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Shear Stress
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(5) Lug-wrench shaft in torsion. 0 m y .
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(i) The shear-stress distmbution.
(@) Use of a lug-wrench. 5
{c) A torsion rod.
Axial Deformation Torsion

Axial Force (F) Torque (T)

Elongation (e) Twist angle (&)

Normal stress (er) Shear stress (1)

Extensional strain (e) Shear strain (y)

Modulus of elasticity (F) Shear modulus ((7)
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TensOes de Cisalhamento

* Hipoteses (torsional-deformation assumptions)
o Problema é independente do tempo.
o Eixo constituido de material linear-elastico.
o The axis remains straight and remains inextensible.

o Every cross section remains plane and remains
perpendicular to the axis.

o Radial lines remain straight and radial as the cross
section rotates about the axis




TensOes de Cisalhamento

e Formula




TensOes de Cisalhamento

e Caminho

1. Relacao rotacao-deformacao
2. Leide Hooke
3. Equilibrio da Secao (Momentos)
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FIGURE 4.2 Examples of torsional deformation. (Roy Craig)
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Relacao rotacao-deformacao angular

Cada secdo transversal gira um angulo

¢ (x)  aneleof twist

) right-hand-rule

+1Mx)

(b) Sign convention for internal (resisting) torque I(x).

+(x)

R
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Relacéo rotacao-deformacao angular

Movimento relativo entre as secdes em x e x+dx

Deformacao angular

bb’

Ymax = E
+

bb' = rdd

!
d¢
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Relacao rotacao-deformacao angular
]'"rr.illx

nf/r N b m Deformacdo angular
T_| \?“gf r
bt N it
dm y Ymax =T
= dx
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Razao de tor¢ao (razao de cambio do angulo de torcao)

_ 49
" dx
¢

Ymax = ré (rate of twist)

V)
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Relacao rotacao-deformacao angular

Ymax

Deformacao angular na superficie

Deformacao angular no interior

_z\,_ y=p0 + VYmax
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Y = —Vmax (variagao linear com p)
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Relacao rotacao-deformacao angular

Deformacao angular na superficie P (variagao linear com p)
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Relacao tensao-deformacao angular

(a) Torsional deformation.
T{\
T
A ('\
— T —
B
(&) Shear stress due to torsion. (o) Shear stresses along two typical radial hnes i a

cross section. and shear stress on radial planes.
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Relacao tensao-deformacao angular

(a) Torsional deformation.
T{\
T
A ('\
— T —
B
(&) Shear stress due to torsion. (o) Shear stresses along two typical radial hnes i a

cross section. and shear stress on radial planes.
6/8/2020

13



Relacao tensao-deformacao angular

Equilibrio

Text — f dM
A

Lei de Hooke

T =00y To,t = j TpdA
A
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Relacao tensao-deformacao angular

Equilibrio

Text zf Gy pdA
A

p
Toxt = J G ;Vmaxp dA
A

Lei de Hooke

T =Gy
Ymax = T'E r A
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Relacao tensao-deformacao angular

Equilibrio

Ty = G2 f p2dA

Lei de Hooke

T =Gy Text = G%J

dx

d¢

Ymax =T E

Text _ dd) Eq. Torque-rotagao
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Relacao tensao-deformacao angular

Text — di Eq. Torque-rotacdo
G] dx
L
e
Lei de Hooke l
d¢
= Gp—
t P dx
d¢

T
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Relacao tensao-deformacao angular

T
Lei de Hooke ] P

Formula de torgao T =
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Exemplo

Eixo solido circular de diametro d=1.5 in, L =54 in. Aplica-se torque na
extremidade T=250 Ibf-ft. Determine a tensao de cisalhamento e o angulo de
torcao
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Solucao

nd*

/=37
m X 1.5%

/=73
J = 0.497 in*
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Exemplo

TBXt

J

_ 250 15 (12in
70497 2 " \1rt

T = 4530 psi (31.2 Mpa)

T =

(1 ksi =6.894 MPa)
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Solucao

Exemplo
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Rotacao
Text — di 8 — di
G] dx - dx
6L = ¢
ToxtX
o/ iﬁb(x)
N
250 X 12 x 54 B
206000 0497

1 —0.3%
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Exemplo

Solucao
Rotacao

PR — 250 X 12 X 54

| ] 206000
1 — 032

0.497

,,,.f:;‘——%\:---r-;?h ¢ = 0.028 rad

$ = 1.61°

6/8/2020 22



