ME 354 Spring 2022: Exam 2 Name: Mm oo

April 6, 2022

INSTRUCTIONS
Begin each problem in the space provided. If additional space is required, use the paper provided to you.
Work appearing on the backside of any exam page will NOT be graded.

If your solution does not follow a logical thought process, it will be assumed to be in error.
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PROBLEM No. 1 (25 points)

Problem 1 consists of 10 questions. Each question is worth 2.5 points.

(a) SAE 1060 steel is a (select one of the following):
(O Low-carbon steel
(O Medium-carbon steel

@ High-carbon steel b0 in 1060 wmeans 0.0 '/u ambne
O Ultra-high-carbon steel VVO' Wa W - W 24& _ M

(b) Stress-strain curves are shown below for four materials.

Stress
[sv]

Strain

The most ductile material is (select one of the following):
O Material A

(O Material B

@ Material C

O Material D

The strongest material is (select one of the following):

@ Material A

(O Material B

(O Material C

(O Material D

The best material for a spring is (select one of the following):
O Material A

(O Material B

® Material C ﬂl\ﬂ&* ous WAA "wu’ Gurve:

(O Material D
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(c) Spokes on a bicycle wheel are most likely which of the following?

(O Hot rolled
@ Cold worked

In a few words, justify your answer.

Wl wavbed purts have lvighd, raw Rnich
kML Mene  aLUNBbe

(d) Which do you think is fastest?
O Roller skating on asphalt
O Rollerblading on asphalt
O Ice skating
@ 1t depends

Roller skates

Rollerblades

Ice skates

In a few words, justify your answer.

A veaconole JuskfiLatin winld mlude Some
Aisussim  of Yb\.‘:\b‘é VS, Shiding Cwtad,

Lok  ond (o 4 of vals

(e) The stiffness of a torsion spring can be decreased by which of the following? Select all that apply.

[] Increasing the wire diameter d drT - V T

Increasing the number of body coils N b q\ = N ' T -
. Increasing the length of the spring ends ll s~ N d 1‘ = L/ L
@ Changing the material from chrome-silicon A401 to HD spring A227

k= ”HE Na= Np+ Lth
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(f) The music wire used in a helical extension spring has ultimate tensile strength S,: = 275 kpsi.

The yield strength at location A in the spring hook is most likely:

psi _C . 1 ’K‘, D’r’ gwf’
S (O B
O 220 kpsi = bebuen |71 and 200 P’F";‘

(O 240 kpsi

\!
O 275 kpsi abote \0- % : é?) is 35k of Sut =7-Déltrsi

(g) The most appropriate lubrication type when velocities are small and when friction is to be an
absolute minimum is:

(O Boundary
(O Mixed-film
(O Hydrodynamic

@ Hydrostatic —>r um\"td’c S,(fuw)h&v between MMPM&W['S

O Elastohydrodynamic

(h) The type of lubrication when rolling element bearings are lubricated is:

(O Boundary

O Mixed-film

(O Hydrodynamic

(O Hydrostatic

© Elastohydrodynamic
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i) Catalog data are shown below for a deep groove ball bearing. The catalog rating life is 10° cycles.
2 g g 2 g

Determine the radial load that can be supported for 107 cycles with 90% reliability.

R
=}

2

L5

P

0 0 O

DD, d dy Dz 27 2RSL 2RZ
| I
2RS1 2RS1 2RSH
Principal dimensions Basic load ratings Fatigue Speed ratings Mass Designations
dynamic  static load limit  Reference Limiting Bearing
speed speedl) open or capped capped on one
d D B C Co Py on both sides sidel)
mm kN kN r/min kg -
12 21 5 1,74 0,915 0,039 - 20000 0,0063 » 61801-2RS1 -
O 425 N ] 1 |/,,
LFele T = Bl
O 460 N VTR LR p¥D
Y,
@ 300 N 1 L% i UO b) 3
O 850 N FD; . = [.808 kN
O 915 N ) )lla,
O 1740 N ( IO

(O None of the above

(O Cannot be determined from the given information

(j) Two spheres, each with Poisson’s ratio v = 0.3, are pressed together with a 10 N force.

The radius of the circular contact area is a = 0.0990 mm.

Determine the maximum shear stress and the depth at which the the maximum shear stress occurs in
the spheres.

me'-

9"

2. |oN

—_—

21rA?

Twy = 0-2 pPmmx =

v

-~
d

0-48- 0.044 mwm =

w

21 (0.0 MW ——

|000W M

|“To Mfa

= Y90 MWPg

)'L

D. )4 A52 mm
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PROBLEM No. 2 (16 points)

A part is loaded with a combination of bending, axial, and torsion such that the following nominal stresses
are created at a particular location.

Bending: Completely reversed, with a maximum stress of 60 MPa
Axial: Constant stress of 20 MPa
Torsion: Repeated load, varying from 0 MPa to 50 MPa
Assume the varying stresses are in phase with each other.
The part contains a notch such that K¢ pending = 1.4, K aziat = 1.1, and Ky, torsion = 2.0.
The material properties are S, = 300 MPa and S,; = 400 MPa.
The completely adjusted endurance limit is S, = 200 MPa.

Determine the following.

(a) The factor of safety for infinite life using the Goodman criterion. If infinite life is not predicted,
estimate the number of cycles to failure.

(b) Check for first-cycle yielding.

a0
a}-L - "

0/__ —_—

ng 5& ut

Ta = [U‘#)bmma (a0 Jotndingy + [‘L{')M\J%’A
PY TTRNUTR ROy o

@ = [(K{f)bma,maw v&z + [‘L{')&\(\“‘eq\.,o, ”J)-k
+ 5E¢K3thﬁtmlmlm'l g

R

Q/M, W«-M\‘a b0 Mk

(mo, MNVB
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PROBLEM No. 2 (continued)

Poiild congtart”
oo, oxiek = 0
0wmo, axted = 20 MPw
Trtim T“’f’“””*"'(’
T, dovsion = 25 MPn
e, dovsimn = 5 MPa |
‘z{w Lo mi N+ (200 25 mea’? Z = [20.6 hfx
= 9.4 mhy

CiY_\\ 9o mea\" + 3(2.0°2° mPr | %

| 20.6 mA UMy npe= |2
ng oo mPa

hg 200 wmfn
nPaile Life 15 predicbeds
3 260 mfn
b) n < J" = —= = ]L’»

'+ G’ (1206 + 8A-DWPe
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PROBLEM No. 3 (25 points)

A helical compression spring is subjected to cyclic loading, where the minimum force is 60 1bf and the
maximum force is 150 1bf over a deflection of 1 inch.

The spring index is C' = 7 and the wire diameter is d = 0.207 in. The spring is made of music wire and the
spring has been peened. The spring ends are squared and ground.

Determine the following.

(a) The factor of safety for infinite life using the Goodman criterion.
(b) The spring rate.

(¢) The total number of coils.

, ﬁ,’fo\ M’fm

—

g T Sy, S O .
D g o Iof .4 in
Toin - gb% = LY = ey
k Y42 O L i)
-

= %0 Fpsi

- -
~ —

- 25

4(-% T35

Fm'm= &0 “V'F
D; &A,: 4"0,7,04’}}1: 'Wﬂ, ;n

“Tax = kb Pl = 444 h’g"
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PROBLEM No. 3 (continued)

/\Ck's Tyy——(minﬁ — y\;{.q Ff‘"
>N
e Tt G e
2
. S T - ek
T fw - BT
| - < 1612 Eeel
™M
G ® D.6% Sk = 414 ks
SH" Amr ad —— i ° ASAS Fpsi
A

-
Ny = ( 33( %>
106- \‘Y‘" lpn.2 kpst

E WM = q0 WbFln
b) k- "5'7 [in
.\ 1p° b fin™
e WIl.b 0" P b,
— 3
4p*Na ¢ (Lukain)” Na

) L=

Nﬂ = ’[,4' Uﬂlé Page 9 of 13
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PROBLEM No. 4 (16 points)

Two bearings support a shaft and gear. The shaft and gear have total mass 133 kg. The shaft rotates at 30
rpm.

The load acting on the gear is F =30+ 47 kN.

The distance between the gear and the bottom bearing is b = 20 cm. The distance between the gear and
the top bearing is ¢ = 50 cm.

The angular contact ball bearing selected for the bottom bearing has catalog rating loads C19 = 14.8 kN
and Cy = 7.65 kN.

4
Y
Gravity X
— i \
‘ Shaft
e
(S
|
e [ ‘ JJ [ Jil / Gear
|
S ‘ Bearing
—— | |
—

Determine the following.

(a) The axial load acting at the bottom bearing.
(b) The radial load acting at the bottom bearing.

(¢) The life of the bottom bearing if 95% reliability is required.

A) Fu= |p9kg A80 > = 1.7 KN
17> Fr_l/y gowgm F;q,: 60&”,6#”/”'0% -:736?{,/.'\‘

20 O
Fra. -7
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PROBLEM No. 4 (continued)

(/A \
9 F#Lﬂ = kL

A= 0.0h v Iy Wﬂ"ml'*‘a”
F“{.—: Olo z Hg lq\‘

Loz |0° uadlo

a3 for bt bering
bz e VPt YiFe = 0ok (25T L2115 = H kN

In

a_ z _lj’ﬂ‘— s plro — €2 0.7%
Co 7.6s kN
Ao 13W - gt e = 72

/_

6 |-asrrl
; ’X,,, = (.50

nner 1

W'\T‘\'(' \3? ? [.7)l

l[ l/
Dot 1dseN- (L°) = 2 % kN - Ly

%
Lo= [ D64 148 Lo > o 2. 07 aoles
(M 7
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PROBLEM No. 5 (18 points)

The close running fit H8/f7 has been selected for a journal bearing with a 30 mm basic size, giving
dimensions of D,,;, = 30 mm, D,,q, = 30.033 mm, d,,;n = 29.959 mm and d,,q, = 29.98 mm.

SAE 30 oil is used as the lubricant. The shaft rotates at 2000 rpm and the operating temperature is 60 °C.
The applied load is 3.1 kN.
The bearing length is 30 mm.

Determine the following.

a) The maximum and minimum clearances

(
(b) The Sommerfeld number using the average clearance

)
)
(¢) The coefficient of friction
(d) The power lost to friction
)

(e) If the bearing was analyzed using the maximum clearance, would the power lost to friction increase
or decrease? Briefly justify your answer.

D\M’Y’ A)M'\'\ _ .0%%- 7—0‘45'] = 0.0%4F mm

) ww= ——— T —

\

Dwin- Amar _ w = 0.01 mm
2

Concn = boAt 0.0l _ ) pazs mm

-~

=

v \F N €\ 20-0°Pa- 7%
b) é" (’c L m’ﬁ QJ,LH-IDGfk

C* 0. DQ/%MM
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PROBLEM No. 5 (continued)

M= b wmba-S
i |
po P M o 4man YNS
N= 20 w405 7
N L N o bt
1 vl 0.0%Wh- D.0%M

= |
¢) Fgure (1% ‘U/ §=0.1 oad 24

Ce-
ol
W = D.004Y

‘S:" 23 |G mm

2l
0.00 dik- 2IDON - 0015 M PBEDZT gy

A) frwer = —f\MPN‘

= .t W
26 [D Z&%

6) (9 maximum Aemanse §= 00%) 2, [D° o

.C,Sa: b = webhio ot of ok ALOVASLS.
W pmm 1095 M“AWVW
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