MUKAVEMET
BURULMA
L uzunlyzunda R yaricapinda burulma cgouy
External Torque T Diagram 1

merkezden r kadar uzakh ktaki, diferansiyel eleman kesit alani & A,

Kayma gerilmesi:
7= (r/R) M
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Diferansiyel Kuvvet
AF = v Ab = (r/R) /nm AL

Diferansiyel burulma momenti
AT =+ AF = r7 Ab = (1* JB)Tam Ab

T= ZAT =Z(rAF) =Z(rT ALY = Z(r" I R) Tux Ak
1= (Cau/BRYErfAL = (T aniR)J

T=Tr/J



Ornek 1
T = 1000 fi-Ib T= 1000 fi-b
P
& ..
A L=2f B
Diagram la
T = 1000 fi-Ib
/ T = 1000 fi-Th
internal
D=2"
A xft
Diagram Ih
=Tr/J;
T =1000 ft-Ib = 12,000 in-Ib.
r=1in.

J = (7/32) d* for a solid shaft = (3.1416/32) (24in) = 1.57 in*.
7= T r/J =12,000 in-Ib. * 1 in./1.57 in%. = 7,640 Ib/in2.

Halka Kesit
T= 1000 fi-Th T = 1000 fi-Th
7
f Dn= 2“
O
A L=2f B
Diagram 2a
T = 1000 fi-Th
/AT = 1000 fi-bb
internal
0=
. N, S D=1t
A x fi
Diagram 2h
=TrlJ

T =1000 ft-Ib = 12,000 in-Ib.
J = (3.1416/32) [do? - d¥] for a hollow shaft = (3.1416/32) [(24in%) - (1.04n%)] =



1.47 in4.

=Tr/J=12,000 in-Ib. * 1in./1.47 in4. = 8,150 Ib/in2.

Ornek 2

1600 fi-Th

d=2
L=21#
Diagram 1
Diagram 2
400 fi-Th
(' internal
torgue
A
. x —
T=Tr/lJ:
T =400 ft-lb. = 4,800 in-Ib.
r=.5in.

J = (¥/32) d4 for a solid shaft = (3.1416/32) (14in4) = .098 in#.
“=Tr/J=4,800in-b. * .5in./.098 in4. = 24,500 Ib./in2.

Diagram 3
1600 fi-Th
iniernal
torque
T=1200 fi-Th

T=TrlJ;

T = 1,200 ft-Ib. = 14,400 in-Ib.

r=1in.

J = (7/32) d4 for a solid shaft = (3.1416/32) (24in4) = 1.57 in4.
=Tr/J=14,400in-Ib. * 1 in./ 1.57 in%. = 9,170 Ib./in2.



Diagram 4
1600 fi-Th

iniernal
toxryjue
T =300 fi-Th

T =300 ft-Ib. = 3,600 in-Ib.

r=.25in.

J = (¥/32) d# for a solid shaft = (3.1416/32) (.54n4) = .0061 in%.
“=Tr/J=23,600in-b. * .25 in./ .0061 in4. = 147,500 Ib./in2.

ACISAL DONME

External Torgue T Diagram 1

P
rE t \
(a) Before deformation
F=TLIJG
G = Kayma Modulu

G steel = 12 x 108 Ib/in2,
G prass = 6 x 108 [b/in2.

(b) After deformation
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A B
7, C I
- —r>>T7 -
[EE'VI,‘:O] TA +TC +T=0
P8/A=08/C
Compatibility equation
6. - dalap ., Iclpe
"ABLPyp BCl Py
Talap _ IcLlpc
Gaglp,;  Gaclpg,
T = 1000 fi-Th T =1000 fi-Th T=1000 fi-Th
( =X T = 1000 f-Th
/ internal
( <D515" ( @ toryque
A L=2%f B A xft
Diagram 2a Diagram 2h
F=TLIJG

T =1000 ft-Ib. = 12,000 in-Ib.

L =2 ft. = 24 inches

J = (¥/32) d4 for a solid shaft = (3.1416/32) (1.5%n%) = .5 in4.
G steet = 12 x 106 Ib/in?

#=TL/JG= (12,000 in-Ib.* 24 in) / (.5 in* * 12 x 106 Ib/in2) = .048 radians =
2.75¢.



T = 1000 fi-Th T = 1000 fi-Th

A L=2# B
Diagram 3

T=Tr/J=12,000 in-b. * .75 in./.5 in4. = 18,000 Ib/in2.

Ornek
Celig in kayma moduli = 12 x 106 Ib/in2.
Pirincin kayma modiili = 6 x 106 Ib/in2.

2,000 fi-Ths l,l]l][l fi-Ths
600 fi-Ths
d=2in 4l]l] fi-Ths
J T :()
A 1fi
B
l. Kesit:

T =600 ft-Ib - Tag = 0; So Tas = 600 ft-Ib

Tag= Tr/J = (600 ft-Ib)(12 in/ft)(.5 in) /[3.1416 * (1 in)* / 32] = 36,700 psi
Il. kesit:

T =600 ft-Ib - 2000 ft-Ib + Tec = 0; So Tec = 1400 ft-Ib

Tec = Tr/ J = (1400 ft-Ib)(12 in/ft)(1 in) /[3.1416 * (2 in)* / 32] = 10,700 psi
2 000 fi-Ths

Il. kesit:
T =600 ft-Ib - 2000 ft-Ib + 1000 ft-Ib + Tcp = 0; So Tep = 400 ft-Ib
Tco= Tr/J = (400 ft-Ib) (12 in/ft)(.375 in) /[3.1416 * (.75 in)4 / 32] = 57,900 psi
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2,000 fi-Ths 1,000 fi-Ths

600 fi-Ths

(s = TL/JG = (600 ft-Ib)(12 in./ft)(1 ft)(12 in/ft)/[(3.1416 * (1 in)* / 32)(12x108
Ib/in2)] = .0733 radians (cw)

@sc = TL/JG = (1,400 ft-Ib)(12 in./ft)(2 ft)(12 in/ft)/[(3.1416 * (2 in)* / 32)(6x108
Ib/in2)] = .0428 radians (ccw)

@co = TLAJG = (400 ft-Ib)(12 in./ft)(1 ft)(12 in/ft)/[(3.1416 * (.75 in)* / 32)(12x108
Ib/in2)] = .155 radians (ccw)

Protai = — B + Pac + Pcp = .1245 radians (ccw)

Ornek

Celig in kayma modiili = 12 x 106 Ib/in2.

Pirincin kayma moduilii = 6 x 106 Ib/in2.
1400 ft-Ts 800 fi-Drs

gy
d =15in 200 i Ths
_f..-
( d=5in ‘.
/ 15fi |

400 fi-Ths

(:=.‘?5in
A 1m

B 2 fi C
. kesit:
T =400 ft-Ib - Tas = 0; So Tas = 400 ft-Ib
Tag= Tr/J = (400 ft-Ib)(12 in/ft)(.375in) /[3.1416 * (.75 in)* / 32] = 57,900 psi

FEME T,
A

Il.kesit:

T= 400 ft-Ib - 1,400 ft-Ib + Tgc = 0; So Tsc = 1,000 ft-Ib

Tec= Tr/J = (1,000 ft-Ib)(12 in/ft)(.75 in) /[3.1416 * (1.5 in)* / 32] = 18,100 psi
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1,400 fi.Ths T,

400 fi-Ths

Ill.kesit:
T =400 ft-Ib - 1,400 ft-Ib + 800 ft-Ib + Tcp = 0; So Tep = 200 ft-lb
Tco= Tr/J = (200 ft-Ib) (12 in/ft)(.25 in) /[3.1416 * (.5 in)4 / 32] = 97,800 psi

1400 fi-Ths 800 fi-Ths
el
d =15in ( T,;
2 fi c

(s = TL/JG = (400 ft-Ib)(12 in./ft)(1 ft)(12 in/ft)/[(3.1416 * (.75 in)* / 32)(6x108
Ib/in2)] = .309 radians (cw)

(sc = TL/JG = (1,000 ft-Ib)(12 in./ft)(2 ft)(12 in/ft)/[(3.1416 * (1.5 in)* /
32)(6x1068 Ib/in2)] = .0966 radians (ccw)

Qo = TL/JG = (200 ft-Ib)(12 in./ft)(1.5 ft)(12 in/ft)/[(3.1416 * (.5 in)* /
32)(12x1068 Ib/in2)] = .587 radians (ccw)

Protai = — @ + Pac + @cp = .375 radians (ccw)

Ornek
T steel = 18,000 psi T brass = 12,000 psi

1fi D
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Celig in kayma modiili = 12 x 106 Ib/in2.

Pirincin kayma moduilii = 6 x 106 Ib/in2.

I:

T=Tco-To=0;So To=Tcp

Tsteel = Teor / J

18,000 Ib/inZ2 = Tcp(.375in) /[3.1416 * (.75 in)4 / 32]
Tcep = To= 1491 in-lb = 124 ft-Ib

Ten Tp
D

Il
T =Tac - Ten- 124 ft-lb = 0; So T¢ = (Tsc - 124 ft-Ib)
Tsteel = Tacr/ J
18,000 Ibfin? = Tac(.5in) /[3.1416 * (1 in)* / 32]
Tsc = 3534 in-Ib = 295 ft-Ib
Tc= (295 ft-Ib - 124 ft-Ib) = 171 ft-Ib
T T

BC C TD
P
(a=asm ()
1fi D
c

I

T=-Tag + Te- 171 ft-Ib - 124 ft-Ib = 0; So Te = (Tas + 171 ft-Ib + 124 ft-Ib)
Torass = Tasr/ J

12,000 Ib/inZz = Tag(1 in) /[3.1416 * (2 in)* / 32]

Tas = 18,850 in-Ib = 1570 ft-Ib.

Ts= (1570 ft-Ib + 171 ft-Ib + 124 ft-Ib) = 1865 ft-Ib
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1fi D

(s = TLAJG = (1,570 ft-Ib)(12 in./ft)(1 ft)(12 in/ft)/[(3.1416 * (2 in)* / 32)(6x108
Ib/in2)] = .024 radians (ccw)

(sc = TLAJG = (245 ft-Ib)(12 in./ft)(1 ft)(12 in/ft)/[(3.1416 * (1 in)4 / 32)(12x108
Ib/in2)] = .0361 radians (cw)

Qo = TLAJG = (124 ft-Ib)(12 in./ft)(1 ft)(12 in/ft)/[(3.1416 * (.75 in)* / 32)(12x108
Ib/in2)] = .0479 radians (cw)

Protai = + @as — Psc —@cp = .06 radians (cw)

Ornek

Celig in kayma modiili = 12 x 106 Ib/in2.
Pirincin kayma moduli = 6 x 106 Ib/in2.
DI s cap AB=25in,iccap AB=2in
di s capBC=1in,igcap BC=.8in

800 fi-Ths

180 fi-Ths
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I:
T =Tec- 180 ft-Ib = 0; So Tec = 180 ft-Ib
Tag=Tr/J = (180 ft-Ib)(12 in/ft)(.5 in) /[3.1416 * [(1 in)* - (.8 in)*] / 32] =
18,600 psi
Tge 180 fibhs

C

Il
T = Tas - 800 ft-Ib - 180 ft-Ib = 0; So Tas = 980 ft-Ib
Tag = Tr/ J = (980 ft-Ib)(12 in/ft)(1.25 in) /[3.1416 * [(2.5 in)* - (2 in)4] / 32] =
6,490 psi
Tq 800 fi-Ibs

180 fi-Ths
2t C
B

(s = TL/JG = (980 ft-Ib)(12 in./ft)(3 ft)(12 in/ft)/[(3.1416 * [(2.5 in)* - (2 in)4] /
32)(6x1068 Ib/in2)] = .0312 radians (cw)

(sc = TL/JG = (180 ft-Ib)(12 in./ft)(2 ft)(12 in/ft)/[(3.1416 * [(1 in)* - (.8 in)4] /
32)(6x1068 Ib/in2)] = .0149 radians (cw)

Prota = — (e — (ec = —.0461 radians (cw)

Ornek
Celig in kayma modiili = 12 x 106 Ib/in2.
Pirincin kayma moduilii = 6 x 106 Ib/in2.
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DI s capAB=3.5in,iccap AB=2.8in
di s capBC=2in,igcapBC=1.6in

600 fi-Ths

200 fi-Ths

I:
T = Tec - 200 ft-Ib = 0; So Tsc = 200 ft-Ib
Tag= Tr/J = (200 ft-Ib)(12 in/ft)(1 in) /[3.1416 * [(2 in)*4 - (1.6 in)4] / 32] = 2,600

psi
Toe  200fiDhs

C

Il:

T = Tas - 600 ft-Ib - 200 ft-Ib = 0; So Tag = 800 ft-Ib

Tag = Tr/J = (800 ft-Ib)(12 in/ft)(1.75 in) /[3.1416 * [(3.5 in)* - (2.8 in)4] / 32] =
1,150 psi

T AR 600 fi-Ths

200 fi-Ths

(s = TL/JG = (800 ft-Ib)(12 in./ft)(2 ft)(12 in/ft)/[(3.1416 * [(3.5 in)* - (2.8 in)4] /
32)(6x1068 Ib/in2)] = .0044 radians (cw)
@sc = TL/JG = (200 ft-Ib)(12 in./ft)(3 ft)(12 in/ft)/[(3.1416 * [(2 in)* - (1.6 in)4] /
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32)(6x108 Ib/in2)] = .0155 radians (cw)
Prota = — @ — @ac = —.0199 radians (cw)

Capi1 2D Capi D
A 2Mb| B ,C
|
! 60cm 40cm |

AB iki malzemeli BC tek malzemeli

1 Kz
2

Cap! 2D Capi D
2My E :

| A |B IC
' 60cm " 40cm !

Sekildeki burulma gubgunda AB arasini
¢ap! 2D, BC arasinin ¢api D ofgiina gore
emniyetle  tainabilecek M  burulmg
momentini bulunuz. D= 4cm{.,=8kN/cnf
G=800kN/cr, R=D/2

=

Sekildeki burulma ¢ubgunda AB arasindali¢ D4 M M. L
¢ap D, dg cap 2D olmak tzere iki malzemeli, | = 7. =—bR, 9=—2L
BC arasinin capi D ve tek malzemeli ° 32 A Gl,
olduguna gore emniyetle g¢mabilecek M
bur_ulr:a rrTn?omentml bulunuz. D= 4qn Sekildeki burulma ¢ubgunun moment
Ten=8KN/C diyagrami hangisidi
G1=800kN/cm, R=D/2, G2=2*G1,§ =w*L
4 8Nm 4ANm
| :TD T :—MbR ¢:MbL I<2=I [ Ir_.>6Nm
0 ) )
32 ™, Gl, A B C D
4 6 A)
-8
8 10 6 B)
—— 10 5 C)
Sekildeki iki malzemeden yapilgi olan

burulma cubguna M, burulma moment
etkimektedir.ic cap D, di cap 2D olmak
Uzere bu iki malzemenin gyabilecekleri
2 momentler arasindaki ski nedir. G= G,
4
IO_7D ' Tmax:%R' ¢: MbL
32 l, Gl,

B) Mlzll*M 2/|2C) M1:2M2 D) Ml: M2/2

[

A) M=M,




