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MACHINE DESIGN - An Integrated Approach 4-333-1

Hw XL Solutions Due 15/37/97

| PROBLEM 4-33a
! Statement: For the bracket shown in Figure P4-14 and the data in row a of Table P4-3, determine the

bending stress at point 4 and the shear stress due to transverse loading at point B. Also

the torsional shear stress at both points. Then determine the principal stresses at points 4
and B.

N :=newton MPa :=10°.Pa GPa:=10°-Pa
Tube length - L:=100-mm F
| Arm length a :=400-mm Y l
Arm thickness t:=10-mm A
Arm depth h :=20-mm T—G»I—ﬁ— —— L«—- T x
Applied force Fi=50-N M ‘: i
Tube OD OD =20.mm I —
Tube ID ID = 14-mm R
Modulus of elasticity £ :=207-GPa FIGURE 4-33

Free Body Diagram of Tube for Problem 4-33
Solution: See Figure 4-33 and Mathcad file P0433a.

1. Determine the bending stress at point 4. From the FBD of the tube in Figure 4-33 we see that

Reaction force R:=F R =50.0=N
Reaction moment M:=F.L M=500Nm
Distance from NA
to outside of tube ¢,:=0.5-0D ¢ 4 =10.0 omm
Moment of inertia I, :=6_’;- (op*- p*) 1, = 5968 omm"*

: M-e
Bending stress - t _ .
at point A Tyd = I, Oxq = 8.38 °MPa

2. Determine the shear stress due to transverse loading at B.

Cross-section area A ::fl(opz.. D?) A = 1602 ommi’
4
Maximum shear V=R
Maximum shear stress 4 o
(Equation 4.15d) * Ymax =2~ ? Vma = 0624 °MPa

3. Determine the torsional shear stress at both points. Using equation 4.23b and the FBD above

Torque on tube T=Fa T =20.0eN-m

Polar moment of =" (op*- Ip*) J = 11936 omm’

inertia 32

; i Tec

Maximum torsional A ¢

stress at surface " Tmax =~ T Tmax = 16.76°MPa
4. Determine the principal stress at point 4.

Stress components 0xq =8.378°MPa 0,4:=0MPa
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MACHINE DESIGN - An Integrated Approach 4-33a-2

T s =1 Trmax Tyr = 16.76°MPa
. . r
Principal stresses Mo lﬂ""s Circ\c
2
T4+ 0 Oxq— 0 %)
gf:= x4 ZA.'_ (IA ZA) .'.fxzz 51:21.46°MPa 11'
2 2 | -
62:=0'MPG
O g+ 0 o 04
0 im0 A_ |(Zx4 z‘) rrg o 3 ==13.08 °MPa
2 2
g1=93
13— 713 =1721°MPa

4. Determine the principal stress at point B.

Stress components TR 1=0-MPa OB :=0-MPa

fxy:rTmax'fVmax rxy=16.13°MPa

Principal stresses

2
rry) o =16.135MPa

o + o, d‘xB-—G’B
d'jisz y+( 4

2 2

g2 =0-MPa

2
ﬂ'xB-i-d'yB EIB—U},B\I 2
o= - +7 ¢ 2 =—16.13 eMPa
d 2 2 ) xy 3
c1-03 =
T13= 5 r13=16.13°MPa
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4-34a-1

PROBLEM 4-34a
Statement: For the bracket shown in Figure P4-14 and the data in row a of Table P4-3, determine
the deflection at load F.
Units: N :=newton MPa:=10°.Pa GPa:=10°-Pa
Given: Tube length L:=100-mm Applied force F:=50N
Arm length a :=400-mm Tube OD - OD :=20-mm
Arm thickness t:=10-mm Tube ID D :=14-mm
Arm depth h =20-mm Modulus of elasticity E:=207-GPa
Modulus of rigidity G :=80.8-GPa
Solution: See Figure 4-34 and Mathcad file P0434a.

1. The deflection at load F can be determi

twisting of th i

imposing the rigid-body deflection of the arm due to the

& tube with the beamn deflection of the tube and the arm alone.

2. Determine the rigid-body deflection due to twisting of the tube. Refering to Figure 4-34, the torque in the tube is

—

Torque on tube T:=Fa

T=20.0Nm

Mote! parts Polar moment of inertia J, :=.§%-(OD4— ) 7, = 11936 omm’
2.3 and Y e T.L -3
)7) Tube angle of twist b= §=2.07368¢10 ° orad
also be done ¢
i . . 8 =0.119deg
Ubing S u\ 2 \\'
Deflection at F due to 6 r) g =a-d F ] 6,-0.829°mm
p ML}"” ng
3, Determine the rigid-body deflection due to bending of the tube.
Jr .
Moment of inertia, 1, :=--£- Ir = 5968 smm
Deflection of tube F LI
end and arm end by =— & p = 0.013emm
(see Appendix D) 3E,
F F
y y a
A i ’
E - VRN }
T fmm e — A T e X Z T ’.‘ J h
M T &/ '
- L —
R F
FIGURE 4-34

Free Body Diagrams of Tube and Arm for Problem 4-34
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4. Determine the beam bending of arm alone.

Moment of inertia
Deflection at F

5. Determine the total deflection by superposition.

Sor =0 gt Ot ia

8ot = 1.616emm

m

I, =6667omm'

downward

8 4 =0.773omm

4-34a-2
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PROBLEM 4-35a

Statement: For the bracket shown in Figure P4-14 and the data in row a of Table P4-3, determine the
spring rate of the tube in bending, the spring rate of the arm in bending, and the spring
rate of the tube in torsion. Combine these into an overall spring rate in terms of the force
F and the linear deflection at F.

Units: N = newton MPa:=10° Pa GPa:=10"-Pa

Given: Tube length L:=100-mm Applied force Fi=50.N
Arm length a :=400.-mm Tube OD OD :=20-mm
Arm thickness t:=10-mm Tube ID ID:=14.mm
Arm depth h:=20-mm Modulus of elasticity £ :=207.GFa

Modulus of rigidity G '=80.8-GPg

Solution: See Figure 4-35 and Mathcad file P0435a.

-

1. Determine the spring rate due to bending of the tube.

Moment of inertia 1,:==.(op* - Ip*) 1, = 5968 omm’*
Sporin Rate = K 64
r Deflection of tube I3
F. end and arm end Oy 1= m— 3 ¢p = 0.013 emm
- ofte (see Appendix D) 3-El,
DC'F ‘Cf—""b“ Spring rate due to F N
_ bending in tube kb ':g':; Kb = 3706“;7,"
2. Determine the spring rate due t0 beam bending of arm alone.
. th 4
Moment of inertia 1, :=T2_ I, =6667mm
. Fa
Deflection at F §qi= 84 =0773emm
3-E1,
Spring rate due to F N
g k= k=647
bending in arm a 5, a —
£ F
Y y - a
A ! I
T—e‘-«B- - m— — —r—— T — X h
o | +
- L -
R
FIGURE 4-35
Free Body Diagrams of Tube and Arm for Problem 4-35
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MACHINE DESIGN - An Integrated Approach 4-35a-2

3. Determine the spring rate of the tube in torsion. Refering to Figure 4-35, the torque in the tube is

Torque on tube T:=Fa T=20.0eN-m
S R 1 4 4\ 4
Polar moment of inertia J,.-E-(op - 0¥ J 4 = 11936 omm
\ TL =3
Tube angle of twist = 6 =2.07368410 ~ erad
J G
§=0.119edeg
Deflection at F due to q dpi=ald & g=0.829emm
Spring rate due to _F _ N
torsion in tube kﬂ'_é-_ kﬁhso‘zsm
é

4. Determine the overall spring rate. The springs are in series, thus
R

N

k gk gk :
ko i gib7a U‘\?"*“& ko =30.90 %
krb'ka"'kﬁ'ka"'kﬂ‘krb mm
Checking, 5 1ot :=ki 8 1o = 1616 omm
oa

which is the same total deflection gotten in Problem 4-34.
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