5-53. The turbine develops 150 kW of power, which is
transmitted to the gears such that C receives 70% and D
receives 30%. If the rotation of the 100-mm-diameter A-36
steel shaft is » = 800 rev/min., determine the absolute
maximum shear stress in the shaft and the angle of twist of
end E of the shaft relative to B. The journal bearing at £
allows the shaft to turn freely about its axis.

in. 2
=T IS0 = T(800 %) Lmimy 2

min 60sec lrev x 7904920
(S
Ve ;
T=1790493N m \6 1718 F934
Tp = 1790.493(0.3) = 537.148 N- m (L\,:.::\ T,

. LEN R T 537474
Maximum torque is in region BC. F/\ 4 Lo

iy = ZE_W =912MPa  Ans

J F(0.05)!

TL, 1
= 5(—) = —[1790.493(3) + 537.148(4) +0
Pep Z(JG) JG[ 3) @) +0]



Problem # 2

Determine the required thickness, t for the shaft shown below to carry the applied
load (P =12 kN) safely. The shaft is made from a material for which the allowable
shear stress, r.:: =350 MPa and the allowable angle of twist, ©.:;: 1s 2.

Given G= 80 GPa

y reand .
P =“® (x
cball = CJ D

@ }:" ,‘lﬁ,}, I«)A//«»e/ ﬁ-éﬂ 5

Z] =36 Xléé P
s 2
I=12xe (-0 - 7-23(;03 N-m 2]
A @1) (00s) = EXS7 e B
. ¢ (gexn’)
- £ o Nro — S A e Ty
350 x S s i

@ for b - n hd el s

"
=
2 :/m,u ZT; =

L_.

Cﬁah o 1ga) m.,ﬁ —
» oy Ee L( )

H(sxi5 3= (8ox10

o8 ‘(j 2 ]O e L‘—j BJ
—~ L)S‘/ A }/rj/g/’ Ay JE Az

sy Ty s B A B

5
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5-95. The brass wire has a triangular cross section, 2 mm on
a side. If the yield stress for brass is 7y = 205 MPa,
determine the maxinm torque 7" to which it can be subjected
so that the wire will not yield. If this torque is applied to a
segment 4 m long, determine the greatest angle of twist of one
end of the wire relative to the other end that will not cause
permanent damage to the wire. Gy, = 37 GPa.

Allowable Shear Stress :

20T
Tmax =Ty = ST
a
20T
205(10%) =-—__
LB 0.0023
T =00820N-m Ans

Angle of Twist :

467L

@ e =

aG

46(0.0820)(4)
(0.0024)(37)(107)
=25.5rad

Ans

*5-96. Itisintended to manufacture a circular bar to resist
torque; however, the bar is made elliptical in the process of
manufacturing, with one dimension smaller than the other
by a factor k as shown. Determine the factor by which the
maximum shear stress is increased.

For the circular shaft :
Te 1% 167
(Tmlx)c = e m = 3
J 3(3) nd
For the elliptical shaft -
ot & 2r 2T . 16T
T mal T ) T D
o 167
Factor of increase in shear stress = ~~22327¢ i
(Tmu)c xdsd
1
= Z—; Ans

212
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Problem # 4:A
Given: A

The figure shown 80omm

]
Tauow = 120 MPa; (pr/ralax =17 ( i//\\
T (5()() min

@B =05% G =100GPa

Required: \\\ e

Maximum allowable T - 35mm

\i

?OO mm 3
' /1
Solution:

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

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

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,
TAB =7
Tpc=2T

For segment AB, set tyux = 120 MPa.

” = TABTmax ot max (O 035) =120 (10)6 ’Mﬁ e
R 7 (0.035)%
= T = 8.082kN.m NS

For segment BC, set Tnax = 120 MPa.

481 Tpe _ 481 (2Tmar) _
a? (0.1)3

= 120 (10)¢

Tmax =

= T2, = 12.47 kN.m

Now consider ¢, then 4. (Why?!)
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Solution of HW # 8

» _ 710 Tacloc _ 7-10 CTna) (08) _ ( 7 )

PT=TTa6 (0.D%(100)(10)° ~  \180

= T3, =7.682kN.m

= Z = (E) (7-10 TL) _ Tz (06) 710 (27555+) (0.8)
JG/ 5 aG  /pe %(0.035)4(100)(10)9 (0.1)*(100)(10)°

T
2.54542 (10)—6 Trnax +1.136 (10)_6 Tax = 1 (180)

= T, =4741kN.m

T due to @imay controls.  (Why?1)

= T max = 4.741 kN.m

allow
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Solution of HW
Problem # 1:
Given:
The figure shown
r=30mm ; G=100GPa

Required:

Value and location of T4y,

F

Pr &
A”

Solution:

P.1 / 13
#8

B
I »%/ A
e < v
e N 0.8m
100 MM T & .
.
R > 300N-m
/“:i\} n’"' 8
~ E T
¢
///"///

I.om

The system is statically indeterminate as it is fixed at A and B; thus, there are two unknowns
T4 and Ty (reactions) and only one equilibrium equation (XT = 0), as shown below in the

FBD.
l@ Equilibrium

I L= 0

Since the two shafts are not on the same line, when we
take 2 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.

NTa =0 = Ts—300+F(0.1) =0 (1)
axis
YTrg =0 = T+ F(0.07) =0 (2)

axis
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From (2), F=——>

Tp
0.07

'1‘A—300+<— )(0.1):0 =

Tp—~Tp—300=0 (3)

=N
(2)
\‘\g/

Geometric Compatibility:
The geometric compatibility of the gears will be used (as discussed in the previous HW).
1§ QE = 7‘}:9}.‘

0= in our case = @

0.19 = 0.07¢r = @p=0.7¢f (4)

From the boundary conditions,
Peg = PEja = Pag  aS Als fixed

®r = @Qr/p = Qrp as B is fixed

Then, eq. (4)becomés (]T—GL)M = 0.7 (]T—é)m (5) - /

From the FBD shown = il
Tap = —Ty

Trp =Tp

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(0.8T5) =
Ty = —2.67857Tp (6)

From eq. (6)into eq. (3), Ty —= (—2.67857T;) —300 = 0 =

Tp,=62.156 N.m =

Tp =—166.49 N.m = 166.49 N.m
Since r is the same for the two shafts, 7,0 Will be @ Tyyax = Trp =T =

_ TmaxTmax _ TpTout

Tmax = ] = ]
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166.49 (0.03)
T . =
5 (0.03)*

T?TL ax —

Timax = 3.926 MPa @ outer raduis in shaft FB

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

Pr = Qr/B = PFB as F is fixed =
TL 166.49 (0.8)

AP = ( G) T
JG/pg |5 (0.03)*(100)(10)°

@r=1.0468 (10) 3 rad = 0.05998°

cw

P.3 [/ 13




5. The given shaft has a solid square cross section (a = 60 mm.) and is fixed to rigid walls at A and B.

Determine the magnitude and location of the largest shear stress in the whole shaft. Also, determine the
angle of twist of point D with respect to C. Use G = 100 GPa.

A Problem 5

800 mm P <

‘\5’&‘:\ ) A0 Nm

Ho00mm B B
; \20 N.m |
o
M =R 5 STy ot T =
= Ta4Te = Co - = C1)
we  laewe o
B 7 ¢A /@7 e 7
ey i h Tﬂc_f.&c+. 2.0 Veples = T\ Tpp P
M e - P s
- alz ala E
s BTk Tap 4aTpg BO = = = CB)
CV,____M(; 2 M =

1

g o Ty G TEn. =0 =P JaeE L
= >~ Ta +Tae 50 2 Tac = 1A
gl w~~w—~~”“<f;“’1"@ Mo 2 ~Tp + 4o+ Tep =€
K\' "

AC QO

TMze 3 Ty +4o+ 24 Tng=2 D Tog = Ta - (;EM
Calbb o b Ll ae o e
“f( TPv—c .

m—

Tep s and Ty g

{ E,éil,__h
we gel=
U Ta = 22 .85 M-
bem B4.(1) ) T =26 1SN~
Page 6 of 7
TI‘\C__‘TA = 0
- l >T;.'_(
’T_CD = T-A
=t == = }=TT T — — .
~ Lzoo I <p n + Yo —+ = zu/ ICD = C’A¢""(‘>3
571 —
B

——7)9. +Ye + 2 -1—/138:0 s TDB \-m"‘éb



Problem # 2:-
Given Data:

e The shown figure.

e Solid rod AB (d=12 mm).
e Rigid disk at B.
e Tube DC outer diameter is 40 mm and a thickness of 6 mm.
e The max allowable stress is 50 MPa.

Wo

PN
Required:
< The largest value of torque Ty that can be safely applied.
Solution: ;
As it is shown in the following free body diagram and torque diagram,
Ty To Tc
«— «— p—w>
A B C
2Ty
o |
Free body diagram and torque diagram
Jee = ~)~ {0.02% - 0014%) = 60792« 107" o m*
Jos == = (0.006%) = 0.648 « 10~% = m*
From Equilibrium, T, = 2T ; and T. =7,
] b 0+ 10% = (To)ge = 238.730 N
T 58 = - = 5 # Gl w= {(Tolye= 238730 N.m
60792107 o e Motse
Ta > 0006 50 « 106 — (T 16.965 N

Typ & e = G % s = (Tl = 16965 N.m
45 T 06481077 3 G e

~ The max Torque Ty that can be safely applied is 16965 N.m

Ans



Problem # 3:-
Given Data:

e The shown figure (hollow circular shaft).
e QOuter radius =50 mm ,
e Innerradius =30 mm

Required:

’

¢ The absolute maximum shear stresses in BC
s* The absolute maximum shear stresses in BA.
% A diagram sketch for the value of the internal torque Tr along axis CA

Solution:
1800N.m : Tga(x) =1kN.m/m i
—>p € € € € G <
C B A

Free body dicgram

T4+ 1800 — 1= 10°%4=0; = T, = 2200 Nom
max T

max Te, = 2200 Nom ; and max Tepe = 1800 Nam
= «{D05* — 003" =272+ 10°% 7
e iy — = 10,532 MPa. Ans
e (T =-——"— " =12.873 MPa. Ans
e The diagram sketch for the value of the internal torque T along axis CA is as
follows:-
1800 N.m
1800 N.m
C Ans
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Problem # 1

Shaft ABC has a solid circular cross section with diameter d = 4 cm. and 1s
subjected to a torque T applied at B. The shaft is held fixed at end A while end C

allows a rotation angle ¢ of not more than 0.02 radians applied at B.

T saf jed.
a) Determine the maximum allowable forque that mcgf 54ﬁ(aoly be applie
Tt i Wi OTTE ing i
b) Deter nine the relative anglo of twist $amp corresponaing T Ay

Given: Allowable shear stress © = 50 mMpa; G =70 GPa.

F/ab

P 55{ wead oy )\,ﬁ i Vé Fon Lo

O o ik s

‘\;: & e W anl—\

S :
< L. o-0% vt
< P se 54 40 em
“yyrX adé
o = oz N Fa ki
v e £ A
i a2 ) & DL RB_
T v 6L cm
Farvhy
Lhoge ARl
o 2 il 3
= Qo S: (ﬁ: R ,a \M W B ‘ i
- o £ W 2/3”
e .wi"" o = DeBges 3 3 s - =
S HYh K f 7 i f‘ 2 éf‘“L;” o M Po < T
S i ke 2 b Lo P < A
o s 7 15 L0 !S T e o
BI A e e : .
v,»\ ‘; =
L ey ’%” ( o 2 ——-5‘ i D%
i i 2
pao2 4 = Fe A : R
- g o s o
i S ¥ i # i
A
g
; L5
G 1 be e vag € 159 s 6 - ;
i e T e G293 B e
P 3 € o s B, PG G .
,” ! aik B, ¥ e v 2 % & :}«;‘ §3 ?‘;\, VL @
7 [ A % S e VSN ‘A(g\i,l 4 1045
ﬁqﬂ" Yeu Y é,«}» wC TEY men 2 ‘ : i . ?
i ?V i ey = &‘é%d cuE gy
2 JenAaN o \ t P e =
£t oy .
o) L m s, E

aT =
o &3 oy s B Al N CP -7;;»2:10‘;”& "‘%% 2
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Problem # 6:

Given: i0mm
The cross-section of a shaft shown

i

T =300 Nm;, G =100 GPa ; 0.35m
.

Required: 7“035 m

Value and location of Ty

d
90/ dz

gmm [T 14m T

Solution:

The section is “'thin-walled closed”. =

_
Y= 24,

Ay is the area contained within the mean perimeter (not material area) as shown in the
below figure.

Am=A1+A2

_0.7+2(0.7)

4 2
5 (1396) + = (0.7)

= 2.23549 m?

Since t is in the denominator of the T formula, Ty, Will be at t,;,, =8 mm =

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

Tonax = 8.-387 MPa @ the 8 — mm thicknes
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dp T ds
dz 4A2G) t

— T 4 Si
4426 =1y,

in our case (Why?!)

S, = /(1.396)2 + (0.35)2
=1.43921m = S,
tz = t4 = 001 m

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

dop 300 (10)? ( 0.7 1.43921 2.19911)

— 19 +
dz 4 (2_23549)2(100)(10)9 0.008 0.01 0.008

2 _ 9 759 (10)-5 rad/ = 5591 (10)~3 °/
dz m m




3. Use the figure for problem 5-102 in the textbook. Assuming G = 100 GPa, and the shaft length is 1
meter, determine the angle of twist of one end relative to the other, and the maximum shear stress in
the whole shaft (indicate its location).

f})LﬂM
/‘M
‘T ;rj*——_»[ /“};;.W)w\

M
()
i
\,‘.‘VJ
T

18}
W
~

x

X

R A —H ’ \7;2 50 N'm
/( | 3mm .
ho-5 - =4Kww | 50mm
5 . L
Problem 3

I”\M AT rA5 =S
47 JrAl? -4 L8 w “"/wm

45

=
¢ ~ TL (?ﬁ
TE B

3

e
= %4'%'8 = [.B63C F e yeed

4

BOR|E R R(O

3 ‘ .
A % (2116) 5 v e = O <0F2 zfijj
g A

TorgVor 5ol o BN

2/5“"'\’?:\/%}\ 97(2‘\&7\(2)
=%.94 M PA ( e b A D A“ e s W
i

ﬂp_——-—-‘“’_‘

pas——
e
bt i
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Problem # 1

Shaft ABC is fixed at C and has a solid section between A and B and a thin
hollow section between B and C.
Calculate
a) The maximum shear stress in the shaft.
b) The angle of twist at the free end.
70 Nm
G= 80 GPa

2m

Y
. ; - A B _: ....... ._
] J———ns——‘ , 50 N.m

=

&

15-5

1o

i 1
1 '
1 i
R
3 i
i i

20 mm 20 mm

Cross-section between Aand B Cross-section between B and C



Problem # 1

Shaft ABC is fixed at C and has a solid section between A and B and a thin
hollow section between B and C.
Calculate

a) The maximum shear stress in the shaft.

b) The angle of twist at the free end.

G=80 GPa

T =70 Nam

o , . "'1»‘53 f{:{; ot "62 e

1 ; & e =~
o «:""/) 4 ‘ﬁ_y.“ &.\3{“ f’;»,
Y s

L :
i 4B feey
Pe ] msones
Ll
15m '
& -
L 2.)
;]uw;if < 4 it)’ A\ &; ?
BowEe S Yoe
e
s _3:‘}&‘ 5 oy
e \ . 4
i o
{
{3 (L«) i i
C) i A :
) i Timm €S e e S
2 = ¢
TR {.\:}z ’% R B Sine '?‘
Eeiisial iy § i et

e 20 mem
i 7 : ¥ 7 S
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Problem # 2

The shaft is made from two segments: AB is a solid section, and BC is a thin tube.

a) Determine the maximum shear stress in the whole shaft and indicate its
location.

b) Determine the angle of twist of B.

Gyt = 75 GPa

//T - a T r b t?
/’ 750 N-m 44— 1 Tc_
7 L C, 7

A a B

| AAS SIS,

-
0

<3

\\N
NN

25 mm

Section b-b

a

.T"’-
This /orol:-’e ~mo S A—aﬁ. -—€€T,:g Tag = *TA
S A hca }}7 /»;:cf’r/rf’/m:n;_ﬁ ) »

= o
. . e - Ly
F/QM Egie . L’J}'I"Mm & *Fﬁéi_ C‘(’T_;:—j\
[7’; =t T—C — 1S = 07—@

—

P, 522522 = So€ m="
i Y a2
= SLoe6 X2 " ™

Foor C”'ﬁ/’)’\’hg"/’.ly

¢+¢>§2:0

Al
ZAd (=T (o8 M}J_FEC%HC%)]:O
(0-025)7(’75X/a7) 4C5~oﬁxf5"')(ﬂszm’)

=) 2 Fat] x/f;’fA + 4-}i29 X 15 T =2 =&

Solyvin Q) < T- = Bze-2¢ A-M
i & @M}



A thin tube is made from three 5-mm-thick A-36 steel plates such
that it has a cross section that is triangular as shown in Fig. .
Determine the maximum torque 7 to which it can be subjected, if the
allowable shear stress is Tuow = 90 MPa and the tube is restricted to
twist no more than ¢ = 2(10~3) rad. '

200 mm

200 mm
s N

- SR
- ( \
T

I~

~— 3
200 mm T

\

(a)

SOLUTION
The area A4,, is shown shaded in Fig. l b 1t is

A, = %(200 min)(200 mm sin 60°)

= 17.32(10°) mm2(10~® m¥mm?) = 17.32(103) m?

The greatest average shear stress occurs at points where the tube’s

thickness is smallest, which is along the sides and not at the corners. A

Applying Eq. 5-18, with ¢ = 0.005 m, yields ‘—— 200mm -
T

o e any 106 3 (b)

C TV 90(10°) N/m

—2(0.005 m)(17.32(1073) m2) )
T=156kN-m (Fa ')

Also, from Eq. 5-20, we have

0.002 rad = dim) __ds
ST 4173201077 m)[75(10°) Nim2] | (0.005 m)

300.0 = 7‘% ds
The integral represents the sum of the dimensions along the three
sides of the center-line boundary. Thus,
300.0 = T[3(0.20 m)]
T=500N"-m Ans.

By comparison, the application of torque is restricted due to the an-
gle of twist.




