CE 203 -112
Solution of HW # 8

Problem # 1:

Given:

The figure shown

r=30mm ; G=100GPa
Required:

Value and location of 7,4,

PF

Solution:

P.1 / 13

The system is statically indeterminate as it is fixed at A and B; thus, there are two unknowns
Ta and Tg (reactions) and only one equilibrium equation (XT = 0), as shown below in the

FBD.

@ Equilibrium
2Taxis=0

Since the two shafts are not on the same line, when we
take > T about the axis of one of them, the reaction on the
bearing of the other one will produce “T”, and thus the
reaction appears on the equation. Therefore, it is better to
separate the two shafts from the gear and take each one
separately as shown below.

—> \ P |
¢ \, ‘
/( ~
7
R
1A *"\\”/
YTag =0=>T,—300+F(0.1) =0 (1)

axis

YTrg =0 = Tg+F(0.07) =0 (2)

axis
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From (2), F Ts
=
romis), 0.07

T 300+( Ts )(01) 0
— — . = =3
A 0.07

TA—gTB—?,OO:O (3)

@ Geometric Compatibility:

The geometric compatibility of the gears will be used (as discussed in the previous HW).
150 = 150k
0=¢ in our case = @
0.1 =0.07¢r = @ =0.7¢f (4)
From the boundary conditions,
©g = Qg/a = Pae  as Als fixed

Yr = Qp/p = Prp  as Bis fixed

LY _ o 7 (T _
Then,eq.(4)becomes (]_G)AE =0.7 ( 7 G)FB (5) o 7
From the FBD shown / oy JAE
», -7
1 >
TAE = _TA o > : L
TFB = TB / = ,‘ i
Note that both internal torques are assumed positive. (Why & How?!)
J & G are common in the two shafts, thus eq. (5) becomes —1.5T, = 0.7(0.8T) =

Ty = —2.67857Tp (6)
Fromeq.(6)into eq.(3), T4y — g(—2.67857TA) -300=0 >

T,=62.156 N.m =
~

Tp = —-166.49 N.m = 166.49 N.m L/

Since r is the same for the two shafts, TnaxWillbe @ Thax = Teg = Tg =

Tmaxrmax _ TBrout

Tmax = 7 ]
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166.49 (0.03)
T = = =
max %(0.03)4

Tiax = 3.926 MPa @ outer raduis in shaft FB

((Do not worry about the sign!!))

Pr = (pF/B = Qrp as F is flxed =
TL 166.49 (0.8)
=), - .

JG/rp  |5(0.03)*(100)(10)°

@r =1.0468 (10)3 rad = 0.05998 °

cw

P.3 / 13
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Problem # 2:

Given: A

The figure shown /
D

Required: 125 mm i 750 N-m
=<
\ r
Ty,; Tg 200 mm\)/ 25 mm

Pp/c; Pp/B \

300 mm

12 mm

Solution:

There are two reactions (at A and B) and only one static (equilibrium) equation (X T = 0).
Thus, the problem is statically indeterminate.

(1) Equilibrium
From the FBD,
Z Taxis = 0 =

@ Geometric Compatibility:
Pa/p = Z(pA/B =0 =

Yac +9cp +9pp =0 (Why 3 segments?!)
(), Gy * (Ga)y =0 @

Since all segments are made of the same material (Steel with G =75 GPa), G can be
dropped from the equation.

T’s can be obtained firom the FBD'’s below. v~y
Tac =—Ty Sy
Tep = ~T; Ry |
) N
TDB —_ _TA - 750 - o g \Y| ‘A
N
/ o~ Y
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Note that all internal torques are assumed (+). Also note that the right part of segment DB
may be chosen as shown.

Inthiscase Tpg =+ Tg . A
We can check this later.
Now, eqg. (2) can be written as e r

0125 (-Tp) | 02(=Ta) 03 (-Tx=750) _

701y @0y m 0025y’

T,=—-78.816 N.m = 78.816 N.m ) ((as expected!)) =

Tp =-671.18 =671.18 N.m \ ((as expected!))

T~

Note that Tgis noticeably bigger than T, . Reasonable?! Why?!

(L _ 78816 (0.2)
Ppjc = (]G)CD B E("-"ZS)‘}(75)(10)9

2 2

=

@p/c = 5.4805 (10)3 rad = 0.3140°

_ (TL)
Pp/B = JG)

Tpp = —Ty — 750 = —(—78.816) — 750 = —671.18 N.m = Tj

o
~

005 = 671.18 (0.3)
D/B n(0.025)4(75)(10)9

2\ 2

=

(PD/B =0.070rad = 4.011°

Check:

When we add @ ¢4 to @p,c we should end up with @ which should equal to @pp. =

= 0.064527 rad = 3.6971°

TL) _ —(—78.816)(0.125)
AC

Pecra=\15) = *
e
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Problem # 3.
Given:

700 mm
The figure shown |l <l

L)
Core: solid steel; d = 60 mm; G = 80 GPa 100 mh ‘

X R
Tube: brass; G = 40 GPa &@
LSl

60 mm
Required: 8 ¥iivin

Value and location of T4 8 min 1N Steel and brass

T distribution

Solution:

The problem is internally statically indeterminate; that is the 5 kN.m — T is carried by steel
and brass, but we do not Know Teteel & Thrass.

We know that the shear strain (y) must be continuous through the radius as shown below.

For the shear stress (), it is equal to G y. Since G changes on the border of steel/brass, z will
be discontinuous at that point.

Y — distribution T — distribution

From the FBD (equilibrium)

‘/’, b 4v S //;(
Te + Ty +5000=0 (1) 5
From the geometric compatibility, &= Tsl
2
Pst = Ppr (2) / Vv.j KN

((as steel and brass are bounded together, they must have the same rotation.))
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From material behavior,

9= 0
From (3)into (2), (;_L) - (%)
st br
TstL _ TbrL =
3(%7) eoaor F[(17) ~(2) |uoaor

T, = 3.35802T,;, (4)
From (4) into (1), =T, = 1147.31 N.m
=into (4) =Ty, = 3852.69 N.m

Note that to take advantages of both materials, it is better to have the brass as the core
(inner) material and the steel as the sleeve/tube (outer) material. (Why & How?!)

- _ Tmaxmax
max — Ji

Since we have only one external T, T will be constant, and zmax @ Fmax and zmin @ Fmin.

Thus,

_ Tgtmax _ 1147.31(0.03)

TSt
- T
max = g, 5 (0.03)4

st =27.05 MPa

st _ Tse™min _ T (0)
tmin =775 7 =7

t —
Tfnin =0

br _ 3852.69(0.05)

Tmax = g[(o.os)‘*— (0.03)4]

. = 22.54 MPa
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3852.69 (0.03)
%[0105)4—-0103)ﬂ

br _

Tmin =

2" =13.53 MPa

Check: P

Pst=ypr@r=0.03= (z)st = (z)br = | -

Tst _ Gst pasdik |
Thr Gpr
E _ 27.05 _ 2 OO | steel
Tpr  13.53 ' o
0K brass
G, 80 2 00
G,y 40 7

T — distribution in MPa
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Problem # 4:

Given:

The figure shown

Taow = 120 MPa; @y = 1°;

@B, =05° G =100GPa

Required:

Maximum allowable T

100mm )/.BP

100mm

Solution:

Here, we have four criteria (how?!) we need to satisfy. We calculate Trﬁax for each, and
allow

then we choose the smallest value for the answer T max . (Why?! see previous HW!).

allow

The problem is statically determinate so that we can find the internal T directly. We have two
segments AB and BC. (Why?!)

From the FBD's, e VA
Tag=T 7R ¢

\{' \)\\'\,A\
TBC =2T /

For segment AB, set 7max = 120 MPa.

Tug™, Tynax (0.035)
Tmax = —— = 22 =120 (10)°
JaB ~ (0.035)*

= T1,. =8.082kN.m

For segment BC, set tmax = 120 MPa.

481Tge 481 2Tay) _ .
Thax = =3 = oy = 120 (10)

= T2, = 1247 kN.m

Now consider @B, then 4. (Why?!)
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7.0 TgcLpe  7.10 (2Tnqy) (0.8)

T
’ a*G  (0.1)*(100)(10)° ~ 05 (ﬁ)

@

= T3, = 7.682 kN.m

(7.10 TL) T (0.6) 7.10 (2T,0,) (0.8)
BC

aG B %(0.035)4(100)(10)9 T 0D (100)(10)°

T
2.54542 (10)7° Tpgy + 1.136 (10) ® Ty = 1 (ﬁ)

= T, =4741kN.m

Tt ox due to @hq, controls.  (Why?!)

= T max =4.741 kN.m

allow




Problem # 5:
Given:

The figure shown

a=30mm; b=15mm; T=80N.m

Required:

Tmax

in the two sections

CE 203 -112
Solution of HW # 8

£

P.11 / 13

A

Efficiency of circular section compared with the elliptical one.

cir.
Tmax

= 1.886 MPa

ell.

Solution:

ccir. — Tmax _ 80 (0.03)
max ] 3(0.03)4

Tell. _ 2T _ 2 (80)
max = pab?  7(0.03)(0.015)2

% max efficiency (cir./ell.) =

_ 7.545 — 1.886

1.886

X 100

Efficiency = 300 %

Tiax = 7-545 MPa

Trer%ix_'f%ax
Imdx—Tmdx x 1()()
max




Problem # 6:

Given:

The cross-section of a shaft shown
T=300N.m; G =100 GPa
Required:

Value and location of 7,4,

d
(p/ dz

Solution:

The section is “thin-walled closed”.

T

T oA,
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P.12 / 13

70 mm

0.35m

An is the area contained within the mean perimeter (not material area) as shown in the

below figure.

Ap =4, + A,

_07+2(0.7)
-

= 2.23549 m?

(1.396) + g (0.7)?2

Since t is in the denominator of the T formula, 7,4, Will be at tpi, =8 mm =

. . 300 (10)3
max - 2(0.008)(2.23549)

Toax = 8.387 MPa @ the 8 — mm thicknes

0.35m
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dp T ds
dz 442G ) t

= ﬁ e in our case (Why?!)
S, =07m ; t, =0.008m ' I, 39,

Sy = \/(1.396)2 + (0.35)2 34 [ A y
t, =t, = 0.01m

S;=nr =m(0.7) =2.19911m ; t; =0.008m

de _ 300 (10)3 < 0.7 1.43921 2.19911)

+2 +
dz 4 (2_23549)2(100)(10)9 0.008 0.01 0.008

0 =9.759 (10)° Tad/p, = 5,591 (10)2  °/mm

¥4




