Solutions: HW#10
Problem 1

SOLUTION (12.1)

Enown: A steel torsion bar spring is shown in Figure 12.1a. One end of the bar
angularly rotates 65 relative to the other end. The length of the torsion bar portion is
50 in. and the diameter is 0.312 in,

Find: Calculate the energy stored in a steel torsion bar. Also, calculate the maximum
shear stress.

Schematic and Given Data:

",-r’

Fixed
end

\— d=0.3121in,

Assumptions:

1. The bar remains straight and the torque is applied about the longitudinal axis.

2. The material is homogeneous and perfectly elastic within the stress range
involved.

Analysis:
1. From Table 5.1, for a torsional case (Case 2):

=1L T = BIG
i G therefore | i

2. B=(65/180)x = 1.1345 rad; and J = 7d¥/32 = =(0.312)4/32 = 0.00093 in2
From (Appendix C-1), G =11.5 x 10° psi

i
Therefore, T = 1:1345 % ﬂ[[ﬂ%?}"i XILSX 10 _ 947 66 Ib in.

4. The internal energy stored in the spring is equal to the work done 1o angularly
rotate the spring, i. e., U = (12)T0 = 0.5(242.66 [b in.)(1.1345 rad) = 137,65 in.-1b.
]

Lk

5. From Eq, (4.4), for a solid round rod,

© = 167ind’ = UOIRALO0) _ 4 69 ksi
m(0.312)



Problem 2

SOLUTION (12.5)
men: A torsion bar spring serves as a counterbalance for a frap door with a given
weight, The maximum allowable torsional stress for the spring is 50 ksi.

Find:

(a) Determine the length and diameter of a solid steel torsion bar that would
munlterha]nnce A0% of the door weight when closed, and provide a 6 1b-ft rorgque
holding the door against the stop.

(b} Make a graph showing gravity torque, spring torque, and net torque all plotted
against door opening angle.

Schematic and Given Datas:

Dinor stop

T

Y
{ . {-ZLJ . |
f=110"
To=6&lbft mlhl “T
Opened

Assum ptions:

1. The baris straight and the torque is l:‘Ellgplii:l;i about the longitudinal axis,

2. The material is homogeneous and perfectly elastic within the stress range involved.

3, The ¢ross section considered is sufficiently remote from points of load application
and from stress raisers.

Analysis:

1. From Eq. (4.4), for a solid rmound rod ©= 16T

K]

ord= Jl-/rllf-T.i’;rrv:
el

When the door is closed, the bar will counterbalance 805 of the door weight.

Thus, Te= (080060 [b)(24 in.) = 1152 1k in.

Since a maximum allowable torsional stress is 50 ksi,

a = A 16(1152)/2(50,000) = 0.49 in. -

TL gk =T =10

2. From Table 5.1, for a torsional case {Case 2) 0 = G 0= L

4
where ] = % = 0005660 in."

G = 11.5% 108 psi (Appendix C-13

o AT _Te-T, _(1152-72) Ibin.
TAB AR 1.92 rad

=362.51b in./rad



3. Letclockwise torgue be positive.

Lk

Gravity torque = 1440 cos @
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Problem 3

SOLUTION (12,12} ) . ,
Known: A helical coil spring with given D and d is wound with a known pitch value.
The material is ASTM A227 cold drawn carbon steel,

Find: If the spring is compressed solid, would you expeet it to return to its original
free-length when the force is removed?

Schematic and Given Daga:

ASTM A22T
Cold drawn carbon steel

d=10mm

Assumptions:

1. There are no unfavorable residual stresses. .

2. Both end plates are in contact with nearly a full turn of wire.
3. The end plate loads coincide with the spring axis.

Analysis: _
1. Force to compress spring solid can be caleulated by using Eq. (12.7),

F= 4G
whert BN = p - d = 14 - 10=4 mm
G =79 % 10° Pa (Appendix C-1)

_ (10 % 109479 x 1094 = 10°%)

F — =3160 N
B(50 = 10032 [ ]
2. The corresponding stress can be caleulated by vsing Eq. (12.6),

T= EF% K,
for C=Did = 5010 =35

Ks= LI (Fig 12.4)

B{INE0HS0 = 107 )
T =¢ ) (1.1} = 4426 MPa

w10 = 10-%°

3. From Eq. (129), s = 045 5,
From Fig. 12.7, Sy = 1300 MPa
Thiss, (.45 5, = 585 MPa

4, Since 442.6 MPa < 585 MPa, no set should oceur: therefore, spring should retumn
tov ori ginal length. n

Comment: Even considering the curvature (stress concentration) factor of the inner
surface by using Kw = 1.3, the inner surface stress is only {1.3)(442.6) = 575.4 MPa
which is still less than 585 MPa



Problem 4

SOLUTION (12.14)
Known: A coiled compression spring is loaded against a support. A plot of the
resulting force-deflection curve is shown.

Find: Briefly state the reasons the curve changes at points A, B, and C.

Schematic and Given Data:

B
Deflection 1 \
A
C
j =zl
i

Assumptions:

1. There are no unfavorable residual stresses.

2. Both end plates are in contact with nearly a full turn of wire.
3. The end plate loads coincide with the spring axis.

Analysis:

. AtA, the force overcomes the spring preload, causing deflection to begin.

2. At B, significant yielding of the spring begins. (In most instances, this would
indicate an improperly designed spring.

3. At C, the spring closes solid.



Problem 5

SOLUTION (12.28)
Known: A coil spring with squared and ground ends is to operate with a load that
fluctuates between 90 and lé% Ib, during which the deflection is to vary by 1in. Usea
steel spring wire having d = 0.200 in. and fatigue strength properties as shown on Fig,
12.16 for shot-peened wire. Presetting, and a clash allowance of 1/4 in. are to be used.
Hesidual stresses due to presetting are not to be taken into account,

Find: Determine appropriate values for N, D, and L.
Schematic and Given Data:

F

F =90 180 Ih
Dieflection = 1 in.

d = (L300 in.

Clash allowanee = 144 in

Squared amd
F e end

Assumptions:
1. Both end plates are in contact with nearly a full turn of wire,
2. The end plate loads coincide with the spring axis.

Analysis--Case A--with shotpeening:
I, From Fig. 12,16, for T tmin = 2, Tpes = 800 MPa = 116 ksi

2. FromEq. (12.5), 1= :ﬂ:l CKy or CKy = n:ltm,u

max

_ (0. 251 16, 000)

CKy RT180) =10.12
1. FromFig124, C=835
D=0Cd=K5021=1.70mn. [ |
4, k=F% =91 =90 Iin.
dG dG
5. FromEq (128, k=——FarN=—"=
- 8NC’ 8kC’

where G = 11.5 x 10% ksi i Appendix C-1)
(02115 x m‘*}_j 2
TUUBOME.SY m



Problem 6

SOLUTION (12.38)

Known: The specifications for a coil spring are known. Infinite fatigue life is required,
using a safety factor of 1.5 applied to the maximum load only. The fatigue strength can

be represented by a line between Ty = 600, Thin = 0 and T = Tmin = 900 MPa,
Find: Determine a suitable combination of d, D, and M,

Schematic and Given Data;
F

Static load per spring = 3500 1
1 I Rabe per spring = 40 MNimm
[ | Jounce = 130 mim

% Reboaund = 538 mm

Assumptions:
1. Both end plates are in contact with nearly a full wrn of wire,
2. The end plate loads coincide with the spring axis.

Amnalysis:
1. First, choose a reasonable value of C, say C = 8. Thus, from Fig, 12.4
Ky = .15

2. At the "design overload":
Using Eq. (12.5),

EF
Ty = 8 (K, = SIS0+ EOKISONL.3] gy 15) - 906, g70/a2
nd xd
8F.. _
Tmin =13 CKy = EIESSG{IM{!MI}{SE}] (B)(1.18) = 28,366/d*

Tmaw/Tmin = 296,870/28 366 = 10.47

3.
il
(M), S00)
i ?r:ln.d?
m-
E.w.
i [ ™ e =20
00
200
1] NP 40 s0D R 1000
T (AT




4. From graph, Tmay = 620 MPa.

620 = ?Lg-&zaE ord=21.8% mm" |
d
5. D=Cd=8(Z1.88) = 1750 mm |

6. From Eq. (12.8), k= -3;':;3 where G =79 GPa (Appendix C-1)

N = (21.88)(79,000)

! =10.55 -
8(8)'(40)

Comment: ~A slightly modified solution with d = 22 mm would probably be preferred.




Problem 7

SOLUTION (14.7)
Known: A No. 204 radial ball bearing has a 5000 hr B-10 life at 900 rpm.

Find: Determine the bearing radial load capacity.

Schematic and Given Data:

:

1800 rpm | No. 204 Radial Bearing
=.:" Fl' =9

N
%} ] l)) 90% reliability
sy

Assume: steady loading
-@- B-10 life = 5000 hours

Assumptions:

1. Table 14.2 accurately gives the bearing capacity.

2. Ball bearing life varies inversely with the 10/3 power of the load (i.e., Eq. (14.5a)
15 accurate).

3. The life given is for a 90% reliability.

4. The loading is steady.

Analysis:

1. From Table 14.1, for a 204 bearing the bore is 20 mm.

2. From Table 14.2, for Lr = 90 x 100 rev and a 200 series bearing, C = 3.35 kN.
3. From Fig. 14.13, for 90 percent reliability, Ky = 1.0.

4. From Table 14.3, K, = 1.0 for a steady load.

5. From Eq. (14.5a), L = K;Lr(C/FcK,)3.33

6.  Substituting and solving for Fe: Fe = F; = C(Lp/L)03

7. Substituting values:

0.3

&)
90 x 10" rev — 2409 N

(5000 hr)(60 min/hr)(900 rev/min)

Fr=3.35k



Problem 8

SOLUTION (14.8)

Known: A No. 208 radial ball bearing carries a radial load of 200 Ib and a thrust load
of 150 Ib at 1800 rpm.

Find: Determine the bearing B-10 life.

Schematic and Given Data:

1200 rpm =.= No. 208 Radial Bearing
N Fr = 200N, F=150N
%) )q_? Lf 90% reliability
steady loading

-~/ @~ B-10 life = ?

Assumptions:

1. Table 14.2 accurately gives the bearing capacity.

2. Ball bearing life varies inversely with the 10/3 power of the load (i.e., Eq. (14.5a)
1S accurate).

3. The life given is for a 90% reliability.

4. The load Fe can be found from Eq. (14.3).

Analysis:

1. From Table 14.1, for a 208 bearing the bore is 40 mm.

2. From Table 14.2, for Lg = 90 x 106 rev and a 200 series bearing, C = 9.40 kN =
2112.31b.

3. From Fig. 14.13, for 90 percent reliability, K; = 1.0,

4. From Table 14.3, Ky = 1.0 for a steady load.

3. The ratio Fi/F; = 150 1b/200 1b=0.75

6. The equivalent load from Eq. (14.3) is

Fe=Fr[1 + 1L.115({Fy/Fr}- 0.35)] = 200 Ib[1 + 1.115({150/200} - 0.35)] = 289.2 Ib
From Egq. (14.5a), L = K,Lr(C/FK,)3 33
Substituting values into Eq. (14.5a):

s |

2112.31b

~ 10
28021p | = O76%10 rev

3.33
L=90x10%rev ]

{ 6.76 % 10" rev

(60 min/hr)(1200 rw!min)} = 938,763 hr






