(5) mm*

i

Xi= S 45 MPa |
The value s a bit low but ~may be surtable
umder ideal crycumstamces. Note that the

rmaterial (s quite ductile. L




1.8 Shaft with circumferemtial groove,

Fig. A.12(C). dz =25, d, =20, p= 25 mm

Alumiimum alloy | G = Z032 Mr-?q) E‘f =20%

M=120 N-m., X =7 adequate/ |

c_32M _ 32 (120,000 N-mm
A3 (20 mm) 3

X, = Co _ 2032 MFPe - 1.9¢ P

S 528 M | |
The value is quite adeguate im vieco of The
duchile ammateyrial be hawvioy. <

= 52,9 MPca




3 Camntijever beam, circulay cross see.

Pl 3 ar* |
Umar = Z 2T L= 7z (/'-7?;, AF, A2)

Recza/rewemts: L, P

) Yoray
Geometry: r MaTer/a/, =y £
Mimimize: @) 2n=TFr*L p

(b) cost, Cinm

0.5
'U",ma,x-zng T e 4-PL> -
=s£E£ 7T)_"+) BT E Varax

o 3 .5 :
=L p ;—’%Vm) = f,(Reg,) £, (Mat'L)

m=|21%7( L 07[-—-— - {1 2

For #he Table 3./3 materials, use the

propeylres grvem fo calculate :
(Q)')ca. IO/F () fz“" m/O/V—

@) Material Modulus Density = Massf, Mass
E,GPa p,glcm’ o/lE®®  Rank

1020 steel 203 7.9 0.554 7

4340 steel 207 7.9 0.549 6

7075 Al 71 2.7 0.320 3

Ti-6-4 117 45 0.416 4

PC 2.4 1.2 0.775 8

~ Pine 12.3 0.51 0.145 1

GFRP 21 2.0 0.436 5

CFRP 76 16 0.184 2
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(3,11, p.2)
P/me has the /awesfnfmczss awad CFRP
the secomd /owest, 4

( b) Material Rel Cost Costf, Cost
_ C. Cmp/E0'5 Rank

1020 steel 1 0.554 2

4340 steel 3 1.647 3

7075 Al 6 1.923 4

- Ti-6-4 45 18.721 7

PC 5 3.873 5

Pine 1.5 0.218 1

GFRP 10 4.364 6

CFRP 200 36.707 8

Fime also has the fowest cost, but now
/020 steel /s second. 4

<) If orme /s swrlable, /7 = the clear
Choice, T £ motl, +hem 7075 Al or

4340 steel »mighl be reasom a ble.
| - | <
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312 Temsjom mbr, square with side h.
/?egp{/‘)re;/ X  and waximusnr AL,
Frrs?, lpok al mass and cost For girem X.

% _ P 2o FEX ("’ s @&C””’"-)
12 ) Oz +hat varies

b PXLE _[Pxe)[Z]-1 £

Compare malerials: f2= i , Com P

o’ &

Material Modulus Strength  Density Rel Cost
E,GPa . o, MPa p,glom’ C,

1020 steel 203 260 7.9 1
4340 steel 207 1103 7.9 3
7075 Al 71 469 2.7 6
Ti-6-4 117 1185 4.5 45
PC 2.4 62 1.2 5
Pine 12.3 88 - 0.51 1.5
GFRP 21 380 2 10
CFRP 76 930 16 200
Material Mass/f, Mass Cost f, Cost
plo. Rank C,plo; Rank
1020 steel 0.03038 8 0.0304 3
4340 steel 0.00716 6 0.0215 2
7075 Al 0.00576 4 0.0345 4
Ti-6-4 0.00380 2 0.1709 7
PC 0.01935 7 0.0968 6
Pine 0.00580 5 0.0087 1
GFRP 0.00526 3 0.0526 5
CFRP 0.00172 1 0.3441 8

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
Dissemination or sale of any part of this work (including on the World Wide Web) will destroy the integrity of the work and is not permitted.
The work and materials from it should never be made available to students except by instructors using the accompanying text in their classes.
All recipients of this work are expected to abide by these restrictions and to honor the intended pedagogical purposes
and the needs of other ins‘tructors who rely on these materials. ‘



(3212 02)
Secomd, /ook al mass and cost For givem
maximum AL, From Fjg, Al(a):

AL___PL-_PL y2_ PL

AE ~ prg T ALE
his agaim +he 9eafmefky t+hat wa}-f'es

2 PL*p PL
™= Gl vy ][E] fifa

Compeare wmalerials: £, = T§ Comn o £

Material Mass f, Mass Costf, Cost
p/lE Rank C,p/E Rank

1020 steel 0.0389 5 0.0389 1
4340 steel 0.0382 3 0.1145 3
7075 Al 0.0380 2 0.2282 4
Ti-6-4 0.0385 4 1.7308 6
PC 0.5000 8 2.5000 7

- Pine 0.0415 6 0.0622 2
GFRP 0.0852 7 0.9524 5
CFRP 0.0211 1 42105 8

Lf cost is Unimmportan?, CFRP /s
the clea)y chorce. 7075 Al /s a good
LOMpronI/se <consiZerrmg cosl, amd/
/S kesistan? +o Corrosiom amnd Fof,

| 4
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3.13 | Columm with a fubulay sectiom.

Erom H?.A.?(C):
t =0.2n

Y 3"-=Y',+‘t/2 Azz’ﬂ'cwé_’,t

A= 2’1T(\ r‘)(ozr) oq—arfrrr
T=7T(an)02r) = o.ze_ezm—,"f

Requireﬂwemi‘s,' L, P X = Er /P
Gepametry: F; Material: £, E, (C)
Mimiomize: m, (Cost)

2
B, = ’WF_EI ), om=ALP =044TrRALp

MZE (0.2662 TFY)
Er: XP = L2 ’

,,z___( YPL? )as
' Tlo.2¢62T3E
X PL aad
/YY\:.O-‘[“}"TT LP (026627[3E) — ‘Fn ‘Fz.
1. XP o5 P
—__-_[0.8529 L= (‘/TT“' :/ 50,5]

.- =L Ca
M:m‘:fm:ze, {2 = Eo'sp
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(3.3, p.2)

Material Modulus Density Rel Cost Massf, Mass Costf, Cost

E,GPa p,glcm® C, pE®® Rank C,p/E®® Rank
1020 steel 203 79 1 0554 7 0554 2
4340steel 207 7.9 3 0.549 6 1.647 3
7075 Al 71 2.7 6  0.320 3 1.923 4
Ti-6-4 117 . 45 45  0.416 4 18721 7
PC 2.4 1.2 5 0775 8 3.873 5
Pine 12.3 0.51 15  0.145 1 0.218 1
GFRP 21 2 10 0436 5 4.364 6
CFRP 76 16 200  0.184 2 36707 8

(@) For the space station, light werght

is parasout, and the cost of Vhe
material vunimportawt, CFRP is the
best chorce. Fime may have difficul ty
with plaves of weakness i the
malerial +hat car be overcpime /1w CF ~ /5 /:
by 1awrimalivg or wivdimg fhe fybers
such Fhal There /s 0 weak olane, 4
(B) Fime is & goo/ cherce, as cost

Mot sompprianl, IF /s ol CO'MI/WI'QMﬁy
rade imte a tube, pul a box sectriom
would work, T p rot due fo owossture
or Fhe sizé of the colurmmn is a
/Okaé/efrm use /020 Jfé.z/, oS wez‘g/ﬂ?"

a’oes ~o7 Wﬁ)‘f&r,/w 74})5 gﬂ/’gﬂﬁ Case,
4
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3.14 Sphen'cal ressure vessel ; a

i)
R’egw‘rememts: pressure p, X = 0. /0
Geonmetry: 1 Malerial: 2, OZ'/ (C,,)
M 1o ze ; 771, (cost)
(&) 7

qzzt , G =—Pzxo  (Fig. A7)

(asswwme 1, /+ 27 1)

o — P2 L= 4774__2{_-/5 ()C,,O,m surface area)
_ PN 0:_ - X

LY S
Mimionize ﬂ_—:p/gz) CM./O/GE

Material ~ Strength Density Rel Cost Massf, Mass Costf, Cost Thickness

o, MPa p, glem® C,, plo. Rank C,ploc. Rank {, mm
1020 steel 260 7.9 1 0.03038 8 0.0304 3 8.08
4340 steel 1103 7.9 3 0.00716 6 0.0215 2 1.90
7075 Al 469 2.7 6 0.00576 4 0.0345 4 4.48
Ti-6-4 1185 4.5 - 45 0.00380 2 0.1709 7 1.77
PC 62 1.2 5 0.01935 7 0.0968 6 33.87
Pine 88 0.51 1.5 0.00580 5 0.0087 1 23.86
GFRP 380 2 10 0.00526 3 0.0526 5 553
CFRP 930 1.6 200 0.00172 1 8 2.26

0.3441

Z £ both lighl weighl amwd/ costare rrpor—
Fant, 70754 or GFRP cre /055/%/'//'717’25,
<4
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(3. 4, p.2)
Othey possibr/ities exsst, such as a stee/

/‘7[ wQ/?h f“ [ ool /’M/&/"M’h’?‘) o+ C//7P
or TI=EACHV /f we/ght is critreal

(b) £=7 /f hh=20m, p=0.7MPa,X=3
- PLX _(0.7MPa)(2000 maw)(3)
20, 2260 MPa)
? = B.08 ~mam For mi/ld steel,6 o/hess
Siomslaply —see fable above.(The
I’,'/f >> 0{55&{4%,0_7‘7‘0/»1 /S satrstred
for all,so +the origimal O x= O
assuozo/?ﬁ“a?? /s valid ) / he kacwtge/— R
malerials piare the [pever %h/'c)é/nes.g
Hdue To +<//0T2 for giveap 1, X.
|
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3.15 Z.eq-f sprimg as simple bean,

L=05Sm, ff—‘zfonwfyw) h=Somama , ol cTr

Made from loew—alloy (Assume F390) steel.

Regusres/! h £ )2 amm | R= [/ = 50 AN/m
At Uppaz= 30 mm, X=/%

(Cl) Fotr R= 50 AN/, which Table 5,13
aterials grve lighter wefyﬁf7

__PLZ g _th? - 4
U’-‘;LQE_Z.: L = 75 (F}S, A;‘b /4,2)

Reguirementls: R=/Fr/vm =S50 &N/m
Geon e.fr)/,f Vi Meaterial! P, E/ (Conn)
Mimimizge: i, (CosT)

o P #8EL _ 4Eth” h::L//‘? )//3
L3 L3 [#E£¢

= thlp =t ) P

m= [fi C’_t)//zj[g\/s = f2

From +he table (mext page) all but
Jo20 STleel would give cc lighAter com-
/00/7)&/74? b&/?‘ Ti~8~4 ctnd CF/T’/O wwoltlyg
be very e;:/aemswe - <
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(3.15, p. 2)

Material Modulus Density Rel Cost Massf, Mass Costf, Cost

E,GPa p, glem® Cn plE™ Rank C,p/E™ Rank
1020 steel 203 79 1 1.344 8 134 2
4340 steel 207 7.9 3 1.335 7 4.01 4
7075 Al 71 2.7 6 0652 3 3.91 3
Ti-6-4 117 45 45  0.920 6 41.40 7
PC 2.4 1.2 5 089 5 4.48 5
Pine 12.3 0.51 15  0.221 1 0.33 1
GFRP 21 2 10  0.725 4 7.25 6
CFRP 76 1.6 200  0.378 2 8

75.95

by A=L (?—%15) S~ /./)20 S_fé’eér

_ ~ /s
R 50000N / ”
f = >\ 7000 mm 4—{203,0&0/‘4/%)(607”""))

h = 5,04 mam (others similar/y; see Zmel table)

50,000N —_
FPrar = R Uper = 50D v 2O mmn = ISOO N

G _ Mc - h _4+h® _PL_
x~T Tz It M

(F’_/'gs. Al A.Z) and A4) X =
_PLh 12 | o 20:th®
X T 2 +_~h3 3PL

2 (260 MPa)(GOfmrm)(b_Oq- fmfrn)
X'- 3 (ISOON) (500 »mm) =0.352

(for /020 steel ; others similarly)

This work is protected by United States copyright laws and is provided solely for the use of instructors in teaching their courses and assessing student learning.
Dissemination or sale of any part of this work (including on the World Wide Web) will destroy the integrity of the work and is not permitted.
The work and materials from it should never be made available to students except by instructors using the accompanying text in their classes.
: All recipients of this work are expected to abide by these restrictions and to honor the |ntended pedagoglcal purposes
and the needs of other InSFUCtOfS who rely on these materials:- :



(315,0.3)

Material Strength Depth  Safety Comment
o, MPa h, mm Fac, X

1020 steel 260 5.04 0.35 fails X
4340 steel 1103 5.01 1.48 old design
- 7075 Al 469 7.16 1.28 fails X
Ti-6-4 1185  6.06 2.32 passes
PC . 62 22.14 1.62 fails h
Pine 88 12.84 0.77 fails h, X
GFRP 380 10.74 = 2.34 passes
CFRP 930 7.00 2.43 passes

©) All but Ti-6-4, GFRP, amd CFRP
fail due to A too Jarge or X < /. 4. A/
of these jmiolve a cost /mcrease , Oy a
factor of 7.25/4.01 =18 for GFRP,
and omUch more For fhe ofher 700,
For GFRP, t+he werght is reduced by
x factor of 7.25 /1,335 = O0.5¢ /[Tence,
GFRP /s areaSomable chorce, CFRF
jS aboul half the weight of GFARE,
bu? cosfs /OX -more, and So seems
ang /iRy cAo/e, 4
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44  Froom Fig. 4% for gray cast irom,
estirmate \':E.Je Ts, Ow, and |00 €.

- #(0.00175,200)

o , 4

160 MPa, |00 €, =01 %

= - AT _ 200
* Ag o,00175

= 4, 000 MPa
<

TAIs gray /rom has lower £, 0; , e Uy,
and Fuch fowey e/omgaﬁom (vs /15)
+ha~ +he ductrse iroan in Table 4,2 This
/5 due fo the graphite Flakes im gray
(voem actimg as cracks o cause prittle
behavioy,

Comaorent ! /995’ 0. ?/7 /S fhe uUw/ue
al Fractupe, //’le value after Fracture
IS approxivmaiely |

oy O yrz
Erm € -3 —po _ Le0 7
4 £ E, 007/ /194, 000 MPa

Eop = 0.0077, 1006, % O.77 7% <
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45 Toitral porticoa of a tevissomm test
o0 TOTE—TES) Al. di = 9,07, Li= S0, Smm

(@ _ P _4P _ 4 (222 x103N)

. epp—

AL TS T (Q0Tmm)?

5 1_,.; SO % mm - 0,0@/55

=112 MR

P, kN AL, mm ¢, MPa €

5 5 5 - Other values |
7.22 0.0839 112 0.00165 simlarl v |
14.34 0.1636 222 0.00322
21.06 0.241 326 0.00474
26.8 0.308 415  0.00606 (b)Y Om g raph at
31.7 0.380 491 0.00748 _ ,

34.1 0.484 528 0.00953 5:"0 = 0,002
35.0 0.614 542 0.01209

360 0924 557  0.01819 C,= 530 MFa <

36.5 1.279 565 0.02518
36.9 1.622 571 0.03193

372 1994 576 003925
700
600 -

- —0— o—F

© 500 7 |

< /

= 400 / Oo

8 F/ / 7075-T651 Al

£ 300 /

w

g 200

-y
I c/ !
100 [F-/ _

i . - 0,002
Og//f,.. A R
0.000 0.008 0.016 0.024 0.032 0.040
g, Strain
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