
Ali Javili Bilkent University

MECHANICS AND MATERIALS I

13
















































Ali Javili Bilkent University

MECHANICS AND MATERIALS I
















                 Torsion ii 
                             
           Sections ... 5.3 — 5.4 
 
           Chap. 5 
             [ Hibbeler 9th edition ] 



Ali Javili Bilkent UniversityMechanics and Materials I














































9
Deformation To Loading

A
Chap If 19Chapel

Strain q Stress

Chaps



Ali Javili Bilkent UniversityMechanics and Materials I














































9
Reformations Loading 8 P

D D A
chap.at IsChapel f 8 12 I

Strain q Stress E TEF 5
Chaps AXIALLOADING



Ali Javili Bilkent UniversityMechanics and Materials I














































9
Reformations Loading 8 P

D D D
chap If Ischapt f 8 12 I

Strain q Stress E TEJA 5
Chaps AXIALLOADING

ANGLE of 1 to T2o TORQUE
TWIST If 1TORSIONAL MOMENT

2 to

Torsion



Ali Javili Bilkent UniversityMechanics and Materials I














































POWER TRANSMISSION

Shafts are oftenused to transmitpowergeneratede.gby
electricmotors

combustionengines



Ali Javili Bilkent UniversityMechanics and Materials I














































POWER TRANSMISSION

Shafts are oftenused to transmitpowergeneratede.gby
electricmotors

Shafts transmitpowerviarotation combustionengines

D IN
power

At



Ali Javili Bilkent UniversityMechanics and Materials I














































POWER TRANSMISSION

Shafts are oftenused to transmitpowergeneratede.gby
electricmotors

Shafts transmitpowerviarotation combustionengines

P DWI DW Tdf analogous to dm Fda
power

At



Ali Javili Bilkent UniversityMechanics and Materials I














































POWER TRANSMISSION

D dated DW Tda analogous to DN Fda
HzFrequency

glo P Toyota TAI Tw 27ft
att I

go.bese4

AngularVelocity 0 W radised w 271 f



Ali Javili Bilkent UniversityMechanics and Materials I














































POWER TRANSMISSION

D dated dW Tdf analogous to dm Fda

forDESIGN
Lop
Taff To Tw 2IfapIeby

Reenie I Tmaa 7 Frantz E II



Ali Javili Bilkent UniversityMechanics and Materials I








































THE solid STEELSHAFTAB
SHOWN IN THE FIGURETRANSMITS

3750 w From THE MOTOR

M TOWHICH IT IS ATTACHED

IF THESHAFTROTATES
AT

W 175rpm AND
STEELHAS

Fig5.13

THE ALLOWABLE
SHEARSTRESS

Tape 100MPa DETERMINE THEREQUEREDSHAFTDIAMETER

Exercise 1 . [ similar to ... P. 193 ... 5.4 ]



Ali Javili Bilkent UniversityMechanics and Materials I














































W 175rpm
175rain Longing27rad1now
18.33 rad1

Fug5.13



Ali Javili Bilkent UniversityMechanics and Materials I














































W t75rpm
t75rai.qm.x1mgiec.x27rad

tnow
18.33 rudis

To 18.33D Tw I 204.6mm FigsB

3750watt



Ali Javili Bilkent UniversityMechanics and Materials I














































0 175rpm
t75ra

m
zmgjx2Trad

Trev
e 18.33rad.is

To 18.33D Tw 1204.6mm Figs's

3750watt I 0

T
100 106 7 I 00 10.92mm d 2Ce22m



Ali Javili Bilkent UniversityMechanics and Materials I














































ANGLE of TWIST BEFORE
DEFORMATION

HIM I
locate Y E E

x

Ti E x

eat e s
a t E

c

BUD L
A AFTERCa Y YIP DEFORMATION



Ali Javili Bilkent UniversityMechanics and Materials I














































ANGLE of TWIST BEFORE
DEFORMATION I

was I
x p E

Y f k DA xxxxTien t fTis
C g
rmate L

A AFTERCa Y YIP DEFORMATION



Ali Javili Bilkent UniversityMechanics and Materials I














































ANGLE of TWIST RECAU Y r and 04 4pdaF I
y e const ACH

1 P

Legg Amykoftoist

c

a

rmate L
A



Ali Javili Bilkent UniversityMechanics and Materials I














































ANGLE of TWIST RECAU y r and I
g p

da da L
W I

y f const 014

Ties
AngiegEoist

is
a E

c I E G7 y I
G

rinate L
A



Ali Javili Bilkent UniversityMechanics and Materials I














































ANGLE of TWIST RECAU y r and I
g p

da da L
Is

y E const 0114

Ties
AngiegEoist

is
a E

c I E G7 y I
G

rmate L
a

E rE



Ali Javili Bilkent UniversityMechanics and Materials I














































ANGLE of TWIST RECAU Y r and

g pots
da L

I
RECALL C IL const CH

PF
Angkoftwist

E GY y I
G

E re
L



Ali Javili Bilkent UniversityMechanics and Materials I














































ANGLE of TWIST RECAK Y r and I
g p

da da L

RECALL c IL const L

j 9

7 r 0
Angleof Taoist

L E Gy y I
G

E re
L



Ali Javili Bilkent UniversityMechanics and Materials I














































ANGLE OF TWIST RECAU Y r DI and I
g p

da da L
I

RECALL I TI const 01cL

g 9

7
req ca

Angleof taoist

E Gy y I
D TI a

Gf Ia RE



Ali Javili Bilkent UniversityMechanics and Materials I














































ANGLE of TWIST RECAU Y r and I
g p

da da L
I

RECALL C TI const 01cL

g 9

7
req ca

Angleof taoist

E Gy y I
0cal Tet TI a

GT
qq.ge GF E RE

L



Ali Javili Bilkent UniversityMechanics and Materials I














































ANGLE of TWIST 0 S
T P

Q to T L L S to P
D TL d G E A d
to 0 Eg k g a b 8 P

a
la

Y o_O T y e E to 5

T 5 AXIALLOADINGTORSION
Deformation r Loading

q fschapiChap I
Chaps

Strain q Stress



Ali Javili Bilkent UniversityMechanics and Materials I














































ANGLE OF TWIST CompositeShafts TB
T

I 0 12 fed 0 twistangk

Gf of Auric TA m
y I Aae fixed

2 It 0Ac yB 0Bq B
GL A

l
am I The

GJ Gate



Ali Javili Bilkent UniversityMechanics and Materials I














































ANGLE OF TWIST CompositeShafts Is
T

I 0 12 fed AAEGirs 0
se

GF l Ta m
x T

Get
2 e It internal B

G J fromA toB I ATz TA
conventionAssumption

Cx 21 Te Ta TB
F dinternal from Btoc CCW



Ali Javili Bilkent UniversityMechanics and Materials I














































ANGLE OF TWIST CompositeShafts

9 to T
TL d too I

t A Eg h Ef
WY T

Continuously Variable

041 11 a

GF to tuda
Ca Il GeasJose

ay



Ali Javili Bilkent UniversityMechanics and Materials I














































EXAMPLES gggen.miforn.mpI0kdM.f 10kN.m

5 D B
B

A



Ali Javili Bilkent UniversityMechanics and Materials I














































KAMDA 10kW.snEXAMPLE's
gown

150mmxx iB
internal
moments Assumption

y
7

B C
qq.ri.gg pypg

g B
et AA

CONVENTION

Cow



Ali Javili Bilkent UniversityMechanics and Materials I














































KAMDA 10kW.snEXAMPLES
goyim

1502AMxx iB
internal
moments Assumption

ay
7

B C
qq.iq y pypg.gg B

a A
CONVENTION

Cow

AID AB t Bc
1 GD



Ali Javili Bilkent UniversityMechanics and Materials I














































EXAMPLE's gozn.miforn.mpf0kdm.f 10kN.m

internal
moments Assumption

y
7

B C
springe

y ppp

gg B
a A

CONVENTION

Cow

AID AB t Bc
1 GD

ie it T



Ali Javili Bilkent UniversityMechanics and Materials I














































EXAMPLE's ggyn.miforn.mpf0kdM.F 10kN.m

interments
Assumption

y B
B B

B B C kN.m
ftp.T f ppg

peg
i B I TAB 180

a 2 ft A 80
conEIE'M B C D

A
AID Ahs t Bye101yd to

70 I L
IDE IO
kNM

77.257 547 55.47 Tose O



Ali Javili Bilkent UniversityMechanics and Materials I








































THEGEARS ATTACHEDTOTHE

STEELSHAFTARESUBJECTED

TO THE TORQUESSHOWN

DETERMINE THEDISPLACEMENT

OFTHE TOOTH P onGEARA

THESHAFTTURNS FREELY

WITHIN THEBEARING AT B

THESHEARMODUS OFTHESHAFT IS
It

G 80 Gpa AND ITS DIAMETER is 14Mmo

Exercise 2 . [ similar to ... P. 209 ... 5.5 ]



Ali Javili Bilkent UniversityMechanics and Materials I
















































internments

ipp iif
CONVENTION

Cow

150
C D E

A
130 I170



Ali Javili Bilkent UniversityMechanics and Materials I














































FEI50 IE 130 IE.tn0m
Nom Nim

E Ed.az dgIIattxio9m4

Nemo fesied

Ape0pct Dt DIE
TAC_ 150N'Mroll rose ESIISF

s.tn TqgiEEge A fT f130 I170



Ali Javili Bilkent UniversityMechanics and Materials I














































TAEKO Too 130Jee ff.fm
NMNM

p
0.014

A
J TEC4 1201 3.7710m416

ME mo E fixed

Ape0pct got DIE
0.4 0.3 f't pl MM

TaeLac TaoLao TDELDE
at Tg 0A OILY Sp Bi ta

Sp 212mm



Ali Javili Bilkent UniversityMechanics and Materials I








































THE0.05inDIAMETERSoelD POSTWITHSHEAR

Modulus G 40Gpa is BURIED0.6M IN

SOIL A TORQUE IS APPLIEDONTOPASING

A RIGIDWRENCH DETERMINEE

MAXIMUMSHEARSTRESS INTHEPOST

ANGLE OFTWIST AT ITS
TOP

ASSUMETHATTHESoccEXERTSUNIFORM
TORSIONAL

RESISTANCE AND THETORQUE IS
ABOUTTOTURN

THEPOST

Exercise 3 . [ similar to ... P. 211 ... 5.7 ]



Ali Javili Bilkent UniversityMechanics and Materials I














































to
A
D
10.9

17

B

d

sees
to
C



Ali Javili Bilkent UniversityMechanics and Materials I














































1
130 Pj

a
Dtoo 40.9C B

LoypAp 30mm
B

d

sees
to
C



Ali Javili Bilkent UniversityMechanics and Materials I














































1
130 Pj

a
D

top of 0.9

17 Lo
TBC toe Te

TAB 80mm
B

I for
TBC toe off c



Ali Javili Bilkent UniversityMechanics and Materials I














































1
130 Pyke

i A
a
09C B

2oz 30mm
BTBC toe 1
g

g for
Tpc toe Kaeo 6 off C

E I
E 50 7 30
N.tn m



Ali Javili Bilkent UniversityMechanics and Materials I














































1
130 Pji A

q gg E
do.ee

type130NamIBC 502C B

A

xp
it

MAX SHEARSTRESS IN AB C

Image
C T CONSTANT

TAB 8MAX



Ali Javili Bilkent UniversityMechanics and Materials I














































1
30 Pji A

q gg og
do.a

Lo
TBC 502C TAB 30Nam

B

A

xp
do

MAX SHEARSTRESS IN AB C

Tuan GIL 1.22MPa
Facet



Ali Javili Bilkent UniversityMechanics and Materials I














































1
130 Pj

a
D

top of 0.9

TBC1502C type130mm
I

B aint
B

p c
HAB t Bc

fromCooB fo.ro

ANGLE TABLAB Bipeds If C

TWIST tf
c GE



Ali Javili Bilkent UniversityMechanics and Materials I














































1
130 Pj

a
D

top of 0.9

TBC1502C Tape130N.m
I
B

200 AaB Bryce Idk 502 for
p I see.c
ANGLE t.FIAgB JcBBcd 0015TWIST GJ rad



Ali Javili Bilkent University

MECHANICS AND MATERIALS I
















                 Torsion ii 
                             
           Sections ... 5.3 — 5.4 
 
           Chap. 5 
             [ Hibbeler 9th edition ] 



Ali Javili Bilkent University

MECHANICS AND MATERIALS I

13















































