MAE 3315
Dr. Chan
SOLUTION HW #9

Problem #1:
Part a) Maximum principal stress criterion

First, we need to realize that at the surface of the shaftc_ =0, o, =0,and
T, = % . Substituting the values in this equation,
. (6.0000—in)r) _ 2(6,00006—in} _ 2(6,0000b~in) _ 166,000l —in)
¥ m-rt z-r’ z-{d/2) m-(d)
2

Therefore, for this problem, [o]becomes,

-7z )

And to calculate the principal stresses,

0-4
T 0-1

Eid

Finally,

Oy =+T,, and o,=-7,

NOTE: o, =0



Substituting,

- _ 16(6,00015 — in) d o _ _16(6,00015 ~ in)
SR N ) ’ 7-(d)

Now applying the Maximum principal stress criterion,
o,>0,0 or o,<0f<0 tofail
NOTE: o, is the yielding strength.
However, we don’t want it to fail. Therefore,
o, <o,
In addition, we need to include the Safety Factor,

o Failure Strength
Actual Stress

B 60x10° psi
" 16(6,00016 — in)
z-(d)

60x10° psi - - (d)’ = 2x16(6,0001b — in)

4 -, |2x16(6,00006 —in)
7 -60x10° psi

d =1.006in

In conclusion, the minimum required diameter for the shaft that will not give a
yielding failure is ¢ =1.0062in according to the Maximum principal stress criterion.

Part b) Maximum shear stress criterion

In this case, failure occurs when the maximum shear stress magnitude exceeds the
maximum shear siress magnitude at yielding failure in a simple uniaxial load.



‘T1.2‘>S lT2,3‘>S ifg,3!>S where S=%‘l,

In our case, we don’t want it to fail,
o
ITLSI < 7"

To include the Safety Factor, we need to,

s 16(6,000b ~ in)

o =) __
o, _16(6,000b—in) =
z-{d)

From here, we get that,

o_;zﬂow _ (__ l)o_lallow .
Then from the Maximum shear stress criterion, we know that,

allow allow
_.._L......_A — 3 = 1
gy Ty

Substituting in this equation,

allow allow
1 — 10-1

60Ksi  60Ksi

allow

o, _
30Ksi

o = 30Ksi

Again, SF = Failure Strength
Actual Stress
SF _ o.lah‘aw
a,;
30x10° psi

~ 16(6,0006 — in)
7-(d)




30x10° psi- 7 - (d) = 2x16(6,0001b —in)

Jes 2x16(6,000(b ~ i)
7 -30x10° psi

d =1.268in

Once again, the minimum required diameter for the shaft that will not give a
yielding failure is d =1.268in according to the Maximum shear stress criterion.

Part ¢) Von-Mises failure criterion

(O_lalfow )2 + (J;I[ow )2 - O_]a!low . O_;?HOW — O_(.)’J_

allow __ atlow

However, from the previous section we already know that, o, = -0,

Substituting back,

4 2 2
(o_la ﬂw) +(_o_laifow) __o_lailow '(_o_]ailow)=o_02

_ o, 60Ksi

gitor =20 =34.641Ksi
EC RN

Failure Strength
Actual Stress

Asusually, SF =

allow

SF ="1
0,

,__ 34641psi
~ 16(6,000/b — in)
z-(dy

34,641 psiz-(d) = 2x16(6,0000b — in)



g, 2 6(6,000/b —in)
34,641 psi

d =1.208in

Therefore, the minimum required diameter for the shaft that will not give a
yielding failure is d =1.208in according to Von-Mises failure criterion.



Problem #2:
O, Ty 80 25
[0'.] = = MPa
Ty O, 25 —-40
First, we need to calculate the principal stresses,

80-4 25 |
25  —40-4]

(80— A)-40-1)-25% =0
~3200 -804 + 404 + A2 — 625 = 0

A*-401-3825=0

_ 40£./407 —4(1)(-3825)

o 20)
o, = 40+130
’ 2
&y, =20+ 65
Finally,
o, =85MPa and o, =-45MPa
NOTE: o, = 0

Part a) Maximum principal stress criterion

‘To calculate the Safety Factor,

_ Failure Strength
Actual Stress

For tension,



o 22WMPa_ o,
85MPa

For compression,

SF

5o ~250MPa _

= 5.56
—45MPa

Therefore, the overall Safety Factor is the smallest of them SF=2.94.

Part b) Maximum shear stress criterion

allow

In this case, we need to calculate o},

o, _ 8MPa _ —1.8889

o, —45Mpa

From here, we get that,
O_;rllaw — _0.5294o,1tzllow

Then from the Maximum shear stress criterion, we know that,

allow {7
o, o,
—_— =1

Ty Oy
Substituting,

O_lallow _ - 0-52940_1{.!”0\41
250MPa 250MPa

o_lallow _ - 0 5 29 4 O_lah‘ow
250MPa 250MPa

1.52945
250MPa

o' =163.5MPa




Failure Strength

Again, SF =
Actual Stress
allow
sF =71
gy
S 163.5MPa —1.92
85MPa
On the other hand,
allow _ allow -
o L O3 _ —0.52940(" _ 0.5294(163.5MPa) _ 192

O —45MPa ~45MPa

NOTE: Please, note that both Safety Factors are exactly the same. This is expected!

Part ¢) Von-Mises failure criterion
( allow )2 ( allow )2 allow _allow _ __2
o, +lo; -0 o] =0,
Just as before,

o BMPa _ gss0 = o = —0.529407"
o, —45Mpa

Substituting back,

(o} +(- 052980 | st (0529458 ) - (250MPa)

1.810(c7"" | = (250MPa)’

tow  250MPa
(02 =

: J/1.810

o' =185.8MPa




Failure Strength
Actual Stress

As usually, SF =

On the other hand,

o= o™ 052940 —0.5294(185.8MPa)

3 — — =2.19
o, —45MPa —45MPa

NOTE: Again, note that both Safety Factors are exactly the same. This is expected!



Problem #3:

Part a) K,
K, = 6N - a = (30ksi),/7(2in) = 75.20Ksi(in
Part b) COD
COD = Zuy rea
b=z
u, = K 2 (2x +1)Sin AR Sin(ﬁj
Sulm 2 2
3-v_ 3-03

+ + For plane stress, x = —— =
I+v 1+03

=2.0769. And u is just the Shear Modulus,

_E _ 30Msi
A orv) 2(1+03)

7520x10° (22 . 37
_ 2(2.0769)+1)Sin| = |~ sinf >~
“ 8(11.538x106)\/—7(?[( (.0769)+ )SM(ZJ Sm( 2 H

u, = 5.657x103in

=11.538Msi . Substituting everything back in the equation,

Finally,
COD = 2u, = 2{5.656x10 in)=1.131x10"2in

Parte) a;

Ky =0,+7"a,

K.Y 1
e
o, ) 7
L _(10Ksifin ) 1
¢ 30Ksi T

a, =4.279n

max. permissible crack length =2a, =8.56in




Problem #4:

Part a) Ny

First, we can realize that o, = Ro_, =20Ksi. And we need to recalculate a_,

K. 1
aczilc -
SE

L _[(110ksiNin ) 1
¢ 40Ksi 7

a, =2.407in

Then we just need to integrate the crack growth law,

da _1 gxi0 (AK)*
dN
AN da

T 1621072 (AK )

However, AK is not a constant but it’s a function of the crack length AK = Ao~v7x-a,

AN = da :
1.6x10™(Ac+/7 a)
B da

1.6x10 " Ac*n’a®
Now integrating,

Ny ar

_{sz,[ —ifa 4_2 2

y 21.6x107°Ac"za

Ny—N,= —112 42 oL
1.6x107 Ao 7" | a, 4,

1 1 1
Nf -0= -12 AN 2] A X
1.6x1072(20Ksi)' z° | 2in  2.407in



NOTE: The units of AK have to be Ksi not psi.
N, =33,480cycles
Part b) Residual strength after 10,000 cycles

Now, N, =10,000cycles

1 11
N,-N,=
7 16210 Acta? [ao af}

1.6x10"2(20Ksi)' z° | 2in  a,

10,000¢ycles = ! [ ! 1}

From here, we can calculate a s after 10,000 cycles,
a, =2.1064in
And its corresponding residual stress after 10,000 cycles is
Ky =OpggNm-ay

2
K]C

T-a

2
O rgs
f

o _ J10Ksifin |
SV 2(2.1064in)

O s = 42.76Ksi



Problem #5:

Part a) Figure 6.25,
L~ t
2 Jf; -
L 4 3 L~ oh
'S B 4
x L |

The strain energy stored in the beam due to bending moment M is,

L 2
= j M
o 2EI
For segment 1, the strain energy is,
@ 2 3 2 3 3
I (Px) _ Pt 2P i where, | =
ZEI 2EI 3 GEJ'1 Eth 12
For segment 2,
U, =0
And for segment 3,
3| % 2{r3 _ 3\ p2(y3 _ 3 3 3
J-(Px _JE_ _F ( a )=P ( a )where, I, = 1(2h) _2h
2E1, ZEI 3], 6E7, 4Eth’ 12 3

Or we could change the coordinate system defining “x” from the tip of the crack.
In that way, “x” varies from 0 to L-a. However, in this case, we need to consider a

" moment of magnitude P.a generated because the translocation of the load.

L_G(P-a+P-x)2 e p? P? 2
U, = I—dx: J.m(a2+2ax+x2)dx= a*x+ax® +°—
2EL, Y2 2EI, 3 ).

4]




P (aQ(Lua)Jra(L—a)%@J

2EI,

2 3 3
P (azL—cf +al? —2a°L+a’ +—‘g~—ﬁa+La2 —93__)

2EI,
PZ L3 a3
2EI, [ 3 ?J

or

P 2
6El,

Finally, the total strain energy stored in the entire split beam is

2wa o P -a’)

U=UtUp+U, =25 AEtH

The strain energy rate is

G_ldU _1{6P%* 3P’ 21 P’
t da t\ Eh® AEh® 4 Et*h®

Part b) Figure 6.26,

e S -t
C 2 lh \ L
<_P . P




For segment 1, the strain energy is

2 2
leazPa where, 4, =th
2E4, 2Eth
For segment 2,
a 2 2 3
_f 2 M 2 6M03a where, [, = th”
52 2EI, Eth 12
For segment 3,
a) (M +PZ ) ; _t-(2h) 2w’
U, f where, 127 12 3
A, =2th
232
A M +M,Ph+ P J
PZ(L—a) 4
3= ‘ j A dx
4Eth 4Eth

_P(L- a) 3M2(L- a) 3M , Ph(L - a) 3P?h* (L -a)
P 4Eh AEth® 4Eth® 16Eth’

The total strain energy stored in the entire split beam is

U=U,+U,+U,

_ Pla 6M, a+P2(L a) 3M2(L- a) 3M , PH(L - a) 3P*h*(L-a)
" 2Eth  Eth®  AEth AEH AELH® 16Eth?

The strain energy release rate is

_ldu 1| P +6M§_ P> 3M; 3M,Ph 3P°h’
t da t|2Eth FEth® AEth AEth® AEth®  16Eth’

1 p L2 M} 3M,Ph  3PR’

SUECH T 4 BB AECK 16ECH




