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ME 208 F10 Exam #3 70 minutes Name: ﬂmd MA/M L/@y

Open Textbook:; Closed Notes, Only one sheet of paper allowed

1. (10 pts)

For a rotating shaft with constant bending and torsion conditions, which of the following is

(are) zero?

A 6K F
zd3

s

| 6Kj'.s' Tm
B) xd?

P

C) o,

£

32K M,
D) md?

2. (10 pts)
Which of the following is (are) true about the
bearing constant reliability contours? ( Circle
all that are correct)

5 xBl/a: FDXDI

CIO

/a

(7E))Reliability of D = Reliability of B
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3. (10pts) '
An 02-series ball bearing (deep-groove) is to be selected to carry a radial load of 8 kN and a

he desired life is to be @!\Vith an inner-ring rotation rz;e?y@
rev/min. To find the basic load rating that should be used in selecting a bearing for a reliability
goal of@ Which of thé‘&t%ﬁgi}{}ing is (are) true?
B D Lo & -:),E/S - 270
A) L15-=-5000-%-900-%-60— X = =2 0
Le
B) xp5>-300— C, = 40§
, 0 —Xp=4.439
D) If-we-select a 02-75mm-ball-bearing, then Cg.- — X, =
Qﬁlf we select a 02-75mm ball bearing, then we should select X, = 0.56 e »
o [f we select a 02-75mm ball bearing, then we should select Y, > 1.45 —} = 9o.<
G) If we select a 02-75mm ball bearing, then we should select X; = 1 ’
H) Ifwe select a 02-75mm ball bearing, then we should select Y= 0 Fi 2 A,
%we select a 02-75mm ball bearing, then e < 0.3 v, wd)
N V=12—
SJA‘ >e, ¥a“ 0.56 LU Mg < 157 RS ki
# V=1 w\v-vx ‘\i\\’U’I (‘{Aj "’*"“b“\’c' 5
4. (5 pts)
Which of the following is (are) true about bearings (Circle all that are correct)?
——A)The deep-groove bearing will take radial load but no thrust load at all.
~—B)~The use of a filling notch in the inner and outer rings enables a greater number of
balls to be inserted, thus increasing the thrast load capacity.
hrust bearings are commonly used in barstools and Lazy Susan turntables.
Bearing Life can be defined as the number of revolutions of the inner ring until
- the first tangible evidence of fatigue.
/@ Bearing Life can be defined as the number of hours of use at a standard angular
speed until the first tangible evidence of fatigue.
5. (5pts)
Two mating gears should have the same: (Circle all that are correct)
Z(AYModule

'Addendum
iametral pitch

7

ch diameter
dendum
N

\

\D
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6. (5 pts)
Which of the following is (are) true about gears (Circle all that are correct)
pur gears are in general cheaper than helical gears
< —(B)-Helical gears’ main function is the redirection of power
In worm gears, gear is input and worm is output
orm gears are used mainly for light load applications
he shafts of two mating helical gears may or may not be parallel to each other

7. (10 pts)

/A/commermal enclf)gd gear drive consists of a 20° spur pinion having 16 teeth driving a
48-tooth gear. The pinion speed is 300 rev/min, the@and the diametral
pitch 6 teeth/in. The gears are grade 1 steel, through-hardened at 200 Brinell, made to No.
uahty standards, uncrowned, and are to be accurately and rigidly mounted. Assume a
pinion life of 10°® cycles and a reliability of 0.90. To determine the AGMA bending and
contact stresses and the corresponding factors of safety if 5 hp is to be transmitted.

Which of the following is (are) true? (Circle all that are correct)

N 9 w = ¢ — %
Pitch diameter of the gear is greater than 7.5 in d=7 9 "
Pitch diameter of the pinion is less than 2.5 in dgm = g = 16T
XTangentlal transmitted load i is greater than 800 Ibf ‘
“D) ky = (A+\(~) = M6 W, = 33000 (Sho 78S Ut
1 A= Go 4gel1-8) = 5917 Y
22 .17(12-Gw ) = 25 S , .
@) In this case, ky is different for pinion and gear y= Man = (267 WD 300t
= = kL o \2
ma < 0.2 A+ (L)Y C(Y)
Hte=2 rne tucsh > 11+ 2L 0s8) — (W R
8. (10 pts)
Continue from problem 7, which of the following is (are) true? (Circle all that are
correct)
= Vsl
\/Z\ﬁ? 2,000 fp= LA TR Mg _
»> 2,500 s 20 Sia 10 k@g 3 Me= 72 7
1>0.1 2 vy Mo ™ | for sgmyws
e = 0%
: I>0_'12 o o S, = 322 (@) + 29 100 pt
—F—In this case, S, is different for pinion and gear @
: a this case, S, is different for pinion and gear = Sawk

nﬁ In this case, Yy is different for pinion and gear
Q In this case, Zy is ditferent for pinion and gear

(D) Cu=1

S )C\}Wc\\o\é by sress Sowme



9. (15 pts) L
If the diameter of a shaft is 1.49 inch, the slope at afgear seat on the shaft is found to be
- 0.000545 rad,Jand the design factor is 1.5. Do you need to redesign the shaft? If so,

what is the shaft redesigned ? P34

D

( ' Tovle 7-2
v.s (- ., 000 5“\5’3 } /‘1 S\OQ‘-S ‘?:1(‘ o\\\ §\/\o\(+5 ‘ ool
M pan = (44 (,‘\5305‘>
| UNLOWNRA  spue ety
'\~A §\1—\A5

hub of a gear on a @ required. Make the
basic size locational transition fit.

LD H‘7/ I« 6 <’(°)D wA N %\\“fu h\oxw\u_)
H 7/V\G

10. (20 pts) -
An i tggferenaggﬁt ofa ”
dimensional decisions for a

ol C“whﬁ

Wl TT7 = 015 wen

ol TT6 = Ol6 v

k= +.002% W -
L\Olt- DM;«:B: W

e ———————

<D ¥aD S |15.025 R
BN 2N R:,“ _ ES\OOI‘L‘V\M

_ - uS+ .00 )
dhafy  dein= &7 S¢ = _fusorgmn
- u§L ool » .0\(» = e

c)«ww\\(: d+ Sf «\h) -

] ‘(I\N\
it SR Y= et

PRENYY
SF B \WM do»:u\\')\—\ (\q

Page 4



U

ME 208B F10 Exam #2 70 minutes Name: /Qa,\/ A Maly Wy ( / OQ
/
Open Textbook; Closed Notes, Only one sheet of paper allowed g
1. (5 pts)
ichvof the following is (are) true (Circle whichever is correct)
luminum alloys have no endurance limit
= )S. implies the fatigue strength of the real world specimen
The stress required to cause fatigue is always below the yield strength
S-N diagram is applicable to alternating (completely reverse) loads
/ﬁj{}? atigue is always due to time varying loads 2.6 V3
' ) 'fq’ ] = |+ A (k- \>
2. (5 pts) " % < 2.6) '\)

By =

Whieh of the following is (are) true (Circle whichever is correct)
~(a)atigue stress concentration factor is in general less than stress concentration

factor
@))When notch sensitive is closer to zero, stress concentration factor is closer to

one
—(c) When notch sensitive is closer to zero, stress concentration factor is closer to

ero q > | (4 = e
d) ‘When notch sensitive is closer to one, stress concentration factor is closer to

fatlgue stress concentration factor
~—(e)-None of the above.

3. (5 pts)
A gear is to be chosen with a given pitch diameter d. The diametral pitch P and the
pressure angle ¢ must be chosen. Indicate whether the following parameters will be

affected by the choice of diametral pitch or pressure angle.(Circle P or ¢ or both)
V\(a) %) Clearance Po fun);
Number of teeth v/ i

,/‘ . . "
)y~ P Base circle diameter / ) i S s 0L
de) P ?; Dedendum Clemnie = —dsdimdan sife g bos ©
(e P @)) Transmitted force

4. (5 pts)
The point of contact between two mating gear teeth is (circle each that applies)
—(a)— always on the center line.

—tb)- always at the pitch point.
C{c)  always on the pressure line.

—(d)-  always on the pitch circle.

f@ always on a line tangential to the base circle.

Page 1



5. (5 pts)

A rotating shaft is simply supported with ball bearings on both ends. The shaft is
subjected to a critical bending moment and an axial compression load from both
ends. We can conclude that this shaft (circle each that applies)

)y~ is under completely reverse loading condition. 7 |
is under fluctuating stress situation. ' *(K_*mm zKi
—(e)— :

has negative amplitude stress.
has negative midrange stress. | wp.)
" —e)~ none of the above.

6. (10 pts) :

The cold-drawn AISI 1040 steel bar shown | LinD
in the figure is subjected toa ey lin ‘@f e
completely reversed l/load fluctuating

between 6200 lbs in compression to

6200 1bs in tension. Circle each that applies. y g A=
55 =
1o
(@) o,>22kpsi ¥ .
P Lin
kp > 0.98 8
ke <0.9 Sur = 85 kpst
This bar is under fluctuating stress sitnation Sy = Tlipst
k& = 2 -—’ 0 ( \bs_-.)e. Ry X~ \’ - 8“5 "
kg, =
7. (10 pts) L= 8%

The same as Problem 6, circle each that applies.

fyss thow
If n; is found to be 0.6, this means that the structure will fail in/\one cycle
None of the above

—Ql N )
)

' -
b kg 0= §= 048 ky 2

S.' - 3 . kt: 7ML
¢S T = y2.Skpsy g =B

Page 2
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8. (10 pts) N
The figure is a drawing of a 3- by 18-mm

latching spring. A preload is obtained o 100 | m
during assembly by shimming under the bolts to I )

obtain an estimated initial deflection of 2 mm. [ A~ M Ts (
The latching operation itself requires an —] ::}— Oy= MCL e

<«— |8 —> SU

additional deflection of exactly 4 mm, thus a ; Aol
total deflection of 6 mm. The material is ground SL — T s ()

high carbon steel, bent then hardened and | Segen s mm o, = M
tempered to a minimum hardness of 490 Bhn. “Tor G >0,
The radius of the bend is 3 mm. Circle each that Sue= 34 TS

applies.

2

= 34 (4N)
Svﬂ' —

7“(3)> -S¢>1600 Mpa (666 M Po
Z(bD de > 5.8 mm Ae= )308VRL = 208N 153 = G M mw

7[(6)%—— S > 720 Mpa
C(d))  The critical location has the largest compression force S ..t > 100 10a
(‘Q‘ The critical location has the largest bending moment 3 = 100mPa

9. (20 pts) T
The same as Problem 8. If in the inner area, we calculated o, = 244 .4 Mpa,\&af -488.8
Mpa, Sy = 1504 Mpa, and S, = 1504 Mpa, find safety factors ny= ? and ng=?

i —, 05 :
n = - = Nn/=2.054 1|/
1 Omax | -8 - 244
e
g O L Np= Seo_ 605 Mb
Se 0 24y mlu

Page 3



10. (5 pts)
Estimate S.’ for AISI 4340 steel heat-treated to a tensile strength of 250(kps1
Suk= L50kp3

r& IOO k@/ﬁ

11. (20 Pts)
An AISI (\1020 cold m part is loaded with stresses|Opmax = 60 kpsx} Gmin = 55 kps1 )
The completely adJusted endurance limit is S, = 30 kpsi. On the plot of o, vs oy,
sketch the/modified GoodmanT’Y) and the yleld linel

) a) Mark on the plot the fluctuating stress for the loaded part. (Label the key

numbers on the plot.)
b) From the sketch, determine whether the predicted life has an infinite life, finite life,
or just fail in one cycle (No calculation is necessary.)

o 5
O.= 60-5 _ 35 k(ﬁ{/’ , > Ga\%QA

’ ,, S, =57 giad bt
. 5 =57
B 2 Go;j . ,\3’1,6’?»/ Y \/ Qe 5
Sez30 N (5755)
5\1 = g?L’-Q“)Y\ h \“*\.;\ g {\/\OQL %OoéMO\v\ ()4 5
3 l\\\*m
ap = 8 Lp s\ 2s Lo \.\\[\ ‘
¥ ‘l L
Ve T, kpsf

5) Foil 1a one cyhe 7
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ME 208B F10 Exam #1 70 minutes Name: @CL\/II(/'I’ / WM/&\ W e,

Open Textbook:; Closed Notes, Only single page (one side) crib sheet allowed (yvou
need to turn in the crib sheet with your exam)

J 1. (5 pts)
The theoretical stress concentration factor K, is dependent on which of the following?
(Circle all that are correct)
Part geometry
b) Load magnitude
¢) Stress magnitude
Type of load (e.g. Axial, Bending, etc.)
e) Material

\J 2. (12 pts)
Identify a static failure theory for each of the following descriptions: (Write at the end of
each description, using notation: DCM, DE, BCM, MM, MSS, or MNS)

(a) Failure envelope on the principal stress axis is a square: M I\, S '/

(b) Need to calculate von Mises stress: b E /

-
(¢) For materials such as case iron, generally conservative: _ 1O < M "

"

(d) For ductile materials, generally more conservative: 1| S S
/\ ( o (,*‘\\Q,) E/
/\ (e) For materials such as low carbon steel, generally more accurate: D

(f) A theory for brittle material, but the same theory can be used for both ductile and
brittle materials: _3CM /N
X

J 3. (8 pts)
Stress concentration can generally be neglected for: (Circle all that apply)
(a) mild steel
(b) case iron
(c) structures under static loads
structures under dynamic loads
“(e)low carbon steel with static loads
ductile materials with dymamicloads—
(g) brittle materials with dynamieleads _
(h) none of the above

Page 1



| ”
4. (6 pts) % s

O A & O B —> |

Two plates are identical except for the size of the hole. They are subject to the same

tension load.
(a) If stress concentration is considered, which part has the higher stress

Concentration facto
C/Gﬂ'cle one: A Can't tell

If stress ¢
Circle one:

If stress concentration is considered, which part has the higher peak stress?

Circle one: A B ”Tfa'@

centration is ignored, which part has the higher nominal stress?
B Can't tell

5. (15 pts)
x a) Sketch the 3-D Mohr's circles (could have 3 circles) corresponding to the
condition: oy =-2, 0y, =-8,and 1,y =4 cw. O b O —
s s L & -O\*F o~
b) What are the three pl;ltI‘IClpal stresses? o, = - 1 i \, K — ‘1> 3 Lx\ﬁ
B~k dode TVE] 3 /
_10 / ( g_\ - fﬂ.,;~—————l )
\ ~ -2 - v
".__031/ ! , O \‘; o a 7. N \J L’J’—> -+ (LO
1 T — O
\ 0
t~ =g
I = -5 S5
— Nomad N i
c
R
I
o

Page 2



6. (10 pts)
\{ Analyze the stress situation in beam AB by obtaining the following information.

T = tro
I — = 0l99

&
J= L= ,03 (]
= Uh* -
A2 7 A8
-
Compute all stresses acting at points a (top), and b (front) on the surface of the
beam at the wall. Transverse shear may be neglected. Circle all that are correct:
y —Shear stress-t,=1, X N
T >7;000-psi- X 5 —n T
Bending stress o, < 21,000 psi L \L ( A H‘b Ruvd iy g 24
X

d) —Bendingstress-e5>9;000-psi- X
e) —Nomeoftheabove < I\ TXL, = ¥ dar 6O
A
-+ (s Te KOU’

e 1}“ 150 (g €18 3617 b))
Nl
” L Lf?ﬁé X = By cow)“

t Vo Comy

NE—  =9R25%.8
MU g
G, = '\ﬁ%b: (SO -315) = My col(5(. 27?3_(3%4@ TX\ - -Jg\w{ mwag
/ t .O'§‘T 1 - 0[54 T /
¢ 7.(10 pts) t(s6 T 50
“1us @ Continue from Problem 6. Determine the location of the critical stress element. N
B Circle all that are correct:
,il T}y\j = %761?6)‘3\
Critical stress is NOT located at point “a”
Bending stress on critical stress element Geritical < 23,000 psi O, = 14,51¢ ps
Ucntlcar"_zs'iggo‘?s’i— % o« B
Torque on critical stress element Tcritical > 8,000 psi ——J Uxy = H) \77 pst
6.7( = 7, 2 gg ? S !’

fthe above—

,) ,
g o) = -1s0 150 (M) .31 = ps
MHYI18 IR

:9‘“70§'Psi onR

Y
O—': (6\)(7. ngxwl) 2
A B2

Page 3



8. (10 pts) -

A hot-rolled steel bar has a minimum ﬁ%?ﬂstrengfh in tension and compression of
50 kpsiy, To use the distortion-energy and maximum-shear-stress theories to

determine the factors of safety, n, for the following plane stress states:

ox = —6 kpsi, oy = —10 kpsi, t¢, = —5 kpsi

ircle all that are correct:
@ If using maximum-shear-stress theory, n > 4

<h)>  If using maximum-shear-stress theory, n > 5
(,>< c) If using distortion-energy-theory,n>5 -
d If using distortion-energy theory, n <4-

ﬁ None of the above

CW -6+ =¥
; g, - ) >
MSS ! I 3 _ \S—‘I— g\(rJ) . & % 2
1 [
((L \{ @y 0‘11 1 L T P > \SL‘*'Zir -
(=) ™
G.3% LCQS" = 50]%)61
I
DE oo Sy
Ino
) 2» l/L
o= (\6\%1—0)( Sy t G\VL + BNC'x\,’ )
= Y}G - 60 + |00 + 3(16}]”1
= [2.29 lﬁpﬁ‘)

- 50O |
(A | 2. 21 — H,O j[

Page 4



m

9. (24pts)
Determine the maximum deflection for the steel beam shown using Castigliano’s

theorem (Energy method).

b[
LK™ w = 200 Ibt/in
(s"( -_. . . '_‘ 43 G
1.5-in dlametexl EEEEE. {V Yoy le.b in diametet
, R
I, = 1854 Vz-m diameter
/ VAN
Lish = . LY <4 in >
M
DY
4K
= O &=
- o — O K
Mg = o a
I
/-:> 5 L E L0
A Gt X
( > el\c\7/007t T
i
AN
S
| \) \ ‘ (‘\0\/\) +0 a\/\ﬂo
0; - }é~ not Certain
2 Hrentervats

Wy [(J A'qxw&\(g\}ckx

. 52 [ _4,_3] _ S(m)(20)
gOMf,{‘ ( |1L|<\;)

{»u\'\\ be g

wher thaw  fars
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ME 208B SP09 Final Exam 80 minutes Name:

Open Textbook; Closed Notes, Only two sheets of paper allowed (which need to be
turned in at the end of the exam).

1. (3 pts)

Which of the following static failure theories is considered more conservative?
a) Distortion energy
b) Octahedral shear stress theory
¢) Von-Mises theory

Cd) MSS theory
e) They are all the same

d

2. (5 pts)

The theoretical stress concentration factor k¢ is dependent on which of the
following? (Circle all that are correct)
a) Material
{b)>Geometry
¢) Magnitude of load

Cd) Type of load
e) Material hardness

b,d

3. (5 pts)
Circle all that are about Distortion Energy Theory:
@F or ductile materials
@Failure envelope on the principal stress axis is elliptical.
C(c) Predicts factor of safety by comparison of a von Mises stress to a strength.
(d) In a pure shear case, it predicts failure exactly the same as MSS theory
C(€)Sut = Sue = 100 kpsi, Sy = 70 kpsi, An analysis is being performed to check why a
part failed, so a theory typical of actual failure data is desirable.

b,c, e
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4. (5 pts)
Sketch a Mohr's circle for a tension test specimen at yielding. Label T,,qx and Sy,

i

a

5. (5 pts)

A mechanical component is loaded with alternating and mean stresses; o, = 20 kpsi and o,
= -10 kpsi. S.=40 kpsi (completely adjusted), Sy= Syc= 45 kpsi, Sy= 60 kpsi.
Determine the factor of safety for fatigue (Based on Goodman’s). (It is not required to
estimate the life.)

ng= S/ o, =40/20=2.0
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5. (15 pts)
A part is loaded with stresses Opax = 80 kpsi, Omin = 20 kpsi. The completely adjusted
endurance limit is S, = 30 kpsi. Material properties are Sy = 90 kpsi, Sy = 100 kpsi.

(a) On the plot of &, vs oy, sketch the modified Goodman line and the yield line.

(b) Mark on the plot the fluctuating stress for the loaded part.
(c) What is the estimated life (finite, infinite?) of this case (No calculation needed)
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6. (15 pts)
A gear with a nominal 60 mm bore is to be pressed onto a shaft with a medium drive

fit. Specify the maximum and minimum dimensions for both the hole and the shaft.

D\”\ b . (_Q O - ()"::, WO N,

=

(IS
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7. (22 pts)
The rotating solid steel shaft is simply supported by bearings at points B and C and is
driven by a gear (not shown) which meshes with the spur gear at D, which has a 6-in
pitch diameter. The force F from the drive gear acts at a pressure angle of 20°. The shaft
transmits a torque to point A of T, =3000 Ibf - in. The haft is machined from steel with
Sy= 60 kpsi and S = 80 kpsi. Using a factor of safety o§(2.5 ,( determine the minimum
allowable diameter of the 10 in section =
of the shaft based on an ASME fatigue-
failure analysis. Assume sharp fillet radii 7 Slow,

at the bearing shoulders for estimating Y
stress concentration factors. (Hint:
assume d = 2 in to estimate the size
factor. Also due to time constraint, no
iteration is needed to find the final

design)

Feos20d /2y =T, F = 2T7(dcos20%) = 2(3000) /(6. cos 20 = 1064 IbF
My = 10644 = 4257 Ibf - in

\’\

For sharp fillet radii at the shoulders. from Table 7-1. K, = 2.7, and K, = 2.2. Examining
Figs. 6-20 and 6-21. with S, = 80 kpsi. conservatively estimate ¢ = 0.8 and ¢, = 0.9. These
estimates can be checked once a specific fillet radius is determined.

Eq. (6-32): Ky =1+08)027-1)=24
Kis=14+(0922-1)=21

ko = 2.70(80)" = 0.845
Assume « = 2,00 1n to estimate the size factor.
N L
kp = (()_%) = 0816
Se = 0.845(0.816)(0.5)(80) = 27.6 kpsi
Selecting the DE-ASME Elliptic criteria. use Eq. (7-12ywith M, =7, = 0.
173

3 3 lz.’
16(2.5) 24257\ 2130000\ |
d = : 4 = ) 3 —)) =2.133in
T 27 600 60000

Page 5



8. (25 pts)

A 02-series deep-groove ball bearing is to be selected to carry a radial load of 8 KN
and a thrust load of 4 kN. The desired life Lp is to be 5000 h with an inner-ring
rotation rate of 900 rev/min. What is the basic load rating that should be used in
selecting a bearing for a reliability goal of 0.97? (Hint: if you are running out of
time, you only need to do one full iteration so that you can get most of the points)

o,

..\'l' ~
o cp
C{ - o _} /
i e
'{_/ 2 %
_
= { ;o0 N7 0 1 I/:"
(o6 | it B -7
st 2 ntof ]
Obs +5FEEGE 4
N IV R A V7 /
S VAR I S 4 £ =2, i <
= l,'\ £ RS IR ‘1 ! bs { 7
. .
-5 L 3 . <3 o AR
8 IL i ;{1{(5‘(.7({ ,": Y - ? o AN
et 3
= z - 4 W)
(1o = 2 6 (o = €2

Page 6



g,

2 9w L
S w" n
= =~
Ho lep it

%)

o, - 80420 50
Sy L
= ‘O‘ZO
A N - 20
z
ool G
Sctgo‘

{ + { e

50 40 S\\ Su&\‘;.w

FEIRY: = 40y 083 60.0573
(0.072

dmwm =
JmeX = L1 a AN = g0t .00+ OST

Duvtn= D =60 wm 60,090
60.° 30

Dmoas Drdp = 60+ 037



The magnitude of plane stresses
The direction of plane stresses
The magnitude of shear stress
d. The direction of shear stress
This type of material is limited by tensile strength

o T o

a. Ductile
Brittle
c. Low carbon steels 7}

Which is NOT true of the Modified Goodman Diagram?
a. Itis designed for fluctuating loads
Ch.)When 6,,<0, sm has no effect in calculating factor of safety
c¢. Wheno,=0, n¢=
d. It cannot be used when midrange stress is zero
Infinite Life for fatigue strength is defined as
a. 10°cycles
10° cycles
c. 107 cycles
d. 102 cycles
Which failure theory line passes closest to actual test failure points? for amh le, matenyas
a. Modified mohr o5+ (e Vauttle
b. Ductile coulomb-mohr
("c> Distortion energy theory
d. Britle coulomb mohr
Which failure theory is considered conservative? _|- —(;{A(r_}%L.Q,WW
a. Distortion Energy
Cb.y Maximum Shear stress
c. Ductile Coulomb-Mohr
d. Modified Mohr
Which of the following is not a factor of S, fatigue endurance limit?
a. Surface condition factor
@ Stress concentration factor
c. Temperature modification factor
d. Reliability factor
Temperature is not an important fatigue factor if it is less than:

a. 25C
250 C

c. 250K

d. 400C
If no reliability factor is used, what is the statistical reliability?
C 3 50%

b. 90%

c. 99%

d. 99.9%

10. Equivalent diameter is used in the size factor k,, for

a. An axial-loaded noncircular cross-section
&b A non-rotating round bar

c. A rotating round bar

d. A rotating noncircular cross-section



11. Stress concentration factor is NOT a function of which?
a. Partgeometry
b. Notch radius

(_c.) Part material

d. Type of loading AA S
12. A part will fail in less than 1 cycle if: T
_,k/

N
Q) Omax €XCEEAS S,

b. o,is above the modified Goodman Line
C. Onisnegative
d. o,is greater thano,
13. For a basic hole size of 20mm and sliding fit, the Fundamental deviation will be:

a. .021

b. -.013
F_g .013
~d._-.007>,

14. Which type of bearing would you choose for a design that requires a large radial load and a
moderate thrust load and involves some shaft deflection
a. Deep groove bearing
b. Straight roller bearing
c. Thrust bearing
(H ) Double row ball bearing
15. Rating life is NOT

a. Lyglife
b. Minimum life
< c. (o

d. Givenin revolutions
16. Which of the following is always the same for gear and pinion?

a. YN
Cb._ WO
C. CH

d. Geometry factorJ

17. Stress concentration can be neglected for:
a. Brittle materials, dynamic loads
b. Brittle materials, static loads
c. Ductile materials, dynamic loads

(d.) Ductile materials, static loads
18. Which is true of the diagram to the right?
a. Midrange stress is zero
b. o,iszero e
C. 0,is bkpsi
d. o©,is Skpsi ﬂ}/m,\ ™~
_19. Which metals have no endurance limit?

~a. Aluminum and brass
b. Steels ]
c. Steel and aluminum
d. Aluminum

20. The typical S-N diagram is applicable for which kind of loading?
a. Static



2.  In the figure is a proposed shaft design to be used for the input shaft a in Prob. 7-7. A ball
bearing is planned for the left bearing, and a cylindrical roller bearing for the right. (a) Determine
the fatigue factor of safety by evaluating at pinion seat keyway (assuming end mill keyway radius
=0.01"). Use ASME Elliptic fatigue failure criteria. Also ensure that the shaft does not yield in
the first load cycle. (b) To avoid complex calculation, approximate the shaft as a uniform shaft
with diameter of 1.875 in, and check the design for adequacy with respect to deformation,
according to the recommendations in Table 7-2. Use 1030 HR.

Shoulder hillets at bearing seat - 3 L
0,030 raclivs, ofthers +n radius, | e 0354 - ‘«— 1433
except righthand bearing ssat | o, 2 ' 1‘ iﬁﬁ s 33
transition, % in. The material is 3 I b :
1030 HR. Keyways f in wide by m c ; : == : =
& in deep. Dimensions in inches. fos ; 7 s } l
A
i* 11 pe———— 66—

Solution

Candidate critical Tocations for strength:
« Pinon scat Keyway
* Right bearing shoulder

« Coupling Keyway

Table A-20 for 030 HR: Sy, = 68 kpsi. Sy =37.5Kkpsic. Hp = 137

Eq. 16-8); S, = 0.5(68) = 34L0Kpsi
Eq. (6-19): ko = 2.70068)7"" = (.883

/\'(. — /\'(‘/ = /\'(. = l



b. Fluctuating
@ Completely reversed loading
21. Which surface finish yields theSrrallest (best) surface factor k,?
3 Ground <o cosst to 1
b. Machined or cold-drawn
c. Hotrolled

d. Asforged
22. Which of the following factors can be greater than 1?
a. kb
b. k¢
c. kyg
d. ke
e. k¢

23. The point of contact between two gear teeth is always
a. On the pitch point
(_b.,On the pressure line
c. Onthe pitch circle
d. On the base circle
24. The equivalent radial load Fe (v \ived, |ood s
a. Uses V=1.2 when the inner ring rotates
b. Is necessary when only a thrust load is applied
c. Isnecessary when the shaft is not round
K@Uses Y=0 for cylindrical roller bearings
25. The external load carried by the bolt if the joint does NOT separate is:

a. (1-qp
b. C
c. Py

@ Increased if the member stiffness decreases



Pinion seat kevway

Sce Table 7-1 for Kevway stress concentration Factors

Ki n g Profile Keyway
Kis = 3.0 S
For an end-mill profile keyway cutter of .O10 in radius,
From Fig. 6-20: g = 0.50
From Fig. 6-21: gy == 0635

Eq. (6-32):
l\,j\ = I +(/\([\,(\- == "

=|4+06530~-1)=23
Ky=14+05022-1=1.6

\ —i 107

[.875
Eq. (6-20y: kp = ( - ) = (1.822
0,30
Eq. (6-18): Se = 0.883(0.822134.0) = 24.7 Kpsi
Eq. (7-11):

N sy 1/2
l 16 L2178y [ 2.3(2500) -
-_= — _!. e +\1 —————
o il .875%) 24700 37 500

= (.3 and thus n = 3.33.

G'max = 11,342 psi using d = 1.875” (see example 7.7 in the class note,
depending on the q and g, you used, ¢',,x may be different. I used the
same numbers as used in example 7.7)

For yield, n=S,/ 6'max = 37500/ 11342 =3.31 ok



ME 208 W10 Exam #2 50 minutes Name:

Open Textbook: Closed Notes, Only one page crib sheet allowed (you need to turn in
the crib sheet with your exam)

1. (10 pts)
For what type of fatigue loading is there no size effect (i.e. no need to correct the size
effect)? (Select all that apply)
(a) Bending
(b) Torsion
C _(c)) Axial tension/compression
( Combined loading
(e) None of the above

(c)

2. (10 pts)
On the o, vs. 6, diagram, sketch the modified Goodman line and the yield line for both
positive and negative mean stresses. For each fluctuating stress case plotted, indicate

whether the predicted life is:

(a) finite 1

(b) infinite

(©) less than one cycle (failed by yielding) JF% +1

Case 1: a b @ (circle one) 16 2] £\

Case 2: @ b c (circle one)

Case 3: a b) c (circle one) e "‘M\SQ\K N

Case 4: a b) c (circle one) yd \\

Case 5: @ b c (circle one) S/ e~

Case 6: a b T (circle one) 7+ + +# g
Case 7: a b % (circle one) — £ LV N
Case 8: a b ©) (circleone) S,.. S.. Syt St
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7 T $
-+
| ey
Slm Svr Syt Sut
Case I: a b c (circle one)
Case 2: a b ¢ (circle one)
Case 3: a b c (circle one)
Case 4: a b c (circle one)
Case 5: a b v (circle one)
Case 6: a b c (circle one)
Case 7: a b c (circle one)
Case 8: a b c (circle one)
‘i),j,l/\ \'»4) n
Wy +2Z
We tX
W -y

Page 2



The figure shows a 16T 20" straight bevel pinion driving a 32T gear, and the location of
the bearing centerlines. Pinion shaft “a” receives 2.5 hp at 240 rev/min. To determine the
bearing reactions at A and B if A takes both radial and thrust loads, which of the
following is (are) true for the pinion? (circle all that apply)

‘a) yis26.6°
b) y is20°
¢) W'is in +Z direction
d)  W'is in +x direction
e) W%is in +y direction

Tin — 630251 /n — 63025(2.5)/240 — 656.5 1bf-
W' = =T/r =656.5/2 = 328.3 Ibf
y = tan"!'(2/4) = 26.565°
" = tan™'(4/2) = 63.435°
a=2+(1.5c0826.565%)/2=2.67In
W' = 328.3 tan 20° cos 26.565° = 106.9 Ibf’
WY = 328.31an 20° sin 26.565% = 53.4 |bf
W = 106.9i — 53.4j + 328.3Kk Ibf
Ric=—2i+5.17, Ryup="2.5]

a) yis 26.6°
b) y is 20
¢) W'is in +Z direction
d) W'is in +x direction
e) W*is in +y direction
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4. (10 pts)
To estimate the ideal endurance limit S;’, which of the following is (are) true? (circle all that

apply) 3Y | Sy
(@or ANSI 1020 CD steel, S.’ is greater than 30 kpsi. S = 7

“((h)"For ANSI 1080 HR steel, S’ is greater than 50 kpsi. ¢
fe) For ANSI 1080 HR steel, S¢’ is less than 55 kpsi.
ey For 2040 T3 aluminum, S¢’ is greater than 10 kpsi. ©wNE
“¢€). For ANSI 4340 steel heat treated to a tensile strength of 250 kpsi, S¢’ is greater than 110
kpsi. <

o  Su¢= 68 kpsi, S, = 0.5(68) = 34 kpsi

e Sy =112 kpsi, S, =0.5(112) = 56 kpsi
e 2024T3 has no endurance limit

o S.=100 kpsi

\ ( r@ or ANSI 1020 CD steel, S¢’ is greater than 30 kpsi.
—__(b) For ANSI 1080 HR steel, S¢’ is greater than 50 kpsi.
(c) For ANSI 1080 HR steel, S¢’ is less than 55 kpsi.
(d) For 2040 T3 aluminum, S.’ is greater than 10 kpsi.
(e) For ANSI 4340 steel heat treated to a tensile strength of 250 kpsi, S.’ is greater than 110
kpsi.

5. (10 pts)
A 21-tooth spur pinion mates with a 28-tooth gear. The diametral pitch is 3 teeth/in and
the pressure angle is 20°. Which of the followingis (are) true? Circle all that apply:

“a). The addendum is greater than 0.4 in
< (b)SThe dedendum is greater than 0.4 in
<=(c)The circular pitch is greater than 1 in

d)\The tooth thickness is greater than 0.5 in
% he base circle circular diameter of the pinion is less than 7 in

T oo Ty
- o = S - 33 = 5 =z = =1,
S ’ R
P=73
Ll No_oth oy
F= p = o Gre. dam = 4= P~ 3
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a=1/P=1/3=0.33331in Ans.
b=125/P =1.25/3=0.4167in Ans.
¢ =b—a=0.08341in Ans.
p=n/P=n/3=1.0471in Ans.
t=p/2=1.047/2=0.523in Ans.

|

dy =N, /P =21/3 =7 1n
dp = 7Tcos20° = 6.578in Ans.

dr = Na/ P = 28/3 = 9.333 in
dop = 9.333cos20° = 8.770in  Ans.

Pb = pecosp = (rr/3)cos20° = 0.984 in

(a) The addendum is greater than 0.4 in

(b) The dedendum is greater than 0.4 in

(c) The circular pitch is greater than 1 in

(d) The tooth thickness is greater than 0.5 in

(e) The base circle circular diameter of the pinion is less than 7 in

6. (10 pts)

“A-commercial enclosed gear drive consists of a 20 spur pinion having 16 teeth driving a
48-tooth | gear, The pinion speed is 300 rev/min, the face width 2 in, and the diametral
pitch is 6 teeth/in. The gears are grade 1 steel, through-hardened at 200 Brinell, made to
No. 6 quality standards, uncrowned and are to be acculately and rigidly mounted.
Assume a pinion life of 10® cycles and a 1ehab111ty of 0.90.” Based on the above
statements, which of the following is (are) true in calculatmg the stress and strength
conditions of the gear drive? Circle all that apply:

(a) Cy=1.06 not 0w Exawm 1
(b) (YN)Pinion = (YN)Gear

(c) Cp >2180 Vpsi

(d) Kp=0.85
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(e) (J)leon (J)Gear

(a) Cy=1.06
(b) (YN)Pinion = (YN)Gear
(c) Cp > 2180 psi
(d) Kr =0.85

(6) (J)Pinion = (J)Gear

7. (10 pts)
Which of the following is (are) true about fatigue? (Circle all that apply)

")) In general, Se > S.
<Th) Fatigue failure is normally below Sy
(;)) It is possible that Sy < S,

—

Fatigue is initiated ﬁom microcracks due to cyclic plastic deformation
—e‘f Today predicting fatlgue is mostly based on science rather than e@
781 In general, Sf(N>1O ) =S,

&) Stress life method is used to predict fatigue when N > 10° cycles
(hp In fatigue analysis, size does not need to be corrected for S if under only axial

loads

(i) For non-rotating shaft, the correction factor is taken into account in size factor

If no correction is made for S in terms of reliability, it is assumed to be 50%
reliable.

a)
b)
c)
d)
e)
f)

g)
h)

i)

In general, SeEsig

Fatigue failure is normally below Sy

It is possible that Sy <S.

Fatigue is initiated from microcracks due to cyclic plastic deformation

Today predicting fatigue is mostly based on science rather than engineering

In general, St (N> 10°) =S,

Stress life method is used to predict fatigue when N > 10° cycles

In fatigue analysis, size does not need to be corrected for S if under only axial
loads

For non-rotating shaft, the correction factor is taken into account in size factor
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j) Ifno correction is made for S, in terms of reliability, it is assumed to be 50%
reliable.

8. (30 pts)

The figure shown below is a drawing b © e M e, . i e o i o s g
of a 3- by 18-mm latching spring. A
preload is obtained during assembly J
by shimming under the bolts to obtain A

an estimated initial deflection of 2 f( ]

mm. The latching operation itself - A
requires an additional deflection of
exactly 4 mm, thus a tot.al deflection i Lo ]
of 6 mm. The material is ground - l ‘ )
high-carbon steel, bent then hardened :
and tempered to a minimum hardness =] Section
@Use equation 2-17 for o A=A
relationship of hardness to strength).

The radius of the bend is 3 mm.

Estimate the yield strength to be 90 percent of the ultimate strength. As the spring is
likely to fail at the inner radius, the outer radius situations can be ignored. Also the
maximum and minimum stresses at the inner radius have been calculated below:

< 100 >

3

(7 )min = —4.859(150.9) = —=733.2 MPa
(0 ) max = —4.859(50.3) = =244.4 MPa

(a) Find the fatigue factor of safety based on infinite life, using thé@égg&;r}gg ‘

criterion (consider only the inner radius).
(b) Find the static factor of safety (consider only the inner radiusz.

St = )66
H”\O(Y"‘X-ﬁ) 2 = (0 ()
Solution: Se -3 = Sy = 1900 WP«
Sotution RN S B URS
T 2.045
ﬂ(- - &é 7233 1L < 2yt ) Oor T
o = - >.L - (-4, T
= ———— 7 ={-ay ] E;M‘: Ty
i:'éb s ¢ € ( )
* A J/L' Sqi:‘ 700/‘4()0\

ke =158 (1666) %% < gy

ky<= dez )oz7
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Eq. (2-17) Sy = 3.41(490) = 1671 MPa

Per_the problem statement, estimate the yield as Sy =095, = 0.9(1671)
IS4 MPa. Then from Eq. (6-8), 8% = 700 MPa; Eq. (6-19), k, = 1.58(1671)~ 008
0.841; Eq. (6-25) d,= 0.808[18(3)]"" =5.938 mm; and Eq. (6-20), £
(5.938/7.62)~%1V7 = 1,027.

Se = 0.841(1.027)(700) = 605 MPa

\ —733.2 42444
At Inner Radius (o514 = l = = 244 .4 MPa
| —~733.2 —244.4
(6i)n = - = —488.8 MPa
I,:('J MDPu
[HER)
2444
Z1504 BT i
Load line: oy = —244.4 — o,
Langer (yield) line: oy = 04 — 1504 = =244.4 — o,
Intersection: g, = 629.8 MPa, o, = —874.2 MPa
(Note that ¢, is more than 605 MPa)
_ 629.8
Yield: By = - = 2.58
' 244 4
L 005 oo
Fatigue:  ny = S04 = 248 Thus, the spring is likely to fail in fatigue at the

inner radius. — Ans.
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ME 208B F09 Exam #2 65 minutes Name: MASTER

Open Textbook; Closed Notes, Only one sheet of paper allowed

1. (5 pts)
What is the basis for using Se' = 0.5 S? (Pick one)

(a) Maximum shear stress theory 5

(b) Based on the Stress-Life Method Stress L VA N > 220
(c) Typical line through experimental data A

(d) Tradition

(e) None of the above (explain)

(©)

2. (5 pts) Hf\ﬁ (o \"\‘\(‘g")-i'i‘-'\
Which of the following is (are) true (Circle whichever is correct)
— (a) Fatigue is always due to time varying loads
4 —(b) The stress required to cause fatigue is always below the@ﬁb T
—(¢) S-N diagram is applicable to alternating (completely reverse) loads

(d) Copper alloys have no endurance limit A
< (e) S¢’ implies the fatigue strength of the real world specimen /

o~ oo ak

d@,'\/)e,v iy y
(a) (¢) (d)

3. (5 pts)

A gear is to be chosen with a given pitch diameter d. The diametral pitch P and the
pressure angle ¢ must be chosen. Indicate whether the following parameters will be
affected by the choice of diametral pitch or pressure angle.(Circle P or ¢ or both)
@ P ¢) Addendum

) @ ¢ ) Number of teeth ,
() P [¢)) Basecircle diameter () = pressvre © .«g}\t
d P ¢) Dedendum

(e P (4 ) Bearing force '

P - doth pee mes

(a (P) ¢ ) Addendum

(b) %E) ¢ ) Number of teeth

(¢) P (b)) Base circle diameter

(d) 27 ¢ ) Dedendum Pre ssuhie ,

(e) P (gﬁ)) Bearing force Pre 55 Uft {, Mawees ;f‘wi:?"w‘) fof (L
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4. (5 pts)
The point of contact between two mating gear teeth is (choose one)
(a) always at the pitch point.
@ always on the pressure line.
(o) always on the pitch circle.
(d) always on the base circle.
(e) will fail if the number of cycles > 10°,

Solution:

(b)

5. (5 pts)
A rotating shaft is simply supported with ball bearings on both ends. The shaft is
subjected to a critical bending moment and an axial compression load from both
ends. We can conclude that this shaft (circle each that applies)
(a) Xis under completely reverse loading condition.
&)> is under fluctuating stress situation.
(¢) < has negative amplitude stress.
dd)y has negative midrange stress. Com @(ci's"c)v\ = peg vl
(e) none of the above. J

Solution: S

(b), (d)

6. (5 pts)
Estimate S.’ for 2024 T3 aluminum. Y, = IR ol Poted tg, Lonm 30U Mo,
- ) - \

Aluminum has no endurance limit
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SHEW s
) 0 p ¢ < = L ()
7. (20 Pts) Mid g z

An AIST 1020 cold-drawn part is loaded with stresses Gy = 50 kpsi, Oin = -10 kpsi.

The completely adjusted endurance limit is|S. = 30 k@lOn the plot of &, vs o,
sketch the modified Goodman line and the yield line:,

a) Mark on the plot the fluctuating stress for the loaded part. (Label the key
numbers on the plot.)
b) From the sketch, determine whether the predicted life has an infinite life, finite life,
or just fail in one cycle (No calculation is necessary.)
Sy =6k . |
, AN
§\1 = 57 lepst Ca 4 ; Yigd Laoan
T, = 50 - (1) 60, 30\psi Se kSt - g
= T ~
) ( h mod . oot
{ ,/
b) | )
e R T
S S, . St O
20 lpsi

57\:{»"\,‘\ é?k(ﬁ;
(a) Table A-20 for AISI 1020 cold-drawn
Sut = 68 kpsi
Sy = 57 kpsi
G, = (50-(-10))/2= 30 kpsi
Om = (50-10)/2 = 20 kpsi

(b) Finite life

Ga A

57

30 0O

v

57 68 Om
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8. (20 pts)

A 1/4 -in round rod was heat-treated and ground. The measured hardness was found to be
450 Brinell. Estimate th@if the rod is used in non-rotating bending.
S A

)

Sut= 0.495 (450) = 223 >200
S = 100 kpsi

a= 134, b= -0.085

ko = 1.34(242.6)~"%5 = 0.840

d.=0.37 d=0.0925
kp = (0.0925/0.3%197 = 1,134
>Se =ka ky Se” = (0.84) (1.134) (100) = 95.3 kpsi

0.5S,, S, <200 kpsi (1400 MPa)
S0 =1100kpsi S, > 200 kpsi (6-8)
700 MPa S, = 1400 MPa

Surface Factor a Exponent
b

Finish S.t. kpsi S, MPa
Ground 1.34 1.58 —-0.085

—0.157 7 - .
0.91d 2<d=<10In (6-20)

o 01T

(d/0.3)=017 = 0.8794-%17 011 <d <2in
ky =

L Ao.os, = 0.01046d?
d, = 0.370d
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9. (30 pts) _

The cold-drawn/AIST 1013 steel bar shown ' :
in the figure is subjected to an‘axialjload T L{ ginD
fluctuating betweex{' 800 and -3000 Ibf. ~=—  lin {? pr——
Estimate the factors of safety(n) nde_ sing
Gerber fatigue failure criterion as part of
the designer’s fatigue diagram. ¢

Solution: 7.
3 m

Table A-20: Sur = 64 kpsi, Sy = 54 kpsi
A = 0.375(1 — 0.25) = 0.2813 in?

Fnax 3000 N
Omax = 1 :0281 (107 )——]O()7]\PSI

5
10.67
S! = 0.5(64) = 32 kpsi
ka = 2.70(64)792% 40 59)
kp=1. 0. hﬂ
S, = 0.897( 1)(0.5:)(37) 24,4 kpsi
Table A-15-1:w = 1lin,d = 1/4in,d/w =025 " K, =245.
Fig. 6-20, withr = 0.125 in, ¢ =0.8
Eq. (6-32): I\,—l+08(7~hﬂl)-° 16)
0.800 — (—3.000)
2(0.2813)

=5.00 Ans.

”)' =

l 14.59 kpsi

51 0.800 4+ (—3.000) 8 45 Kosi

Om = 4 D = —5.4D Kpsi

" 2(0.2813) :

—> We have a compressive midrange stress for which the failure locus is horizontal at the
Se level.

S( 24.4

oa  14.59

= 1.67 Ans.

Nf =
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ME 208B SP09 Exam #2 K45\mip}iltes Name: MASTER
Open Textbook; Closed Notes, Only one sheet of paper allowed

1. (5 pts)

Stress concentration can generally be neglected for: (pick one)
(a) all brittle materials

(b) all ductile materials

(c) all static loads’

(d) all dynamic loads

(e) ductile materials with static loads

(f) ductile materials with dynamic loads

(g) brittle materials with static loads

(h) brittle materials with dynamic loads

(©

2. (15 pts)

O A o B

Two plates are identical except for the size of the hole.
(a) If stress concentration is ignored, which part has the higher nominal stress?
Circle one: A B Can't tell

(b) If stress concentration is considered, which part has the higher stress

concentration?
Circle one: A B Can't tell

(c) If stress concentration is considered, which part has the higher peak stress?
Circle one: A B Can't tell

(@ A
(b)B
(©C

Page 1



3. (5 pts)
What is the basis for using Se' = 0.5 Sut? (Pick one)
(a) Maximum shear stress theory

(b) Typical line through experimental data

(c) Based on the Stress-Life Method

(d) Tradition

(e) None of the above (explain)

(b)

4. (10 pts)
A rotating round shaft with a 2 inch diameter is loaded in completely reversed
bending. Determinate the value for the size factor, k.

de=037d= 0.74

ky = (0.74/0.3) *1'%* = 0,903

OR

ky = (2/0.3) 113 = 0.807

5. (5 pts)

Which of the following is (are) true (Circle whichever is correct)

(a) Fatigue is always due to time varying loads

(b) The stress required to cause fatigue is normally below the ultimate strength

(¢) The method we discussed in class in mostly based on the linear-elastic fracture
mechanics method

(d) S-N diagram is applicable only to alternating (completely reverse) loads.

(e) Aluminum and copper alloys have no endurance limit

(a) (b) (d) (¢)

Page 2



6. (30 pts)

The rectangular member OAB, shown

in the figure, is held horizontal by the 7—‘;-

round hooked bar AC. The modulus of i

elasticity of both parts is 10 Mpsi. Use Lin diui»T : T

Castigliano’s theorem (Energy Method) ¥ 4 Bl Laik B
only to find the deflection at B due to a y |
force F =100 Ibf. v £ N

k(,l J.f-;,( lsonw 6F ¢ = 18( 100)
- = Fac = 300 Ibf
Ro = 200 Ibf

B

| .
I = F((}.zs)(z-ﬁ = 0.1667 in*

® Note: Fy.=3F; Ry=2F

AB:
12 12 3
AB:%:L M (_GM )dx:—l—j (Fx)(x)dx=F(12)
oF EI,; oF El, 3El
AO:
6 6 3
= [ (dehi [ (2Fx)@0ax =2
oF EI, oF EI; 3EI
AC:
ou 1% oF 1'% 9F(12)
=—=—|F A 1dx =— | (3F)@)dx ="
“oF EAJAC(BF]X EAJ( )G)dx EA

Deflectionat B = F(12') 4F(6’) , 9F(12) _ F(1728+864) F(108)
31 3El  EA 3E1 EA

__(100)25%2) (00U108) _ o515 0.0055=0.0573 in
3(107)(0.1667)  (107)(%(0.5)%/4) ' '
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7. (30 pts)

Bearing reactions R; and R; are F =10 Kkip
exerted on the shaft shown in the 12 in———>|=6 in>f=6 in—> .
figure, which rotates at 1150 J/ dis R,
rev/min and supports a 10-kip 2 Y 7 Y
bending force. Use a 1095 HR 7

steel. With a diameter d = 2.5 in, ¢ r/"! (1;1()R/4 1.5 ,/_f _T
what is the\design factor)for a life o
of 3 min? The surfaces are
'machmed

A priori design decisions:
The design decision will be: Design factor ny=?
Material and condition: 1095 HR and from Table A-20 Sur= 120

Life: (1150)(3) = 3450 cycles
Function: carry 10 000 Ibf load
Preliminaries to iterative solution:

S, = 0.5(120) = 60 kpsi

Ky 700120)"% =0.759

‘ /
J /—1——()(9%1,(/
T £ 2

6
Mcrit,) = (“_4_) (100003 12) = 30000 Ibf - in

I/C=1.5339

The critical location is in the middle of the shaft at the shoulder. From Fig. A-15-9: D/d =
1.5, #/d=0.10, and K,= 1.68. With no direct information concerning f; use /= 0.9.

k= (2.50/0.30)" = 0.797
S,= 0.759(0.797)(60) = 36.3 kpsi
= [0.9(120)]*/36.3= 321.3
b= - 1/3 log[0.9(120)/36.3] = -0.15784
S,= 321.3(3450)% 1578 = 88.8 kpsi

= Me/I=30/(1.5339) = 19.6

Page 4



r=4d/10= 2.5

Fig. 6-20: ¢ = 0.88

Eq. (6-32): K;=" 1+ 0.88(1.68— 1)= 1.59
0. = K,0,= 1.59(19.6) = 31.16 kpsi

n =S, /0,= 88.8/31.16= 2.85

Page 5
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‘/5,. (30 pts)

5 2 The figure shows a crank loaded by a
S~ Gy ° 3 force F= 150 Ibf and P =200Ibf. The
e v T maresial of the shafl 48 is hot-rolled

/

AIST 1018 steel.

; (2) Identify the approximate
* | location of the critical stress
r X i & element on the main rod AR, If
Lk ’Tkj =& / » ¥ it is not on the top, bottom, or
’ ’ . 5 B¢ 4 N side of the rod, specify which { h o 4{ 3
i\\/ /[ Y quadrant {(Use an anow o show it in the ﬁaure) ; ¢ 32“ Vras
~ . ’ el """“\\ . (b) Draw the critical stress element, including the stresses acting onit. | Hs 2
- = t % (¢) Determine the factor of s"u‘e of this part (rod AB), based on the maximum-
o P"‘()Lu J shear-stress theory. | )
N )
\m—/ T o~ 200 _ )
Nex TR " et
s / % A % <\(J\"L\1;',é/
(«b! o 4{~
i S /
= 1 4.2 o= iy = §¢
{, R N 4\ +4 Lop 2 _t\sso (_1))
Mg= (b ({)=Fo0 it
i o o U -l
(\/LE = Y (\4_,) ped (?’(- U 3 )
T
‘5’"1'(’&’(0& s X f(/\-fgz,{«i\f{g
= e P -~}
‘7?,45? . ‘ (7.60)_(‘4\)&2_ - /70()[‘ “~ A \]ﬂ
- N { .
i = mfl7 278243
Moo F 5% 2 0~7V
—r Lo IR SRS oo -
‘3, L2 T (i & - :
/ - § 9% LA gt )
<G T Rem
1 4 I
2ot ~9 6 3 N "") i
g = >%¢ rsi
o <

{ ~ o 29013 £ 39624 .3
\ w = Nevx “VULr.»,i ::.—?ag@3 452 A 275 ¢€.3




4
7. (24pts) "D A
Given: Shaft of a certain cast iron
subject to loading sh@omu%o
fo@ we= 100 kpsi>
Wi

e also found that the maximum

Use Coulomb-Mohr theory for brittle failure

o, o, _1

Su Su m
bending moment/k&xtyccurs at
oint B. For a factor of safety of n =
N hat should the diameter of the
shaft (d) be (recommend the next

largest standard dimension (8th’s))?
(a) Use the proper Coulomb-Mohr
Theory i i MM Theory:

{b) Modified Mohr Theory :

21.2/20@° +1.2/100a° = 1/3

d=1.476" > 1.5”

low/oa | =1.2/212 <1

n=Suloa=20/(21.2)/d° =3

Torque on shaft at B

)~ Ty =(300-50)(4) = 1000 in-lb
Torque on shaft at C

)~ Te=(360-27)(3) = 1000 in-Ib

d =147 >1.5”

My d zd*

.= (5.1x10%/d’ Tl‘

Center C = (cc+oy)/2

Now construct Mohr’s circle - p ) E
C at (10 x 10°)/d® \| ~ / '
R= (112 x 10°)/d® Mt
o1 =(21.2x 10°)/d’

o3 =(-1.2 x 10*)/d*

Page 5 Page 6



é (30 pts)

The figure shows a crank loaded by a
force F'= 150 1bf and P = 2001bf. The
material of the shaft 48 is hot-rolled
AIST 1018 steel.

(a) ldentify the approximate
location of the critical stress
¢lement on the main rod AB. If
it is not on the top. bottom, or
side of 'he rod, spcmrv which

(b) Draw the critical siress dernent, u1cl uamg lhe sm»:sses autmﬂ onit.

(¢) Determine the factor of safety of this pact (rod AB), based on the m'\xx;man;

shear-stress theory. £

T &
(=
U >

>

&% z)
7c 0.’73%

2
s
a

&
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6. (24pts)

The right figure illustrates a torsion-bar
spring OA having a diameter d = 12 mm.
The actuating cantilever AB also has d = 12
mm. Both parts are of carbon steel. Use
Castigliano’s theorem to find the deflection
at point B corresponding to a force F =
1000N acting at B.

T =0F =0

ML TWT/G L
EL) T oF JG

F
Vot O F0LLS)
_ / — FE =) dE + ———————

Ef JG
£ ) 0.0ISF
= e 0.1
SEL G
Where

= 00012 = L0170~ i
o

Jo=21 = 20358007 !

. 0401 3.015
fg = F | T T By P
320730107 L0170 20338(1073(79.3)(10Y)

= 945107 F

=0.0945m

Page 4
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7. (27 pts)

Compute factors of safety, based upon the
distortion-energy theory, for stress elements
at A and B of the member shown in the
figure. This bar is made of AISI 1006 cold-
drawn steel and is loaded by the forces =
0.55kN,P=80kN,and 7=30N " m.
Need to consider shear V.

9
&

AT

32FL 4P 32003501070 H5)010%)
g— o — - i + ——e
Sf3 Td? T(0.020%) (L0202

=95.49(10%) Pa = 95.49 MPa

16T L6030 )
= = ———— = [9,10{10%) Pu = 19.10 MPq
Ty = TR0 19.10¢10%) ¢ 310 MPa

o' = (02 +312) "7 = [95.49% + 31911272 = 101.1 MPa

= 23470 10%) Pa = 2547 MPa

167 4V 16030

Cr
=
Ty T — m—— S
Tyy =
i 3[1

Tdd T 3A T m0n20n
= 21.43010% Pa = 21.43 MPu

0.55(10%
7740020

Nz g2 >0 a2 2 £ 0 1
o = [2547 + 3214391V = 45.02 MPa
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ME 208 W10 Exam #1 50 minutes Name:

Open Textbook:; Closed Notes, Only one page crib sheet allowed (vou need to turn in
the crib sheet with your exam)

1. (10 pts)
For each of the following failure theories, indicate which would be best described as
more “accurate” as discussed in the class? (circle all that apply)

(a) Max. Normal Stress
(b) Max. Shear Stress
(c) Distortion Energy
(d) Coulomb Mohr

(e) Modified Mohr

(©, (e

2. (10 pts)

When the torsional loading T is applied to a bar, it // -
produces a state of pure shear stress in the material. If g P
sufficient T is applied, to find at what angle the bar would Q -~

break, circle all that apply in the following statements. \ B

(a) The bar will surely break at the far end I j
b)o1=1 —
(¢) If the material is mild steel, it will break at 45°

(d) If the material is cast iron, it will break at 45°

(e) If the material is AISI 1080 steel, it will break at 45°

(b), (d)

3. (10 pts)

O A o B

Two plates are identical except for the size of the hole. They are subject to the same
tension load.

Page 1



(a) (3 pts) If stress concentration is considered, which part has the higher stress

concentration?
Circle one: A B C Can'ttell

(b) (3 pts) If stress concentration is ignored, which part has the higher nominal stress?
Circleone: A B C Can'ttell

(c) (4 pts) If stress concentration is considered, which part has the higher peak stress?
Circleone: A B C Can'ttell

(a)B
(b) A
(©)C

4. (10 pts)
Identify in which of the following situations the effects of stress concentration would generally

be neglected: (circle all that apply)
(a) a shaft made of 1020 CD steel, rotating at constant speed, with steady loads being

transmitted through gears supported against shoulders on the shaft.
(b) a bracket made of low carbon angle-iron, mounted to a wall with bolts through bolt-holes,

supporting a display case.

(c) a bracket made of 1040 CD steel, bolted to the base of a rocker/recliner chair, supporting
the spring.

(d) a high-strength alloy steel part, that has been severely quenched. The part contains a
small hole, and is loaded statically.

(e) None of the above

(b)

5. (10 pts)
An ASTM cast iron, grade 30, carries static loading resulting in the stress state listed
below at the critical locations. To use Modified Mohr theory to estimate the factors of

safety n when 1y, = 14 kpsi, which of the following is (are) true?

Circle all that apply (find n and make sure that you check against every answer):

(a)n<1
(b)n>1
(c)n>1.5
(d) n>2
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(e) n>2.5

(b), ©, @
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6. (25 pts)
Solve the problem as shown in the figure using Castigliano’s theorem. Young’s Modulus
of the beam is E and moment of inertia of the beam cross section is I. Find the central

deflection of the member in terms of q, L, E, .

— ( per
4 y v y y v y v y y A A y y ﬁ?}x Iength
L L/2 L/2 T
> =77
——
— g per
‘\ BRI ERN NN }\ length
AN AP Ay

gL/2 + Q/2 T L/ | L/2 [ gL/2 + Q/2

For the left half M, = - qx2/2 + gLx/2 + Qx/2 M /2Q= x/2
The total energy is twice that of the left half.
L/2
o= Qg = i M, OM,,
oQ EIY oQ
With Q = 0 evaluating the integral A= (5/384) qL4/(EI)

L2
]dx = Eil J. (qux2 /4+0x* 14 —qx’ /4)dx
0

Page 4



7. (25 pts)

For the cantilevered beam AB as shown, use the Maximum-Shear-Stress Theory to
determine the yielding factor of safety at the critical stress element. Assume the material
is 1030 cold drawn steel. (Note: Assuming that you have found the critical stress
element to be 21.8° CCW from point @, with a normal stress from bending of 23400 psi

and a torsional shear stress of 7200 psi.)
5

Sy

MSS: o—oy=358/n = n=
' oy — 03

From A-20, Sy = 64 kpsi for 1030 CD Steel

2

o, +o c,.—0

_ > y x y 2

Oy, = e o ——=| T
2 2

ox =23.4 kpsi; oy =0; 1Txy = 7.2 kpsi

o1 = 25.44 kpsi; o3 =-2.04 kpsi; o2 =0 kpsi

n= 64/27.48 =2.33
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ME 208
Homework 8

1.
We wish to alter the figure for Prob. 822 by decreasing the inside diameter of the seal to

the diameter A = 100 mm. This makes an effective sealing diameter of 120 mm. Then, by
using cap screws instead of bolts, the bolt mrclé@ameter B gan be reduced as well as the
outside diameter C. |If the same bolt spacing and the sameedge distance are used, then eight
12-mm cap screws can be used on a bolt circle with B = 160 mm and an outside diameter
of 260 mm, a substgntial savings. With these dimensions and all other data the same as in
Prob. 8-22, find the/ load factor. "

d—_— ) C- A (AESp) —= 3743%
Solution
A 600 MPa
NEA VN P 22
P = 14 (120)(6)(107) = 8.48 kN [ §4. 3 mew )
From Fig. 8-21.¢) = /i = 20 mm and , = 25 mm S, =
)

=20+ 12/2 =26 mm
=0 (nowasher). Lyr=2012)4 6 =30 mm
L=>n-=+1.5d =20+ 1.5(12) =38 mm

Use 40 mm cap screws.
[y =40 =30 = 10mm
I'/ :/——/(1:3(_)— 10 = 10 mm T /' —(7—» \

Ag=113mm’. A, =843 mnr’ Ny 1 / t!:% S L.
=26 | &————= Sl EE 9 §
: —— }
Eq. (8-17): ]1: i\ . == / :
[13(84.3)(207) l N==V/E

"= 113(16) + 84.3(10) =0
= 744 MN/m  Ans. == h
dy = 1.5(12) = 1S mm ! = |
' ——= - _r
D = I8+ 2(6)(tan 30) = 24.9 mm ! D- -,’
bt Z
A= kb: ,ﬁd Ay Eﬂ _ LEIQAS )(Z,o’ﬂ B HL\NI/M
' 1‘3(16) + 94,3 0)
L = 2041 1.50(\D) ft\: 0 {’L: A /
Y»/’ - = "Z -2
=3 L, ’ e = 282G = 2D 165 F0mn
¢

u(f(_'LTz’S& =30 = Qwmwm

QL: 09+ &+ = 2€ mym l{; L-Ad = [Gmen



- . ) N - |
From Eq. (8-20): o

Top frustum: D = 18.r=13. £ =207GPa = k; = 5316 MN/m
Mid-frustum: t =7.E =207 GPa, D =249 mm = k>, = 15620 MN/m

Bottom frustum: D = 18.1 =6, E = 100 GPa = [&; = 3887 MN/m'y
1
b = 75316) 7 (1755 620) 1 (173887)
oo T
744 + 2158
From Prob. 8-22. F; = 37.9 kN
SpA;— Fi | 600(0.0843) — 37.9
CP 0.256(8.48)

= 2158 MN/m Ans.

= 0.256  Ans.

1 == = 5.84 Ans.

s,a, - 15 (5,4

e



2

In the figure for Prob. 8-20, let A=0.9m,B=1m,C=1.10m, D=20 mm, and E =25 mm.
The cylinder is made of ASTM No. 35 cast iron (E = 96 GPa), and the head, of low-carbon
steel. There are thirty-six M10 x 1.5 ISO 10.9 bolts tightened to 75 percent of proof load.
During use, the cylinder pressure fluctuates between 0 and 550 kPa. Find the factor of safety
guarding against a fatigue failure of a bolt using the:

(a) Goodman criterion.
(b) Gerber criterion.
(c) ASME-elliptic criterion.

» ) .
! .
,.::_‘ {2 ¥
] e 3
“ylndar | = [L*z,fm,, "
= W
By
)I) /\.] - 5[
o BT T
C = lb kL,
(lewm +ley)
— —~ WA —2( —:7“ 4 l\)'gvv\v—\
T A ¢ \ \ . N /0_611.” d= e Talle A
k= lli_l[—\i) ((’XU Yy (m\m‘ns) = 10603
e (= DIE = Yomm

Ly40+ 108 S0 Y08 =7 Uno95%

A2

fiam A-1T7



A wDip 7097350
pA _ P TN 995 kNrbolt
N AN 4(36)

Table S-11: Sp = 830 MPa. Sy = 1040 MPa, 5, = 940 MPa

P =

Table 8-1: A, =58 mm-
Ag = (107 )/4 =785 mm-
[ =D+ FE =204+ 25=45mm
Ly =2010)+6=26mm
Tuble A 31: H = 8.4 mm
L=+ H=43+84=>534dmm
Choose L = 60 mm from Table A-17
ly=L Lyr=060 26=3mm
l=1—1l;=45—=34 =11 mm
AJAE T8.5(58)(207)

, — —— = 332.4 MN/m
Aaly + Atls 78501 1) + 38(34)

;\‘/7 —

|-4—55—;—

y / / i \\\ Y
2.5 / ! - X
/ | \
b/ | N4
T T
25 5, i /
238 \\ 1 / 2
\ B 4
L \ | // -
~4—§|0+



Frustum [; Top. E = 2076 = 20 mm.d = 10 mn. £ = 15 mm
0.57747(207)(10)
| LISS20) 4+ 15 — 10 (]5-&—!()‘)'
n
FISS20) + 15+ 10 15— 10
= 3503 MN/m

Frastion 20 Middle. E =96 GPa. D =38.09 mm.f = 2.5 mm.d = 10 mm
0537747 (96) (1)

ky = o [[1155(2.5) 43809 — 107 (38.09 + 10
n
1.155(2.5) + 38.09 = 10 | \38.09 — 10

= 44 044 MN/m

ky =

could be neglected due to its small influence on k.

Frustum 3: Botom. £ =96 GPa.t =225 mm.d = 10mm. [D = 15mm

0.57747(96)(10)
IS5 £ 15— 107 (15 £10
1
TS s+ 10 \15 - 10

= 1567 MN/m

/\'3 e

]
km = — : — = [057 MN/m
(173503) + (1/44043) + (1/1567)
332.4 e
C = =0.239
3324+ 1057

Fi = 0754, 8, = 0.7558)(830)(107) = 36.1 kN
Table 8-17: 5, = 162 MPa

= ————— =022 MPa

Fro 36,1109
g = — —
Ay 58

() Goodman E¢. (3-40)

. Se(Sy —a3) 16201040 — 622)

T TS S, 10162
56.34

Hy= o= =282 Ans.

= 56.34 MPa




(b) Gerber Eq. (8-42)

~ 1 i .'"’—.} ] s - s
S, = T[S“,v‘ S 4SS, + o — S, — 20; .SL,]

o

I e : : .
kv [ 1040/ 10402 + 4(162)(162 + 622) — 10407 — 2(622)0162)]
2(102)

= 86.8 MPa

CP _ 02399.72)107) _ 0 \io
= = U ivira

Ty =

2A, 2(38)
S, 868 .
i =—=——=434 Aus.
: Ty 20
(¢) ASME elliptic
(’L ) -
102 [830V830° 4 1627 — 6227 622(162)] = 8+.90 MP
= ——— | 830/ 830)- V1S — 022- — 0220102) = 5490 MPa
8307 4 1622 :
84,90
nyg = =424  Any.

20



3.
The figure shows a weldment just like that of Prob. 9—5 except that there are four welds instead of two.
Show that the weldment is twice as strong as that of Prob. 9-5.

T 1HOMe .
E 709 “ e S F

SU\+ = g’(_/;,:‘ ) /"




bh=d =721in

Primary shear

! F
T, o = =
YA L414(5/10)(2+ D)

Secondary shear

\ (b +d)P (242
Table 9-1: W2+ &) )

§) 6
J = 0.707hJ, = 0.707(5/16)(
e Mre  (TF))

= T. = =

! J 2.36

Maximum shear

Jy=— =277 —1067in

10.67) =

— 0.566F

2.3610n"7

T ; 0
Taay = \‘,: I}‘-- '+' {T; + I}:’-')_ — F /

- T
F = i%{ Ans.,
4.61

which is (wWice T /9.22 of Prob. 9-5,

972 + (0.556 + 2.97)7 = 4.61 F kpsi



ME 208
Homework 7

1. An 02-series ball bearing is to be selected to carry a radial load of 8 kN and a thrust load of
4 kN. The desired life LD is to be 5000 h with an inner-ring rotation rate of 900 rev/min. What
is the basic load rating that should be used in selecting a bearing for a reliability goal of 0.96?

From Prob. 11-6. vp = 270 and the final value of /. 15 1O.60 KN,

N 10.¢ 270 e B e
{ — Ké) - ~ = 841 47 kK
" 0.02 4+ J439[In( 1 /0,96 1/ 1453 ;

Table 11-2: Choose o deep-groove ball bearmg. based upon Cg load ratings.
Trial #1:
Tentatively select o 02-90 mn.

(-]H = L)S,(L ( -n == (l:_, I\N

Fa J
(, (3 &

[

From Table T1-1. interpolate tor }s.

I_. (. .“ }':
(1036 1.71
0.0645 Y-
(1,070 .63

¥s — 1.7 0.0645 — 0.036
= g — = (.607
.63 —1.7] 0.070 — 0.056

Vo= 171 +0.607(1.63 — 1.71) = 1.661

F.=036(8)+ 1.661(4) = 11.12 kKN

270 e

Cio=11.12 i

T 0.02 4 4439[In0 1 /0.96) |1/ 143

= 8N.6] KN = 95.6 kKN

Bearmg 1s OK.

Decision: Specity a deep-groove 02-90 nin ball bearing.  Ans.



? L‘DZ
P 366 2

2. In the figure is a proposed shaft design to be used for the input shaft a in Prob. 7-7. A ball
bearing is planned for the left bearing, and a cylindrical roller bearing for the right. (a) Determine
the fatigue factor of safety by evaluating(at [pinion seat keyw‘jﬁ(assummg end mill keyway radius

\— 0.017), Use ASME Elliptic fatigue failure criteria. Also ensure that the shaft does not yield in
the first load cycle. (b) To avoid complex calculation, approximate the shaft as a uniform shaft
with diameter of| 1.875 in, and check the design for adequacy with respect to deformation,

according to the recommendations in Table 7—2.\Use 1030 HR f

L Ny

|« q
Sheulder fillets at |:n:~-:|rin-f;; st 3
O O34 rachos, others %—in rerelivs, > [ 0354 — ,*— 433
s rakehand baarng sae | 875 | 575
except n,:JhITh.m..J bearing s= LI 1 | R 4_ | 500
tranzifion, 3 in. The material is .
]1' 130 HE. }\'-' ays f in wide l- + = > Z -2 :+ - { -‘.—D—
1= in desp, [..-nuvn.-)l':t:-n iri inches f 1 wqt 1
Y
I f
Solution

Candidate critical locations for strength:
e Pinion seat Keyway
¢ Right bearing shoulder
« Coupling kKeyway

Table A-20 for 1030 HR: S, = 68 Kpsi. Sy = 37.5Kpsi. Hp = 137
Eq. (6-8) S, = 0.5(68) = 34.0Kkpsi

Eq. (6-19): ko = 2.70068)7" = (.883
ke =kt = ke = |



Pinion seat kevway

Sce Table 7-1 for Keyway stress concentration factors

Fog = Sl Profile keyway
Kis = 30 =
For an end-mill profile Keyway cutter of 0.0 10 in radius.
From Fig. 6-20: g = .50
From Fig. 6-21: qs = .63

Eq. 6-32:
[\’j\ = I +(/\([\,{\' == I’
=14+0.6530-1)=23
Kr=1405022-1)=1.6

= — 107

.875
Eq. (6-20): A-,,:( : ) — .82
.30
Eq. (6-18); Se = 0.883(0.822)034.0) = 247 kpsi
Eq. (7-11);

5 & 142
l 16 LOC2ITSY = [ 232500 "
— — _l = —|_\} o
o il .875%) 24700 37500

= (0.3 and thus n=3.33.

C'max = 11,342 psi using d = 1.875” (see example 7.7 in the class note,
depending on the q and q; you used, ¢',,.,x may be different. I used the
same numbers as used in example 7.7)

For yield, n=S,/ 6"n.x = 37500/ 11342 =3.31 ok



(b} One could take pains o model this shaft exactly. using sav finite element softwire,
However for the bearings and the gear. the shaftis basically of uniform diameter. 1.875 in.
The reductions in diameter at the bearings will change the results msignificanty. Use
E = 30010%) psi.

To the 1eft of the Toad:

Fb

H D S SeE——
S F §
1330 2y 302 +22— 119

(3a- 4= b — Iy

= oGO0 /6( L8259 D

Y

=22143 (107"} 3= —117)

259 (107 rad

279 10 Y rad

" 1330 (9)(|]° — 9
O30V (1O /6040 18751 1)

=398 (107 rad

Aty = e
Aty =9 G

Aty =11

Obtun allowable slopes from Table 7-2.

Left bearing:
Allowable slope
If i =
- Actual slope
(.00
= — 3.86
0.000259
Rigeht bearine:
(0.0008
Hyy = = 2.0l
) 0.000398

Gear mesh slope:

Table 7-2 recommends a minimum relative slope of 0.0003 rad. While we don't know the
stope on the nextshafto we Know that it will need (o have a larger diameter and be stiffer.
Al the moment we can say

0.00035
]/,»\ W ———

0.000279



ME 208

Homework #6 K = 2657
P s 4343
1. The figure shows a 16T 20¢ y
straight bevel pinion driving a <2 ji"*"— 2o ?% et
32T gear, and the location of the ! N\ _i '
bearing centerlines. Pinion shaft | k

areceives 2.5 hp at 240 rev/min. |
Determine the bearing reactions
at A and B if A is to take both /"F >
radial and thrust loads.

RG/A = (“Z + IS\SIA{) T +(qg 4 ‘EVJS t) ,5
= : =
= *,-66“’ ;\ b 5\ 5
ZMA: Ren*fe 1 Reuxfg v T=0
9 ~(-U‘ Mo‘lj‘,lf/§) .
T=- 4 %,?\ {6 3‘~M.w —  €5e§ Y )
W /Z‘L’ID(\’/(/( 60«-;“‘

NN\ =
(- 10ax, 633, 463 9) - [ 9685 3 Ry P

Vo4
B . =9 - = > O - 4 -~
(-le9s, -192, ~Men) = (0, 2.5,0) x (xm/ Fay Fa, )

- A~ . _ A
To= —¢19% — 1 ! S 1SRk r ot x 1SR
= AN
Pl = 479-328 = 250k
Az



Tin = 63025H /n = 63025(2.5)/240 = 656.5 Ibf - in

N d //]/ WH=T/r =656.5/2 = 328.3 Ibf
\<;\{‘<\/.L/ ! y = tan—l(2/4) = 26.565°
e “"i l/ I = tan~'(4/2) = 63.435°
Fj \V&:% a =2+ (1.5c0826.565°)/2 = 2.67 in
w1 4 W’ = 328.3 tan 20° cos 26.565° = 106.9 [bf
. N . WY = 328.3 tan 20° sin 26.565° = 53.4 Ibf
‘\\Q/ ' W = 106.9i — 53.4j + 328.3k Ibf
I Rag = —2i +5.17j, Rag = 2.5

S My =Ry x WA Rup x Fp+T=0
Solving gives
Rap x Fp =25F;i—25Fgk

Raic x W = 1697i + 656.6j — 445.9k

So
(1697i + 656.6j — 445.9Kk) + (2.5F5i — 2.5Fgk + Tj) =0
Fp=—1697/2.5 = —678.8 Ibf
T = —656.6 Ibf - in
Fp=—445.9/25 = —178.4 Ibf
So

Fp = [(—678.8)% 4+ (—178.4)%]"/2 =702 Ibf  Ans.
Fi=—(Fp+W)
= —(—178.4i — 678.8k + 106.9i — 53.4j + 328.3k)
= 71.5i 4 53.4j + 350.5k
F4 (radial) = (71.5% + 350.5%) /2 = 358 Ibf  Ans.
F4 (thrust) = 53.4 Ibt  Ans.



W b a0

b et/ Pa
2. A speed-reducer has 20" full- -depth teeth, and thg smgle reduction spur-gear gearset
has} 22 and 60 teeth. |The diametral pitch is 4 teeth/in and the face width is 3.25 in. (0" <fe,
The pinion shaft sppc_sd is 1145 rev/min. The life goal of 5-year 24-hour-per-day Unclo sed VATTS

service is abouf 3 Wnlon revolutlons The absolute value of the pitch variation

is such that the. transmlssmn accuracy level number 1s 6, The materials are 4340
through-hardened grade 1 steels, heat-treated t4_250 Brmell} core and case, both

gears. The load is moderate shock and the power is ‘ngp»g’dj[h. For a reliability o@ p W oot
rate the speed reducer for power (i.e, what is the minimum horsepower this speed
reducer can sustain?). (Hint: you need to calculate W; for both bending and wear Tf""'\ﬂ'r‘ ;{6 2
and for both gears = 4 W;s, and find the minimum). . M1t
Pr= Y Yot/ o Np=22 WNe= @0 b = 30T rulotion h
F= 225 gt G5
k,= 125
I \jL Ko “e
Pirion 13 ey | S Wik, ke B e s

N ' ¢
Kol - P12 G5 m
W= 33000 W yowaw = WSt A ez ghe TRy
v (N S \
V= TS W) 45 ™) _ 1u9 ffpin
‘ 12N G
) (()avﬂ»ﬂ
— )

kb/\ LS Q= 2¢( 12~ ¢) SR UL
— ) -\ \‘:y P

o - |ATY - 50 + 66 (\-8) ] ,

v= ) A _ wn A= G471

A R= .19 (|i' QJ»
P

ky = 1,534 4w e G

ko= |\ ; 2.5 Cog = E - 035+ 0105 F = 04611
ik 104

(o =1 Ce=t Cpa= 127+ 2s8(325) G30(107%) (3.2%)" = L1174
- P N

K= 1t 1[(,01.21\(\‘) L ‘\Tl"!(‘)) = 1240 Kg =/ Y= .34

4 240("
T = 20.01K( \_1C)(L’53”3Kl)< {N\ ‘é——;)—q“

o= 172.2 H

'j—ui

aArtL



Yp=0331.Ys =0422. Jp =0.345. J; = 0410, K, = 1.25. The service conditions
are adequately described by K,,. Set Sp = Sy = 1.

dp =22/4 =5.500in

de; = 6074 = 15.000 in

T(5.5)(1145) o
V= + — 1649 [t/min
Pinion bending
0.00(S1) 17 = 77.3Hp + 12800 = 77.3(250) + 12800 = 32125 psi

Yy = 1.6831[3(101)]7992 = 0.832

- , 2) , .
Eq. (14-17): (og)p = - = 26728 psi

B =0.25(12 — 6)*? = 0.8255
A = 50 + 56(1 — 0.8255) = 59.77

\ 0.8255

5077 + /1649
Ky == i = 1.534
39,77
K,\‘ = ], Cm = |
F
me = — — 00375 4+ 0.0125F
e 10d o
3.25

— 0.0375 4+ 0.0125(3.25) = 0.0622

~1005.5)
Coa = 0.127 4+ 0.0158(3.25) — 0.093(1074)(3.25
C,=1
Ky = Cuy =14+ (D]0.0622(1) + 0.178(1)] = 1.240
Kp=1. Kr=1|
26728(3.25)(0.345) |
125(1.53)((4)(1.240)

3151(1649) o
3000 157.5 hp

Gear bending By similar reasoning, Wl = 3861 Ibf and H, = 192.9hp

Eq. (14-15): Wi =



Pinion wear
mg = 60/22 = 2.727
cos 207 sin 207 2.727
2 ( 1 4+ 2.7
0.99(Se) g7 = 322(250) + 29 100 = 109 600 psi
(Zx)p = 2.466[3(10%)]7%9%¢ = (0,727

I =

7)—().]176

(Zn)o = 2.466]3(107)/2.72717°9% — 0,769
109 600(0.727)
(Oea)p = = 79679 psi
e T '

w! — (Utuail)z Fdpl
: Cp K, KK Ky C/

79679\  3.25
2300 ) [.25(1.

10611649 ,
i b, JOE T hp
33000

S5.510.1176)
Hehl.2dhh

.JJ

E ] 1061 1bl
R

Gear wear
Similarly. Wi = 11821bf.  H, =59.0 hp
Rating

Hiyeg = minlH,. H>. Hy. H,)

= min(157.5.192.9,53,59) =53 hp Ans.



ME 208
Homework 7

L. An 02-series ball bearing is to be selected to carry a radial load of 8 kN and a thrust load of

4 kN. The desired life LD is to be 5000 h with an inner-ring rotation rate of 900 rev/min. What
is the basic load rating that should be used in selecting a bearing for a reliability goal of 0.96?

From Prob. [1-6, xp = 270 and the final value of F, is 10.60 kN.

270
0.02 + 4.439[In(1/0.96)]1/1453

1/3
Cm = 10.6 { } = 84.47 kN

Table 11-2: Choose a deep-groove ball bearing, based upon Cjq load ratings.
Trial #1:
Tentatively select a 02-90 mm.
Cio=95.6, Cp=062kN
Lo 2 00645
Co 62

From Table [1-1, interpolate for Y.

Fn /' (-j() )/2
0.056 1.71
0.0645 Ys
0.070 .63

Y, — 1.71 0.0645 — 0.056
1.63 — 1.71  0.070 — 0.056
Yo=1.7140.607(1.63 —1.71) = 1.661

= 0.607

F, =0.56(8) +1.661(4) = 11.12 kN

. 270 1/3
Cio= 1112 {— ; — -
0.02 + 4.439[In(1/0.96)]1/1.48:

= 88.61 kN < 95.6 KN

Bearing is OK.

Decision: Specify a deep-groove 02-90 mm ball bearing.  Ans.



2. In the figure is a proposed shaft design to be used for the input shaft a in Prob. 7-7. A ball
bearing is planned for the left bearing, and a cylindrical roller bearing for the right. (a) Determine
the fatigue factor of safety by evaluating at pinion seat keyway (assuming end mill keyway radius
=0.01”). Use ASME Elliptic fafigue failure criferia. Also ensure that the shaft does not gield in
thefirst load cycle. (b) To avoid complex calculation, approximate the shaft as a uniform shaft
with diameter of 1.875 in, and check the design for adequacy with respect to deformation,
according to the recommendations in Table 7-2. Use 1030 HR.

« 8

(- ; = = >
Shoulder fillets at becu'mg seai 4
—{ |=— 0.354 —- ’«— 0.453

0.0304n radlivs, others %—]n raclivs,
except righthand bearing seat | 4 S "175 1 Bl E T

transition, % in. The material is - —
1030 HR. Keyways 3 in wide by el ¥ : ——t ! =
—]37 in deep. Dimensions in inches. s } 4 bs! 1
« 9 -| ‘
Il | 6 >

Solution

Candidale critical locations for strength:

 Pinion seat keyway
¢ Right bearing shoulder
e Coupling keyway

Table A-20 for 1030 HR: S, = 68 kpsi, Sy =37.5kpsi.  Hp = 137

Eq. (6-8): S, = 0.5(68) = 34.0kpsi
Eq. (6-19); kg = 2.70(68)7"2 = (0.883

ke = /\’(/ = ke = |



Pinion seat kevway

See Table 7-1 for keyway stress concentration factors

Ky =22
K, — 3.0 Profile keyway
For an end-mill profile keyway cutter of 0.010 in radius,
From Fig. 6-20: q = 0.50
From Fig. 6-21: gs = 0.65
Eq. (6-32):
Kes =14qs(Kis— 1)
=140.653.0-1)=23
Kr=1405022-1)=1.6
1.875\ "1
Eq. (6-20): kp = ( 030 ) = ().822
Eq. (6-18): Se = 0.883(0.822)(34.0) = 24.7 kpsi
Eq. (7-11): |

, Y
| 16 [, [1L6QI9 T r2305m ] 4
—_ = . I ————
n T 7(1875% || 24700 37500

= 0.3 and thus n=3.33.

O'max = 11,342 psi using d = 1.875” (see example 7.7 in the class note,
depending on the q and q, you used, o', may be different. I used the
same numbers as used in example 7.7)

Foryield, n=S,/ 6" = 37500/ 11342 =3.31 ok



(b) One could take pains to model this shaft exactly. using say finite element software.
However, for the bearings and the gear, the shaftis basically of uniform diameter, 1.875 in.
The reductions in diameter at the bearings will change the results insignificantly. Use
E = 3010 psi.

To the left of the load:
F/) 3 3 o)
H = — 3“ /‘ —_ /“
AB = pqor T =)

1330 (2)(3x2 +22 = 11?)
T630)(10%) (T /64)(1.825H) (1 1)

=292143 (10732 = 117)

Atx = O 6 =-259 (107 rad
Alx =91n: g =279 107%) rad

- 1330 /(9)(11° —9%)
T 6(30)(109) (7 /64)(1.8754) (1 1)

=398 (107 rad

Atx =11 m:

Obtain allowable slopes from Table 7-2.

Left bearing:

Allowable slope

My =
/s Actual slope
0.001 86
0.000259 o
Right bearing:
0.0008
‘ 0.000398

Gear mesh slope:

Table 7-2 recommends a minimum relative slope of 0.0005 rad. While we don’t know the
slope on the next shaft, we know that it will need to have a larger diameter and be stilTer.
Al the moment we can say

0.0005

Ny < — = 1.79
0.000279



ME 208
Homework #5

1. The cold-drawn AISI 1040 steel bar is subjected to an axial fluctuating load.
Estimate the factors of safety for fatigue (based on the Goodman line), and for

yielding for the following three loading conditions. Sut= g2 Mgt
(a) 600t032001bf O = 1100 Uiy
(b) -600t0 3200 1bf o, = 300450 /)
() 600 and -3200 Ibf T, = —)3008b{/A
Vo I B IT (‘D/ FinD . n o> 10
NAN AN ) P g 3 (3
/K/Hw/l/‘*}/b } A quj; 2818i"
S ‘ T k ~ 721
| L I ¢ = e
4
%ix\

Partial Solutions: (a) nr=1.98; ny=2.89; (b)nr=1.655; n,=2.89; (c)ne=
2.137; ny=2.89;

2. The figure shown below is a drawing of a 3- by 18-mm latching spring. A
preload is obtained during assembly by shimming under the bolts to obtain an
estimated initial deflection of 2 mm. The latching operation itself requires an
additional deflection of exactly 4 mm, thus a total deflection of 6 mm. The
material is ground high-carbon steel, bent then hardened and tempered to a
minimum hardness of 490 Bhn (See equation 2-17 for relationship of hardness
to strength). The radius of the bend is 3 mm. Estimate the yield strength to be
90 percent of the ultimate strength.

(a) Find the maximum and minimum latching forces.

(b) Find the fatigue factor of safety based on infinite life, using the modified
Goodman criterion.

(c) Find the static factor of safety.



< 100 ~—— >
A 4—‘ v
rf A <—]
] "
= \
] [
_,.J Section 3
= A-A
Dimensions in millimeters.

Partial Solutions:
(@) Fmin= 50.3N; Fax = 150.9N
(b) You need to use the curved beam equations on pages 112-115 to find the

stresses in a curved beam:
/1 3

- In(ro/ri) - In(6/3) -
re=45mm, e=r.—r,=45—-43281=0.1719 mm

Mc; F (0.1015F)(1.5—0.1719)  F

4.3281 mm

Curved beam: I

... SO DU L 4 859F MP:
= e A 540.1719(3)(10—) 54 :
Ve, F (01015F)Y(1.54+0.1719)  F
o= Moo F_QIOISHOSTOITI P _ 5 sr mpa
Aere A 5401719)6)(10-5 54
(i = —4.859(150.9) = —733.2 MPa
(0 = —4.859(50.3) = —244.4 MPa
(0 ) = 3.028(150.9) = 456.9 MPa
()i = 3.028(50.3) = 152.3 MPa
Se =605 Mpa

Inner radius: ng=2.48; ny,=2.58

Outer radius: ng=2.65; ny,=4.44
()

Inner radius: ny =2.05

Outer radius: ny = 3.29



where, do
| gait Hlais

H #5)

- 265 - S'HV&
k&: OLS‘,JC\’ = 270(98&.95‘) ‘{'C\M\(, 6 7 M*'U\'\ TN \'
5[: 0.z
Kp= | axek
k,= O0OR&S ARWGN K; B l*‘l(k“‘) -y ,81(1}\1-\)
o= | ‘fw nob Ghvem
, Ke= 256
~ ) pot tnclugsa K b duddd ¢
ko = 1 Yor e y S = ols‘(sw’f)@ N 210
‘ | Sg' = L‘Z,S-
Se = (%319 085) (Se)
Se = 3005 kS 5.¢. fastol (1
K¢ et - 142
W o= 690 Usp o JO"N: 614 I£ps\'(2_;5‘5) = .65
o - . < 213% ps
2813 1Al
30.051ep>!
Oy = 320 Mk 1505 e -
— \ é \,
2813 W* P 5% ks
$.¢. Fatdsl
O&: O ~ Omin \1,5%\'-1&33 = 41y \c()sl (’2_.156) = 9941
7
-\ -\
&)
S, _":> a.a¢q |, Ms6
e = < e Sut = (30.0'5 N S nF = 1988
1 o — [ 2—";*\
= (Gm{f’ 0.38( 2.156) r Sl



ME 208
Homework #5

1. The cold-drawn AISI 1040 steel bar is subjected to an axial fluctuating load.
Estimate the factors of safety for fatigue (based on the Goodman line), and for
yielding for the following three loading conditions.

(a) 600 to 3200 Ibf

(b) -600 to 3200 Ibf

(c) 600 and -3200 Ibf

Partial Solutions: (a) ny=1.98; ny,=2.89; (b)ny=1.655; n,=2.89; (c)n;=
2.137; ny=2.89;

2. The figure shown below is a drawing of a 3- by 18-mm latching spring. A
preload is obtained during assembly by shimming under the bolts to obtain an
estimated initial deflection of 2 mm. The latching operation itself requires an
additional deflection of exactly 4 mm, thus a total deflection of 6 mm. The
material is ground high-carbon steel, bent then hardened and tempered to a
minimum hardness of 490 Bhn (See equation 2-17 for relationship of hardness
to strength). The radius of the bend is 3 mm. Estimate the yield strength to be
90 percent of the ultimate strength.

(a) Find the maximum and minimum latching forces.

(b) Find the fatigue factor of safety based on infinite life, using the modified
Goodman criterion.

(c) Find the static factor of safety.



(Copynght © The McGras 1 il Companies, I Permission reqaired fof reproducten of display.}

I
100 >
A <—I
]

(e

A

s
3

E}— ‘4_ 18 _>l
| Y
}

Section

_J’ A-A

Dimensions in millimeters.

Partial Solutions:
(@) Fmin= 50.3N; Fpax = 150.9N
(b) You need to use the curved beam equations on pages 112-115 to find the

stresses in a curved beam:
h

o)
~In(ro/ri) _ In(6/3)
re=45mm, e=r.—1,= 4.5—4.3281 =0.1719 mm
Mc;i F (0.1015F)(1.5=0.1719) F

Curved beam: I'n

= 43281 mm

__Ma F_ — L _4.859F MP:
= T her; A 54(0.1719)(3)(10-3) 54 &
Mc, F (0.1015F)(1.540.1719) F
o= Ml F 1\ Al : ) L 3.028F MPa
Aera A 540.1719)(6)(10—3) 54
(0 )min = —4.859(150.9) = —733.2 MPa
() = —4.859(50.3) = —244.4 MPa
(0)max = 3.028(150.9) = 456.9 MPa
(0, = 3.028(50.3) = 152.3 MPa
S. =605 Mpa

Inner radius: ny=2.48; ny=2.58

Outer radius: ng=2.65; ny=4.44
(c)

Inner radius: ny =2.05

Outer radius: ny =3.29
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2. The figure is a drawing of a 3- by 18-mm latching spring. A preload is obtained
during assembly by shimming under the bolts to obtain an estimated initial
deflection of 2 mm. The latching operation itself requires an additional deflection
of exactly 4 mm, thus a total deflection of 6 mm. The material is ground high-
carbon steel, bent then hardened and tempered to a minimum hardness of 490 Bhn
(See equation 2-17 for relationship of hardness to strength). The radius of the
bend is 3 mm. Estimate the yield strength to be 90 percent of the ultimate
strength.

(a) Find the maximum and minimum latching forces.

(b) Find the fatigue factor of safety based on infinite life, using the modified
Goodman criterion.

(c) Find the static factor of safety.

naC The corpasien Inc awlsy)

< 100
A ﬁ ”
(=
- le— 18 —>]
- Section _L 3
N A-A
Dimensions in millimeters.

Solutions



| ,
(a) I = 5(18)(’33) = 40.5 mm®*
Fl3 3EIy
) == —— F b=—=] =
V=381 T E
3(207)(10%)(40.5)(10~12)(2)(1073
Fmin == ( )( )( )( )( )( ) =503N

(100%)(10-9)

6
Pz = 5(50.3) = 150.9 N Ans.

< 101.5 mm >[ F

|
|
| ‘ M =0.1015F N -m

A = 3(18) = 54 mm?
M r

h -
“n(ro/ri)  In(6/3)
re=45mm, e=r,—r, =45-43281 =0.1719 mm

Mce; F (0.1015F)(1.5=0.1719) F
0] = — ——=— — — = —4.859F MPa
Aeri A 54(0.1719)(3)(1073) 54

Me, F (0.1015F)(1.5+0.1719) F
_ Meo F_( .o+ ) 3008F MPa
Aery A 54(0.1719)(6)(10—% 54

(07 )min = —4.859(150.9) = —733.2 MPa
(01 max = —4.859(50.3) = —244.4 MPa
(05) max = 3.028(150.9) = 456.9 MPa
(05)min = 3.028(50.3) = 152.3 MPa

Curved beam: n = 4.3281 mm

0o

Ea. (2-17) Sur = 3.41(490) = 1671 MPa



6/

Per the problem statement, estimate the yield as Sy =098, = 0.9(1671) =
1504 MPa. Then from Eq. (6-8), S, = 700 MPa; Eq. (6-19), k, = 1.58(1671)7%9% =
0.841; Eq. (6-25) d,= 0.808[18(3)]'> =5.938 mm; and Eq. (6-20), kj =
(5.938/7.62)~%-107 — 1.027.

Se = 0.841(1.027)(700) = 605 MPa
—733.2 + 2444

At Inner Radius (07)ag = ‘ 5 ' = 244 .4 MPa
—733.2 — 244,
(0))m = 7 2 = —488.8 MPa
l;(H MPa
s meton — 605
244 4
1504 1884 Tm
Load line: om = —244.4 — o,
Langer (yield) line: oy, = 04 — 1504 = =244.4 — ¢,
Intersection: 04 = 629.8 MPa, o,, = —874.2 MPa
(Note that o, 1s more than 605 MPa)
. 629.8
Yield: Ny = = 2.58

244.4



7 /4

Fatigue:  ny=—— =248 Thus, the spring is likely to fail in fatigue at the
T 2444 e i .
inner radius.  Ans.
At Outer Radius
456.9 — 152.3
(00)a = B = 152.3 MPa
456.9 4 152.3
(00)m = 7 = 304.6 MPa
Yield load line: om = 152.3 + o4
Langer line: om = 1504 — 6, = 152.3 + o4
Intersection: o, = 6759 MPa, o, = 828.2 MPa
675.9
1y = ——— =4.44
T 1523
Fat; line: ) l Om S 152 3
atigue line: gg=11- S'_ |0 = Oy — 1020
Ayt
_
60 ( ——') = 0, — 152.3
1671

13620, = 7573 = a, =556.0 MPa
0, = 556.0 — 152.3 = 403.7 MPa

403.7

1

=2.65 Ans.

14l f=

wn
e
e
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Homework #4
ME 208
l. The cold-drawn AISI 1040 steel bar shown in the figure is subjected to a
completely reversed axial load fluctuating between 6200 Ibs in compression to
6200 Ibs in tension. Estimate the fatigue factor of safety based on achieving
infinite life. If infinite life is not predicted, estimate the number of cycles to

failure.
‘ T ‘ +inD.
ey Ilin # ——

Partial Solutions: Se =30.05; N ~ 27,000 cycles (this number may vary widely)

2 A solid round rod is cantilevered at one end. The rod is 0.8 m long and supports
a completely reversing transverse load at the other end of £1 kN. The material is
AISI 1045 hot-rolled steel. Neglect any stress concentrations at the support end.
If the rod must support this load for 10" cycles with a factor of safety of 1.5, what
diameter should the rod be?

F=+*1kN
[se—— R0 mm
Partial Solutions: D ~32.9 mm
3. The steel shaft shown in the figure has a machined finish and a minimum tensile

strength of 500 MPa and yield strength of 410 MPa. Bearing reactions are
located at A and B. The bending forces are F;=3.0 kN and F,=4.5 kN. All
fillets have 1.2 mm radius. Estimate the fatigue factor of safety based on
achieving infinite life. If infinite life is not predicted, estimate the number of
cycles to failure.

Partial Solutions: Se = 181.5 Mpa; N =284,000 cycles
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ME 208 2.

Analyze the stress situation in beam AB by obtaining the following information.
Homework #1

a) Compute all stresses acting at points a (top), and b (front) on the surface of the

. A gear reduction unit uses the countershaft shown in the figure. When the shaft is

rotating at constant operating speed, the force transmitted to Gear A is Fa = 300 Ibf,
a) Find the magnitudes of the bearing reactions.

beam at the wall. (Transverse shear may be neglected if you can justify this
decision.) Sketch the stress elements indicating the magnitudes and directions of
all stresses.

b) Determine the location of the critical stress element. (Not necessarily at a or 5.)
b) Draw shear and moment diagrams for the shaft. Make one set for the horizontal Sketch the critical stress element if it is not at a or 5.
plane and another set for the vertical plane. c) For the critical stress element, find the principal stresses and the maximum shear
\s c) Considering the moment diagrams from both planes, find the location and

magnitude of the maximum bending moment in the shaft.
"

Partial Solutions: Max Bending occurs at point B: 7200in-1b

.

\

stress. You may want to use Mohr’s circle.
)

Partial Solutions:
(b) location angle of critical stress element = 111.8°
(€) Tmax = 13759 psi
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Homework 2
ME 208

For the gear-reduction unit from Homework 1, assuming a constant diameter shaft,
use the Maximum Shear Stress failure theory to specify an appropriate shaft
diameter to provide a yielding factor of safety of 3.5, using 1010 cold drawn steel.
(Note: From Homework 1, you should have found the critical stress location at point
B, with total bending moment of 7200 Ibf-in, and torque of 3383 Ibf-in.)

Partial Solutions: d =1.86”

For the cantilevered beam AB from Homework 1, use the Distortion Energy failure
theory to determine the yielding factor of safety at the critical stress element.
Assume the material is 1010 cold drawn steel. (Note: From Homework 1, you
should have found the critical stress element to be 21.8° CCW from point a, with a
normal stress from bending of 23400 psi and a torsional shear stress of 7243 psi.)

J

7 olotuments

— 4/}0/00(:( S

Partial Solutions: ny = 1.66

Kot pecc ola @ 'w»\ocopL\'\\"(-‘S
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Homework #3 | of |
ME 208 I

The cantilevered handle is made from two pieces of mild steel welded together.

(a) Determine the vertical deflection at point C using Castigliano’s method.

(b) Determine the vertical deflection at point C using traditional methods
(other than Castigliano’s method) learned in a mechanics of materials

course.

Partial Solutions: 6 =10.1"

Determine the maximum deflection for the steel beam shown using Castigliano’s
theorem.

w =200 Ibf/in

I.5-in diameter
AT Y Y Y Y Yy Yy

Jl S-in diameter

I A
v 2-in diameter

f 1

|« 4 in > e——— 12 in ———>< 4 in>

Partial Solutions: §=—0.01673 in
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