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PROBLEM 1.1

x—o-'.-"‘—?_.{ls hh

;

31 Ueterming fhe turgus T which eanzes a nuodmnm shearing strees of 10 MPa in
the gteel eylindrical shatt shown,

SOLLUTION

Toi 5 T= %e

T = Tz, = Tlooin)l(7ovi0¢) = gai New —a

PROBLEM 3.2

~1dmm

3.2 Detennine the muximum <hearing siress cous:d by 3 tosque of magnitude 7=
B0 B,

sOLurmm
T..M = IQ_ = *
¥ N3 J ; ot

2T (21{ %8 ol
Tm’ Tes - W = 37,53.'0" Pa
27.2 MPa b

A3 Knowing that the mternal dismeter of the olow shull shown is o = 09 in,,
degerrmine 1he meimum shearmg steess callsed by e torgue of magitode 7 — 9 kipin.

SOLUTION
ar e '%dg ={LYt.¢) = 0.8 jn.
€ = %d = )0.9)= 0.4S in
T= Het-ct)s Lo 095" )= 05795 in*

C= 0.8 m,

= _.-_r_{:n - JI1{c.8) _ .
e T Btlhfl?!:ﬁl = 12.44 kst ]

1d Knowing lhat o — 1.2 in,, detormine the torque T which cases & maiomm
shearing siacss of 7.5 ka m the hollow shaft shown.

SOLTUTION
oty =(H e 0B
Cedd, = (£ ){(L2)= D.& in
J=%(c' - = Z(03%-08%) = 0.4898 '
Tt =

T = L Lo _{c.4298)(7.5)
¢ - 0.8

o= 0.8 in

Y12 Kipein -
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15 {a) For the holiow shalt and lading showm, determin the muxinmam shearing
dress. ¢4} Determine te dunrter of a solid shaft for which the masimum shearing
siress io the e ag n parl a.

PROBLEM 3.5

SOLUTION

£, = +d, =(t)o.040) = 0.020 m

C, =had; ={f){c.06a) m 0.030m C = 0.030 m
T = Fle.*- )= Flo.oz0” - 0.020)"

SHHL N -
= 1.621s ™% Wt

a JTo _ (2400 0.03) . _ .
) Towax T T 5 et Ty

70 .5 MPa vt

_ T T . 2T
i) “[’——:,’.—J 5 J."'}"f,g fz’rﬁ

3 _ 2T _ (RN zuoe) *
Ca ¥ Fg

T W (oS AR .

= <l,B7 0™ m

Cy = T8 XI0" m 55.8 mm -

34 () Deiermine ihe torgue which may be applied fo a sobid shaft of W-mm enter

EM Vb \ K

PROBLEM dizrmeter wilkwul sxesed g an allowable shearing stress of 75 hMPa, (8 Solve part o,
assuming thet the solid shafl is replaved by a hollow shalt of the same mary and of W- !

SOLUTION i isrer diameter,

(o)  For the sabd slaHt ¢ 2 34 = Zilo.or0] 5 0,045 ™
R Let - Tlooas) = 143,19 win™® wt

c
:f"_-.':.[
T L

I’M; < L&

& (eaig Y34 x 150 = 10,74 ¢ J0* Nowm

1074 kM w -

(v} Hollow zhaft o %CL = H’HD. 090} = 0048 m
For 2qual masses the cross seckhional arcas wust be equad

h:"TC-t=Tr(.C-:—C*L'} or O, = C‘,z-}{:z :

¢, = fo.045% 4 0,045 ¥ 00634396 m

J=F{et-e" = 19,3297 a8t W7

oo ed (7500*)C19. 323710°°) _ 27 37x08? Newm
TG T 0.043029C ) :

2?-8 kN'm ‘.




PR(}HLHJ"E ek 3.7 (a1 For the 3-m-chameter sobid cylinder snd bading showan, determine the
roaxirmun shearing siress (B Dererinine the insey dumeler of the hotow cylmder, af
deigt wmser Jrameter, for which the meodnvam giress i3 the pame s in parl o

SOLUTTON
X Lﬂ:} S»:-jrn:ll 511651‘ :. = '#D‘ = Ji{m‘} = LE. ;H.
]
T=sukipeiv T - - T" _{11{%} . - .
) _ Towr = - "T}Lcﬁ ey 1545 Usi e
T = b kgp - in.
b} (b Hoblow sheft ¢ =dol = £{40)= 26 in,
Ny = '%.:{Ca..{— Efq) - I
C"l C-z E’hlu'
b A4 _ 2Toe _ pat RV4eY265 .y
S T 20" - n(rE¥5y .25
S, 5 174395 in d,= ¢, 7 3.4% in —ut
FROBLEM 1.8 4.8 (4} Determine the torque which may be appBed b a solid shaft of 0.75-in.

dianeter without exceading an allpwoble shearing strems af 140 ksi. (6} Salve part a,
asquming that the sofid shoft has been repluced by 2 hollow shalt of the same cross-

YOLLTION sectional arven and with an inner dismeter equal ta hall s outer diameter..
(a) Solid shedt: £ed o= (Me75) 5 0355 .
T =Fe' r Tlo32s) = 0.03)063 " Conp = 12 Hsi
T = Nleaw ,(D'izgfm“} = 0,828 kipin or 828 dhin  m

) Hollow shatt

For +Hhe same ance af +he sotid shabt
F\ = mes-c?) = wlee -(gaY]= &7 e, = Ter
;Z-c. = fn A75) = 0.433013 in '
= ¥¢, = 0.2168506
T=3(er ¢ = Llousmen’ - 0. 20506’} * 0051772 54"

T2 Tmel o UONOOSITI2) - 1196 Kipeim or N6 Ml -
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A9 The torques shown are exerted on pulleys A and 8. Knowing thet each shatt is

FRUBLEM 2.9 sofid, dzserming Wi maxlmirn, shedring siress (@) in Shakt 48, (B in shoft BC,

(1 L1 [ 1

T M SOLUTION
- Shatt ABI T = 300Nwm, d=0.030m , e70.015m
o p e TE L 2T | afses)
TH_|‘ 1h .y k-‘_) bl J - TI:-! = -1-‘ Ea‘.alrj"
45 mm — - SGSESJ‘HJ: Pﬂ— — .5:15 HP&_ g
: >
- Shaft BC! Tao = 200 + Yoo = 705 M-m
- _ e L TE 2T _ {23 7es0
4= 0.046m, €= 0.02% wm o e (6.0
= 3,036 Pa 36,6 MFPa, -t
PROBLEM 1.10 3,010 The worgues shown are exerted on pulleys 4 and ¥ which arc artoched 1o solid

circular shafts A8 and B In order to reduce the o2l mass of the assembly,
delermyine the smallest diartater of shaft B0 for which the birpes) sheanng saress o the

TE assermbly 16 nat increased.

P o b0 k)jﬂ Shedt ABT T2 300 N, d=0.030m | 220015 m

EOLLTHON

=1e 2T _ (2)(303)
4B ] ) T T e wloosyt
e = SE.58% ¥{0° Pa 6.6 MPq

Shaft BE: To = 300 + #0090 = 700 Nem

= 0O ez 0.7 =TS 5 2T _ QA¥700)
dz 0ottm, ex0.0n  f,: T8 2 2T, Qe

> 36 el YDt P 6.6 MPa

The barqest stress (56.538x10% Pa) occurs in porhion AB
Redoce the diameder & B d pavide Hhe Same shress

- 27T
s, 2T _a)yToe) _ -
T xYL, C Tl.ssawpe) C 7. R0 -

&= 19885 6T m d = 2c = 29.79 ~{0 m 39,8 e =t
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PROWEEM 3.11 11 Knowing that eoch portion of ihe shafl AD consists of a soid ircula rod,
o dorcrming §a) tle panien of the skak in which the masdsmem sheartng slress pocurs,
{5 the magnitide of thar sivess,

Fuell: -,

S01.LTION
SheFt AB & T = Joo k- \n
C=4d = 0.20 i
~
T~ T = B
Zowy = BLALL - Gug) oy

T {ansel?
EheFt BC: T=-H00 41200 = 8060 Jbijw

o= ‘id 2 0275 fm:% =%‘ :_L.g_:lig_?&}_ = QHEF"

_

1 L1

(1

T {o.32)°
Shaft CD: T = -406 +i200 + §e0 = (300 Jb.in
4 » .Te | 2T _(2¥)1%0a) . .
C,._'_‘[nl I L fmr T 7 Tcs _ﬂ{ﬁ-qu! = fn‘aa.?ps-
Frzwars s (a) shdd BC (b) 9. 68 Usi -
PROBLEM 1.12 3.11 Knowing thar 3 0.30-in~dizmeter bwle has been deifled theough each portion of

shaft A0, deterrmite {a} the poction of the shaft in which the meximonm shearg slress
ocours, (F) the magnituds of the stresa,

ELIL LN r SOLUTION
L :
. o {E{ Hofe: ¢ = %Ci; T Q5 ik
.k\ L\(\ \u.w=ﬁ_g,n, Shalt AB: T = Yoo M-
e s K‘. Ce= %‘dl = 0,30 iy
—c
“dge = 0.7 1. J=%(s'-! )= :—L[(D.?;aq— o.5t)
B . > O, Q1i98 ;n"}
dyg = 05 0. Toew = % - (oo o.30) _ .
A ¥ o.0liazg  © 10600 P -
ShaPd BL: T = ~4004+1200 ¢ 200 fb-in Cp=3d, = 0,375 s

J= Rt ) Tems™ 045"y« 0.0302¢8 w"
Trmax = 'l_ag. . [Boo)0.395) . qq psi

0.9301e 8 -
Shaft Ch: T = -4ow +/300 +500 = 1300 M in &, xddy - 0us in

J=Flctct s L {ovg? - ois?) = 0.063617 /1w

. Tra b 1Y) 493 ;
Trar = T To.oéder = 9E ps

Arnswers ! (o] sheft AB (b} 0. 06 ks ~g




PROBLEM 2.13 2.13% Unider notmal oerating condibong, the cleceric molor exerts a torque of 2,4
T KNmul 4. Knowing thet each shaft i sobid, determine the mavimum sheaiing sress
(¥ im ghaft AS, () i shall BC, (o) inoshwfl OO

_.-T.'_- —LiEs -0
.-TI: =-|lA |.("‘-' S
.l

’ "‘-\. v ,.'T-“ =14 ™

.“"--I\.._,_ _,/_‘Tr'l\ A0 rorr

RSy CEN

g
i
SOLUTION

Shatt AB:  Tag = 2400 M, e=%e= 0.027m

- Ta 2T (e ywel)
Ta = T T meE G ?‘]{%%%T;??-m”gﬁpﬂf 77.6 MPo, ~

Shebt BC! Too = 24 KMo - LA KM-5 = J2UNem | cxhol = 0,028 m
e
Tar. = %‘2 = % = fgfﬁ-gﬁ%ﬁ—:’ = 82, 7RE#IC P a2, 8 MPa, ~
Ehaft SO 7 Ty

_de 2T Rl 2
T = F T 71 T woom )y A0 R Fa 0.9 MPa, -

O 2135 Now C‘.=Jio| = 0, 09%

W

414 Under sormal operatitg conditions. the eleatriz molor ¢merts o torgque of 2.4
PROBLEM .14 kN'mat 4. In order ko reduce e moue of e uzeembly, determine the sinallest
dimctor of shatl BC° tor which the largest shearing sticse i the assembly s ol

increased.

SOLTTRION

See solobion 4o probdew 814 For Fisure and For may) muwr shece e
shresaes in ar-lffcms. AR, ©C, and AT of the shatd The |'qwj¢s‘?
vafue s © 7635 a10% Pa  sccunng in AB.

haﬁua'l' dicmeter of BEL b abtarm the sawe wvadie F giress
. Te _ 2T

J - omed
s _ T . (2).2x0%) _ - a
e = LA Tr{-,rqr_;gg,qo;) = TEHT G m

C o= 243 20" wm d= Zc+ 42,3510 m T -
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PROBLEM 315 3.15 The alkowable sress is 15 ksi in the 1.5-in~dinmeter tod A8 and & ksi in the
1.5-tn.diameter rod Be? Wegleeting the etfect of stross concentnations, determme: tie
Larjgest towgque: thal may be applicd at A,
SCOLUTION

o % T = -Et‘f:’,__,

] +

Shaft ABY T = I5ksi  o=kd= 075
T= B 5705) = 994 b -iv

Shaft BCT T = F ks cadd = 0.90m
T = §{oaoy(8)= 9.d& Kpin

The alfowalle torgun & e ne elber o luc

T = %6 hpein .

316 The allowabls slicss is 15 kei in the steel rod A8 and & ksi i che bruwss cod
AC. Knowing that 7 terguee 7= L0 kip-in & applied at 4, determoe O pecpirad
diatoerer of (@) rod AR, (5] for 20

FROEBLEM )16

SOLUTLON
?)"“"_TI':J I=I L3=ﬂ:?1:w
Shaft AB! T =10 kp-ia Tony = 15 et
c"=% 2 0.4t
Tl I T J. of I g =2 " 1L50Z wm —atl
Shebt BLr T =0 kip-m Uinne = B Wai

3. (AXiel _ .. :
[t "?C(STJ_ = LTITFT ok

co= 09267 in d=z2c = .853 in e
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317 The zolid rod AR hog o dlaerer o, = 60 mm, The pipe CD hoe an ouer
PRUBLEM 3.17 diaamcter o£90 min and a wall thickness o6 mm. Knuwing that botl the rad and the
pipe arc made oCa sleel For which the allkvwable shearing siress is 75 MPa, detcrmine
the largest wegque T which may be applicd at A

SDLLTION

T = 15 m0* Fa Toie = .“-.T%él.

Rod AB: €=Zd = 0.080.m, =%
Totr = 3 Tay = L0082 (750
= B B0 4107 Hew

Pipe 232 €, 2 zd, =004 m g e(,-L 20,095-0.736 = 0.089 m
J=3(c-c*) = Zloous-0.027%) = 28072 xi5" w*

- [2.9078 o™ WIS «1G%)  _ 2o
Ty = ___Lc}.cws = a7 Now

Alfowable torave (s the Smeadder yedue (Z0870° Nom ) B8 KNvw

348 The solid cod AR b u dismetor o, = 60 ron aml & made of 3 stead far which
theallowabl shearing sireas is 85 M. The pipe 42 has an cuter dineneler o) mm
awl 2 wall thickness of 6 mis it s riade oF an alomdsus G which the allowalsle
shearing siress is 54 h{Pa. Detcoroim: e lurgea dorgee T which moy be oprHicd at 4.

PROBLEM 3.18

'I?P.':Ir!'um
SOLLTIONY
Rod AB: Uy= 35%c* T | cafd= 0.030m

- 3T .
Ty = '_.:Jg & %C"ﬂﬂﬂ

= Z(n.020 (35 %10% ) = 2.605 410" Nem
Fipe CD?T  Hy= S4#10° Pa ¢z 1d, = 0.045 m

C = Ci~t = 0.049¢- 0,006 ¢ G063 m

Te Glct-e’) s Elo.onst-0.089")

e & ’
Ty = Toott ; (ZRTEASTNAA) - 3 5q68 s

2.8073 »jo wt

fliowable torque is smafler vodve Top= Z.36T¥I0 Mo w

3.37 KiNem -l




\
PROELEM 3.14 319 Tlhe allowable stress is 50 MPa in e brass pod A4 and 25 M o the 2linminum
ol AL Knnwing that a coegque T~ 1250 Nem s applied o A, detesmine the requived

- dinmeter of (a) rod A8, {8 for B,
/]~ Advmizm

; 3 /ﬂ . “7( , SOLLTION

Frong = e J= ‘g'c-q c*= 2L

-4 J T T,
Fod AR: ° =$f’2% = 15 HE W)
Co= 45 J.ﬁ-’ﬂﬂ.l = 25 IS e d.ﬂrB: Peo = 50,2 mw -y
- -3_____53}{]150] - -8 1
Fed BL: ¢ o LY B BB XIS m
o= zf,cqx;u"m = A/E9 wmm "Je.ﬁ Se ot 65w i

328 The seadfef vn] B has a dianeder af 30 numaixd is made analoniwm tor which
the allowahle shearing stress is 25 WP Rod A is Aaffow and has an outer diaimeter
of 25 mm it is made a brazs for which the allowable shearing sivess iz 50 WPa,
Drelermdre: (o) (e lurpsst ey dsoneter ol vod AS for which the faceor of safey is the
sune for each rod, (0] the batged Lovoue dhat iy be applicd a0 4.

SOLUTION
Sefid red BC: ’E:.:% J‘:%,:"
fﬂ“%*i‘ﬂc Fo. =gd= 0.05m
Tt = £ %y = L(0oiS)(250% ) = 132,534 Nom
Hollow ved AB: Ty = SO 7i0° Pa Toy = [82.836 Nem
L, 5 gdy = E{0.045) £ 0.0125 m c,= 7
= ot T - i_ ¥ e
Tﬂ_%ﬁ - L(ct- ¢
¥ _ ¥  2TewC: _ + {2W132.58¢ NWo.0t25} _ -n
G s &y - L T DLos T - T (5o woE = B.308wie - m
|
25 TET 4102 m T 7.5%mm d, = ¢ = 1518 mm A
A bfoy b de hwq#t Tar = 182,85 Nem —al
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FROBLEM 3.21 321 Aterque ol magnitude T'= 1000 N-m is opplicd at £ as shown. Knowing that
the disfeter of shaft A# is 56 e ured the dismeter of shall €0 § 42 N, detectune
the: raimmm shearing stress in {ap thatt AR (b) shull 0,
SOLLULOMN

T:.ﬂ = 60 Kim
Y,

T & ""rf' Tog = %"i(imaﬁ: 2500 Nem

Shedt AB

C=4d: 00218 w
2T _ _(2X35eo) |

= & = &
T %— NES M (p o1z ) 72.850 =10 7.5 MPa -
Sheft BC: ¢ = Fol = Q.020 m
LT 2T _ _2Ylopoed . e
T J T mer T gy {oor) TR 62.7MFa -~
PROBLEM 322 321 Alomque of magnitude 7= 1000 W-m i applicd @ £ as shovea. Knowitg 1hal
the allwable sheacg stress s 60 MPa incash shafl, determioe: the requined diameter
of (&} shall AR, (&) thaft Cix
| SOLUTION
T’:D - fﬂﬂﬂ ”-h’ /" m
The * %Tm= %Cmoahﬂﬁoh’-m j

Shadt AR Tup = 200" Py
= 2T 3. 2T _ {2Maseo) -6 a
T L8 s =N O =TT T Tieosigty T KE-526x17° m
C = 29 82%{0" = 29.82 mm A= 2o 5NE me —
Sheft CD - Totp = ED'KJD" Pn
, Te L 2T ohL 3T . B)ieood e
T J - Tel TwE T wlcowion) (G.Blexlo” m
£ 2A.97% 0w = 2.7 ma, A= 20 7 439 mm —t




323 and 124 Under normal oparaliog comditions 3 motor exerts a lanque of magnirude
Fe= 1200 Brin. al F. Kroweing that the aflewsable shesring steess is 10,3 ksi by goch ghaft,
tor the given data, determine the required diameter of (o) shaft CDE, (6) shaft FEAH.
SOLUTION 3 r,=fm, r=3iL

Te = 1200 4 v

PROELEM 3.23

T, = ; T- E(L;‘eaﬂ 8200 Ib-in

T
- 1a Z 1 b, 2T
(3 S Yo, ST
@y Shatt CDE
RS 2
S = %: 0. 194012 |n3
& - 0.5789 Aom T AC T LISE in. t
b} Shaft FGH
3 _ @i{1200) 3
= YigE—ae—— = Q.0JZTET
T (lofoo)
= 0.HITY n A = A& = 0.835 n sl
FROBLEM 3.24 323 and 3,24 TInder nome] operating conditions a motor exserts a torque of mageitude

T = 1200 lbein, st # Knowing that the alloswable shenrlng siresg iz 10.5 kei i eiaech shaft,
far 1he given data, determing the required diameler uf‘(a] shaft CDE, () shaft FGH,
SOLLTION 1M e, -1lm, r;=Hin

Te = 1400 H-in
T = FF:TF = %‘flfq‘m})—' Lo Ao

Vo= 10.5 kst = |O500 psi
- e _ 2T 1 2T
Te SEEC

=TT T wo3
Shatt CDhE
z _ fif{dge)  _ . 4
e SIS0y - 5.0272E% in
O 0.80{05 jn dpe = AC = 5.602 in —
Shett FGH
--M = - P A
P o= Syl 0,072757 1w
o= 41749 T Gy = 2¢ = 0,885 n -
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325 Uider oommel opetsbys coodilaons o melor exerts g iocyue ol meygnitude Toan
FROBLEM 3.25 F. The shafts are made af a skeel forwhich the a Bewable sheating stess is 12 ks and

have dinmeters of & — 0,500 in. and diy, = 0,800 in, Kaowitge thal ¢y = 6.5 in and
SOLUTION ¥z = 4.5 In., detetmine the larpest orque T, whivh may be exerted at &,

?E:A&P = 12 ks “

Shabt DE: c=dd = 0.450 in
Teoth= Tetry
=3 (0450 02Y = 17177 iipom

Fow i - C
T Thea= 28 (LNT7) = 1439 Kipin
Aowakte valve of Te is The smatler Trete = U137 kpin wa

126 The e sobid shealls wee comeried by peas 3 shown and arc rade of a steel

PHOBLEM 316

fior which the albowahle zhenring atrozs ia ) MPa. Keowing fhot a 600 N-m torque

T, 15 apphed ol 17, delerming the requited dimmeter of (o} shaft C, (41 shall EF,

SOLLUTION
Shaft BR: Te = 600 Nem | 7= Lox10° Pa,
= 1e _ 2T
T"' T - T *

a_ AT _ Zieooh - 2
o= T FT‘{_GDK?G“] = 6L2GCZw 10 m

C = 18.5300  me 1888mm, 4o =230 [mm -

Sheft EF: Tp = T, = g2 (600} = 375 Nem

fo
F
Te _ 2T s, 2T . (2}{335)  _ 7w vl
R & A2 T Tloweny | FTEC

£ S EEIC] MR 158 e, dhyt A F3 LT mm




3.27 The two wlid shafts are connected b gears az showin and ave made ofa aieel
far which the allowable shearing strass ks 50 M. Foowity thot Lhe dintrestets of (he
two shafts are, respectively, oy = 40 mm and &, . = 32 mim, detertiine the boge
torque T which mey be aplied at (.

FROBLEM 327

SOLTUTION
Shaft ACE  Taw® 5040 Fa ¢ =fel= 0.0%0m
Te® “‘-I;—r = o7 = ¥ (0.0 (500"
= G2%.2% N-m

5hﬁ.‘P‘|‘ GCF: TW' Eal"lo‘?ah .:'_'_‘,——'id: 3, HE n

Ts =*];E = J%.:.‘f: }(a_alefffaxlo“]

= 32|, New
Fros =matres’ Ta= —E*TF = ﬁ (Ba1.7) 5 517 ANem
APPowable vadoe of T is the smaller e, Tp = 515 New ey
FROELEM 3,18 2,38 In the bevelpear svstom shown o = 14437 F:nnwingthmthel allowablz
I ghearing virews is B ki i each shalt, dotormine the lorgest torgue T, which may he
npplicd ar 4.
:_T_., SOLLTION
Shaf¥ AY T= 3 kst c=%d=0,450n
T _ .
; Toe Sl Loty = T(0.257(8) = 0,196 35 kip-n
CIT? Shatt Bt T= 8 lsi c=id= 0.3025
Te=2E = Tty = £(0.8257°(8) = 0.3835 Kip-in
From Stediest T, = Tfl Ty = (fan o) Ty = (fan 18.437) (0. 3825)
[
= O.I2FMY I-er'Irn"
Mowable valua of Ta s the smalfer
T = Out278 Kpojm = 127.8 Ab-in -
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PRORLEM 1,79 3.29 {a) Fora given allowablc stress, detotmbss the rale Thw of the masdmnem
wawable torque T and the wenzhl per unat lengsh w ot the boliow shaft shown, 14)
D, by Fiwly, Lhe vibue acthiz ratio computed for @ solid shaft of the same radius
&y, 2xpress 1 ranio T for the hollew shull in vermms of § Tl and o ey

CE} SOLUTION :

o J e — w‘&f%kf F-:.:H ot ,.Pe:nﬁ-!-h 3 T',E:Pd‘.‘anlpr'r. we/aht
-— Wy Fotad #EI‘H.H' , L= )Hq'“'- ¢
W= ”—“’L:— 2 l"LL-é- = YA = VT (L -0)

T =T | I L2200 g, o 3 lHeHed-eR) .,

2 L G Z &,
Yo (elfv T, _ C
(L) (};Czﬁ o= S 1 81 (hollos slaF}) -

Cy=0 Tor sadid EL&'P'i' (E":)a = %ﬂ <5€J.}l.cj ﬁlqu"}’}
(Tfde oy &1 (@) - F)L (0 2 -

(T7W3 - G w
PRORLEM 130 338 While the exact distribution of the shearing streszes in 3 hollow ey linder shall
B 5 @ yhown m Fig. (1), 2 approximele videe muy be obiined B T, by Aswmning the
Tipn srceses to be unitormly distrituted over the args A nf the cross seetion, as shown in

Fig. (2}, and then further assuming that alf the elemertory shearing forede 201 & distases
fom € cqual o the e ndivs 7, - Wi, 6 ool e cross sectione This
approximate value is t, = Tifr,, where T iz the applied 1orque. Dertormine the ratio
T, T, of thei true vehie of the maximum shearing sirezs and s approximate vohe ©,
For values ol g0y respetiively equat 1 17K, .95, 075 050, and 9,

SOLLUTHON
o LA I - & - ZT{:-; - ZTC;
For o hoblow chabbs T = 7% = sfriemy © TG - C e+ &)
- ATc,
A‘{CG:"'CF}
L -1 __ar
By defindion LT3 =Ry
Dividing  Lom = Sa(224S) _ 1+ {0/ed) |
na t"p Ca .'.C‘ .II - (tqfcl_‘]" e
&/6, |10 lods |ovs | o5 |0 |

T’ o | ) l!.azs |i.uza | y.200 | b0
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PROAEEM 3.3 3E () Foar the solid steel shaft shown (7 = 77 GPa), deterniing the angle of (wist

at 4. i8] Sohe pen o, aswaming thed the sieel shaft s ballow wilh 2 3-nem outer
diwwerer aml w 20-mm inner diameter,

SOLUTION
[[lt' .I:."—'i'd? D.DJS‘M} J:%c':%[ﬁ_

Jx 79822207 m) Li b8 GETTAION T

T"ESQH'M q}:%

. (260)(1.87 -3
2o = Z2.99%0 pad
¥ (7407371152207 s ’

o = (73430 180 o0 hin
= =

2

s

-
£

(o} 6,7 0.005 w, < 2dd 000w, J=R{g-c¢)
. . TL

e
(2158716 )= 545 °

—y

J- '2[:5,&;515“‘ a_mﬂ”'} = 53,33%-.-:::”::-1

_ {25013 - LSRG Prad =
- (77wt e Syl " @

=3

3.32 For the aluminum shaft shown (€= 3.9 < 10 ° pay, deleening (@) the torque T
which causss w anpls of taras of 3°, () the anghe of twast cavsed by Lhe same iorque
T i 2 solid cylindcical shaft of the e langth and wrom-sectional arca,

PROBLEM 1.52

SOLLTTION
- T el
@ ¢=F, 152

G = §° 7 §7.206MG wadt, L= HFt = 48 e
J:T(e, - Y= Lioas-0.8") = 0.3788% in'
T o 1330100 (037541187, 286 w/oF

g
=2.321% <jo° Morn = 2.83 Kip-in -
(b)Y HoMow shaft A=z T({5- 1) Solid shedt A = Wel

Ha‘.’jfajniut} ares.s gt - C;-— f.}t = .5 -0.8 = p.ag Tt

cz o560, J=%ct s Flo.ssa0)? = 153.398 0070w’

TL _ (z2.8wave? Y +8)

-1
H = . 3] waat
¢ T 7 (3.9w0t {1533 et *26.57 > .

+h

15,60 et
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3.33 The ship at A has juxt started 1o drill for qil on the ocean ooz &l & depth of
PROBLEM 3.3 SO0 &, Kmowing that the top of the 8-in-diameter steel dril pipe (G = 11.2 «

10" pai) romates through twa comphete revelutions befors the doll bie ar & aans 1o
operate, determine 1he Tusginit shearing stress caused inthe pipe by torsion.

SOLUTION
¥= & T
vy I « 6o . GPz
J JL L
@ = 2rev =(2Man) = {2,568 rod, L2 dd - 4o
L = Sooo it = C6000 in 7 U2x10%) (12, 546 (4.0)
s YeToTo!
= 380  pyT = RBR kei et
FROBLEM 134 JH Determing 1he langesl ullowabls diameter of a 3-m-long sreel rod (G = 77 CGiPa}
ifthe rwt is 1o b twisted throuph 30 williul exceeding » shearing stress of B MEPa.
SOLUTION
Le 3w @ 32F¥ + 523.¢ 1o vad, L= §O2io® Fa
. 1k L&Y . Te . GI9c _ GPc _ rL
¥ Ef. T, T3 L T L+ ST Go
[4 -
c={BoxplB0)  _ _ cgiig? b 2 5453 e
(Tt ){523.6 x,073)
d= ¢ 1T mm -
PROBLEM 3.38 3.35 Te torgques shown are exerted on pulleys 4 a1 5. Krowing that the shafisace |

wlid and made of abuminum {7 = 77 (P, determine (he angle of twdst between [}
Aund B {5y A aned €,

K
] SO0 IMTION

06 m [ﬂ,‘ T;Ilr 300 HthJ L.&ﬂ '!'D‘q“) C“:%EJ = NS m

e i dezFloos) = 7R52 07T W
-].Emm L1 @
; _ Telse _ _L300}(0.M - -
St e TG T e asgien - THIR vlo e
P = 2 53" il

(o) Tae = 300+ 400 = T00 N, Lag® 0.28m |, Gy = kd = 0025 o
Joc = L {5.023)%= 43959810 m’

a
- Talee _ _ (700)(0.75) ) s
Pec = GJee (1720?4253 W) 15,50 ={07 o
@k = (Pn; ¥ q).gc. = FF.e08 w,-'.;fsrd - 3,41“ -
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PROBLEM 3,36 J.3¢ Theorgues shown are exerted an pullays B, Cond D Knowing that the tntire
h shafl s murle ol sledd ( ~ 2T GPx), determine the angle of twist between (@) C and
3] mm i1 4y 1 and A4
30

X-:m‘\.' n .-'mm SOHATTON

A I,l' - T
wan  (a)Bhatt BE: Lo=dd: 0.0 e

FuI'JI'IT‘: ulll,l \]‘mt Ec‘f - ??‘ Eﬁgh‘io-ﬁ M"I
F Lge = G.SMJ G=27=10" Fa

P, » TL . _ o))
ﬁ B GT T @i (T

= 0109909 wd = B5Y° -
(Y Shaft CRT =24 = 0.0/ m Jen= Fe” = 169, 862167 w*
Lae= L0 m T = B00-T00 = - 500 Wem

qj = I - {-Foo (1.0} _
R (2710 ¥ is9.896 mi0™t

Qan = Pac+ Py 2 O 1490¢ = 0.11220 = 0024749 wsd = M7 =m

= - L1230 red

\ B 3,37 The solid bross rod 48 (G = 2% GP& Vs honded to the selid alumirm rod
FROBLEM 3.37 OG- 27 6 Pa). Dowormine the angl of1wist () at &, {5

a5 % SOLUTION
| L Shaft AB: C=%d = 0.0 m LT 0250 m

G = 3307 Pa, T = |80 Nm
J = %;:"' = 7952210 m*

il __,_f"" .
330 win CTL . (180 5.250% _ -5
*‘L /]/ Pu™ T " Bio Y Ms2anio V) | IO red
250 mm

Shaft BL: e73d = 0.018m, L = 0.320m
G =27xe"Pa, T= 180 Nim

J5 Fet = 14996 %107 m?

N mm

AT T T

it M om

- (3cio.220) . 3
@ﬂt = TE?HEG# ]{fﬁ-‘h?ﬁ'ﬁ 'ft'o“' 12,937 %107 vad

b

Answers ! (al ¢B= q?“ x 12.927x 10V wad = O, 79"
(o3 P = G+ Pag = 279497107 vad = 1.573°

-
-7
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C AR I e T e e g e e im mmm e = At meemme = men s e e 4

FROMLEM 338

eI

13% The beaas rod o 5 [ =n5B=x 108 paiy g bonded 12 the alurrrim:m rod B¢

(6 = 3%« 10 pa) . Krowing that eacl rod is 90lid, detearnin the sogle of1wist
izhat 8, (dratil

SOLUTION
Both FaH'-'.:ms -~ = »kd e B Ea
Js Fct = G35 aeto T2 366 db- in

Shaft AB! Tag= S.ewt0pur Luas 4 # = 43 1
- 4 las (3007 (4B}
Fo = Fas Gued (S &wios o (2590107 )
0,415 peat = a4.o" —

Shaf+ BC: G» 39710 Lus= 6F =72 0w

CPM . Tia - {Eeo)72) N
Ge I (2.7 Y10 e 1358 wic 1)
= 3.90%ad = 51,7 °

P =G+ Pe.

T T A0 903 = | 320 rad = TELET -w
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. 3 Two wlid steel shalls (G = 77 5Pay are connected by the gears ahowi
PROBLEM 339 Kawewimy that the radius of pear 8 is ¢, = 20 mm, determine the angle throwzh which
end d potaics when T, = 75 Nom

SOLUTEOXN

Ta J:': sdatiom :.; q'ﬂv"":fl.lc %

o p'*.:uw!:eran‘i'!‘xf c..:n-}md' *[-'m*u- beﬁ.;een
gears B and

= 1w . Top . - -
re - T 7 e

F o a lan
-F;,EL-T',: '?-5- J'u""l"l
ep © .90 (35) & 225 Nem

G020
-~ Twist iw 5L.a+|‘ CD
Jozfel = 200.0) = 22.87mri"m* ey = 0.9060 m
1 _TL . (225){e.40) _ e |
G = FI#G" Te P - 5T (hwmotWarsizaom” KL% voel

?(fi'ﬁr-'i'l.ﬂh o.l'ﬁ}! af € ?f__ Y 35,855 M57 pad
er_-.r-q'ra."anj'-fj J-’sp’n«:e**—.f at coata:f Pm't'f! ¢'P Jears B and C

B NP = M

- . fa 0. tH i e -5
ot ati wma ﬂ.njﬁt <A B % T -'I'%;lm:' 3 2 (355 ALY =0 ‘) 107 EEY sl vadt

5.050
Twi&‘l‘ e shﬂ'F'}" AB

Jos® gtg: - %{n_m;ﬁ‘: 15,708 x{0”" m", Lig * 0.500 m
- a L .. 0sWosw) = BLOOHIE rasl
Ge77x10 P, Qhe* &I 7 (7120715708071} °

Pototion oF A Bt Ph+ Dg = 1387440 wed = RAY —
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PROBLEM 340

340 Nalve Probe 339 2esuming that & change in design of the aisembly z2sulied in
the tadius of gear & hemg increwsed o 30 mm

E‘ 77 G‘Pﬂ. 'P‘ = Sﬂﬂﬂ,y. J T: = ?'j"' H"ﬂ"'

Detarmie Hw. angle thvougn which
grol A voltates,

SOLUTION
“ohendation & torques
Corcomterestad contoct Force Betwes.

= N, = Mudy
Rotedion sngle el B o=
Twist in shaPt AB
Jia = Iric&; = T‘ar('?-‘:”c’)* =
G=77n01 Pa, @, % =

Retodion o A 0,

E‘ﬂ-]l'b.fl.ﬂlﬂ r:t'-".l?PE at C g .

= Pyt Phg T 78855107 red

Bears B oand
= Tas _ s oK
TR Te KT
Tpa = Ta = 75 N
Teo = D+%%{; (TS} 150 Nom
: Twist (w saeft D
Jen® G = L{0002)' = 2257208 m® L, = 0.900 m
- L8 _JL __ Uso){o4oo _ "
G=77x0 Pa, 4 w = 5T T rrwot)arog e T A3 TA3A0 ead

23.923% 1077 pad,

P 7

Circ.um;'e.re»h‘m? JL'apﬁacEME-n‘i &7 ﬂa\n"‘&c']' Po.‘n‘lls r.r‘F jem*s B anel 1

T, -1 -
Fd s FED (B30 )T 4734016 v
15,708 2 lo” m* Lag = 0.500 m

{75 (0. 500) = 31.00¥¥(S" pad

(F7+10% Y 15768 410~

“.5z2° -t




