CONCORDIA UNIVERSITY Instructors: V.N.Latinovic
Faculty of Engineering and Computer Science R. Sedaghati
Department of Mechanical and Industrial Engineering

MECHANICAL ENGINEERING DESIGN - MECH 441/2

Fall 2002

ASSIGNMENT 1

Due date: Monday, September 30, 2002

Solve the following problems from the textbook and a reference:

1. Problem 4-1 for values in rows (c) and (o) Table P4-1, stress in [MPa], (page 239).
2. Problem 4-8, (page 240).

3. Problem 4-19, (page 242).

4. Problem 4-33 for values in row (b), (page 245-246).

5. For the von Mises criterion in terms of principal stresses o} — 0,0, + o7 = S and

equations for the two principal stresses given below obtain an equivalent equation in
terms of components o,,o, and 7,,.

o.+o, c. -0,
01,03 = ———=F (= L)+,
2 2 Y

6. For the common case of a single normal and a single shear stress, as in a shaft under
bending and torsion, to what does the equation of Question 5 reduce? Derive a similar
equation based on the maximum shear-stress theory of failure, and compare.

The problems are equally valued at 5 marks each for a total of 30 marks.
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Problem 1 ( P.4.1) (c)

Given: 6, =500 Mpa

GJ ~-500 MPa
ij = 1000 MPg

6x+ 6

5 = g+ Cx - 6y\2, -2 _ S00#(-500) 500 = 7-
3 2 \/( 79 by =T * %(0\02@9))3/0002

0= 0+1/250000+/000000 = /18,034 Mpy

6\3 0~1/118034 =~ ][18.034 MPa
tan 2¢ = 2%y __ 2(1000) 2000

6}-6J 500—(-500): 1000 2
2¢ =63.435° ; @ =3/.7/7°

T@a\

Sx J ! 4
J T,3=§J 5,-§| = é—] 118,034 ~(=1118.034)|

T,3=Tma.x=‘ | I 18.034' MPQ

6 = o/)/

X

= 1118.034 MPx T

6

' O, =~1/18.034 HFa

; o Tanciisoss e
7. 13.083° -

L77° L -’1‘7:,'3;#'7:;”5}7/18,63 |
- o o P,




TR 4 (0)
Given 5 = 1000 MpPa Txy = 500 MPy
%, = 1000 Mpe, Tyz =500 MR,
0, = /000 Mp, Lo = 0 MPg
Cubic &uafon ; 3. C,6°~c6-c, =0

= 2500000
~ » 2 2 2
C, = & & 8, + 2 j’Z' T~ 6T, ST _-6,T
= /o? 800 ~ /000 (500)2" /OOO(O) 2—~ /1000 (500)2
= /09-2(/000)5002—— /ooo(/0j SOO(/O) = 500(10)¢
§ %~ 3000 &% 2500000 6 —~ 500 000000 = ¢
1090%~ 3 000 (1000)*+ 2500 000 (/ooo) 500000000 =0

&%~ 3000 624 2500 0006- 500 000 000 2 (6

/ooo)
-63 1000 6% o
0 - 2ooo & +2500000 6"-500 000000 *
T 200062 7 2000 090 6‘
O + 500000 6 - $d00000a0"
+5000006‘t500000000 A
0 ' ) =5'—QOOO'6\"+5000OO'—=O'
& = 1000 £ |/ 10002 =500000 = /000 * 707 /068 tFa
6 =17071068 Mp, (P —(707 /068) = 353 5534 MPQ
6, = 1000.00 MpPs ’( _(707/068) 353,5534 MPa .
= = = /0 ,/0

6, = 292.8932 mpa z/ zmax 2(/4/4,2/36) 707.1068 Mpa



Froblem 2 (p.4g)

Given § =984 kg/m° d, =220 mm
D, = 150 m £ =207(10°)
Dy =022 m d = -
L =323m ,3 m

/. We/‘ﬁﬁf of The paper /‘o//'
W/* - _‘;Z(DOZ“D/?)L)09=

Wr=539/3.18 ¥

Z(15%022°)5,23 (984) 0,87
2, Distributed foad :

_ W, 53934 .
. W= L = " 325 =/669.39 N/m |
3, Maximum de[/ecz‘/'on al the ‘
“ym”§3845f_d?’,z=384£d‘5 Op=0.003m.

~ 5(/669/39)3.23% -6 4
L 384(207)/03(0,003) —36.0934(10) |
LS4, 4 T * | -

e A (1-97%) = 5o 0.227(1-y) = 1.1%990'(167) (1- ¢
[-y" = 0.33127576; ¢ = 0.904298; d.= pd,
d;, = 19894

T =
4
/

= 0,904298(220)

mm = 198 mm muna’edoﬁf(safe). ANS




ffob/em 3 (P419)

From problem 4.8

Fl z

= bt _ sl

AZ AE G-E

I load F = %lAe
F‘

) =13253.894 /b

6 =30 kpsi, N =10 rods dr=0,75

=30ft; F=7?
30(/2) — .
30000 30(/0) 0.36 (n
Xd'r _ 036 (075 6
30(/2) 4 - 30(12) <« 30(/0)

F=NF =10(13253 594)

= /32 53594 16 Joad in the clevie

2, Clevis size

=08 (n ; 6u = 4Ok/051

Cleyrs pm diameter

=

Cos = L

o % /('/c/n
2F
/A szj

—

d/o n

Q ]Cdo/n -
4

Calf =20 kpsi

s 27

Tdg, ‘el

2(132535,34
XL (20000)

= 2,054 /p ; dse 2,10 o

3, Eecu“/‘ng srress m the clevis

F F

6;5 =
A i

4, Tearoul shear stress :

F

T od. ¢+ T

/32535.94
2(2.1)08

= 39445 22 /os/< 6;1[

R (05d,,)* ’ K=

\/ (7 f M )2+ [o5ds]° |

/3253594>

_\/(4(0 8)20000

= 2.322 n

#[05(21)]*

Rounded of o R= 2.35 (n

5. -Tension (n the clevis weakest sechon :

F:

5 = .
Z(QR-CL{P,‘,,)

=2[Z(2,35)—2,7]

[32585.9%  _ 2548768 < 6




o @) P/‘Oé/ém +-33

DATA for (6)
[ = 70 mm ;5 ad =200 mm =6 mm As 80 rmm ,
F = 85 N) 0D =20 mm

595 :
g - S2H 32(\) = 76376 mp,
ST R (00203 (1-05%) =
- ler

6 (170) = 10.9/05 MA
T Y -9 W/‘ 0.37)
P/\//i&éOCt[ 874‘9'@&&& ;

b2 /0= |2 -
M= e [(%)ial

—

.\%
7.6376 V(z 316 )% 10,109°
2 - 2 '
6,= 3.8/88, /11,5569 — 15.3787 112, FoINT 4
% =38/68 _ 115599 _ =774 MR, |
. — o~
6, = 0 Tmax =5 (5 6;)

Tex
=/15599 pp __;_” ]ff,’fﬁ;
o 6.; Y-\=~

ArC




Stresses at 5

<\I
I

. T, = /b. 103 /A

1 Qy
N/ Ib
V = 651 ¥
=X

A = 7 (ﬁ%/\i ': Si(@%psy 5 6 =2R =0,620m

, CVR Y syee =Yy
. < : — V) = v
7 ST(R*r) 2z ST(R%ri)z ST(R%r%
Ir ") o
7 $78.667 (/5% 85"
bey = 278667157 85

, o — = 0.353
,‘7_7904(/0’)_0,02 2 e

- 5= ,
e, 4

™

"
zy %Tﬁ - T_y = /0.9/09 _ 0.3539

/D/“/'/zt';?'ba,/ SAresg &S
6;' = - " =

3 N Z\Ij: Tmax = .]0;557 M~
& =0 |
2

= 10587 kp



Problem 5

2,
67~ 66,+6" = Sy (1)

6x + 6. 6x -~ 6,2 , ,
Ce = Tptt Y -XTJ) Ty Wheathss Substituted

inTo (1) | /eft&‘cée of (1) becomes | ,
A 2 —_— |

" Bt 6, Ox -, % _ [ 5x#6y |, [65-6,.2 z][é‘xm;_ 6x-6, 2 2]

[ Xg”\/( w )’“Zx;] [ 2 +V(%J)+LJ 2 ")y
—5)<+(5:,A 6x~6y\2 2

+‘Z 3 \/( 2)7‘@3‘]

(A+B)‘?-(A+8)(A~B) F(A-8)% =

AS 248+ B% 4%, g%, A -248+ 8 = A%, 552

6, — 6, 6] -+ 6:‘72 + 6’ij = Sj Von Mises criferjop
0

Sr 3ty =87 O = (7)
Cax = \/(% rr2 = Y - max shear failure criferson

Squaring and z‘aféz'nﬁ 6
M Sy : -

= + ij = _%Li =y 5)<2+ 4 ij == SJZ |

Whal s the maximum shear fallure criterson for [56/76&:0;9

and forsion of a component . It 1s more conservatve Hen e
von Mises criterjop (7).



CONCORDIA UNIVERSITY ' Instructors: Dr. V. N. Latinovic @/
Department of Mechanical and Industrial Engineering Dr. R. Sedaghati

MECHANICAL ENGINEERING DESIGN-MECH 441/2
Fall 2002

ASSIGNMENT 2
Due date: Monday, October 14, 2002

I: A 6 in diameter steel shaft is to have a press fit with a 12 in outside diameter cast iron hub. Both the
hub and the shaft are 10 in long. The maximum circumferential stress is to be 5000 psi. The moduli of
elasticity are 30x10° psi for steel and 15x10° for cast iron. The Poison’s ratio for both steel and cast
iron is 0.3 and the coefficient of friction for the two materials is 0.12. Determine:

a) The maximum permissible radial interference

b) The axial force required to press the hub on the shaft

¢) What torque this press fit can transmit

2: A rectangular cross section of a curved member has the width of b=1in and height of h=3 in and is
subjected to a pure positive moment (tension of the inner fiber) of 20000 Ibf-in. No other type of
loading is acting on the member. Find the maximum stress for the following geometries:

a) A straight member

©) A member whose centroidal axis has a radius of 15 in.

¢) A member whose centroidal axis has a radius of 3 in.

3: Problem 5-20 (Page 3006) From the textbook
4: Problem 5-32 (Page 310) From the textbook
5: Problem 5-60 (Page 314) From the textbook
0: Problem 5-62 (page 313) From the textbook

The problems are equally valued at 5 marks for a total of 30 marks.
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Assignment 3 | | %

MECH 441 - . Fall 2001

Problem 1 ( P, 4-58)

Grven- . =3 m F=800 N
t=5mm Syc =/50 MPa
N=3 | = 7.7 GPa
Spp = /28 = 2@/7)/0 ‘
P S T Trgyee = 97136

(a)P//)nea’ -pinned ends
Leg=L =3m; Assume the Eulers f‘e\g/an

T EAK? 2 T
EP=VZE—)' k—:'—'

A

2 r—
Pcr‘:‘ JZCI)\

i |
= NF =3(%00) =2700 N
; .

L Pcp 32(2700)/06 . - 73 2 T[4 5T
TeE %9(7/7)/09 =3433859785/0 m ——aﬂ)—(b 2t)"

(30 63% 20.63%) = 543/6.043 mii*5 D = 30.64 mm

I

%(D’idz) % (30.642064) = 40275 mm*

_ T _ /3435504
kr=\3 \/40275 — 9.236 ma

SF= -[7;25 — 52%06 = 324.82 > 97136 - Eu/e/“.s* /‘5:7/0ﬂ
r
D =80,64 mm ANS
(b) Fixed - free ends

Lejzjr——-ZL = 6000 mm - theorefical but not recommended
v

72,' E_Z'
for T TLeg




2 2 ¢
I = Lol _ 6(2700)00° _ | o0ons o st
TE % (7.7) 10°

- # - -
I=~4 [D ~(D-0.01)*] = 13735588 mmf

D= 4600 mm

A =2 (0%d) = £ (460%36.6") = 644.0265 mm?

/37338,64 .
kr =L - \/ = /4,608 mm

A 644 0265

Leg 6000
= 7,: = ez = 4/0.8 > Spy= 97136 Euler's regron
Therefore D =<46,00 mm ANS

Problem 2 (P 5-2)
/}"".7*’—;'—**“ /3 =
L
Given: W =305 mm; t=32 mm
TTT = ’ ut =13
M/H = W=100kg ; Sut =130 MPa
P=HMg=100(981) = 98/ N

o M=P(3)=981(13)=12753 Wm
&M 6(1275.3) |

%7 WE T Gaosos = 245 HPa =6,
6 =6 =0
2 3
_ Sut _ 130 :
Ng 3 o4c —5 306 ANS




Problem 3 (P 5-22)

Given . =/ookg |
= 2 g
/< =6000 N/m
h=05m
7 L 09933
)Z /7L ém.i V -+ _g__ o ‘
3(100)
_w mg _ /00(98/)

7 =1+ V/+7L)W-(/+ /’* ”29/?3?0 ) ()

Fr— 3.5599(98/) = 359039 N

4F
a 7T o
() , 42T

S
Na = ¥

4F
©) 74 = 27T d?

Sy

Ve = 5z =

- 27 (0,01)2

37,

a7 0/)?

3590.39

dog

V3 (57143)

400

= 40,41 ANS
= 22.8572 MPy

400 _
(/5(22.8572) f0.10 'w.




Problem (P.5-59)

6/\/6’/).’ d=8/'n)' 5 6=/7[f) ; /7==
t=,0(/)) Sut =62

' - lB}L—\Mz ['y
Y x

3én

SN ]

Point A - My = Pd = 5000(8) = 40 000 16 /i

6 M, 6(40000) .
6 _em——m—— e - ="26667MPQ
Az T LR 1.0(3)%
Se 187
N, = = = 70 ANE
$ 6. 26667
PoinT B :

Mgl = P(é-a’) - 5000 (/7-3);-_- 45000 /bip
6, = 6/Me . &(#5000) _ 30000 ks;

th*  lo(zyz T
Mgz == P(b+—2/l—d) = 5000 (17 + 3 -8) = 52500 fiin
— &M, P g (52500) 5000 _ . S
sy = et T e 3t ol 35000+ 1666.7 ki

Oey = 36667 ksi Zogy= 0

6 = Gy =36.667 ks/ 5 6,= = 80,000 ksi 5 6= 0

? Sut 62,000 |
s S, 36667 ANS




Problem & ( P 7-19)

Given D =40 mm; R=20mm ;. E=£,=20686R
D, =50 mm; Ky =25 mm ; VI‘—= =028
L =250 mm ; F=0000HN

- -
Prax = 0564 | [ F (& *x)

Lm
| 2(1-Y% _ 2(1-0283 PR
7 = = : : = 7/ = g P
m,+m, = m = 206,6’(/0") 8.9129¢(lb") &
Prrax = 0564 / 10900(555 %3508) | 106 — nr sn i .
max - 107 = 358,44 (1p
0.25(89/256) | (1) N/m
,'Oma_x= 35844 MM ANS
6} = ‘Pmm=‘35844 M = 8% e ANS
a2V Prax= ‘2(028)358'74 =-200.726 MPa s
me=‘2'i 26 | = j 358.44 - (-200, 726 | ='~76’8057/‘7Pa AKS
Eomax = bppoy = 6, = 5 6:‘/mm 6 | Surface
Zmax = 0.786a = 0,786 (0.07101) = 0.0558 mm)-me(:/O,S’ e
— =[07.53 HFa
2mE 2(85/296)16™ o
a = <t _ . — 4 _
TEL T (45)0.25 0.7102(10%) 'm =0,07102 o

S F ()4 (i) - 45




.........
''''''''''

Problem 6 (P 9.1t)

Ll Given D =6.00(n | E=30(/0€) f/oS/‘
”ww« d =/.75 (n ; V=028
L =10 tn; S =108 ksi 3 Sy=62 ks
T ox = 2000 fbin |
Uy = _% = %=a29/7
b, =g =0

Minimum pressure and mferferﬂoce from The 7LD/‘9de

77,7&,( = —‘dJZ/- fa'/bm//) >

2 Tmax 2(2000) .
== — 4 == /.678
Prin = “dirlea = imsaylo(os) o AT
P o Prind -YSWS 2mmer8(17) (-0
min T E (-9 (%) 3001065 (1-0)(1-02917)

é;n/'n = 176.7/795 (16°) = 0.000177 (o on radius

Amm =0,000354 wy on diameter, A/o/o/ywy @ a’ecsvgn saj
facior Nd =2 W€ have o |
Bopin = Q(o 000354) = 0, 0007/ = 0,0007 w - rounded Off’
Stresses (n shaft

- 6 N'—Ipmax
- 6; = Hl/ /Dmaex //j: Prax™ qux > 6"'“ V( /)”'( /) ("/)('/) /D/
Stresses 1n /wb
Op =~Poax 929/7>
/7“/«: ___'f_________,__ = m
Of = Ty fmei” 7=0.2917% ['max 2'098/0 =

6'= \[2.053% (1) = 2095)(1) Pra™ 27370 P




Sy & S
p——d - y . = 2
/Va/ 6! 2'7338/0”7” ) pmax 27338 Nq/
62000 ' . o
= o omse T = 39.52 . -
/Omax 2.7338(2) 113 3.827 PS5 Na=2 ;{Cz.sc/ //]'\S‘a/%@/

o4 Pmax A . = 1389527 -

| vAmax - Pmin <m0

0007 =0,00020 i
2771678 0. 7 o?ooz an

P,,,a; from 7%& é%rcﬁ&eé in sﬁafzf _ & ‘= Proax |
Prmax = ‘/%; = 62200 =8/000 psi which s /)/'y/)eﬁ Fhan
From He s_#es&és o the A

more critical |

ub, hence stress in #e hub s
/fence) the u‘vferfe»ence Lmits are
Amax = 0.0029 1p

, } Lb?z&”f’er‘&nce hmits on diametor
Apin = 00,0007 in

Take %o/erancw eﬁ/aqj T=f=

Zfd(Amathmm)‘ ‘ .

7 (0,002 =0.0007)=0,00// 1
- 0,0029
—0.00/8

O m 0,00/ i ;/ZT: : j;ifj ,,// Shaft limits
ﬁmaxz /:5// Illl \f Hub bore limsts
min = 1.7500" |
The 0/&3/'9/) Sate |

factor is 2 for both stresses ¢ e
hub and with reso
/

ect 7o 7‘0/\2@& m/v'nj oFf 2000 /b .




Froblem € (P14-25) rou(l) 2

Given : L-/50mm a =250 mm; t= 8mm F 750N

d =45 Inm d =30 mm Q[Uﬂ){num ) 'Db ’00 mm
T,:q MB m;D Screw 3 E = =7/.8 GFa ) N6 =

M8 class 98 3 Sf = 650 MFa ; 8\, =720 MPa 5 Syt =900 MPa; E=2076P
Solution

Foax =750N 5 Fin=0 5 N=15; N =5(10% cycles

4 T jg&s——r ‘LF- TBr‘gue : T=Fa = 750(025) = /87.5 Nm
’ f/ YXFTC TN Moment: M=F{L+t)=750(0.5+0,008)
Y 2 7 -
\5&! B M= 1/85 Nm
vF' FS yF% ¢ 1 Direct shear force
- oflo — Fl= 2 =1875N

Shear foﬁ;ga due (‘éo 7%@) rorgue
v _ 2 _2 187.5) __
fs N Dpo ‘T(O,’) 937 N

Tension foree i bolts :

2F,a+2F b =M
Take a square §=110 mm; fhen
& = 55-5000s45°=19.64 mm
b =a+2(50)cos 45°= 90,35 mm

Fs (/9 6¢) +2F, ,(90.35) = 1185 (1000)
Fo+ -4-60F = 404713
But also /%r a/oerfecf{g rigid plate , The bolf deflections are

djz—-— /990?5 0(;4 ; Accora(anjfo f%eﬁﬂo&s/aw Hhe forces

are proporfional To the deflections

19.64
Fle™ 5035 32 = 0.2174 F4,




-—9—."
02174 +4.60F, L= 404713 => F3‘ ~ 840, ' N; F=18264N

The sbeow forces can 66 found using #he cosine theoren :

5 = R = (5B (R)(5)osts®

= \Ia75% 937.5% - 1875 (937.5)cos45°% = 88863 N

o= foe =\ (R)* (5! V- (R)(RL) cos 1352

=V 1675%937.5%~ 1875(9375) cos/zs’= 1018.0 N
Screws 283 are loaded with a /arﬂer' shear force of 10/8.0N
and screws 3&<4 are loaded with a larger tension foree of
840 I AN Tne*e—orc Screw 3 is the mosf loaded Screw | 7he Joads
t:‘emq P =840, N and = 10180\,

Assume a Screw /enq,n =T +~/0p 8——/0(/ 25)= 205 mm
Assume 6 mm not Hreadsd /eng-é; l; =205-6 = |45 mm
The screw SHffness

Y B 0.0145 - 0.006
ks Kk, i, 36.61(10%) 207(1°) © 1 0-07985.07)/09

—/é = 19/332(15%)+0,57645(15%) = 248997 (10™)
Ky =40161(10%) N/m
d, = 1.5d =15(8) =12 mm
dy = d, +’205%an42° = /2+18.46=380.45 mm
. ._Zf_ _ 42 I F712+30. —
An=Z (Defrd?) = 4[( 12430.26)° 8 = 303,724 eon®
km — Am Em _ 303.724(7/. 8_)/0 = /0, 6377([08) /V/m
kl 40/26‘0/5(/0 )
C= ¢ 0.274

kotkn  40161+10.6377
~| = 1-0.274=0,726




-10=
R =CP'=0,274(840, 1) =230.19 N
Fn = (1-C)P = 0,726(840.11) = 609.92 N
F =05 F =08 (36.61)/6%(650)10°= 11898.25 N
F, =F+ P, = 189825+ 230.19 = (212844 N
F = F—P, =11898.25-609.92 = [1263.33 N

m
_ B _llgses
Ro= == —o55e = 1638877 N
[ - "L - =-.I_. -— =
o = g(R-F 2 (12126.44-11896,25) =115.095 N
= | /e : _
= =g (FtF )= L (1212694 +11898,25) = 12013.345 N
& 2
6= K, L& — 30 115095 _
Y 36.61(10°°) 9.431 HFa
§ - JTv _ 1212844

¢ Bnax| =3.0(331.29] =993.87 > S, = 720 MAx

4 o Subu _ 720-9431 _ , .-
- | 6nax| 331.29 '
7 11898 25

- _ L 7

5 =K, 4= 2.145 J5PRES — 697125 MPa

Omea= kf —%?’-; 0.145 ——__—7/326016?(/3:‘5 = 703,87 MPa

Se =053y = 0.5(900) = 450 _/ffoPg.“ )

Cload =0.7 5 Cope =451 St = 451900 )2 = 0.744

Cize =10 ; Ck’fe'rn/»-:' 1.0 5 Cras = 0.814
Se = cfoad Csize Csurf Cf&nfa Cre/ia‘ Se'

= 07(1.0)(0744)1.0 (0.814) 450 =190,77 MPa
N, = Se(Sut=67) - 190.77 (800 ~695,/25) = 2./4 ANS
Se(6neG)+Sut 6 19077(703,87-697.125)+900(043]) =

N — B . 1638877 _15e0 N — Su=6i _ _720-695125
Seo P gag. —12505 Ny 6,6, +6, 70387-697125¢9.431
N, = Tm _ 015(14283.33) _ 6 > N,=154  ANS
e T e 1018.0 166 >15 J

3




