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Problem 3.4-5 A hollow tube ABCDE constructed of
monel metal is subjected to five torques acting in the directions
shown in the figure. The magnitudes of the torques are
T, = 1000 Ib-in., 7> = T4 = 500 Ib-in., and 75 = Ts = 800 Ib-in.
The tube has an outside diameter d> = 1.0 in. The allowable
shear stress is 12,000 psi and the allowable rate of twist is
2.0°/1t.

Determine the maximum permissible inside diameter d,
of the tube.

I = I= I3= Iy= Is=
1000 1b-in. 500 Ib-in. 800 Ib-in. 500 Ib-in. 800 Ib-in.
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1000 Ib-in. 500 Ib-in. 800 Ib-in. 500 Ib-in.
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Momentos de torcao em cada segmento:

Segmento AB: Tyg = —1000 Ibf.in

Segmento BC: Tgc = =500 Ibf.in

Segmento CD:  T., = —1300 [bf.in |:> Trifhtoleé 0 mais
solicitado!

Segmento DE:  Tpg = —800 [bf.in
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Devemos ter:

|Tméx| dz |Tméx| dz 1300
| = < o[> = x 0,5 = 0,054167 in*
[Tz I, 2 -~ adm P = 2 12000 mn
|Tméx| |Tméx| 1300 x 12
9. ..|= <6 s[> = = 0,04704 in*
|G GL, — P = GOuam 9,5 X 106 x (27/180) m

O requisito de resisténcia ¢ o que rege o dimensionamento. Assim, para que o
diametro interno seja o maior possivel, devemos ter o menor momento de

inércia:

T
Ip =55 (d} —d}) = 0,054167 in* = dy sz = 0,818 in
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Problem 3.4-18 A nonprismatic bar ABC of solid circular
cross section is loaded by distributed torques (see figure).

The intensity of the torques, that is, the torque per unit
distance, is denoted 7(x) and varies linearly from zero at A to a
maximum value Ty/L at B. Segment BC has linearly distributed
torque of intensity #(x) = T/3L of opposite sign to that applied
along AB. Also, the polar moment of inertia of AB is twice that

of BC, and the shear modulus of elasticity of the material is G.  _,

(a) Find reaction torque Rj.

(b) Find internal torsional moments 7(x) in segments AB
and BC.

(c) Find rotation ¢¢.

(d) Find the maximum shear stress 7,2, and its location
along the bar.

(e) Draw the torsional moment diagram (TMD: T(x),
O=x=L).
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b) Os torques distribuidos em cada trecho sdo (em valores absolutos):

No trecho AB (0 < x < L/2): No trecho BC(L/2 < x < L):
b)) =T—7T="7 2 =317L)2 312
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) ty(x)
X Ty % (, Ja T (x)
Ty (x) + Ty + J t1(§)dg =0 Z ST\
0 ‘I X i
r =T, - [ e

0
X

re =1, - [ 8= 2 o _ o, (1 - (f)2> (0<x<L/2)

L? 6 L?
0

Valores extremos no trecho:

T1(0) =Ty /6 T1(L/2) = —Ty/12
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ty(x)
hoBC (L/2 <L) 7
E paraotrechoBC(L/2 <x <L) T, % (e A~ ‘/‘(tfz‘(x)
L/2 x / = (A T, (x)
Z \r |
R@+T+ [ 6©d= [ Lo L ;
0 L/2 ' g
FAT: F 2Ty (L —©)
(L —
T(x) = -1, J et [
0 L/2
T, (x) = &_& %( E—i) __E(f_l)z (L/2<x <L)
2T 6 4 32 3 \L
L/2
Valores extremos no trecho:
To(L/2) = —Ty/12 T,(L) =0
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c) Arotacdode CemrelagdoaAé:  ¢Pca = Pcp + Ppa

L L

Tz(x) TO X 2 1 TOL
= = — ——1 —_—
b J ¢, “*= 361, J G-1) &=-7 GI,
L/2 L/2
e T (1 1 ToL
= | A g =0 - (2 — ok
P4 _J 261, ™ = zc;lpJ (6 @ >dx " 48GI,
0 0
1 ToL

bca = mG—Ip (giro no sentido anti-horario)
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e) Antes de resolver o item (d) (determinacao da maxima tensao cisalhante),
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é melhor resolver o item (e) (obtencdao do D.M.T.):

IQ_——.
L
< Trecho AB:
s ) 1 /x\2
e AR g h()=To( ¢~ (Z)
Bl s, % = C
L ~_ L
7 ~._ 2 i
2 T, 2
I 3L Trecho BC:
20 (— >
6 \&" T, 2
0 /X
() = -2 (+-1)
0 f——TMD 2 3 \L
g
12
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d) Do item anterior, vemos que as secoes transversais mais solicitadas sao:
e Asecgao B (do trecho BC), onde |Tméx,2| =Ty/12;
* Asec¢ao A (do trecho AB), onde |Tméx,1| =T,/ 6.

Se denotarmos por d, = d o diametro do segmento BC, o diametro
d, do trecho AB sera tal que:

wds wd* .
Ip1:21p2 (= 3223@611:\/561

Assim, a tensao cisalhante maxima no trecho AB sera (em valor absoluto):

16|Tpan1| 16T, To (maior tenséo!!)

= (0,5047
3

Tméx,l - T[d% _ 6 T[Wd d3

E a tensao cisalhante maxima no trecho BC sera (em valor absoluto):

_16|Tinaxe|  16Tp 1 0.4244

Ty
tmix2 =03 T 1 ndd d3

d3
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Problem 3.5-2 A hollow steel bar (G = 80 GPa) is twisted by torques T (see figure). The twisting of the bar produces
a maximum shear strain y,,,, = 640 X 107° rad. The bar has outside and inside diameters of 150 mm and 120 mm,
respectively.

(a) Determine the maximum tensile strain in the bar.
(b) Determine the maximum tensile stress in the bar.
(c) What is the magnitude of the applied torques 77
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Solucao:

A maxima tensao de cisalhamento no eixo sera:

Tmax = GVmayx = 80000 X 640 X 10"°MPa = 51,2 MPa

Tmax Oa = —To
. \ / 3 max

- / \ 01 = +Tmax
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a) O maximo alongamento ocorrera na mesma direcdao da tensao g, e vale:

¢ :ﬂ_vﬁ _ Tmax _V(_Tméx) _ (1 +V)T o Tmiax _ Ymax

1 E E E E E max 26 5
640 x 107°

Logo: & = > =320u

b) A maxima tensao normal é 0; = +7,,,4, = 51,2 MPa.

c) O torque aplicado pode ser determinado pela relacao:

T d, 2Ly Tmay (de — df)Tax  m(150% — 120%)51,2
Tmax =—— © T = = = Nmm
I, 2 d, 16d, 16 X 150
T = 20,03 kNm
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Problem 3.5-4 A solid circular bar of diameter d = 50 mm
(see figure) is twisted in a testing machine until the applied
torque reaches the value 7= 500 N - m. At this value of torque,
a strain gage oriented at 45° to the axis of the bar gives a reading
€ =339 x 107"

What is the shear modulus G of the material?
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Solucao:
Aproveitando os resultados do exercicio anterior, temos as seguintes relacdes:

€ :ﬂ_vﬁzrméx_v(_rméx):(1+V)T , :Tméx: 8T
'"E "E E E E ™7 26 Gnd?
8T 8 X 5% 10° Nmm
Logo: G = = 30047 MPa

g md3 ~ 339 x 106 x 77 x 503 mm3

Resp.: G = 30 GPa
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Complemento ao exercicio 3.5-4:

Para os mesmos dados do problema anterior (mesmo didmetro, mesmo
material e mesmo torque aplicado), determine qual seria a deformacao
registrada pelo extensOmetro se o mesmo fosse colado de modo a
formar um angulo de -30° com o eixo longitudinal, como indicado na
figura abaixo:
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T T
Tmax
— 7o 9 | | = 16T
Tmax| = 7d3
Tmax
T T = —|T4] = —20,37MPa
— o —

(b)

Como demonstrado na aula 11, impondo o equilibrio de forcas no elemento
dado acima (a direita), encontramos:

gg = 15en(20) Tg = tc0s(20)
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092
E para 6, = —30°:
To2
17,64 J/ —17,64
y/ ™\ 10,18
o ~10,18
TR
/ 17,64
—17,64

(tensdes em MPa)
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g1 = —20,37sen(120°) = —17,64 MPa

Tg1 = —20,37co0s(120°) = +10,18 MPa

—20,37sen(—60°) = +17,64 MPa

—20,37cos(—60°) = —10,18 MPa

T2 0g1 17,64MPa (14 v)
2= TV T E

17,64MPa 17,64 MPa

— — =~ 294
€62 26G 2 x 30047 MPa K
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