Sample Questions
Failures Resulting from Static Loading

Mechanical Engineering and Design, Shingley, Seventh Edition, Questions 6.3, 6.5, 6.14 6.25 and
6.26

6.3 A bar of AISI 1020 cold-drawn steel, using the distortion-energy and maximum-shear stress
theories determine the factors of safety for the following plane stress states.

a o, =180MPa ,0, =100MPa
b) o, =180MPa ,7,, =100MPa
¢) o, =-160MPa ,r,, =100MPa
d) r,, =150MPa

6.5 Repeat Prob. 6.3 by first plotting the failure loci in the 0,, Ogplane to scale; then, for each

stress state, plot the load line and by graphical measurement estimate the factors of safety.

6.14 This problem illustrates that the factor of safety for a machine element depends on the
particular point selected for analysis. Here you are to 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 F=0.55 kN, P=8.0 kN and T=30 Nm.
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6.25 The figure is a schematic drawing of a countershaft that supports two V-belt pulleys. For each

pulley, the belt tensions are parallel. For pulley A consider the loose belt tension is 15 percent of the

tension on the tight side. Cold-drawn UNS G10180 steel shaft of uniform diameter is to be selected

for this application. For a static analysis with a factor of 3.0, determine the minimum preferred size

diameter. Use the distortion-energy theory.
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6.26 Repeat problem 6-25 using maximum shear stress.

ANSWERS

6-3 §, = 390 MPa

S,
MSS: o1—o3=8/n = n=—2
’ ap — T3
DE: (o_i — O40R +o§)lf‘2 =58/n = n=358/ (cr_i — OA0R —i—af;)lﬁ
390
(a) MSS: o= 180MPa, 55 =0,n = 180 =2.17 Ans.
390
DE: = =250 Ans.
"= [180% — 180(100) + 1002172 "
180 180
(b) 04,08 = — - (7) + 1002 = 224.5, —44.5 MPa = 0. 03
300
MSS: = _145 Ans
"= 045 (—445) "
390 )
DE: n= (1802  3(1005)] 72 = 1.56 Ans.
160 |/ 160\
(¢) o4, 08 = - + \/ (_T) + 1002 = 48.06, —208.06 MPa = o, o3
390
MSS: n= = 1.52 Ans.
48.06 — (—208.06)
390
DE: = — = 1.65 Ans.
"= 1602 £ 3(1009) 12 -
(d) o4, 0p =150, —150MPa = o/, 53
380
MSS: = "7 —127 Ans.
" =150 — (=150 -
390 i
DE: = 1.50 Ans.

"= 3(150)2172



(a) MSS: n=——="=21
0A  1.08
0c 256
: O =0 oy
DE "=0A " 108
OF 1.65
h) MSS: _YE Y s
) "=oDp 110"~
DE: H=E=E=1_6
oD 11

Scale
1" = 200 MPa

) MSS OH 1.68 1.6
i : = = — = |,
“ "T06 T 105
(o) 1.85
OK 1.38
(d) N’ISS n = W = ﬁ = l.h
. _oL_1e
o "TorT s T

6-14  Given: AIST 1006 CD steel, F=0.55 N, P=28.0 kN, and T =30 N - m, applying the
DE theory to stress elements A and B with Sy = 280 MPa

A _ 32FI N 4P 32(0.55)(109)(0.1) | 4(8)(10%)
' DETD T2 T T 20.0209) 7(0.0202)
= 05.49(10%) Pa = 95.49 MPa




16T 16(30
= = (30) =19.10(10°) Pa = 19.10 MPa

WY T T8 T 70,0209

o' = (oF +3c3)"? = [05.49% 4 3(19.1)*]/% = 101.1 MPa

Sy 280
= =101l = 277 Ans.

4P 4(8)(10%)
7d3  7(0.0202)

_16T 4V _ 1630) 4 0.55(10%)
™ E a3 T 70,0209 T3 | (7/4)(0.0202)

= 21.43(10%) Pa = 21.43 MPa
o' = [25.47% + 3(21.43H]"/? = 45.02 MPa

280
"= 15.02

= 25.47(10°) Pa = 25.47 MPa

B: Ty =

=622 Ans.

6-25 T =(270 —50)(0.150) = 33N - m. §y = 370 MPa
(N —0.157)(0.125) =33 = T, =310.6N, T, =0.15(310.6) = 46.6N
(171 + T2)cos45 = 252.6N

¥ 107.0H 526M
1634 N 2526 N 80.2HM 300 [ 400 130
a 300 TA £ 1501 . ] I
B [N AN 1744 M
v plone x plane

My =03/163.4 4+ 1072 = 58.59N - m {maximum)

R
Mp = 0.15/89.22 4 174.42 =29.38N - m
_32(58.59)  596.8

T T o

16(33)  168.1
T ] = —_— e —
Y ad d?

2 22 6
r g 212 596.8 168.1 _ 664.0 _ 3T0(10%)
o = (CF_‘. + 3!’_‘.}.) = |:(T + 3 d3 = {1"3 = 30

d = 17.5( lﬂ_g}m = 17.5mm, souse 18 mm Ans.

6-26  From Prob. 6-25,

2 12
a, 2 S\l
Tmax = [(?{) + T_r_‘f‘} = ﬂ

5 1/2 .
396.8%° 168.1? 3425 370( 10%)
243 + d? Todd T 203

d=17.7{ 10‘3}111 = 17.7mm, sousel8mm Ans.




