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== /20p; Y 300N

19.4 klfs ANS

785 CON7 D], —

BB O! A us AREA ar—Y FLAME:
=FE =p

Ty A+ Ty (Ao 20)sin 30 - Uy (hcos"30)
+ V(Asin80)+ Lyt (AcosB0)sin3d =0
q:a = (];cgslgb» Q&{\V\LZO—-Z%E&‘Y\'&OCOQO
000t O OK |

F8.D.(® ! Als AREA OF X PLANE.
EF =0 G A+ Ty (Acos 30)—' Acos30)$m30
- Mt:%smw}’cosso - (Asin 30) 0
Ty = 22,45in30C0530+ st’m"‘zowmcos‘s‘a

= Thelb MR

Zﬁ»—ﬂ t oy A=+ Asm'&@cosz&- Mt.(AstD)
-+ T, (Acos30)sin30 + T, t(AcosZD) =0
Ly.ﬁ“’ L,%(&m 20— cos30)- U‘ts 30 Cos 30

—T sm&acasza
=~ 4959 MP._
P=F= A =+ 746 3N0.08)(108)

-~

Byl AN
iy el

A

R

REFERTO THE EB.D. ;N PROB. 2. &0,

€ =-3%.3 /{, €, BB K] 4 175%3%2 |

=375 0618275 KN ANS

*6*—"5& Q-1=1 Lol _—9. .789 ( (:o‘z)(-’éi)(o 03*)
= s z 00”'0 —336 w,z(sszé)}x/o """"/0 D& 22 "/~0|<A/ i A"NS.
/’ 1284 1Y)
2E1730‘MP0;00X,D - qﬂ él)k&l 30}(‘,} t \ o
. . A
V=620 858,610,3 3363le0 '231;~ 20,& _,Mgks,} ,3( /
= /66,530 MFa C//)*o '3 -&,ﬁ:ao ){
a Tut
L= GY,.= (Z(, s T |G HG-p )
— (200X D! = LO—-0.330)1=0,0069
(l(}'l"a 3) (/?373))(10 =~ 44 Z/SMfaﬂ : /()X/D:S[ ( | :(...6)700/{ AN$' |
’:ﬁ: “ Q—» R € ”_“((T“"/{ ’”) /ijoz[zo-—o ?’(éo_—( |
T L \Sn - == 0.0048 ==4800 yt AN'S
o g, A YT Ty _ 20
D|p Ly T T T E 24w Iox0Y20t0) |
G;l/l\ —= .:_—o.ooszﬂ 5,2&0/1 ANS,
_ R .
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<, 85 REPf: R. 70 m/f STRES S t:'_LLaME-‘/VT

IN PROB, 2.84
= F00H 5 €,= 4001 | Xat“" 0;B=30

=l Et A g P oo s

= 53 193 MPa
, i7 [ /e/z(é. +AH ﬁf] ?52(/0300 +0 Z,f(&"dﬁﬁ]l(lu
= 47554 MPa

FEBD.Q:
SFE=0: A, (Axcos 50)*@“64;:»73&)"
()” Q\Cos 30+ U’sm‘ZO

'FBDO

2 SbCoNT'J)

LE.T‘A;{,‘BE,AREA OF INCLINED PLANE,
F,BD.O: . | |
=E=0!T, %‘%(Aﬁ%ZO)T@(”(Aﬁ@SZO)S;an'
'Z" % (Awsinzo)ces20 — Vg(Ay, sif20)=0
U = T c08 20 +95 5in"20 - 2.‘2;@-31@ cas2)|
'""'7»‘1"' 882 2149 ksi ANS,
“‘"0 TtAn+Z°( (AmCO$Z\9)+T(A 0520}
s 9(Ay($m20)£0$2$ (o 3(14,\;.“20) =- 0

Tt -«(05 ~W¢)$m2&c:'o\s20 1-?/ (sm.w-co;z{))
=5 53222 5?5)<9t - MNS

=F, =0 QA= (Ayro5 20— ,“,(A!\sw 20)sin20
— L xy (AWS\V\ 20)(05 20 - T (A,qu\ 20) =0

=51783% & 5“/ & MPa_ AN& (L= Gsin 20400520 +2t;,jsinzacos 20
ZF =0/ LA, mx:s'"j%fg 5%?”3%35'; N =20.483520,1 ksi ANS.|
3 f@;,.-q"’)smg’;&aagéw 237 D= 30m,,t1 2.0, TéQ 5kipam. |
"‘“2’6‘-42 w L4Mra ANS| "
zf- DY t:rA Q};@ycm‘%)wﬂ“ (Asin30)=2 N

T% Q‘cas 3D 4T, 51030

= 48,9644 47.0 MPa ANS,
286 | REFER, 70 7#-E STRESS ELEMENT|

W PROB. 2.8
,—ele"aﬂ,e =600t Y=-500p; ﬁ-'l»oé
>
Uy=; ,qa((" THE, "‘3"" S0K10 By 40,3680 XID
=20.769 ksl .

4
- B _. S0%10 yp0.+0,3450)[x /0
Ty = il GAG)= 7255

= 2423V ks - 30/0‘
=X (- —a-»saaio A
@ﬂﬂ‘?"xag*x«ﬁ(z{;m { W+o3)
=—=5769 ks

@) =0, ICETF A

Y o5 X oo075=> k%/,s‘
Y= k(LB =15 ng%)
= 4775 x48ksi AN
(b) w-—oos*fw. |
7\_”’5’ ‘d =0025=> kx20
,kw~=“<<7;—) 20(15((2'3) 1
s

= 6.3bb 2 6.4 ks

A e,
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288 REFER 70 T#E SKETCHIN PRIE2G]

D =00 mw ;i = 50wy T wéLS“MFQ/

L =200 P

Z, roaﬂrw

~125
ANS.

(W = Bomm D= f,zg‘a[ 87:: mvn

| .;!P_..;-,, 2 T-a.ob = kN/éE’ 24l R&F&RTO;HESKETCH I FROB, .50,
D=3.0'm,; Dwm,

s Ll e

40 )

T= ’*5"*’/0:%%2 ;f’-—-wm kNew (7= 5252,/ i

P=Tw=0 45?("""”(2’”) =8%1 kW Al MAx*'k(TM '<"“ 2-;"1’;" =

(%Y‘ml,() o | = _bX/0 3(y/22)(2.0") _ =179

.._...“2 deoz@'k@&.zd £252.)(1.0)

_ 4500 0/8)0.057)_
T 5,20 (0.075 0.345kNm

:—;%-—ml5'~7> X2 0.04
sz 0040 22 008 . ANS,

P= Tz ,;1,-».,..,03%5(@9.&_._)047} =43,4kH ANS7

,QZIREKER 70 7HESKETCH N PROB. 2,90.

289 REFER. 70 THE SKETCH N PROB.2 87,

D= 2.0 in, al / 0m

ZTMM‘ ” k(TR 5

T /Dx/z}3(?f/az)(l D"? 5’2%3 ()
| 1< (o 5) ‘

= ?00 (2??‘/4;0)

7= 10504 b ——12)

) 100mm;d =70 mn; = S

T,/lfs'a_moow__; kw55

Z/ (TR.) T = CL’MA‘)( T

MA"X k R
720x10°(1m/8)(0.07%) No

7= /.55 a. 035)17 =3042 03m |

_ 100Xyt
P=Ter; ar= T o042

W =3L873 Y‘ad/s 2314 vpw ANS,

EQUATE(Q) % (2) 70 m‘—“"'f' k=187 [295]A “1%7(?; TLy), F[o L
0,03 —. Fis® =
Aism,%mj 0 => T 0.0 A=l }smm . = sIxG oF
oot tn MWW e a)2FS,
7.0 A =70 mw 5 b= 2 mm 0,85 (0o)I 2+6 54810 F) F(gs:#swo F)
. < | F~ /4,?@«17F—-3/15xm =0
~<—) D d_Q»= |F=1I85198 b
@) 2= TR _ FloR 1(8713(31(;&)(2)*)
- - FOXx10> J 71/3(4,0%-3.0 ,
P=Tu; T= e:.r’ )80 (27/60) “32338}”' X3,Zksi  ANS
T=2652,6 Nim ” Ith) ﬁ,:_]_:_é_ (7,4'55;'(95'(2‘;){ 5
7"/? . CmAnd 2).0% 3,0%)(4x10
MAx’I‘( ) k= TR =5:340x/6 2 0,000 S3vad ANS
k= (wxm"(ﬁ/az)(o 07%) _ =152 |
| R= Z652,8(0.035) o
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2.%

236 WihtA)= L
Ziapx T T ) &
z74/%2(“"‘ T"’ ;éx AS IN PROB. 2?‘!—4\ ___f(_l:@_)
T-—-- /00)</O ('72743%)(0,05) ...2¢5¢¢[~N m ’_(2 52?(/ 0) 36‘; F’
" 0 = SHIXID
?9,.\1 = T;. Gorax TG &y 0.15%0.13N75210"Y) — “ .
<L ¢ D/ o=\ ) Ff »
T’ ._,(5‘77‘/1 80)(77‘/32)(0,05)(‘75;«0 & ioo(o.rz$+3,847 0 F )"; LFGsimio F)
z 075 =5354 Nm F —-/400/:;7575 989x/10" = O
| T conzrROLS F =6D55’ , : _
o = _ (FQ)R_(XOESxZ,5)(0,075‘)
/\/ OW T=F b y F= ?’;AT J‘ T T T 015" 0.3Y)
F’,__,, 24544 1903, 5° /\/ 1—6‘7 724 NP 26697 MR o ANS,
h2s f= __(Fa) L_(80852.5)(1.0)
Dstb = 107:;)41, ((F’L)Lb Fb L | %ax Té& = Te ST\ 15413Woxs07)
Wh+8) =L FA ,W(h-;— Eb) (F’*&;"—L =0,0124vad ANS,
wilhorss 1%3. 507 RAT W ihe &)=L F |
W[ 1'(7?'/32)(005‘9(27(9)0044( - A5 1N PROB. 2)% A= z@('L/z)
— 1. T1963.5%(1.25%)p. 75 ‘ T
(7/32) 005752159 ) A= &;’3‘;23"’:2 =3 520(F /d*)
W.- 3927 N ANS| - ;
S , 222 185 T6r 3, 5“20(!-"/0(*)] FB s20(F/d il
TMA}("“ (T l»MAx J o 110+651.2(~— d?)"" 76(0{*) 0]
. T__, /2(77“/?32«)/9!)*55‘9_4'1}?‘& k'? A, Z:QLL:'” R _.(FQ)R .
Binax TGy |- F(loguz)(d/l)
ﬁfv’ﬁx T Tom A ’Z”’D“‘”(V/a)d‘r
=2 Z(”/zzxé'atﬁ‘ff%mﬁ) |F=19.635d (2)
U9 = gaikipin () wro () => d2/ 626d-18.394=0
!} CONTROLS, | A TRIAL-4 BRROR s0LUTION LEAYS T0
/VON 7;;' Floy F=T - | d =285 = 2.9 in AN,
476 _ 2. 99| BECAUSE OF sYMMETRyY, 7/#E APPLIED
|F="50% 502 4493 kﬁ;f 23 I TORQUE. 15 DIVIDED EQUALLY BY THE
AS 1N PROB. 294; A= 2= TIWD SEGMENTS oFTHE SHAFT. THUS,
2 TW i+ A -»'FA WHERE
W(h'l- F‘k L (F b L) ( ' T)) LRl /)
z«m(eo‘xsé) T6 A s 2
150 [h (;7/321(40155?(4;00&)] | = 2";,(,’.‘;7;’?4 g’i’;ﬁx = — 83070 F
AR LB o SR Pl )
h=/5,78% #1578 in, ANs|

= F= 679108‘!‘ b -
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298 CoN7 ‘D

TR _ 1(é7908¢(/0x/z)(2 o)

> =7835 2 7 & ksl

I = (/2 (40t-3,51)

= __;’*7'@12) L (679.088(/ox12)(/ox12)

(732)(407-3,5%)(10 x /0% )

ANS. 0.035%1-0,025™

| ZIOZCGNZ".JDIK WaEhz
K= i
K‘“’ M 03500253 __ = /13730

= TL 40 (1.5)
KG _ 1137x/06(25x107)

ﬂ-ﬁo 047 Yok NS | B = 002533 vad ANS,
EN Q-“%‘"»’"”””‘t"” j_,_ ,%5%)@ b=ZDwm t“Z: T
-(%2“%2_ A 2b ()‘Z';;)-( T(:;’;z:-iul&b) A 2b
i 7o b | o 500]2(0,05)+).8(0.03) _ T :
%%%%;--%54%9.&%; Al STy = el i
ﬂ(\a)K__’ rac 77,(25)9 ) 5025 N 57 MPa AT A ANS,
Y= %?b 302 o' .,oooww/‘ ANS ® K"‘M’[b. Baelg; '"72‘2;')]

K&  5.065(4x10°

ZMAX

Z./oo REFERTO THE SKETCH IN PROB,Z.99,
A= 60wmw ; b= 40mm;L =LSm

Z T T Tra bz' Yorax

— T

2 b~
T_ﬁ(o,aé)(bz)i/‘)(éo ) ~ 2048 kNom

/ 313 & ®
| k= ra>b (0. 06N 04 )833’)(,0

~TL .7 _ Ké‘n'@"
MAX K@'/ 2,

T, = =
%&ouﬁms AND
Q=171 = 7288 2 7.3k N ANS.,

O T o064 00%

L
2,35)/0 (7w</0"1(/2?”/'“)—7238k)\f "

|a=
1z

16 , a,o:';-'*
| K=(0.05)003)F5 : e RoasH ]
=4.507x/0" |
f= T L _ 500 ()20)
K& ?‘507;(/0‘4(30;«10 )
79‘ 0.00444. vad AN,
2,10 I;?;EFEK TO THE SKETCHIN PRIB 2,103
2,5Wm ; b=l5in; L=a3ft

_ T(3a+1.8b), 1 8aba'm
YT 8a*bt 7 1T (3a+1.8b)

B(2.5°)(1.5%)(15)
77 225+ S’(l 5 /[0544/ kspun.

K ME& -3 36(..._,)(’ / 2&4)]

a=23

MAX ™

2.J01|REFER 70 THE SKETCHIN PRAB. 2,99,

0O b=¢ ¢ L=3SH
= 2T = 2T
Wﬂ/b‘b/ N\ o '2;44.):

(308

¢=L ’ T = KGCPMAX

\fzum) ;,,ogo'ln, As| T2 = 28174(4;«0}"'0"

02| T ZV(C(?A/& 7.)

= 2(3,0%10 )(80)(/0 #)= 480 Nowm
27T _ _ 2.(%4850)
" Wab® =7 ozSNo035Y

-
R )

= )87.827 kip.in.

K3 MM CONTROLS AND

Q= = )65.4¢) 2 165 kip-i in /Ws

Cng= 139612 14,0 MPa ANS)

iAo il
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2,105

B 20 143 X007 — ).LOT7 10 1= 0
SOLVING T#/S QUADRATIC ER. LEADS 70

. | 107 — =
= A28 . \j
b 8“‘-,3" Q= _ZéL——%:;’gﬁ 0.215% m
3a+18b = 8T TL TL_10x10G0) _q
0045k’ IS0 ___53574x15° ‘9"“?“(;',“ K= %6 “tazmoh” 7?7#
30.045)+).8hb ~ E(35x10%) ' o 27027 s N
SIMPLIFYING, WE OBTAIN "K""—‘a“' = 3,/051X10

H:aﬁl: o. !l 44 m

. 2 coNTROLS AND '
(L-—Q = 0,215 %M = 215, 4 mm AN‘S

‘Z‘»,_, .

garbs | g@sIi5y
=7129 ksi ANS,

| |
= o Ka ) K= ““’L{’"’%"( )(’ 4’1

7.
| K=tsy75%) [&—334’“255)(' /zlé.sg‘a)]

=40.576 m‘f

! = ZH29(5%12)
40.57L(10X10°)~

=1.05%x70° vad ANS.

b=0.01374m =38 mm S| '
4106 210 c)aCLE: R = /5.
T= ZV (26t /P)= 2(25)20 roj-/AZb /«P'f" e TR, To2d _J:
T(30.+1.8b) _ 102.5[3(2,5)+.3(.75)] , S A R, =

Z107 ~
== 20T _ 20 (7.5x107)

a3 (0.08%)
= 292,969 MPa. - AT MIDPONT OF

7, =79.522 10 TN
A=7R= (. 5* “W=7.06858 e
ELLUPSE® b =)iZ5 in,

A= =706858

G =—L2%%5% .1 %0 in,

| 1.25
7 ;1/%(;2L1 2:’(%&;) ;577(/80)(/25’)
i 7 abk

Tz,--—éé 265’ l/fp m
S THE CIRCULAR SHAFT 1S CHOSEM BECAUSE
17 CARRIES ABOVT 2.0/, MORE TORQUE.,

Q=T =

THREE SIDES _ANS. I | SQUARE . 24 = L5mMM=0.065 W
a"‘/\[‘“’ o T(30tl8b)_ 7 (#80), T Ba*Z"
U= KGv/‘K a*p- o Bat / 7T TR
_0 08”’7 86 m’* T = 8(0,0325 )(75x/a) = 4291 Nom
0 e
= Z5%10°(2,0) , v A= ‘/—a, = 4(0,0325') = 0.00 4225 WM™
ggéxmﬂ(zqu) = 0,627 vad ‘ANS
L.108) o zo-r' T= T a®  EQUILATERAL TRIANGLE.. b o A s1DE |
= 29 A=B R _so0p225
= J'g'*(—gl"m/é 2 kip:in. T4 T
%0 lo =0.09878 m s
6“-"73:“ KG’% T=20T 7 = b s
ot > 26
K= o . V"’ = 1754 in. 732 500 (0,0?378),,36,4 o
KA 1.75. 0,15 26
fa= 4.“(;2/209)( 2=29.233 kip.in, ' THE SQUARE SHAFT 15 CHOSEN BECAUSE |
S @ COMTROLS AND IT CARRIES ABOUT 19 'VMDR&TﬂR@UE
/(a 2 klP-M, - ANS, A
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I N 2 IE Pkab 2,014 K=L-(31F)

=—:'s-§_Lt A ke (3Xo004D = 11,093 xiaE
:’3{2(@ )i+ safa) | e |55 Tt ;= KV ”M%’g%""‘"ﬁ
=562 ) 452)(’5") —+h 7“,/3 w,/vm
= 8775’ S |p=TL T'L T =KED, K@ﬂ‘
@2 = T+ ,IS@(&)@.-S) my KeG’ .
HAX " KT 875 |7, = 11:073%0 (27;</o}{577//sfo -IZDA‘I/VM
-—5 128 J<s\ AT A, ANS. | O-CoNTROLS /w»
& g =L 57{’5((%% ®=7: = 13060 /3] kNom  ANS,
’ 21b| k=1 > .
520,5%102 vad M@—JK g2 Lt |

213 AS N PROB, 2. 12, kK=%(52 ojf) },(-_-_,_____Lz 223661):
K= -L(sz.)(o 05”)”1083)(}0 t o +(2a)t* ]

vl‘-P"‘S“P’i

= '7;(1: JT= K _ 40)(/0"(( 06’3)00{‘) __,_.,(élﬂ.Zo,t”)
MAX mE T 2es) | _ ,L, 53
T, = - #33.2x10 !'}<Y é’nﬁ‘ (j':;z)(j Je |

—— - - ""'Or
%“KG‘ ;= L. ~ o Ka“-n; /2(0.5)_0,3”,,

_ Lossxig Masxd e Wiso). _ansitim| - |< " =73

o C%’OA N ;. 0.269670. = os’

Y, T CoNTROLS AN a=/,854m ANS, |
C?== = 4-33.2/0 Mot 433 kihom 'WS z,mlAs A PROB, 2,118, K=5 472057
Rl (.a) :«-n:%b 0 35y M’:‘Lb (é 772)(0,/) o,o:s) 7280’ mt
K= ’ZL’C A I P 7"-;: , T= "Z'K _ gous (7. 28x15”)

——-'[w(ﬁ)%b I Lo K - eeE

1031 | I, =3882.7 /e 3
=Z | 0— L . 75 = KGO 7280 (77;«0)[0,40)
=L (12)(125%) . K6 L |
A . T=3737.1 Neoh

- 0o p Al . ‘ S

=10.27% n, o ANS b conrors and -
= = 100l25) @ =T = 37870 N-m=373TkNm NS,

K 10571 218 K= 1> Lt?’ | O,6Tin,
= Blb kst AT Pomi TS A AN S, 32 : E
do) K= ~{202'wxo ) o1
&= _ _Joo(3x/2) 2 s-eale s r225m
- kG‘p =, 579(/0;003) K=2,70326 W} e

. 7 -
=3%03x0 vad AN Tf 0x20) _ 79, 42ksi . ANS,
B _ 10X/2.(5%12)

' 3 ()-B'":; 2703142105,@ )"‘0’ Zéé Yad ’Wé

JR S
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K=LSLL®

ZANT/ M,,_, z‘z‘t “2(8)[@ Jbo
/e.a» =600 > Q=0,173 In.

2{ e SU5812) V16,5 ‘mff
4&1\" B = o IAEL 2% ioa' &

i *J—j—w a6 61); AL =097053
A= 0.9853= 600" 0,=0,28 in,
ST CONTROLS AND

12R2r N 25
K -—-iz(z 527)0.39°) [ aaqis |
..i.[_&' 00-2.(0. 3‘]) 0487),]} 800, &b
=0,3779] in" | 'Lb
_TEt, 7_ZK | [LE20 N\
e A foaar
. 16(0.377291) _ . »
T %877?) 7,760 \ctpvm. '=Zb(—15L):4—.4lo o )
4= T 7= KGT- by e o () 2994
K G 35t - -[: 34bs:n06,.l‘f07b
T, =2 3779;&0?2 XOT120) _ 1374 kip-in,] . FToypx W RECTANGLE OF THCENESS T2 b,
! Y CONTROLS AND o z__.]':,(lob)(l/b)_,. L (Lb)(8b]=29.5 b
C? T 77é0 l(lP' n, ’ ?S. __395" lV\
Z.120 e 19 T o) S,
= __f z(own) - 7o -ﬂ»a} Qz);,,M Tat T )_ISMRsI AN
Wegpladse) K ) L 16326
 ¥5u(7e)] 5‘4: T z( 2 ,
Amméﬁﬂa . , o ﬁ___gz)(ex/z) [Xbij\/(’f Shi+ ia éob) 1
T 75‘;(/0 . = x
@ ?”‘“ AL Z0OZF00D =185 Mfa MNSZ lAs M/ m& ZIZ,A =395b
|0 = tr=(oa)rsizxi0" . Am“‘?_"_’:‘ (0:07)= 0.015 ‘j‘c ul
| =/563 kN/m AN, %&m{ T= =2Z, A
| )79‘., TL— Z(-——) T =2 oxi0 )(o 015“&)(0 02)=25. 235 KH "
| s
7,5'xw3(w) la,e( 6. S‘x" 7;;«::‘ Mjecj 195;54 L ""t%A [z(‘__s__,)]
A ey I 4‘J\T(!A/ 30)(5’0 . 9158) TP
= /20.563)6 2119.47)=2. 54406 W Wk e s‘m | {;532&]’57‘1’5 e
2,] 21 0B.2.]20 = o R
~ %__ A')E"JN Pﬁ - ' / A’”‘gé’oa’b /mfﬁ. THAT Z%):‘/szzze, WAS OBTAINED |

//‘I’ PRD&' 2"_‘22-0 .
"\ Yyuy CONTROLS AND

49—477—-425.2,80 kNvm

cc C,=0173% m
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2.124

2,126 CONT' D]
. 1 L AR
-6\- 46 A"Zt)} n 46‘1‘9‘21;

, — )00 —4-50.
"'(IOQXIO&)#L(WGX@) . "l’ “1
wQSa , \

A= T
MAX zAmt' m Zt%x

‘A"m 1 5(3X/2) Be2b) + 2( .
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Motor Rotation
A B,
; / @
Belts l

to power tool

FIGURE 2.1 Example of a motor transmitting power, through shaft AB, to a power tool.
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(b)
C B C B
Q«—e‘. >—»Q»x TC«—@—»Qex

FIGURE 2.3 Representation of a concentrated torque Q at the center point in a circular shaft.
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(a) Q Q
A B
C——O——.
0 Qwt—( T (ee0> »
A B

FIGURE 2.2 Representation of a three-dimensional torque Q by a double-headed arrow. Interpretation is
made by the right-hand rule.
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—i <e—f) — >z
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(c) (d)
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FIGURE 2.4 Shaft subjected to concentrated torques at a number of positions along its length, and determi-
nation of internal torques in segments AB, BC, and CD using equilibrium.
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FIGURE 2.6 Example of a variably distributed torque g = f(x) over the length of shaft AB and determination,
using equilibrium, of internally distributed torque at any position in the shaft.

q = flx)
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(b)
A g=10k-ft/ft

(B -
’e x = Ie x >

FIGURE 2.5 Example of a constantly distributed torque g = 10 k- ft/ft over the entire length of the shaft AB
and determination, by equilibrium, of internally distributed torque at any position a distance x from end A.
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FIGURE 2.7 Definition of shearing strain vy,, as being approximately equal to the tangent of the shearing
angle v,,.
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FIGURE 2.8 Shaft showing distortion under the influence of a torque Q and the definition of the angle of twist 0.
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4 Tz = (kG)R
= Tymax

FIGURE 2.9 Circular cross section of a circular shaft showing the stress distribution due to a torque 7.
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FIGURE 2.10 Shaft consisting of three component parts, each having its own properties 7, G, and J, showing

that the total angle of twist is the sum of three angles of twist.
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FIGURE 2.11  Shearing stress—strain diagram for a given ductile material, defining the properties: modulus
of rigidity G and the modulus of rupture T,
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FIGURE 2.12 Diagram showing the state of pure shear in a shaft subjected to a torque Q.

Mechanics of Materials With Applicatid{&#2Escel 1st edition Muvdi Solutions Manual


https://testbank.online/books/9781466570719-solutions

Courtesy of CRC Press/Taylor & Francis Group

FIGURE 2.13 (a) The state of pure shear and (b) determination of normal and shearing stresses on inclined
planes.
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FIGURE 2.14 (a) A two-material shaft subjected to a torque Pa and (b) the free-body diagram of segment AB.
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FIGURE 2.15 Analysis of stresses in a shaft subjected to the combined loads, axial force P and a torque Q.
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FIGURE 2.16 A general plane-stress condition broken down into three simple components, two uniaxial
ox and oy, and one pure shear 7.
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FIGURE 2.17 Stress-concentration factors for torsional loads. (Adapted from the work of L.S. Jacobsen,
Torsional stress concentrations in shafts of circular cross section and variable diameter, Trans ASME, 47,
619-641, 1925.)
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FIGURE 2.18 Diagram showing a shaft of length L subjected to impact loading due to a weight W dropping
through a height /.
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FIGURE 2.20 Cross section of a shaft subjected to a torque 7 and used to determine the total strain energy U.
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FIGURE 2.19 A shearing stress—strain diagram showing determination of the elastic strain energy u.
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FIGURE 2.22 Diagram showing that, for a shaft of a noncircular cross section, plane sections before twist-
ing do not remain plane after twisting.
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FIGURE 2.21 Diagram showing that, for a shaft of circular cross section, plane sections before twisting
remain plane after twisting.
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FIGURE 2.24 Mathematically obtained solutions for a shaft of a rectangular cross section.
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FIGURE 2.23

Mathematically obtained solutions for a shaft of an elliptical cross section.
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FIGURE 2.25 Mathematically obtained solutions for a shaft of an equilateral triangular cross section.
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FIGURE 2.26 (a,b) The two views of a distended thin membrane subjected to a pressure p used to experi-
mentally solve the torsion problem of noncircular shafts.
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FIGURE 2.27 Experimental solution of the torsion problem of a shaft having a long and thin rectangular
cross section.
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FIGURE 2.28 Solution of the torsion problem of a shaft with a narrow circular section having a thin slit.
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FIGURE 2.29 Diagrams showing cross sections composed of narrow rectangles for which solutions can be

obtained.
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FIGURE 2.30 (a,b) The two views of a distended thin membrane subjected to a pressure p used to experi-
mentally solve the torsion problem of thin-walled tubes of noncircular shafts.
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FIGURE 2.31 Stress—strain diagram for an elastoplastic material in which 7, is the yield stress.
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FIGURE 2.32 (a) The shearing stress distribution in a circular shaft when it reaches the yield stress T,.
(b) The stress distribution when plastic action has reached the outer layers of the circular shaft. (c) The
stress distribution when the entire shaft is under plastic action.
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FIGURE 2.33 Diagram showing a plot of Equation 2.65.
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* Introduction

* Internal Torque
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* This topic deals with members subjected to torsional
loads, namely, moments (couples) about the
centroidal axes of such members.

* These types of moments or couples are generally
referred to as torques and the members subjected to
torques are generally known as shafts.

e Examples of these types of members include
propeller shafts of ships and aircraft and drive shafts
of automobiles, power tools, and other equipment.
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* A concentrated torque may be defined as one that
is applied over a very small area (assumed to be a
point) of the member on which it acts.

Motor Rotation (a) Q Q

to power tool

Belts \ (b)) wa—( (=2l >
A B
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* A distributed torque is applied over the length of a
member.

(a)
A g =10k - ft/ft

(b)
A g=10k.-ft/ft

G
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* Internal torque at any location along the member is
obtained by introducing a section at the location
and applying equilibrium. The figure below
illustrates the internal torque at C, T...

(b)
C_”. B C B
0wt=) B TC..@_..QQ x

ZTI':OiQ_TCZO: I :Q
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* Torque is positive, if the two-headed vector
representing it points away from the surface on
which it acts, and negative, if it points into this

surface.

TC Q_> X

MECHANICS
L | o MATERIALS
S0 N Wb bgberinn il

“ y =

5
=
]

=

=

B

£

=

Mechanics of Materials With Applications in Excel 1st edition Muvdi Solutions Manual


https://testbank.online/books/9781466570719-solutions

* An internal torque diagram is a diagram that shows,
at a glance, how the internal torque changes from
point to point along the Iength of the shaft

40 kip - ft
45k1p ft
%) } e C--F T Tl - = » —_— X
>| 2ft |«— 3ft —>|% 5 ft

(b) T (kip - ft)
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* Introduction

e Stresses and Deformation in Circular Shafts
e Material Properties in Shear

e Stress Element

* Examples
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* The torsion of circular shafts represents the
simplest of all torsion problems.

* Pure torsion causes shear strain and shear stress.
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e Shear stress-strain relations are used to study the
behavior of torsional shafts. Stress-Strain relations
are governed by Hooke’s Law:
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* Shear strain is a distortion — it represents a change
in the initial shape of the body.

* Distortion can best be represented by the change in
the angle between two initially perpendicular lines
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* A positive shearing strain represents a decrease in
the 90° angle and a negative shearing strain
represents an increase in this angle.

* The shearing strain shown below is positive since it
represents a decrease in the 90° angle between OA
and OC.
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Assumptions:

1. Cross sections such as those at D and E are plane prior to
twisting and remain plane after twisting of the circular shaft.

2. Straight line elements on the surface of the shaft such as line
AB are assumed to remain straight after twisting occurs. Point
A moves to A’ and line A'B is assumed to be straight for small
angles 6 even though its true shape is helical.

3. The material is assumed to behave elastically in order to be
able to use Hooke’s law.
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 Maximum Shearing Stress:
IR

Tmax = Tr = Fi

* Angle of Twist:

_IL
~ UG

For a shaft with multiple segments: 6 = z%

0

J= Polar Moment of Inertia of the Cross-Section
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Shear Stress-Strain Diagram: " .

Hooke’s Law applies in the
linear-elastic region O-P:

T =0y

V
-

G: Shear Modulus of Elasticity

MECHANICS
| i

-
S

:
=
i
=
=
[~

o

Mechanics of Materials With Applications in Excel 1st edition Muvdi Solutions Manual


https://testbank.online/books/9781466570719-solutions

e State of pure shear in a shaft subjected to a torque Q

(a)
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* From a state of pure shear to the determination of
normal and shearing stresses on an inclined plane

= 21sinBcosO = 1sin 26

0]
T, = T(cos® 0 — sin® 0) = Tcos26

n
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e statically indeterminate shaft is one in which the

number of unknown quantities exceeds the number of
available equilibrium equations.

e Situation may happen when more than one material
are involved or there are too many torsional reactions.
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* Supplement the conditions of equilibrium with
relations arising from the deformation
characteristics of the shaft under consideration

(b) zT_r:O:TX—I-TY—Pa:O

IL IL
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2.5 DESIGN OF POWER-TRANSMISSION SHAFTS
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e Definitions

* Units of Power
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e Shafts are primarily used to transmit power from one
location to another: :

P=Tw

*P: Transmitted power; i.e. the rate at which work is
performed by the transmission shaft

*T. Internal torque in the transmission shaft

* »: Angular speed
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* S| System of Units:

m-N/s = joules/s = watt (W)
or
m-kN/s = kilowatt (kW)

* US Customary System:
in-lb/s or ft-lb/s

or
horsepower (hp) where 1 hp = 550 ft:Ib/s = 6600 in:lb/s
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2.6 STRESSES UNDER COMBINED LOADS
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* Superposition

* Hooke’s Law in two dimensions
* Examples

MECHANICS
¢ MATERIALS
.‘\\'M- Roghenium i fucd*

-
e

SITHI OSIATER  wwtien

Mechanics of Materials With Applications in Excel 1st edition Muvdi Solutions Manual


https://testbank.online/books/9781466570719-solutions

* Analysis of combined axial and torsional loads is most
conveniently accomplished by using the principle of
superposition.

* The method of superposition is equally applicable to
any cross-sectional form as long as the material is not
stressed beyond the elastic limit.
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(a) Q * (b) (c)
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From Both Loads From Axial Load From Torque

oxl O,
Txy l Txy
—_— -+
= +
Tog l Ty
O l’ Oy
Normal Stress Shear Stress
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e Condition is referred to as a state of plane stress

 Although stresses exist on one plane only (two-
dimensions), strain components will be in three-
dimensions because of Poisson’s ratio

(a) & dx > (b) (c) (d)
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* Applying Hooke’s Law and the definition of
Poisson’s ratio:

3\

e =% (O] Ls e

€, = T u\ E =T G, — UO, (2.22)
. .. . _ o

€, = E(G_x. 0% T G
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* Expressing stresses in terms of strains:

3

C, = 1 E 5 (e, + pe_\,)

T

g, = > (€, + UE,)
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* Relationship between the Modulus of Elasticity and
the Shear Modulus:

G = f (2.24)

MECHANICS

: { o A
5 ‘. Wit Ropleban iy e

SITHIIA » ST

L]

Mechanics of Materials With Applications in Excel 1st edition Muvdi Solutions Manual


https://testbank.online/books/9781466570719-solutions

Examples

MECHANICS
- % TATERIALS

LT T T
4

s
L e

Mechanics of Materials With Applications in Excel 1st edition Muvdi Solutions Manual


https://testbank.online/books/9781466570719-solutions

