The figure illustrates a stepped torsion-bar spring OA with an actuating cantilever AB. Both
parts are of carbon steel. Use superposition and find the spring rate k corresponding to a
force F acting at B.



From Table A-5, E =207 GPa, and G =79.3 GPa.
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The steel curved bar shown has a rectangular cross section with a radial height h =6 mm,
and a thickness b = 4 mm. The radius of the centroidal axis is R =40 mm. Aforce P=10 N is
applied as shown. Find the vertical deflection at B. Use Castigliano’s method for a curved
flexural member, and since R/h < 10, do not neglect any of the terms.

There 1s no bending in 4B. Using the variable 6, rotating counterclockwise from B
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A=6(4)=24mm’. r, =40+1(6)=43 mm. » =40—1(6)=37 mm.
From Table 3-4, p.121, for a rectangular cross section

1, = 6 =39.92489 mm
In(43/37)

From Eq. (4-33). the eccentricity is e =R —r, =40 —39.92489 = 0.07511 mm
From Table A-5. E =207(10°) MPa. G = 79.3(10°) MPa

From Table 4-1, C=1.2

From Eq. (4-38)
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For the steel wire form shown, use Castigliano’s method to determine the horizontal reaction

forces at A and B and the deflection at C.

C

Rh=20=10s0Eq. (4-41) can be usad o determune deflections. Consider the horizontal
reaction, to applied at B, subject to the consraint (£, =0.
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A rectangular aluminum bar 10 mm thick and 60 mm wide is welded to fixed supports at the
ends, and the bar supports a load W =4 kN, acting through a pin as shown. Find the
reactions at the supports and the deflection of point A.

'1| Ro+Rp=W (1) R
B dos = 648 1F
i : [E L - ﬂ ] B -4 -
; | 600 mm AE A AE )i 600 mm
60 mm—=| | (= W= 4 kN
10 mm thick —__ l W 400K, _ 600R, R, =5Rﬁ. (2) J’
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From Eq. (2) Rp=-1.6=24 kKN Ans.
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4 =0.0223mm Ans.



The steel beam ABCD shown is supported at C as shown and supported at B and D by
shoulder steel bolts, each having a diameter of 8 mm. The lengths of BE and DF are 50 mm
and 65 mm, respectively. The beam has a second area moment of 21(103) mm4. Prior to
loading, the members are stress-free. A force of 2 kN is then applied at point A. Using

procedure 2 of Sec. 4-10, determine the stresses in the bolts and the deflections of points
A, B, and D.
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Beam: EI = Eﬂ?[lﬂg}ll[lﬂg} v
= 4.347(10°) N-mm®.

Rods: 4 = (7/4)8" = 50.27 mm”. - kN "
75 nun TSmO TSmO
Procedure 2. 4
| Re FIJF
1. Statics.
Re+Fge—Fpr =2000 (1)
Re+ 2Fge= 6000 (2)
2. Bending moment equation.
M=—-2000x+Fgg(x—75 ) +Re {x— 150 !
EI% ~1000x* +%FRE(1'—T5)2+1RC<1'—150}2+C*1 3)
Epy=-10% 3+;F (x=75) += RCH ~150) +C+C,  (4)

3.B.C1. Atx=75mm,.

Fye (50
vo = L G - =—4.805(10 ) Fe
4E J;  50.27(207)10 -

Substituting into Eq. (4) at x =75 mum.

4.347[109:)[—4.805[104j]FM]=_${~53] c(75)+C,



Simplifying gives
20.89(10° ) Fyp +75C; +C, =140.6(10°) (5)
B.C2 Atx=150 mm. y=0. From Eq. (4).

1000

3 ——(150° )+ —F (150—75)" +C,(150)+C, =0

or,

70.31(10° ) Fp +150C, + C, =1.125(10°)

B.C 3. Atx =225 mm.

Fl FEF{}E'E) -6
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Substituting into Eq. (4) at x = 225 mm.
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4347(10°)[ 6 246(10~) F,,, | =~ [225’)+EFH(225—.-:|]3
Simplifying gives

7031(10° | R. +562.5(10° | F,, —27.15(10°) F,,, +225C, +C, =3.797(10°)  (7)

Equations (1}, (2), (3}, (6), and (7) in matrix form are

1 1 -1 g 2(10°)
1 2 0 0 0 F" 6(10°)
- BE
0 20.89(10%) 0 5 1|IF,, t=11406(10%)
0 ?D.il{li}’) 0 130 1| G 1_125(11}«;)
TD..’;I[I'I}’) 5452.3(11}:”] —2?.15[1[]!:‘} 225 1 [LG 3?9?(“]9)
Solve simultanecusly or use software. The results a.re.
Re=—2378N, Fpe=4189 N, Fprp=—1892 N Ans.

and C; = 1.036 (10") N-mm®, Ca=—7.243 (10%) N-mm’.
The bolt stresses are e = 4189/50 27 = 83 3 MPa, ope=— 189/50 27=— 3 8 MPa Ans.
The deflections are

1
4347(10°)
For pomnts B and D use the axial deflection equations®.
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FromEq (4) y,= [-7.243(10") | =-0.167 ram Ans.

- _(FIy _  -189(65)
Yo7\ 4 |, TS0
*MNote. The terms in Eq. (4) are quute large. and due to rounding are not very accurate for

calculating the very small deflections, especially for point D.

=—1_13[1D‘3} mm Ans.



Link 2, shown in the figure, is 25 mm wide, has 12-mm-diameter bearings at the ends, and
is cut from low-carbon steel bar stock having a minimum yield strength of 165 MPa. The
end-condition constants are C =1 and C = 1.2 for buckling in and out of the plane of the
drawing, respectively.

(a) Using a design factor nd = 4, find a suitable thickness for the link.

(b) Are the bearing stresses at O and B of any significance?
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(a) IM, =0. (0.75)(800)— F,,(0.5)=0 = F,,=1373N
Using ng = 4. design for Fir=ng Fpo=4(1373) = 5492 N

1=+/0.92+0.5" =1.03 m. S, =165 MPa
In-plane:
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Since (! / k), = (I/ k)use Johnson formmla.
Try 25 mm x 12 mm,

b 005 . [165(10%) R
, =0.025(0.012){165(10°)-| ——=042.7) e

This 15 significantly greater than the design load of 5492 N found earlier. Check out-of-
plane.

Out-of-plane:  £=02887(0012)=0003 464in. C=12
1 = _ 103 =207 3
£ 0003 464
Since (I / k), <(I/k)use Euler equation.
1.27° (207)10°
P =0025(0012) 7 ( ,.:I =8321N
2073

This is greater than the design load of 5492 N found earlier. It is also significantly less
than the in-plane P found earlier, so the out-of-plane condition will dominate. Iterate
the process to find the minimum A that mives P, greater than the design load.

With A=0.010, P;=4815 N (too small)
A=0011, Po=06409 N (acceptable)

Use 25 mm x 11 mm_ If standard size is preferred, use 25 mmx 12 mm. Ans.

A A—L =-104(10°) Pa=-104 MPa
dh  0.012(0.011)

No, bearing stress 15 not sigmficant. Ans.




