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FORWARD
This manual has been designed to assist you in teaching from
MECHANICAL ENGINEERING DESIGN, 5th edition.
From personal interviews and correspondence we have learned that

it is nearly impossible to prevent students from obtaining copies of

this manual so that it will be less useful to the student. This is

not so easy to do since the result may turn out to be less useful to

you too. So the approach here 1is varied, but in general takes advan-

tage of your superior knowledge to fill important gaps in the various
I presentations. _

Computer programs are presented in outline form so as to be useful
for translation into any computer language, including programmable
calculators. The solutions of some of the exercises at the chapter

Iexmu;have been omitted so that you can be assured that these exercises
are uncompromised. And many of the solutions contain clues to inform
you of any unauthorized use of the manual. Occasionally supplemen—
tary materials are presented, including problems suitable for exams,
quizzes, and projects. There are times when make-up exams are needed
on short notice and you need a quick source.

We urge you to guard this manual with great care and keep it under
lock and‘key 1f at all possible. If left on your desktop it can
easily be 'borrowed' by a light-fingered student for photécopying.
Student access to'this manual is counter-productive to education in
the long term; and students are not renowned for their long-term
concerns. It 1s possible that, for their educational good, you

should not even acknowledge the existence of this manual.

l We invite you to write us about any problems you may encounter in
using this material. Since you may be pressed for time, short notes
or memos from you are just as useful as formal letters. We promise

Ito respond promptly and to keep you informed of various 1items of
interest that have been brought to our attention.

EJosep}} E. Shigley Charles R. Mischke
125 Timber Trail Department of Mechanical Eng.
Pinecone Beach Iowa State University
Roscommon, MI 48653 Ames, IA 50011
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CHAPTER 1
AN 2 Function

gv-

y computers have only the tan” 1A

nction. This prbgram computes

=

= tdnnl(Y/X) and yields a positive
value of 6 for all values of X and Y.

(=
°

Enter X and Y

Next if Y = 0; else 7
Next if X = 0; else 5
8 =0

. Next if X < 0; else 4

=]

DU
Ll

. 8 =7

. Next if X = 0; else 11

. Next if Y > 0; else 10

. 6 =7/2

0. 6= 3w/2

. Next if X > 0; else 15
. Next if Y > 0; else 14
. 6= tan_l(Y/X)

4, 6= 21 - tan_l(abs Y/X)
. Next if Y > 0; else 17
6. 8 =m - tan-I(Yfabs X)
7. 6 =1u + tan_l(abs Y/abs X)
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LINEAR INTERPOLATION
Y

2 1o Yo Xps Xy, and ¥

Eind Y, when X 3

re given:

1-3. Use Table A-2; results are

rounded.

(a) 138 MPa; (b) 1.56 kN;

(c) 136 N « m; (d4) 1550 mmz;

(e) 724 cma; (£) 9.33 kmz; (g) 145 GPa;

(h) 72.5 km/h; (i) 0.983 liters

1-5. Results are rounded.

13.1 MPa; (b) o = 70 MPa;

-

il

(c) ¥y 2.42 pm; (d) 8 = 5.18°

1-7. Results are rounded.

(a) Tt = 381 MPa; (b) o

(¢) Z = 3330 mms; (d) k

I

199 MPa;

287 N/m

1-8. Problem is to show discreteness
in size is also imposed on designer.
For a given stress level s in solid and
hollow shafts -

MD/2 Md/2
°s ath/eh  w(d - a.My/6L

from which (problem gives Q/Dh as 0.5)

D d

— = 0.5 =
Dk

_— t e
L L
dT - di

where e is error due to rounddown of di'
Hence the equation

ay = [a* - (24 + o)]/*

di di e
1.861 1.750 0,198
1.713 1.625 0.152
1.557 1.500 0.095
1.389 1.375 0.022
1,198 1.125 0.067
0.957 0.875 0.040
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Stuff column vector with ordinateg

(odd interior)

(even interior)

1-9. 5 1. Enter N, a, b
b4 X
0.00 0.000 000 000 1 0.000 000 000 2. h=(b=-a)N
025 0.000 976 563 L4 0,003 906 250 )
0.50 0.031 250 000 2 0.062 500 000 3. Inmitialize sum = O
0.75 0.237 304 688 L 0.949 218 750 :
1,00 1,000 000 000 1 1.000 000 00O B
2.015 625 000
0.25 ; 5. sum = sum + y, + ¥
I, = — (2.015 625) = 0.167 968 750 0" “n
3 _ 6. sum = sum + L3 y;
X x0 7« sum = sum + 23 y,
0.00 0.000 000 000 1 0.000 000 00O
0.50 0.031 250 000 4 0.125 000 000 8. I = h(sum)/3
1,00 1.000 000 000 1 1,000 000 000
1.125 000 000
0.50
I, = ——(1.125 000 000) = 0,187 500 ‘
3
0167 968 750 — 0.187 500 000
E =
15 .
= -0.001 302 083
I= Ih + E

It

0.167 968 750 — 0.001 302 083
= 0.166 666 667

L %6 1 1
fodx=-—-l = —
6

1-10. One can design a program to

accept either a column vector of ordin-
ates or to generate them by calling a
subprogram created for the purpose,
Defining N as mumber of panels results
in N + 1 ordinates. If N is an even
number divisible by 4, the error term

can be created from ordinates already

known.
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l f_;:%;;g. _ : 2-5a. o, = 10, o, =0, ¢
i =
Tyf2 = 70 Tay3 " 2 Tyyg
I T ™ 5.89
b. Oy = 11.4, o, = 0, oy = -1.4;
I 11/2 = 5.7, 1’2/3 = 0.7, 11/3 = 6.4;
I Resp ™= 5.73
c. 0y = o, o, = 0, 04 = -10;
l Ty /2 0, '1‘2/3 5, 11/3 5
Y. K = 4.71
I oct
i b
| i BT ¢ d. o, =12.4, 0, =0, 05 = -32.4;
= —F-"l %
12 = = = -
] _\*____1! _,,,r_‘ 11,3’}6 T1/2 6.18, T, 4 162 Tyy3 = 22.43
I | ‘\ T .= 18.9
&
'\124 557 =0 = -23.0 = -87.0
I —/a. Ul_,oz"_s’03"_o,
" T2 T 12.0, /3 32.0, T1/3 43.5;
l - \f‘ T 36.9
0y 9 [064° o¢
I "I.O.(o\% _ b. o, = 39.1, 0y = 0, 0y = -69.1;
: P | T = 19.5, T = 34.5, T = 54.1;
: ' . \ 1/2 > "2/3 > "1/3 ?
. /) S _
l ) T, = 4T
e 4. v _ % = :
! \ c. o, = 48.3, o, = -8.28, o, = -30;
l o\ T2 T 28.3, Ty/3 " 10.9, Ty/3 39.1;
- Vs - 33,
l ‘\/" _ tOCt 33.0
Gl\ Y 10'7_,(0 d. o, = 64.05, o, = -14.05, oy = -20;
158 :
I 1 es Ty/p = 39.05, 1,5 = 2.97, 1,5 = 40.0;
4 A~ v . =334
__._.L‘: it el = _'\‘_ %3 i e — L ‘.. Oct
I T : &
‘ '\ - - 2-9. A = 0.196 in?; o = 10.2 kpsi Ans
§ = 0.024 in  Ans;e, = 0.000 340 in/in;
v = 0.292; e, = ~0.000 €99 in/in Ans;

d
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I2—9. (Cont.) Ad = -0.000 049 6 in Ans QUIZ Suppose counterclockwise shear

stresses were plotted up, instead of

— T
2-11. e.= 1.90(10 3}; down, on the Mohr's circle diagram.
How would this change affect the ana-

' -3
§ 5.7(10 ") m, or 5.7 mm Amns lysis?

-14,
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2-15.

= o&,k %:380 N
=1. N
o Fa=24%N
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2-15.

(Cont.),

(d)

STEPR 1-

STep 2: DO A FREE- £ =205\ 45m —>]
BoDY DIAGRAM oF

LiInk 2. Nove TuAT
s 15 FORCE oF PN

C ON LINK 4. Auso F—-503N
T, ©An Also B oEﬁAN‘ED BY —=E

ki
B i

TAXING MOMENTS ARouy C. P
j L=a00N
F = 2049
STEP 3: po A ‘::505);
FREE-BoDY DA~ PARALLEL
To <&

GRAM  OF PIN C,
THIS Gwes F,. FoRCE OF 2 oN C,

|
| Qe 5.9 m —]

m"ﬂ




<r E,=2° 4N

FB:SOB LM

STeEP 47 DRAW Free-2o0Y
DIAGRAM OF LN, 2 To T

B, DORS WS GREIRS
SveEY .
A
2-—-16a.‘ '
Ve
| i
l |
i
i
- | )
) - |

2

= 7.00, x 8.00, x_. = 18.00

3 4 5
V., = 86.94, V2 =.51.94, VvV, = 11.94, V4 -48.06, V5 =0

I

x., = 3.00, x

I

w

Ml =0, Hz = -260.83, M3 = -468.61, M& = -480.56, MS =0

2-16b. Using a = 0.4; Fl =Rqy= 0.6, F2 = -1.00, F3 =Roy= 0.40
X, = 0.40, Xy = 1.00; Vl = 0.60, V2 = -0.40, V3 = 0.00;

Ml = 0.00, Mz = -0.24, V3 =0

F. =R, = 86.94,_F = -35.00, F3 -40.00, F4 = -60.00, FS = R2




2-16b. (Cont.)

1]

I

i

GONN RN N N . S

R, = -1.43, F

4,00, Xq

60.00, V5

. 2-16d. F, = -60.00, F

1
3.00, x4 =4.00, x, =
~190.00, V¢ = 0.00; M
0.00.

= 8.00, x

= 0.00; M

= -40.00, F

1

= 30.00, F

= 171.43, M

= 0.00, M
-100.00, F 270.00, F

-60.00, V

180.00, M

7&

= -60.00;

= -41.43, Vv, = -11.43,

3

= 240.00, M_ = 0.00

5

-300.00, F_ = R, = 190.00;

5 2

= -160.00, Vv, = 110.00,

3

= 340.00, M, = -760.00,

4



AT

PROGRAM

Mohr's circle analysis of

plane stress.

l. Enter 0 , o 5 Ehdl 5T is positive
X ¥ Xy Xy
when clockwise.

2. x = (o

% oy)fz; R = (x2 +Tx 2)%

y
3. If x = 0 next, else 7.
4, If 1 > 0 next, else 6

xy
5. 8 = 90°, go to step 11
6. 6 = 270°, go to step 11

-1

7. AA = -57.296 tan (Txy/X)
8. If x > 0 step 10, else next
9. 6 = 180 + AA; go to step 11
10.6 = AA

11. B = (UK * Uy)IZ

12, g, = B + R; op = B-R; ¢ = 0/2

13. If Op > 0 next, else step 17

14, If oy > 0 next, else step 18

15, o, = Oy 0, = Og> oy = 0

16. T o ™ ]UIIZI; g0 to step 20

17. 0, =0, 0, = o, 04 = 0z5 80 to
step 20
0y Sgg g, =0, Ry = Py

10

19, T =,cl - 03]/2

20. ¢ = ¢ from x to 9

21. Print ¢ ; go to step 24
22. 7= Jogr2]
23. ¢ = ¢ from x to 02;‘print ¢

24. Print ¢

Gia Ogy T
1 72” "3’ "pax

QUIZ Sketch the free-body diagrams

for lever 2 in each of the following:
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2-18. Moments + or - cause bending

stress, so use absolute values.

(a)

M=

E [£x - (a + x)?]
2

Observe moment at center, X, = (£/2 - a)

wl g
Mcu-—- (— - a)
2 L

Observe moment at left reaction, x = a

waz

2
a Mc Mr M

c 1250 0 1250
1 750 50 750
2 250 200 250
2.25 125 253 253
2.50 0 313 313
3
L
5

M =
r

250 450 450
750 800 800
0 1250 1250
(b) Analytically optimum location of
support where !Mr] = ]Mc'
va® wl 0

e s (5 = g
2 2 2

from which

(/2)° + (5/2) = 0425 = 0

(a/2) = (42 = 1)/2 = 0.207

M in table above has minimum value of
M = wa¥/2 = 0.207% £3/2 = 0.0214u8?

= 0.0214(100)(10%) = 214 in-1b

2-20.

(a)

l. Input R, ©

2 X = Rcos ©

3¢ Y = Rsin ©

Le Output-X, Y

(b)

le Input x, y

2¢ T=[2+ y2]1/2

3+ If x20and y = 0O,
go to 12

Le Ifdeandy

"
_.CD

go to 12

5 If x=0and y >0,
go to 12

b If x=0and y <0,

go to 12

7. B = tant |y/x|

set 8 = 0,

set 8 =1T,

set & =W/2,

set © = 3mW/2,

8. If x20and y>0, set 0 =

¢ If x~ Oand y > 0, set 6 =~ @

10 If x<Oand y< O, set 6 =T+

1, Ifx>0and yo O, set © = 27~ @

12, Output r, ©

e Input @
Ze X =cos @
e ¥ =cos (W/2-0)

L. Output X, ¥



!

sumx = 0, sumy = O, sumz = O
Input number of forces, n

Do through step 7 for i =1, n
Input components Fix, Fiy, Fi
sumx = sumx + Fix

sumy = sumy + F‘i}r

sumz = sumz + li‘j_z

Cutput sumx, sumy, sumz

Input C,, Cy, Cz, C Cy

1 ]
X = CYCZ - Cy C,
¥ = C,'C, = C,C,°
z = Cny Cx Cy
Cutput x, ¥, 2

QUIZ PROBLEMS

¥

I 10016 }1001b | ro b rm b
% 9in J 9in S A4 in 14in S

A B ;’{04 B

¥
120 1b 401b l l"m b lé{] b
10in 8in % ,A &in i0in -
A B A0
» ¥
| 0.5kN  |0.2kN I 0.2 kN rum
/me osm Y A 06m 03my

END N N BN BN B B D B B P D - - - D

¥y

T 91 | 101t 81t
I 40 1b/ft I hﬂ |b!ﬁ_‘+;0 b ﬁi
QEHHHHHHHHL, /%HHHH HUHle

¥y
121t { 5 6M +6 ﬁﬁ.{
30 Ib/ft r‘m 1b | 60 Ib/ft rﬂo Ib

1
|
AU, i

%zun
7

1001b 20016 10016

lr:'}llf"#%f‘Ln
Y 2

n
By A

6 ft
40 Ib/ft

21128128222

fam —]—

»

500 kN/m
300 kN/m

i

A im A 2m AB

x

Rl R

0.5m

fomm—i 1800 kN
k!HHI W yo

A &
l
-~ |~0.5 m ~{ime-
Ky

Ry

X

14
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PROGRAM Force analysis of beams with PROJECT Find or write a program to-: ‘find
simple supports and concentrated loads. the largest number from a group Stored
1Yy - in memory. .
74 ¥ Wl -
N { - PROGRAM Draw the shear-force diagram.
i : 2 This program can be used with the vari-
! = ! ous beam programs. And similar pro- - =
: 7 _ Ta F . grams can be written for moment, slope,. -
LY I N-1 and deflection of beams. FE T
IR R :
e ]45 ...... i g ’ 1. Clear screen.
f é ) 2. Find V and V P
S . Ypprmmrasams o s max min
' : : ' 3. Length scale; S_ = desired graph
R %khx“*“"-‘h'" "J 1ength/le
F‘“""ﬁ""”'- - }5N"'“—m* - 4. Height scale: S, = desired graph
Torces are positive if upward acting sl he;ght/(vmax - vmin)'
1. Enter and display names of program 5. R = coordinate of right side of
and programmer. i{ screen. '
2. Enter and display units used. : 2.0 8 = A+ 8.V where A 1is a small
= 0 V max
3. Enter the number of forces plus the *.-" screen coordinate.
number of reactions as N. (A zero- _i;7f For 1 = 1 to N, Si = Si—l ™= SVFi
value force'can be used for special i 8. DBraw x axis as a line from (R,S;)
points of iInterest.) ' _ ;1$ 1- to (O,SO).
4. For 1 =1 to N enter X .9, TFor i =1 to N draw shear-force
5. For 1 = 1 to N, next if F, is a 6 diagram as line from (S x,, si i)
reaction, else 9. to (S xy ) to (S X S )

. X i+1?

6. If flag is set, 8, else next.
- PROGRAM TForce analysis of a cantilever

7. R, =F,, x, = x,, set flag, go to 10.
A L A . ith trated load
8. RB = Fi’ Xy = X;» 80 to 10. with concentrate oads.
9. Enter F.. Forces are positive when they act up-
10. Next i. ward.
5. I 4 = Windkt, alee 5. 1. Enter and display the units used.
12. A = 0. 2. Enter number of external forces N.
- = + »
13. For i = 1 to N, A = A + Fi(xi _ xA)_ 3. For 1 = 2 to N + 1, enter location
4. RB = A/ (x ) from support and magnitude of each
A i
force.

15. B=0C; for i =1 to N, B=B+ F

16. R, = -B + R. 1 4. A=0; for 1 = 2 to N + 1,
= A=A+ x F
17. For 1 = 1 to N, Vi = Vi—l + Fi’ ) PR
M - H L V (X - x ). 5« Hl = A-
i+1 i i+l i

6. B=0; for i =2 toN+ 1, B= B_Fi'

1%



7..For i =1toN+1, V, =7V, + F,,
) i i-1 i
Mopr = My F 000 = 320

QUIZ Find the forces acting on part 3.

QUIZ Derive formulas for the reactions.
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2-21. Front side of shaft:

Iﬂ There are two shear-stress.

— ». Components. These sum to

|l
-
SR
16T 4 v
Tyg =g = =
y wd 3 A
16(1200) 4(300)

= - ¥
1(0.75)°  31(0.75)%/4

-14 500 + 905 = -13 600 psi Ans.

Bottom of shaft (looking up):

|

oo ol
| iJF“ F
e e j
—_—
T._ = 14 500 psi

o_ = =43 400 psi
X

PROJECT The Chicago, North Shore and
Milwaukee Railroad was an electric
railway running between the cities in
its corporate title. It had passen—
ger cars as shown in the figure which
weighed 104.4 kip, had 32'-8" truck
centers, 7' wheelbase trucks and a
coupled length of 55'-3%". When a
single car was on a 100-ft long, simp-
ly supported deck plate girder bridge
(a) What was the largest bending mom-
ent in the bridge? ‘

(b) Where was it located on the bridgef

(c) What was the position of the car
on the bridge?

(d) Under which wheel is the maximum
bending moment?

CHIC AQO Nd“‘l‘“ BHOMRE & MmWAlJI(*E HAII—gOAb

782

-

(The figure shows the coaches, series 752-776 as originally

built. (Copyright 1963 by Central Electric Railfans' Assoc.
Bull. 107, p. 145. Reproduced by permission.)

{s

=} ia

T2 8 nune ) foot
-]

Scale in feet
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i

2.~-"L"%. (a)
T am R D
3 5"
C 1 =0 255 (/5 ; Oi 0-0&5" )
5
g | l C _ @ :4 J' ; {.
P T
- _ - yd' Gb‘ b et 1, T
%:'C.Z:‘O.Q,G:{ h B 0'5" e
i
1 A E“
" E; " "L
\ LA
Mg lj'f_ ‘4
v o _ 2
A, = Ay = 0.25(1.5) = 0.375 1in”,
A = 3(0.375) = 1.125 in°
_ 2(0.375)(0.75) + Go375{0Ca5)}
¥ = = 0,667 in
1.125
0.25(1.5)° "
I = = 0,070 in
B 12
1.5(025)° p
12
Il = 2[0.0’70 4 0.576(0.083)%
+ 04001 95 + 0.375(0.167)é]= 0.158 in* Ans
10 000(0.66'7] 3
g, = = 42(10)" psi Anse
A 0.158
10 000(0.667 - 0a375) 3
T = = 18,5(10)" psi Ans.
B 0.158 —
10 000(06167 = 0.,125) -
T o= s 2.7(10) pﬂi Anse
C 0.158 -
- 10 000(0.833) "
== = 52.7(10 i .
D 0.158 ) p_s Ans

16



(b) Here we treat the
hole as a negative

0387
| b arefe.e
\!- : - = 2
025-? <— l.lM"—’{ * Ab = 1134 (——— °982)
- A ' = 0557 1n2

A = 1732 = 04557 = 1.175 1n°
1.732(0.577) = 0.557(04577)

7 = = 04577 in
1.175

bh®  2(1.732)° .
I, = — = = 0,289 in

36 36

1.1354(0.982)° i
s = 0.0298 1in

36
= - = - - 4

T, = I, = I, = 0.289 = 0,0298 = 0.259 in

because the cege's are coincident.

10 000(0+577) .
= = 22,3(10)}" psil Anse.

A 04259
- 1o 000 (0+327) 5
= = 12,6(10 psi Ans
B 00259 ) )
. 10 000(0.982 = 04327) .
= = = 25¢3(10 1
C 0.259 YOI "
Anse
10 000(1.155) 5
g, == = = 44,6(10)° psi Anse

D 04259

11




e e

—

Aa
A

(a) Use two negative areas.

D
0121»108‘ ¢
v b
S P [Ny M
P Gb Gc. 1 |
c,2292 15"
ra B i
s =
l Ga _~ "1 o=
A

o

2
=1 0%, o =9 1n%, A =16 1n°, ,

6 in® ;f?a = 0425 in,

16 = 9 -1

F, = 1e51in, T, =2 in

y= = 2.292 in
6
c1 = 4 = 2,292 = 1,708 in
-~ 2(045)° .
T = —= 0,020 83 in
a 12
3(3)° "
I, = = 6,75 in
12
£(4)° .
T = = 21.333 in
g 12
2 2
T, =[?1.533 4 16(0.292)d]- E.vs + 9(0.292)]
—[g.ozo 83 + 1(2.292 - o.es)%L 10,99 in
10 000 (2292)
g = = 2080 psi Anse.
A 10.99 E—
10 000(2+292 = 0.5)
Ug = = 1630 psi Anse.
10 000(1.708 = 0.5) ]
0, = = = « 1100 psi Anse.
¢ 10,99 —

16(2) - 9(2) = 1(0.25)

198

4

i



bk

1“15,ﬂbn£\

10 000(1.708)
= - = = 1550 psi Anse.
10,99

(b) Use a as a negative area. C

= 2 =

9.068 1n°; §, = 1.155 1in, T, =2 in
2(16) = 1.155(6.932)

9.068
= 4 = 2,646 = 1,354 1n
bh®  4(3.466)° 5
36 36 :
4(4)5 4
= = 21.33 in
12

=[21.33 + 16(0.646)27 - %.626 B 6.932(1.491)%
= 7,97 1n*

10 000(2.646)
= = 3320 psi Ans.
7697

10 000(3.466 = 2,646)
A = = 1030 psi Ans.
797

10 000(1l.354) ;
= - = = 1700 psi Anse.
797 I
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2-25a. The moment is maximum and constant from A to B. Hmax = =50(20) —-10001b-in

<
H
I
i

]

p = EI/M = 1.6(106)(1/3)/(-1000) = —-533 in; so center of curvature at x = 30 in,
and y = =533 in  Ans.
(b) Moment is maximum and constant from A to B. Mmax = 250 1b*in. Then

EI/M = 106(106)(113)1250 = 2130 in. So center of curvature is at x = 20 in

p =
y = 2130 in.  Ans.
2-26a. yooo 2b
3(667) 12" A G IB i"
I‘E = o 4 2if ] ¥ i‘i
2(1.125)
333 4b A 933
= 890 psi on y 233 4b
neutral axis from
A to Bo *
(b)c =1 4in Al .
A =2 in° 2 M=400a Jb1"
2(1) 4
S x
. 8000(1) 1000 fb 1000 £b
0.667 g ¥
=12 000 psi at A - : Nz
on the top surface. : e
2000 Ab
. 3(1000) v
L= = 750 psi looo tb
2{e) +
on neutral surface . *
joco Lb

from O to Be
M

(c) A = 165 in2

%
c =1 in )
W= 8000 £bein

1.5 4
I = = 065 in
3

. - ==600(5/2) + 900(7.5/2) = 18%5 1b*in
0 = lgg—ég;l = 3750 psi on bottom at midbeam

20




2-26 (Cont.)

i

%(900 1'2.03!9/m
T3 Luy L
—— AA 15 B 5 €

on neutral axis 1500 £b 1500 fo
H

at A & Be v 00
B ] q o
(d)a = 2 1n e
_ ¥
¢ =1 in, 4 \a,ooﬁb \
I = 06667 in q00 A

0.667
= 2700 psi on _

top at A S/ V *
.3(750 ‘ :
i ahisiin \fmo bein

0=

2(2
(2) {00 Abfin
= 562 psi on Lep bbb ber e b e sy pbydd
0 6 A I'Z."
neutral axis at Ae 350 2b Ao,

‘ K
\l \' 2
coo tb 450 Lb

M

012 fh-n

.

2-27 Mmax = w(a/f2)/2[8/2] = w2.2/8; g = Mc/1I = WR,ZC/BI

(a) I = bh2/12 = 1.5(9.5)°/12 = 107.17 i« = 8(107.17)(1200)/[(166)2(9.5/2) 1,

or w = 10.4 1b/4in (125 1b/ft) Ans.

21



7 R R DI B GRS

1y gt TS ¢

L]

2-27 (Cont.)
m
My I=— (2% - 1.25*1 = 0.666 1n"
64 3 '
8Is  8(0.666)(12)(10°)
W= = 2 = 27.7 1b/in
T (48)% (1)
_ Ans.
(c) Assgme square cormexs.
2(3)°>  1.625(2.625) .
I = - = 2.05 in
12 12
8(2.05) (12) (10°)
e . - 56.9 1b/in Ans.
(48)2(1.5)
(@) I = 2(1.18) = 2.36 in”
_ 8(2.36) (12) (10°)
w = = 53.3 1b/in

(72)%(0.82)

based on compression. For tension
we have

w = 53.3[0.82/(3 - 0.82)] = 20.0 1b/in

Ans.
(e) T = 3.83 in*
8(3.83) (12) (10°)
w = 5 = 35.5 1b/in Ans.
(72)7(2)
(£) I = 1(4)3/12 = 5.33 in”
8(5.33) (12) (10°)
w o= - = 49.4 1b/in Ans.
(72} (2)
2-28 Use d =[16Tf(ng)]1/3 and
T = 63 000KE/n
(a) T = 63 000(50)/2000 = 1580 1b-in,

1/3

d = [16(1580)/(8000w) ] = 1.00 in Amns.

(b) T = 63 000(50)/200 = 15 800 1b-in,

d = [16(15 800)/(8000m)1%/3

= 2.16 in Ans.

=Y
s lE
.,,_'.':%Ei!'.":'

2(1.5)%/32

0.497 cmé

2-29 3 =nd*/32

307 0w
p = — = — rad; also 0 = TL/GJ, so
180 6 :

GJ8/T; since t= Tr/J, T = Jt/r
GJo GJo Grb

)
I

Here ¢ is in cm if G is in MPa, r in

cm, g'in rad and v in MPa. So

79.3(10%) (0.75) ( /6)
g = = 283 cm
110

or 2.83 m Ans.

2-30 Since T = Tc/J, let T = KJ

= nd4/32 = W(?A)/32 = 236 cm4

Jso1id
4 4 4
Jhollow = (r/32)[7 - (5.8) "] = 125 cm
236 - 125
Percent reduction = (100)
236
= 47.07 Ans.
(b)) W = KA = Kﬂdzf& =C d2= 49C
solid 1 1
_ 2 2
Wo110w = KT/42(7 = d;)
= 01[49 - (5.8)2] = 15.481
49 - 15.4
Percent reduction = (100)
49
= 68.67 Ans.

QUIZ A cold-drawn square steel tube
has a wall thickness t and an outside
dimension w. Develop an approximate

expression for the maximum shear stress

due to pure torsion. (Open books)

1.2

-
£
o
b
e
%



. If support R, is between Fq and
Fpy the moment about R.l is zero, -
Jois) + 7-7501200) - Bp2 =0,
or Ry = 14 525/p . Now

= 3100 ~ R, = (31008 - 1k 525)/%
l = 3Ry Mo = =(7.75 ~ £)(1100) -

e moment diagram is first triangular,
|en quadralateral, then crosses axis.
Controlling moment at x = 3 or X = L.

L8L2 =142 -5225 =-5225
L 3631 =531 1594 =L125
2905 195 585 =3025

2,20 680 2038 -1925
7 2075 1025 3075 -85

lle minimum largest absclute moment at
2+ 6 in. Analytically, minimum occurs
I-uan moment, IHBI has same magnitude as
‘\1,! . My = 3R, = (93008- L3 5T5)/2
fp = =(7.75 =2)1100 = 8525 - 11002
lrom |ta] = Igls & = 5.95 in.
If second bearing is near B of figure,
|hen R, = 14 525/¢ , Ry = 3100 = Ry.
zquating |By| = [Ry| gives R = 1550 10
nd £ = 14 525/1550 = 9.37 in.

2-3L, Reaction consists of the super-
Hosition of a uniform and a linear dis—
tributed loading. The uniform part is

= F/a and the linear part is

.,ql

q, = 6F(L+ 8/2)/e?

The intensity at the wall i1s p; = q; + qp

and at the pin-end p, = Q; — Qpe

: U)fu_

Now b = apy/(py + py). Moment at

distance x to right of load is

py - x+2a-2b (x=2)°

2 a=-"b 3

f§ -x+3a-3b
- - Fx
F = x4+ 2a - 2b

Maximum moment at x.. =f -a — 2b and
(a - 2b)(a + b)
+ 2
3a

Wpoxe = F ‘:
Conventional moment is —Ff so fractional

increase A is

(a = 20)(a + b) 2b) b\ a
A= (= (1 ; _) l
3al a aJ 31

The permissible values of b/a range

04333 ¢ b/a < 0.5, so largest possible
discrepancy is 0.148a/f) . For
= 1500 1b, £ = 1.5 in, a = 1.2 in,

1500/2 = 750 1b/in

6(1500) (1.5 + 1.2/2)/1.2% = 13 125

P, = 750 + 13 125 13 875 1b/in

p, = 13 125 - 750 = 12 375 1b/in

b = 1.2(12 375)[(_13 875 + 12 375)=0.566

A =(1.2-2(0.566)) (1.2+0.566)/[3(1.2)1.5]
= 0.022; the increase is about 2Z.

For morz, see Steve Smith,"Evaluating

Socket Joint Stress,'" MACHINE DESIGN,
Jan. 10, 1985, p. 128-9.

R}

I

i

g
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2-36 w= 2un/60 = 2u(8)/60 = 0.838 radfs
T = Hfw .= 1000/0.838 = 1150 N * =
a = ae/mm? = 1161190 /5w 13

= 4,32 cm

Using preferred sizes, select 45 mm

2-37 (a) At & = 90°, o_ = 0, og= =0

g =0. At 8 =0° 0_=0,0 =3qg,
r r 3]

and T 8 =

(b)

x 5 6 7 8 10
K=o0,/c 3 2.07 1.65 1.42 122
r 12 14 16 18 20

K 1.13 1.09 1.06 1.05 1.04

2-38 By Fig. 2-24 the maximum stresses

occur at the inside fiber where ¥ = ri.

Therefore, from Eq. (2-51)

2

at r =r,. SO
i
2pr ?
Pyto
0 = -
t,max 2 2
T - T
o i
For Ur’ we have

r.°p ba
1 3 o
o’ = 1-—- IR e
r,max 2z _ .2 € + 2) Py Ams.
o i i
2-39 1f Py - 0, Eq. (2-50) becomes
_ 2 _ 2, 2 2
. Po¥o i o Po}r
€ 2 _ 2
%o 2
. 2 2
P.T T
m_ o0 41y
2 _ . 2 2
r, L T

2 2 2 2
-p T + r,°r T
Po o i o pol
Ur =
2 2
r -
o i
2 2
T 3
_ po ] 1 &
- 2 2( 2 =R
o - T T
o i
Sog =0atr=r,. Thus atr = T
) i o
pr?2 r2-xr?
o o i o _
O r,max = ( A = P,
* r02 - riz ro2
Ans.
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=41

o, -~ 9. -
= ————— at r = r, where is
2 i

Itemediate in valuve. From Prob. 2-38

max

1

= — -0
Iax 2 (Ut,max r,max)

2 2

P r +r

Il a-nf © 3 .4
max s 2

2 ro - ri

w solve for p; using x_ = 3 in,

r, = 2.75 in, and'1 = 4000 psi.
i max

lhis gives p; = 639 psi  Ans.

E'—&Z r =120 mm, r, = 110 mm
(o] i

See Prob. 2-41

I 2.4 (12002 + (1102

T
max

I

+1
2 | a200% - (110)?

15.0 MPa Ans.

IZ—QB From Table A-20 Sy = 57 kpsi;

Ialso, B 0.875 in and r, = 0.625 in.

From Prob. 2-39

o
1]

Solving, gives P, = 11 200 psi Ans.

also r = 1.1875 in, r, = 0.875 in.
o] i

IZ—M From Table A-20 Sy = 57 kpsi;

p, = 0.8S
i 4 g

P; = 13 500 psi

r02 + ri2
;3 therefore
2 2
i g - T
o i
02 - r 2
;solving, gives
2 2
b il
o 5 i

Ans.

2-45 r =54n, r, = 0.375 in,
o i

w = 2mn/60 = 27(7200)/60 = 754 rad/s

p =w/g =0.0.282/386 = 0.000 730 6

v = (0.292

L

H

It

-~
w

8556
6676
5310
4800
4435
4345
4058
3784
3487
3153
2776
2354
1886

Y
LA~y Ww
o) L
o
(O8]

Ln W

NP WWNN-H=DS OO
9]

1851
3133
3525
3656
3645
3463
3133
2692
2154
1525

806

(r,ry)

At r = 0.375

T
max

3656 psi

= 8556/2 = 4280 psi

Ans.
Ans.

Y
£
[=2}
£
I

p = 3320 kg/m®, v

27(2069)/60 = 216.7 rad/s,

= 0.24, r, = 0.0125 m,

r = 0.15 m; use Eq. (2-56)

o Qa
1

3320(216.7)°

3+ 0.24

8

x| (0.0125)2 + (0.15)2 + (0.15)2

3 +
= 2.85

1 + 3(0.24)

0.24
MPa

(0.0125)%](10)'6

Ans.
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2-48 to 2-53 v = 0.292, E = 30 Mpsi,

E = 207 GPa), ¥ & 1.5 in (40 mm),

r, =0, R=0.75 in (20 mm).

. ES
Since p = K — = K'E, p is in same units
R
as E.
2-48
e | _
6max = 2(40.025 = 40.010) = 0.0075 mm
ok _
6min = 2(40.000 - 40.026) = -0.013 mm

P=0, P=50.5MPa

2~-49
-6 = l(l 5010 1.5004) = 0.0003 i
max 5 (L. - 1. ) = 0. in
-1 " .
amin = 2(1.5000 - 1.5010) = -0.0010 in

p=0, P=15000 psi

PROGRAM Analysis of press and shrink

fits. This program computes the inter-

face pressure p and the stangential
stresses o, and @ at the interface

it ot
radius. It is easy to extend it to
solve for stresses in either member at
other radii.
1. Enter E , v , E.; V., and 6.

o o i i

2. Enter outside radius rD of outer

member.

3. Enter inside radius r, of inner
member.

4. Enter interface radius R.

5. Solve Eq. (2-59) for p.

6. Solve Egs. (2-57) and (2-58) for

g. and g
o

it t

PROGRAM This is a program to compute
the tangential and radial stresses in
rotating rings at any specified radius
T using equation pair (2-56).
1. Enter p, W, Vv, T , and r..

) o 3
2. Enter the radius r at which the

stresses are desired.

" 3. AA = pw?

4. BB = (3 +v)/8
5. CC= (1 +3v)/(3+v)
6. g, = (AA)(BB){ri2 + r02 +

[(rizr02)1r2] - (o) (A}
1o @, = (AA)(BB){ri2 + r02
—[(rizroz)!rz} - r?}

8. Go to step 2.

CURVED BEAM PROGRAM See pp. 65-69.

A positive moment produces tension on

the inside fiber; a positive force

produces tension in the cross section.

Program written for rectangular, trap-

ezoidal, circular, and tee sections.

1. Enter Ty and r,

2. h= r, - Iy

3. If section is rectangular, step 7,
else next.

4. If section is trapezoidal, step 12,
else next.

5. If section is circular, step 172N
else next.

6. Section must be a tee; go Tto step 21.

7. Rectangular; enter width b.

8. A = bh

9. Use Eq. (2-67) to solve for R.
(Continued on page 28)
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2—28. D=3in'd’=lin’ri

r, = 2.5 in, Eg.(2-73) R = (3 + 1)/2 =
2 in, Eq.(2-74)

12 -
= = 1.968 21{,6
7 (22] ~{ul2] - 1)

e=R-r =2- 1.968 246 = 0.031 754

= 105 5.11,

Co =Ty — Ty = 2.5 — 1,968 246
= 0.531 754 in
2 2/, g, B
A= wd"/h =w(1)</L = 0.785L in

M= FR = 1000(2) = 2000 in 1b

1000

G'i = — 4 +
A Aeri 0.785L

2000(0.468 246)
0.7854(04031 754)1.5
1000 2000(0.531 754)
0.7854  0.7854(0.031 754)2.5
= =15 800 psi
259 Section AA

= 26 300 psi

D = 0475 in, A =T (0.25)%/} = 0.0491 in2,
Ty = 0s75/2 = 0.375 in, r_ = 0.75/2 +
0.25 = 04625 in, R = (0.75 + 0.25)/2

= 0.500 in, from Eq.(2-74)

04252

e

r

T 4[2(0.5) = A1(0.5)2 - 0.25%]
= 0.492 061 in.

| Tmﬂ. I B L B W L R W W e e e om0}

e=R~r =0.5-0.92 061

= 0,007 939 in
C, =T, - fn = 0625 ~ 0.492 061
0.132 939 in

fl

¢f = ry = ry = 0.492 061 - 0.375

0.117 061 in
M = FR = 100(0.5) = 50 in 1b
100 50(0.117 061)
g, = +
0.0491  0.0491(0.007 939)(0.375)

= 42 100 ksi

100 50(0.132 939)
0= -
° 0.0491  0.0491(0.007 939)(0.625)

= =25 200 psi

Section BB: Abscissa angle 8 of line of
radius centers is

r, + d/2
O:cos"]‘( : )

ry +d + D/2

]

Ce375 + 0.25/2
cos™t ( = 60°

0e375 + 0425 + 0475/

D+d
M=F

cos © = 100(0.5)cos 60°
2

1]

25 i1 1y, ry = ry = 0.375 in,

Ty = Tp + d = 0.375 4+ 0425 = 0,625 in
e = 0.007 939 in as before

Fcos 8 Mc,

i
G'i = =
A Aeri

'100cos 60°  25(0.117 061)

 0.0491 0.0491(0.007 939)0.375

21
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a

o

Cn section BB shear stress due to shear

g

T R AR R
it R il gyl

T e T

= —19 000 pSi

E=13

100cos 60°

S ALY i

25(0.132 939)

0.0491

= 14 700 psi

forée is zero at surface.

e o
0.0491(0.007 939)04625

2-60.

0.1094 = 0.2344 in, Eq.(2-67)

R = 04125 + 0.1094/2 = 0.1797 in,

]

I‘i = 0.125 in.' I‘o = 00125 +

Eq.(2-68) r,; = 0.1094/1n(0.2394/0.125)
= 0.17i 006 in,
‘e =R =1, = 0.1797 - 0.174 006
= 0.005 69 in
¢y =T, =Ty = 0.174 006 = 0.125
= 0.049 006 in
¢, = To = Tp = 042344 = 0.17% 006
= 0,060 394 in
A = 0.75(0.1094) = 0.082 050 in®
M = F(L + h/2) = 3(4 + 0.1094/2)
= 12,16 in 1b '
3. 12,16(C.049)
%7 T G082 0.082(0.005 694)0.125
= =10 200 psi
. - - 3 . 12.16(0.060)
0.082 0,082(0.005 69L)0.23L%

6630 psi

CURVED BEAM PROGRAM (Continued from

p.zﬁﬂ.

10. Use Egq. (2-68) to solve for r -

11. Go to step 26.

12, Trapezoidali enter bi and bo'

13. A = h(bi-+ bo)/2

l4. Use Eq. (2-69) to solve for R.

15. Use Eq. (2-70) to solve for r_.

16. Go to Step 26.

17. Circular; A = wh2/4

18. Use Eq. (2-73) to solve for R.

19. Use Eq. (2-74) to solve for r_.

20. Go to step 26.

21. Tee; enter ¢y and c, from Fig.
2-=29c.

22. Enter bi and bo'

23. A = bicl +-boc2

24, Use Eq. (2-71) to solve for R.

25. Use Eq. (2-72) to solve for r .

26, e=R-~-T1

27, ey ST Ty

28. G wE =T

29. Next if stress is produced by a
moment, else step 3l.

30. Enter M; go to step 33.

31. Enter F.

32. Enter the moment about the centroid

produced by F.

33. o (F/A) + Mci{(Aeri)

34. ¢
(8]

I

(F/A) - Mcol(Aeri)




_.I 2-62. Evaluate Eqs.(2-84), (2-85), 0.36 — 0.359 042

| error in e = = 0.0128

I and (2-86) using Simpson's rule. 0.359 042

{ T b or about 1 percent. g

I 2 0.75 1 0.75 Eq.(2-84): Co = 6 = 34640 957 = 2.359 O43 in

"I L 0.75 2 1.50 A =9/3 =31in ¢y = 3640 957 - 2 = 1.6L0 957 in

|| 5 0.75 L 300
6 0.75 1 0.75 5000  5000(k)(1.640 957)

| 900 = *

3 3(0.359 043)2

|I r br

i : = 16 901 psi

I 2 1.50 1 1.50 Eqe.(2-85):

l 3 275 L 9.00 5000  5000(4)2.359 OL3
5 3,75 4 15.00 R=—— =14 1in 3 3(0.359 043)6
6 Le50 1 %.50 3(3)

I 36.00 & -563l psi

i r b/r Numerical results can be improved by

I 2 0.3750 1 0.375 Eq.(2-86): applying Richardson's correction to
3 0.2500 4 1.000
I, 0.1875 2 0.375 3 Eq.(2-86) changing 3.63 to 3.639 795,

I 5 0.,1500 4 0.600 B e )
6 0.1250 1 0.125 2.L75/3 ~ or simply increasing the mumber of

2.475

l = 3.63 in ordinates used. The error in the

: Underlined digits are repeating digits eccentricity e parallels errors in
as 3463 = 3.636363... _ bending stress, so make efforts to
e=R=-r =L4=3.63=0.36in determine e accurately.
G, =Ty Ty = 6 - 3.63 = 2.36 in Make your own curved beam problem:
¢y =T, - Ty =3.63-2= 1.63

5000 5000(4)1.63
§; = S = 16 667 psi
3 3(0.36)2

5000  5000(4)2.36 |
0o = + = =5556 psi
3 3(0.36)6
Exact: R =2 + 4/2 =4 in
r = b/In(6/2) = 3.640 957 in

e = L — 3.6L0 957 = 0.359 O43 in

oy 3,
i B
3

Section A-A
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2-63. Eq.(2-85):
A = 0.75[(3e5 = 2) + (6 = L.5)]
= 2.25 in®, Bq.(2-86):

=

2625

0.75 [3.52 ~ 22

2

+
2

= 4 in, Eq.(2-87):

2.25/0/75
10(3.5/2) + 1n(6/4.5)
= 3,540 668 in

I =

€ =R~ =L = 3.5, 668 = 0.459 332

o
]

[2]
[}

G-oﬂ

6% ~ 4.52J

3540 668 - 2 = 1.540 668 in

6 ~ 3.54L0 668 = 2.459 332 in

5000

5000(4) (1.540 668)

+
2.25

5000

2.25(0.459 332)2
5000(4) (2.459 332)

2.25  2.25(0.459 332)6

= 17.1 kpsi

= =547 kpsi

2-65. Simpson's rule evaluation of Egs.

(2-85), (2-86) and (2-87).

r b br b/r
10.0 1.000 COO  0.000 00O 0.000 000 1
10.4 1.200 000 12.480 000 0.115 385 4
10.8 1.600 000 17.280 000 0.148 148 2
11.2 1.833 03U 20.529 935 0.163 663 4
11.6 1.959 592 22,731 267 0,168 930 2
12.0 2.000 000 24.000 000 0.166 667 L
12.4  1.959 592 24.298 951 C.158 032 2
12.8 1.833 030 23.462 78, 0143 205 &4
13.2 1.600 000 21.120 000 0.121 212 2
13.6 1,200 000 164320 000 0.088 235 L
14.0 0.000 000  0.000 000 0.000 000 1

O.4 :
A = —(46.502 608) = 6.200 348 in?
3

0.4(558.031 292) . oy
R = 11,999 999 in
3(6.200 31,8)

64200 348
0e4(3.901 261)/3

e = 110999 999 - lln919 883 = 00080 116

r =
n

11.919 883 in

(For comparison, using 21 ordinates;

A = 6.25 061 in2, R = 12 in,

rn, = 11.917 330, e = 0.082 672 in)
Continuing with the 1l-ordinate analysis
ci = 11,919 883 - 10 = 1.919 883 in

co =14 ~ 11.919 883 = 2.080 117 in
MnF(2+2)=20000(}+)=_=80000in1b

20 000 80 000(1.919 883)

Giﬁ

+
6.200 348  6.200 348(0.080 118)10
3L 145 psi

20 000 80 000(2.080 117)

6.200 348 6.200 348(0,080 116)14
. = =20 703 psi

Note that A, R and Ty were evaluated by
numerical integration even though it is
possible to write A =Tab and R = 12 by_
inspection. This is because R = Iy/1y
where integral errors are cérrelated.
Similarly r = I;/I,. This approach
leads to more accurate R and r, and also
impro%es the estimate of e, something to
keep in mind when writing computer

programs.
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2-66 The area A can be obtained by subtracting the area of a circle of 0.4 in
Thus

A= (1)(1.6) - 71(0.4)2 = 1.097 345 {n2
The radius to the centroid r can be obtained by inspection of the symmetrical

radius from the rectangle.

section. Thus r = 1 + (1.6/2) = 1.8 in. The distance to the neutral surface L

involves three integrals.

A
I'n =
jl.h (1)dr f:z.z b(r)dr /2.6 (1)dr
— el —_—
1 g Tl r 22 b
A . 1.097 345
14 2.2 b(m)ar  ae 2.2 b(r)dr
5 [ U + 1n — 0.503 526+f —
i lol{- r 2.2 l-l} Ir

The integral in the cenominator of the last expression can be evaluated

numerically. rrom the geometry of a circle, the width b(r) at each station
in the interval leh £ 7 £ 2.2 can be found. Choosiag nine ordinates Tor,

Simpson's rule in the interval

# b b/r X
1.4 1.000 000 0.71L 286 1 0.714 226
1.5 0.470 850 0.313 900 L  1.255 6C0
1.6 0.307 180 0.191 987 2 0.383 975
1.7 0.225 103 ©C.132 590 4  0.530 3€0
1.8 0.200 000 0.111 111 2 (©.222 222"
1.9 0.225 403 0.118 633 L  G.47L 5332
2.0 0.307 180 0.153 50 2 ©.307 1&0
2e1  0.470 850 ©C.224 214 1 C.896 g57
2.2 1.000 0CO O0.454 54,5 1 C.L5L 545

The intezral is Br/3) T = (Ce1/3)(5.279 558)

= C.17L £52 making the

racius to the neutral axis ecual to

%1




RN BB RN - O DY M . O N N

-=1Eﬁ

2-66 (Continued) r, = 1.097 345/(0.503 526 + 0.174 652) = 1.618 078 in; the
=2 \ontinued)
eccentricity e is

e =1 - r =1.8 - 1.618 078 = 0.181 922 1in

An estimate of the error in the integral can be had by performing a second inte-—

The difference be:ween the two estimétes
divided by 15 is a useful €rror estimate (See B. Carnahan,
J. 0. Wilkes, APPLIED NUMBERICAL METHODS, John Wiley,
significant.

gration using every other ordinate.

H. A. Luther, and

P- 79, 1969) with the sign
The second inteéfation produces [

estimate is (0.2/3)(2.773 361) = 0.184 891. Tﬁe error estimate is
(0.174 652 - 0.184 891)/15 = — 0.000 6826

So the estimate of the integral is high.

= 2.773 361 and the second integral

The result is that we have about two

correct digits on the estimate of e. This could be improved by doubling the num-

ber of ordinates in the interval. Proceeding,

: r—-r,-e=1.8-1-0.181 922 = 0.618 078 = 0.618 in

Co=T T +e=2.8-1.8+0.18] 922 = 0.981 622 = 0.982 in

The stress at the inner surface is

F Me R F(a+ r)c, 3000 3000(4 + 1.8)(0.618)
g. = — <+ i = — 4 1—

i = + = 57.2 kpsi
A Aeri A Aeri 1.097 1.097(0.18)(1)
F Mc F F(a + r)c 3000 3000(4 +-l.8)(0.982)
o o .
G o o B = - = -30.5 kpsi
& K Aer A Aer_ 1.097 1.097(0.18) (2.6)
2-67 2-68
1l - uz) 1 - (0.202)2
2| —= 3 2 —=——c2re)
- g M . 1] 2 ( E k= — 207 000 = 0.0436
&= 8 (1/25) + 0
Use v = 0.292, F in newtons, E in N/mm? P = 3F - _3F = 251F1{3
2 2
and d in mm. Then 2K Zn(?}3436)
) [1 _ (0.292)2_5 And so o, = -251F MPa Ans.
K = _ 207,000 = 0.0346 From Fig. 2-36, i
8 1/25 Toct (max) = 0.294(251F
3F 3F 3pt/3 = 73.87Y/3 wpa
p = = = i
max. 2 2ﬁ(KF1X3)2 27K2 Then, from Fig. 2-33 we have _
3
3pl/3 T (max) = 0.312(25171/3) = 78.3p!/
1/3 max
T = 399F MPa MPa Ans.
2 (0.0346)2

z = 0.49a = 0.49(0.0436) (18)1/3
= 0.056 mm Ans.

5%,
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'%-----d?zv**-*1:jf*

A

=

—
—

4

+ —

1
k1+ kz k3

In

3-2 Torsion bar, kT %

8 = ij?1; cantilever, k, = =, § = —
kT c kC
. QT : P
Assembly, k = v Y =% 26 + 6

So y = E = — + E—

Or k = —7—1~T— Ans.

__.+—_
koo kg
3-3 For a torsion bar k = I QQ,
= 4 g % A
vhere J = Td so k = i K o
32 328 L

The springs, 1 and 2, are in parallel

so k =k, +k, =K_—+K—

I
A

iy
.

W=
+

So

@
I
=
I

Then T

I
P
@
1
@
+

Thus T, = —8@

If x = /2, then T, = T

If x < 2/2, then T1 > T2

Using 1= 16T/nd° and 0 = 32T¢/(Gnd")

gives o md31
16
and so

32% ﬁd3T ZETall
811" 5 ° a2
Grd 16 Gd

Thus, if x < £/2, the allowable twist is

" ) zxrall “
all Gd Lt

1

Since k

N
Kd (§+y.—x

4
mGd. 1 1
32 (x & JA x) s

Then the maximum torque is found to be

“dBXTall 1.1
Tmax - 16 (E = L - x) SRS

3-4 Both legs have the same twist
angle. From Prob. 3-3, d
G 4

1

k = 321 (1.258d2 )‘ Ans.
(
I v .
all Gd —_—"
2.
T = (,1984d 3t Ans.
max 2 "all —

25

= 0.2d2 Ans.
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PROGRAM This routine is used to compute

the shear force, bending moment, slope,

and deflections for a simply supported

beam with any number of cross section

changes. See pages 101-105 for details.
The units used are: F lb(kN), X, in (mm);

(cm J; M, 1b + in

E, Mpsi (GPa); I,

(N *m); 6, rad and deg; Y, in (mm).
If-U. i8S« customary units are used,

K = 1E-06; 1f ST units are used,

K = 1E-05.

1. Enter E.

2. Enter number of stations, NO.

3. N =4(NO - 1) + 1

L. X(0) = xX(1) =

5. Beginning with station # 2 enter the

successive station locations.
6. For I = 5 to N in steps of 4
enter X(I).
7. X(I - 1) = X(1)
X(I = 3) =X - 4) + X(1)/2
X(I - 2) = X(1I - 3); next I
8. Enter number of cross section
changes, NI.
9. For T = 1 to NI + 1, enter second
moment of area beginning at X = Q.
10. Enter location of each change in
Cross section. For I = | to NI,
enter XX(I).
11. I =2; 7=
12. IN(I) = 1IQ); IN(I - 1) = I1(J)
13. If X(I) = xx@J), go to 15, else
next.
l4. I =1 + 2; go to 12.
15. If J = NI g0 to 17, else nexrt.
16. J =J+ 1; go to 14,
. 1

I+ 1; IN(I) = [I(NL + 1)

18. Next if 1 = N, else 17.

19. For I = 1 to N in steps of 4

20. If station number (I + 3)/4 is
a reaction go to 23; if a force
go to 21; if neither, go to 22,

21. Enter F[(I + 3) /4]

22. Next I; go to 26

23. If flag 1 go to 25, else next.
24. RA_= F(I); X, = X(I); set flag 1;
go to 22.
25. RB = F(I); XB X(I); go to 22.
26. A =0; B = 0; for T =1 to N in
steps of 4
27. A= A+ F(I)[X() - X ]
28. B = B + F(I)
29. Next I
30. Ry Al(X, - X5)
RA = -(B + RB)
31. Print the reactions RA and RB
32. For I =

1 to N in steps of 2
33. If flag 2 then 37, else next.
34. If X(I) = XA next, else 36.
35. F(I) = RA; set flag 2.

36. Next I.
37. IEFX(D)
38. F(I) = RB
39. For I =1 to N

= XB then next, else 36

40. D(I) = D(I - 1) + F(I)
4l. M(T + 1) = M(1) + D(I) [X(I+1)-X(1)]
42. Next I

43. For T =1 to N in steps of 4 print
the shear forces D(I).

44, For I = 1 to N in steps of 4 print

the'bending moments M(I).

45. For I = 1 to (N - 2) in steps of 2

M(I - 1) M(I)
46. AM = E[IN(I + 1)] E[IN(I)]

34
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47. AX = X(I + 2) - X(I)

48. Solve Eq. (3=19) for ¢(I + 2)
49. Next I ’

50. For I =1 to N - 4 in steps of 4
51. Solve Eq. (3-20) for ¢(I + 4)
32, Next I

53. For I = 1 to N in steps of 4
34. If flag 3 go to 58, else next
35. If X(1I) = XA then next, else 57
56. ¢A = Y(I); set flag 3

57. Next I

38. If X(I) = XB then next, elge 57
59. vp = ¥(D)

60. Solve Egs. (3-18) for Cl and C2'
6l. For T = 1 to N in steps of 4
62. Y(I) == K[¢(I) + CIX(I) + 02]

63. 8(I) = K[s(1) + c,]

64. Next I

85. For I = 1 to N in steps of 4
66. If flag 4 then 70, else next

87. If X(I) = XA then next, else 69
88, By = 57.3K[¢ (1) + 61]

89, Next I

0. If X(I) = XB then next, else 69
ii. BB = 57.3K[¢ (1) + Cl]

72. Print BA and eB in degrees.

3. For I =1 to N in steps of 4

ib.

Print Y(I); next I

|
]

I = 2(5.56) = 11.12 in”
wR4 Fa?

- — (a - 32)
8EI 61

Here w = 50/12 = 4.167 1b/in, and

1']

. 4.167(120)"

7(12) = 84 in, and 2 = 10(12)=120 1in.

3 = - 0.324 in
8(30)(107)(11.12)

- _ 600(84)2[3(120) - 84]

v, 6 ==0.584 in
6(30)(107)(11.12)
Soy = - 0.324 - 0.584 =-0.908 in Ans.

M, = - Fa - (w22/2)
= -600(84) - [4.167(120)2/2]
- 80 000 1b - 4in

I

c =4 - 1.17 = 2.83 in
_ Mc _ 80 000(2.83),,,-3 -
g = = 1.1 (10 ) 20.4 kpsi
Ans.

3-6 Use 2 6-in by 8.2-1b channels.

I = 26.2rin4; y == 0.054 in,
M = 32 400 1b -+ in,

max :

g = 3700 psi

3-7 Computer solution; 10 stations

T

[x 2 A% 5 6 (1 gaqlo
R 5 - e
L B y

..ci”._h, I ;

Tt ’ !
et | 1T
gy s |
SR D |
L e e s | SRS
S BB ]
s o 990 o o
By A N
¥i = = 0.101 in; midspan yé= -0.105 in
_0.105 - 0.101 _

% diff = 0Tos—(100) = 3.81% Ans.
Rl = 420 ib; RlO = 360 1b

35
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l L:;Ja-..sﬁ
l 3-8 Computer solution; 5 stations 3~12 OMITTED
) 10
l _ \l/ 3-13 SEE NEXT PAGE
4 s 'q_" s« e e _—-_'H“.'g
" r\) V" = 3 -
s g 1w 3-14 T = 2800 1b - in; T, = 80 1b,
. ] —— .
l -H{ 20" : i T2 = 640 1b. Computer solution:
28 7,07 :4-1 :
i + : P _ 4—5‘0,@;
:‘*"' [%—O" b f i
. 4
I =0.105 in J‘
I R, = R, = 120 1b @ 9" o MNP L Tiaw ¢
¥y = =0.0508 in; y, = 0; Yo = 0.01905 in;
1 2 3 s ¢ay
I Y4 = 05 yo = -0.0508 in 720 J K,
5 R) = =666 1b; R, = 395 1b
i 3-9a=361n,£=721n,1=13in, 4
E = 30 Mpsi I =20.120 in ; 80 = 0.58°;
i F az( _ F2£3 65 = —0.847°; ¥, = 0.0686 in;
y = a - 32) - 57—
oel 4EL Yo = =0.249% 1in
2
l = 300C36) 136 - 216) (b) Let K = T = 0.120(0.847) = 0.1016;
6(30) (10°) (13) 4
Then I' = K/g = 0.1016/0.06 = 1.694 in .
400(72)3 1/4
l - g = -0.167 in Ans. So d = (641'/7) = 2.42 in; use
3(30) (107) (13) d = 2.5 in to nearest 1/8 in. Then
_ 4 _ . 4
l 3-10 I = 3.85 iné; E = 30 Mpsi b mwed) ok 1987 H5
o E wf,[' 2 F  wh For this I we get 80 = 0.036° and
Y= =35y e T - =G+ 25
I EL 8EI EI'3 " 8 6y = -0.053°; y_ = -0.01561 in Ans.
(48)3 (:220 . 10(48)]
6
1 3.85 3 8
l 30110754 ) 3-15 Let P designate the increment of
= -0.128 in Ans. load in the wire rope. Then
= 2 _ a2
I =111 = na*/64 = 1(2)%/64 = 0.785 1n? Ay = 0-4(0.625)% = 0.156 in
3 PL
F.¢° F.a _ _ _2000(12)(100) _ ;
y=_2 +1 (4a2_3g‘2) & = "____'__“___-6_“1-281“ Ans.
I 4B 24E1 AE  0.156(12)(10%)
20(40)°3
L1 2) 3-16 OMITTED
I 48(30) (107)(0.785
5 80(10)(402 =4800) % 6 5155 10 Axs
l 24(30)(10°) (0.785)
36
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(9% )
1
e
(W8]

|

%
I RFZ’SB b 502 fb
IQ.“ Q—I“ lSﬂ c
%0 b
g8

Torque = (600 - 80)(9/2) = 2340 1b°in
12 _ _ _
(T, = T,)5 = T, 0.125)(6) = 2340

2340
P = ——————— = 446 1b, T

s = 0.125(446) = 56 1b
6(04875)

1

5M, = 12(680) - 33(502) + 48R, = O
33(502) - 12(680) g
R, = = 175 1b
48

Rl = 680 = 502 + 175 = 353 1b

We will treat this as two separate problems
and then sum the resultse.

First, consider the 680 1lb load as act-
ing alonee.

?|
RESI0 Lo ra=l10 86
o kA 2r B 1> ¢ ¥
o 80 Jb
xX
ZOA = = -———{xz + b2 - Qz); here b = 36",
6EI/

x = 12", /)= 48", F = 680 1lb. Also
qa* T(1.5)%

T = 5 = 0.249 1in*
64 64
680(36)(12) (144 + 1296 - 2304)
z = -
A 6(30) (10)°(0.249) (48)

37
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3-13 (Concluded)
Fa(f - x)

zy; = = (x° + a® = 20x)

6ET L

Heres a = 12", x = 21 + 12 = 33%;
680(12)(15) (1089 + 144 - 3168)

- 6(30) (10)®(04249) (48)
= 4+ 0,110 09 4in

Next, consider the 502 1b load as acting
502 fb

alone. 3|
2" A B 5= C
1 . f;z
Fbx
— 2 2 2
Zop = ——(x" + b° « 0%), where b = 150
OB " em1y ’ ’

x =12", [= 48", T = 0.249 1n%. Then
502(15) (12) (144 + 225 - 2304)

=“"‘0. ‘in
6(30) (10)®(0.249) (48) o8t 274

iy
For Zp use x = 33M;
502(15)(33)(1089 + 225 = 2304)

6(30) (10)°(0.249) (48)

;!

Therefore, by Superposition

Zy = % 0107 98 « 0,081 27 = 4 0.03671in Ang,

Zg = + 06110 VY9 <« 0,114 =

35 = « 0,004 26 in Ans.

317 Total load = W = we
_ Wa? _W[(/2) - a]
My  M¥ LR MR
. oty ue
N _ . “*;' o Hx Rlx -5 = Rl T
i . g
b = M
7
de - o Wx _ O = Wi(e/2) - a] wx ._ botan g = (o/2) - a
dx 1 T T T x-a - g U WO % - a

38
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3-17 (Continued)-
) W(x*)2

* *
Hx Rlx 2

_ w[(ﬂz)_—al [(2/2) - a]
T g -a L - a

_WI(a/2) - a)?e?
2 (2~ a)?
[(/2) - al’We
20~ a)?
Now set M:_= H2; this gives

[(2/2) - a]®We _ Wa?
2(2- a)? 2

from which

a0 - 2a/)> + (a/2) -1 = 0
The roots are 0.293, 1.707, 0.707,
-0.707, of which 0.293 is significant.

Thus (a/%) = 0.293 Ans.

3-18 (a) = 36(12) = 432 in

;!
BT TR Y

FAN FA
R g —

§  me swe’ _ 5(5000/12) (432)"
max  3B4EL  35.(30) (10%) (5450)

= - 1.16 in
The frame is bowed up 1.16 in with

respect to the bolsters. It is fabri-
cated upside down and then inverted.
(b) The equation in xy coordinates

is for center sill neutral surface

_ WK - S,
Y = 2ZET (22 x 7))

Differentiating this equation and sol-
ving for the slope at the left bolster

gives

|

dy _ w 2 .. 3 _ p3y.

Ix ZAEI(Gix 4x 2%); thus

dy - _we® _  (5000/12)(432)3
L 24(30) (10%) (5450)

I

- 0.00857
The slope at the right bolster is
0.00857, so equation at left end is

y
y

0.00857(x - 2).

-0.00857x and at the right end is

3-19 OMITTED

3-20

cos
Mo
b

The slope at x = 0 due to Fl in the

Xy plane is

C
_ Bl (i 22)

Xy

6EIL
and 1n the xz plane due to Fz is
¥ o2
] ) szz(bz )
Xz

6EIL
For small angles the slopes add as

vectors. Thus

_ 2 243
eL (gxy % sz )
2
2 2
AN )
6EIL

2 23127 ¢}
(szz(b2 -2 ))
+
6EIL -

3q




3-20 (Continued)

Designating the slope

constrairmt as we then have

- 22}-
5=L GEI%[Fb(b . )1}

Setting I =

{E[Fibi(biz - iLz)]z%i {}'

For the LH brg E =

d {64 and solving for d

32
3wELE

30 Mpsi, £ = 0.001,

b1 =12, b2 =6, and £ = 16. The re—

sult is dL = 1.31 in. Using a similar
procedure we get dR = 1.35 in for the
RH brg. So use d = 1 3/8 in  Ans.
3-21
3.6 kN
l—*!DO—vF::-—.. \so _I_I
e 2c0
22 3/_'11 2 2‘ i
BWEEE ¥bih -4
-~ L
) -3, KW mm> 10°1077 |}
(2107 o g3
&M 10710
2
4 =4|32(1.28) (3/5) (150)|(150 =2502)f -
3w(207) (250) (0.001)
= 36.4 mm Ans.
3-22 OMITTED
3-23

y
T (2 1rby g - 2!

§ 32(1.5)
3n(29.8)(1065(10)(0.001)

= 1.56 in
dR=[

32(1.5)
37(29.8) (10%) (10) (0. 001)

2

Solving gives dR = 1.57 in. So choose

d 2 1.57 in to meet the requirements.

3-24 From Table A-9-8 we have

X
¥y, = (x* + 3a% - 6ag + 292)
6EIL
dyL
— = —(3x® + 3a% - 6ag + 222)
dx 6EI
AT x = 0, the LH slope is
dy.
r
8, = —£ - EE—— (3a? - 6ag+ 222)
dx 6ELL
from which
£ [ ]———~(£2—3b2)
GEIR

Setting I = nd 164 and solving for d

3
32M_ (22 - 3b3)
d = s

3mELE

For a multiplicity of moments the

slopes add vectorially and

X
b 22 2 _ 213
4 _J3nERE Zln, (2 3, J
d, = e . L[M,(3a,2 - g2]2 } .
R 3wELE i i
Greatest slope is at LH brg. So
\ . 2 }
5w 132(1200){21 3(4%)1] = 0.706 in
’3n(30)(10 ) (9) (0.002)

So use d = 3/4 in

Ans.

[800(6) (62 ~ 102)]2 + [600(3) (32 - 102)]5J} }*

(}800(4)(102 - 42)1% + [600(7) (102 - ?2)]2)5 [i

4.0




3-25 OMITTED

rﬁ—ﬂ—ﬁ

dx

[

Use Eq. (a) of Sec. 2-5 to get

g5 F dx _ F dx
AE Eﬂ(rl + x tan o )2
. dx
(rl + x tan a)?
=L(_ 1 )P_’
TE tan a (r1 + x tan a) 0
f= -
TE rl(rl + £ tan o)
Then
- F_ nErl(rl + £ tan a)
6 L
EA
e sk (1 + 2% tan a)

L dl

3-27 For free fall with
£h; LF -my =0
y y Y

" - mp =0, 505 =g 1, 4

Using y = a + bt + ect? '
L

0, y =0,

and ¥ = 0, and so a = 0, b = 0, and

¢ = g/2. Thus

we have at t =

y = }gt®> and § = gt, for y £ h
=h, t = (Zhlg)i, and

O T 2 B O O O D O D E S e O B B @
O
n
2|
=
o

At impact, y

}

vy = (2gh)

-

L I
k(y-H)

for y > h +W“é{

NOw let x = y - h; then

After contact the D. E. is
mg — k(y —h) = oy =0

X =¥, and X = ¥. So the D. E. is

® +-§x = g with solution m==(k/m)£

and -
x = A cos wt' + B sin wt' + Eﬁ

At contact t' =0, x =0, and x = v

0
Evaluating A and B then yields

v

x = — 28 cos wt' + =0 sin wt' + mg
k w k

or ¢ -
W ' 0 . v , W

= - = + — + = +

y . Cos wt 5 Sin wt ™ h

and

. _ Wo . v A .

y . sin wt' 4 Vg oS wt

To find s S set ¥y = 0. Solving gives

v, .k
kL -1 0
(wt") = tamn ("_’Wm )

The first value of (wt') is a minimum
and negative. So add = radians to it

to get the maximum.

Numerical eiample: h=14n, W= 30 1b,

k = 100 1b/in. Then

o = (k/m)? = [100(386)/301% = 35.87 raa/s
W/k = 30/100 = 0.3

i

w

Vo = (2gh)i = [2(386)(1)}i = 27.78 in/s
Then
y = -0.3 cos 35.87t" + %%f%% sin 35.87t!
+ 0.3 +1

For v

Dax vk

v _ _ 0" _ _27.78(100) _

tam at Woo H(55.87) ~ L0

" .
(wt') = -1.20 rad minimum
(mt')* = -1.20 + 7 = 1.940 maximum

41 '




*
3-27 (Concluded) Then t' = 1.940/35.87

1

0.0541 s. This means that the spring

*
bottoms out at t'* seconds. Then (we')” = 35.87(0.0541) = 1.94 rag

So ymax = -0.3 cos 1.94 +-§§f%g sin 1.94 + 0.3 + 1 = 2.130 in Ans.

The maximum spring force is Fmax'= k(ymax =)

100(2.130 - 1) = 113 1b Ans,

—_—

The action 1is illustrated by the graph below. Applications: Impact, such as a

dropped package. Also, a pogo stick with a Passive rider. The idea has been used

for a one-legged robotic walking machine.

T dEFLECTIOW

2k
y ConTmeT g ;
3-28 Choose t' = 0 at the instant of The D. E. is
- 3
impact. At this instant, ¥y = (2gh) *. W B = ks ”1
Using momentum, m.v. = m,v,. Thus &
171 2°2 ¢
because the Spring force at y = 0
W W. + W ;
1 SN | 2 includes a reaction to W,
E— (2gh)* = Vz ) 2
With w = (kg/W)* the solution is
3
R - Wl(Zgh) Y = A cos wt' + B sin wt' + W /k
v, = 1
2 Wl + Wz
v o= — L L]
So, at t' = 0, y = 0, and $ = vz y Aw sin wt' + By cos wt
e——s — Att'=0,y=0,50A=-—Wl/k
y 1‘4 At t' = 0, vy ='v2, so v, = Bw
! \Wﬁw‘& L HEREY B, Then ]
Vs Wl(Zgh)
B = —— = —
s 3
& lgﬁk Vui (Wl + 'n‘z}[kg/(wI + WZ)I




3-28 (Concluded)We now have : :
W 3 W
1 " 2h § 1 : :

T = e—— T b L + —
y = = % Cos wt +—w1 k(Wl T Wz).] sin wt X _ | g

Transforming gives

W, [2hk } W
Y= et 1 cos (wt' — ¢) + . where ¢ is a phase angle. We now have
. 1 2

W 2hk bW
B e ey o 1) + o  Ans.  3-30 and 3-31 OMITTED

max k Wl + WZ

P

i I O B D O D N e e N G B B e
i
\\
A

3-29 Assume x > y to get a free-body 3-32
diagram. 8>4b

P‘ g ‘l .
N ¢ ! H -
W r—— l(.L'-i_ b e o) 7z P 1

e T TTr——

A particular solution is

kla

Y = o
k1+k2

Then the complementary plus the parti- = g

cular solution is ~

Yy = A cos wt + B sin wt +
(k1+ kz)g 3 . z M=12F
where w = e i HOA = -2Fx; M, = -12F + F(x - 6)

At t =0, y =0, and y = 0; so B =0

AB
F2g
kla ) U = T
and A = = g—=a 2EI 2AE
1 2
6

Then au 1 M
e e _Oé,d
k,a B x| Yoa &

1.
y = k—l"_-"_““ﬁg(l — cos wt) IF 0 oF

1 (P8 (om )
y is maximum when the cosine is -1. So L SO M _AB dx + —
AB
I

Zkla " E 6
y = — ns.
max kl + kZ —

i
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. 3-32 (Continued) 3-34Here IF = 250 - Rc - Rs =0 g
) aHOA . HHAB -6 - 12 where Rc'ls the reac?ion of the 3 ﬁﬁé
I 5 F 3F copper wires and Rs is that of the stee% :;:
= x - 18 wire. Let Rc be the redundant reaction. ;
i 1 6 Then --%
yp = — | (-2Fx)(-2x)dx Ry = 20 - R, :
EI |, R 4L R.L
U= -8 + S
i 114 2AE_ " 2AE_ %
W :
e (x - 6 - 12)(x - 18)dx (250 - RC)ZL 2R L
l 6 T T 2AE *IAE
s s c ¢
12F 864F 12F Now take the &rivative and set it
+ = +
AE EI AE equal to zero. Thus
r *
L bh3 ) 0.25(2)3 . L 4 U _ 2(250 - Rt)(—l)L . ZRCL o
12 12 . n 3R 2A E 2A E
c s s c e
- ?Td2 5 H(O.S)z . - P -_; e
A= - 4 = 0.196 in Solving gives ACEC
864 (80) 12 (80) R, = 2305 where K= T2 053
YB = + s s [

10(106)(0.167) 10(106)(0.196)
= 0.0414 + 0.0005 = 0.0419 in Ans.

The areas arg for each wire
a_ = (0.801 )2/4 = 5.03(107°) 1n?
a_ = 1(0.0625)2/4 3.07(107°) in?

I

3-33 As a check on Castigliano's

Also, E = 17.2 Mpsi and E_ = 30 Mpsi
method, here is an independent one. 2 =

Thus .
- _ _ 3(5.03)(17.2)
Let Ll 0.1 m and L2 1.50 m. K 3.07(30) + 3(5.03)(17.2)
TL FLle
Then 6 = — = = 0.738
& e Then R = 250(0.738) = 184.5 1b

The cantilever deflection is ¢

FL. 3 and RS = 250 - 184.5 = 65.5 1b
y = So the total deflection is The stresses are

3EI Rc 184.5

FL, 3 = = = = 122 i :
) BRI ° T 3a_ T 3(5.09) kpsi  fns
yT =y + ﬁLl = + c
3EI GJ RS 64.5
With E = 207 GPa, G = 79.3 GPa, 9" XE: =307 - 2l kesi Ans;
f=0,102 cn”, and J = 0.204 em”,
the result is PRO%&FM W
\ /
F/ 1/0.0943 = 10.60 N/ 2.~ = ¥
= = 2 = s m Ans. g -

¥: y Hans t{ihiz E)];,Q A

Find maximum linear deflection due to MO
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3-35 (a) The bolt tensile stress is
b= 0.98P = 0.9(85) = 76.5 kpsi
Also

0 Ans.

A, = 7(0.375)%/4 = 0.110 in?

The preload is

= = . .110) = 50.5 ki
Fi 60bAb 6(76.5)(0.110) 0.5 kip
_Tp2_-p2 =2 2 .. 2
Ac = A(Do Di ) 4[(4.5) (4)<]
= 3.34 in?
Then F EiLE
g = = 2~ = -15.1 kpsi  Ans.

4

c A 3.
C

(b) The force due to the intermnal pres-

sure is

p = nD2p/4 = w(4)%(600)/4 = 7540 1b

G ‘oolte —_——

| P&,"SO’S + By

S N SN
C‘é\'

T s S WS

S

TLT:FE =565

+F =P =7.5 (1)

From diagrams Fb

The loss of compression in the cylinder

is

FL F, (11)
(S & C
Mc “AE = 6
c 3.34(30) (107)
= 0.1i0(10_6)FC (2)
The increase in the bolt elongation is
- FL _ Fb(12)
b 6AE 6(0.110) (30) (10%)
- 0.606(10‘6)Fb
Or, since F, = 7.54 - T
b c
S, = 0.606(10_6)(7.54 = F 3 (3)

Since Eqs. (2) and (3) must equal each
other, we find FC = 6.38 kip; and hence

Fb = 7.5 - 6.38 = 1.16 kip. Then
P, = 50.5 +1.16 = 51.66 kip
and

51.66

% = $(0.110) = 78.2 kpsi Ans.

Also PC = 6.38 - 50.5 = -44.12 kip

and
_ —44.12

.= 334 -13.2 kpsi  Amns.

3-36 OMITTED

337 . 60A = GAB + GBC @9
= = + s = =
[ IF R0 10 5 RC 0
th—, From which we get
o ¥ Ko + RC =5 (2)
_7 f From (1)
%
- 10
in K} % ZORO _ (5) . 15RC -
o o AE AE AE
o v
5L“__j§.i__ Combining (2) and (3)
A < B and solving gives
= =
] 2 — — -
3 0(5 RC) lSRC 50
2
_a = ;ﬁ = 1
o RC 35 1.43 kip Ans.
o
. o RD =5 - 1.43 = 3.57 kip
o) = - .
N % Ans.
ur - -
E Note that RO is tension
} and RC is compression.
Q
o
VA
PROBLEM __ /"~ y/ =
- . F
-
i e
" Find deflection due to F;
second moment of area at support = I

4.5




; T
s AR

TR,

_TRB Ry + g =W (1) oy =9 ()
gl 20R; 230}1}3 3
= Fo T E R
l W=800 2b
3
800 - R, =
A i B 2 RB
1600
RB = —— = 320 1b - Anse.
53
0 p ' _
Re RO = 800 - 320 = 480 1b Anse.
0—(; = - égi)- = =~ 480 psi Ans.
(TB = + §§-Q = 320 psi Ans,.
3-39
®oa = ®sB
Tpgt®) Typlb) e =3 T, 4T, =T
GJ GJ * “oa T Z “aB’ ‘oa AB
3 T
TAB(§+I)-T’ TAB=-2——- An
3 ' oT
Ton =7 Tap = 7~ Amss
The shafts may be diagrammed as follows:
3-40
— Az
omj Q\
“ : N
R
: =
¥ ZEN
i Q,?_L_ng
L . b
Bin w i N

4.6
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3-40 (Continued)

The free-body diagrams follow:

l (-
X 1
w/ 1
Tl 7-
L]
o
Z 3
z % -
e ,
3 3
T, = o (L) o, =86, + o
2 4,05 1 in = "1 " 4,05 2
_ Tlﬁ _ T2Q
8, = —— 8, = —
GJy > 6d,
4
T(0.875) "
32
f(1.25)*% 5
Jo= ——— = 0.240 in
32
a5 |
9111 = =—— rad
180
2
) =Trﬁ+(3 ) T,/
180 67y \1.25/ @7,
1 ( 3 }3 % 1 4G
T —_— — = e——
3
7, .28/ 3, 1804

1 3 \° 1 4M(11.5) (10)°
T1 +( 3
0.0575 \1.25] 0240 180(48)

Solving gives Ty = 404 1b°*in

4.1

B P T 01 Ly L. W
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3-40 (Concluded)
S

Then T2 = —— (404) = 970 1b°*in

1.25
16T, 16(404)

T - =
1 ’ﬁdlg T(0.875)°
16T, 16(970)
2 _’ﬁd25 T(1.25)°

= 3070 pSi ANge

= 2530 psl Ans.

|

5

e L
by WA L i ke A SR

3-41 Define Gij as thg deflection in
the direction of the load at station i
due to a unitload at station i. If U is
the potential energy of straim for a
body obeying Hooke's law, apply P,
first. Then

U= iPl(Plﬁll)

When the second load is added U be-
comes

U= iPl(Plﬁll) + iPZ(P R Pl(P25

2822 12)

For loading in the reverse order
' =
Ut = 3P, (Ry6,,) + 4P (R16,)) + Py (P6,))

Since the order of loading is immaterial

U= U" and
ByPydyy = BoByoy
when Pl = P2, 612 = 621

which states that the deflection at
station 1 due to a unit load at station
2 is the same as the deflection at sta-

tion 2 due to a unit load at 1. § is

sometimes called an influence coefficient.

a b —=j
rm 1
i £
VN :l 5 1 —*x
&)

Fca(2? - a?)

6EIR

_ 400(7) (9) (23% - 92)(64)
6(30) (10%) (1) (2)* (23)

I

0.0035 in

(b) The slope of the shaft at left

bearing at x = 0 is

g =

Viewing the illustration in Sec. 6 of

3-42 (a)
_ Fex(®® - a?)
YaAB 6ELL
R -y _ ca(2® - a?%)
12 F 6EI

Fb(b?2 - 22)

6EIL

to view this problem. Noting that a

is to be interchanged with b and —-x

with x leads to

g =

4o

Fa(22? - a?)

Fa(2? - a2)(64)

6EIL

6End42

Table A-9 from the back of the page is



3-42 (Concluded) 3-44 For one quadrant
2 2
g = 400(9)(23 -9 )(64) = 0.000 496 infin M = EE(COS 60— g)' Eﬁ = E(COS 8- g)
6(30) (10 )11(2) (23) 2 n’? 9F 2 m
So y, = 706 = 7(0.000 496) = 0.0035 in 5 =20 ., “/2@;@%
. oF ET oF
0
3-43 The cross section at A does not . . w/2
FR 2
rotate, and so.we have for a single = Eﬁf (cos 8 — ;)2 de
quadrant that 0
: _ FR?fm _ 3)
W= ih JEIlZ ~ @

oM

L=
s
.
1
E

A For the entire ring
The bending moment at angle 8 to the
x axis 1is - . FRPar 2
= FR ’STotal 28 = EL (4 n)
M= MA - E(R -x) = HA - E_(l — cos 8)
3-45 Equation (3-40) becomes
because x = R cos 6. Next T e
3 2
w2 ds _ | ™2 u2R de U=2J ERX 48 R/m> 10
2E1 o ZEI 0
since ds = R d6. Then where M = FR(1l - cos 8) and
/2 a = R(1 - cos 0)
W _R | M aF
BMA EL BM w2 m .
0 = el
6 BF EI MR oF de
But BMIBHA = 1. Therefore 0
w/2 /2 . 5 T
o 2 phe 3
M de = [MA - -i—R(l - cos e)} de = i FR?(1 - cos 6)2 do
0 0 0
Since this term is zero, we have - 3nFR?
EIL
M = ER(L1 1 4
A 2 \2  «w Since I = bh®/12 =4(6)3;12:72m
and R = 81/2 = 40.5 mm, we have
Then we find that T (40,572
: F
§ = 2= 2) T 66 4F .
M= %E (cos 8 - 3) 131(72) - i
m .
The maximum occurs at B where 6 = 7/2. where F 1s in kN.
It is - QUiZ
Be=5 L
QUIZ Find yAl 1‘0 i A ‘}B
. f_ = i +15 Finé slope at 0 due to shear

49
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3-46 and 3-47 OMITTED

COLUMN ANALYSIS PROGRAM
1. Next if metric units, else 9
2. Use MPa for strength, GPa for E,
um for dimensions, and kN for force
3. Enter Sy

4. S = 1088
y y

5. Enter E
6. E = 109E
7. Enter L

8. L = 10'3

L; go to 15 _
9. Use kpsi for strength, Mpsi tor E,
inches for dimensions. '

10. Enter S.
y

11. S, =S
y ¥

12, Enter E

13. E = 105E

14. Enter L

15. Next if end-condition constants are
same in both directions, elséhl8

16. Enter C

17. ¢ = Cy = C; go to 19

18. Enter C_ and C
x 5

191 1f section is a solid ;ound go'
to 23, else next -

20. If section is a hollow round go
to 29, else next

21. If section is rectangular, go to
39, else next

22. If section is a rolled shape, go
to 48, else stop

23. Next if metric units, else 25

24. Enter D; go to 26

25, Enter D

B = 4 g Yoo .
38. X, = [ + D, )161%5 k= ks

4L WX = 107 x

26. k= k_=D/4
x y
27. A = ¥D%/4
= = 2 L4

28. I Iy AD f16,.g0 to 64
29, Next if metric units, else 33
30. Enter outside diameter DO and uall‘a

thickness-t '

31. D = 107D
(8] [s]

32. T = 10-3t; go to 35
33. Enter outside diameter D0 and wall
thickness t
34. D =D ; T=¢
o o
35. D, =D - 2T
o

W
= 2 _ 2 i
36. A Tr(DO Di /4

- =1 = 4 o_p b
R (R ) /64

X
.. go to 64

 ?39. Next if metric, else 43

-~ 40. Enter x and y dimensions of rectangle

~in mm
3
42, WY = 1077y; go to 45
';43. Enter x and y dimensions of rectan-
gle in inches
44, WK =x3 WL =Y
45. A = (WX)%; k= 0.289WY;
_ ky 0.289WX
46. 1= WX (WY)3/12
47 . Iy = WY(WX)3/12; go to 64
48. Next if metric, else 51

49. Enter section area in cm

50. & = 10%A; go to 53

51. Enter section area in square inche:
52.7A = A

53. Next if metric, else 57

54. Enter IK and Iy in c:m‘£I

-8
55 Ix = 10 Ix

50



COLUMN PROGRAM (Continued) A = .5 SOUARE IN
8. . X = .289 IN KY = .1445 IN
6. = 10 : to 59 : =
3. L, 30 Lgh BOUER L7KX = 144.2907 L/KY = 288.5813
EULER PX = 7094.749 LE
57. Enter T, and I, inmm EULER PY = 2128.424 LB

JOHNSON PX = 6937.225 LB

8. I =131 =1

A

X x’ 'y
59. Next if metric, else 62

60.Enter kx and k in mm

6Lk = 103k ; k= 1077k ; go to 64
X X Yy y

62. Enter k and k_ in inches
X y
63. k. =k ; k= k
x x ¥y y

2
64. Bx (SylZw) /CxE

65. B

]

B C /C
y D
66. Euler P = w2C_EI_/L?
X Xx X
67. Euler P = w2C_EI_/L?
y y 'y
- - 2
68. Johnson Px A[Sy Bx(L/kx) ]
69. Johnson P_ = A[S_ - B_(L/k)?
o L [ % y( / y) ]

70, Print desired output

y JOHNSON PY

3-48 See solution below
Y p =298 1b, P__ = 5(298)
e = 1490 1b
L L =41.7 in
*
.!Is _T'

—
(a) Use t = } in
_ l_(b) oy = -298/0.5 = -600 psi

= —-4875.916 LB

A = .4375 SRUARE IN
KX = .289 IN KY = .1264375 IN
L/KX = 144.2907 L/KY = 322.8072
EULER PX = 6207.905 LB
EULER PY = - 1425.878 LB

JOHNSON PX = &070.072 LB

JOHNSON PY = —-B7B6.76 LE

3-49 OMITTED

3-50 Sy = 68 kpsi, E = 30 Mpsi

T g 1(3)% _

Pcr = ppr g = 3(800) A = 17 000 1b

P=P /n=56501b
cr
See computer output; then

(a) d = 1.5 in; (b) d = 0.875 in;

(e) 20 439
n

= Sgs0 - >-O!
_ 24 994 _
n = T5gs0 - 44
FROE. NO. 3 -S50A(D = PR A
A= 1.484892 SQUARE IN
KX = - 4375 IN EY = - 3A3TS
L/EX = 174.5455 L/7EY = 174.
EULER FPX = 144=1.06 LE

EULER PY = 14431.06 LE

No. JOHNSON FX = —-75651.27 LE
JOHNSON PY = -75651.27 LE

A = .375 SQUARE IN |
KX = .289 IN KY = .108375 IN B e B e i wer
L/KX = 144.2907 L/KY = 384.7751 oy o e 767145 SUUARE TN
EULER PX = S321.061 LE s _¥gdn AN Wy = adde IN
EULER PY = B897.9291 LE T el _LIRE = 160
JOHNSON FX = S5202.919 LE - e ey e o
JOHNSON PY = -13501.27 LE ELLER CY =~ Z0%38.60 LB

JOHNSON FX
JOHNSON FY

-56458.13 LB
-546458. 135 LB

1l

1

S(

penE mae B B I-- S bl bl s e i T et SN . s TN

Lﬂ
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3-50 (Concluded)
_ FRDE. NO. 3-5 (25 ¥ =3
_ A= 2 55 SQUARE CM
FROB. NO. 3-S0B (p - <754y KX = 2 401 uyM BY = 7. 85506 MM

T -4417861 souare 1N L/7EX = -1153403 | jpy o 4. 1522495,
KX = 1875 1IN KY = _i1g7s IN BULER px = 3, 47571 gy ¢
L/EX = g4 L/KY = o4 EULER py = 372.4227 py
EULER PX = 14103 =, LE JOHNSON Ry = 32.60895 1
EULER Py = 1419Z.51 Lg JOHNSON py = 80.60z8 i
JOHNSON By = 14145.3 g
JOHNSON Py =

14145.3 Lp

3-52 1F =0 = 2000 + 10 000 - P

= 12 000 1b; M = 12 000 5568
FROEB. MNG. 3-50R (D = -875")
A = 60132 SQUARE IN

R 000(5.68)+M= 0
X = L onEZS TN gy n .21875
L/KX = gz 2857, LZIE 82.°8u7 M= 22 720 in-1
EULER PX = 24205.24 |5 \\:i} M _ 22 720
EULER PY = 25095 54 LE P
SOHNSON Fx

~ " 12 000 ~ 1.893
= 24993.¢4 Lp
JDHNSDN FY =

r:.Ag;QS é ' B From Table .A‘.“'S
' A= 4,271 ip2 i
3598 4 i
o | I=7.090 in
¢
351 B ok 74000
sie T AT 4
= 1.66 in2
5 A s g | = o = _ 12 000 1+ 1:893(2) ~9218 psi
9.8W c 4.271 1.66
2F sin @= 9.8W, F = 5“7*—5 .
=R oy = Mo _ 22 7202) _ -~ :
p 280800 e A < 557 u5 ' b~ T 7.090 -
2 sin 15 .
Then p =

nF = 2.5(7.57) = 18.9 kN
4

Yy = -k*/e = -1.66/1.893 = -0.877 in
See computer Output below

| o g |- Lmel s,
S, = 380 MPa, L = 390 mm, C_ =], ’ : f
Yy X
C, =1.4, E = 207 cpa 3-53 p S
3 T
Use 2 bars, each 25 x 4.5 mm, A 1 + (ﬁg)sec (x)
- = 3 “ 1 1
For =326 kN, n = 32.6/7.57 = 4.3; Sec (x) = 1.01; cos x - o - T
. ’ . - e A '-I l i
FROE. MNO. 3 21 (25 X B) X = cos —_— = 0.141 rad
A = 2 SQUARE COM 1.01
KX = S FZ MM KY = 7. 295001 My }
LOEX = 1297578 ey LT 1522496-02 =.£_(E_) 0.141
EULER px = 24.2134 kN 2k \ AE
BEULER PY = =31 5405 N
JOHNSON FX = 14 39757 oy = - 200.141) 282 (AE/p)? i
JOHNSON PY = 71 44785 kN ' (e/apy? |
52



' CHAPTER 4 s = 33.47 kcycles

i Statistics is a fundamental, independ-

i ent discipline which is a pervasive b=3. (a)
means of gaining knowledge by inferring y
underlying reality. Engineers have need x . nX no® £(x) ni/ 232
for data. Variation in process is omni-
present. Data production should be gg 2 igg 2$ %zi 8'8?;? 8'82?3
designed with variation in mind. Statis- 2 6 132 1 104 0.0388 0‘0259
tics allows the quantification and ex— 76 6%[& 31 S oo G
planation of variation. Nature is full EO 19 1520 lgl 600 0.0629 0'0319
of individual variability with long term D 13 g&o e ool oo
regularity. Stability is not uniqueness a8 > 70 5 0.0216 0'0132
but a pattern of variation, a mix of = ‘ZP 234 36_3?28 g 0'0036
systematic and random effects. Statis-— <8 LeL8 359 088

tics allows these to be separated, and
is about variation and its measurement,
the ways models describe data and data s L5L8/58 = 78.L kpsi

criticizes models, and about sensitive 1/2
use of data to illuminate dark places. . [559 088 - h5h8%/58} - G Tost

57

(ne reference is Kennedy & Neville,
Basic Statistical Methods for Engineers
and Scientists, 3rd ZEd., Harper & iow, Eq. (4-13):
1986, See Lipson & Sheth, Statistical

2
Design and Analysis of Engineering 1 X = 784
= —r= f(x) = ————— exp[-2 (-——- ]
eriments, McGraw-Hill, 1973, also. 6.57 Jow 3 6.57
il Histographic PDF:
2
n nx nx
i fi(x) = ni/(NW) = ni/(58[1+]) = ni/232
60 2 120 7 200 .
70 1 70 L 900 (b) From histogram:
80 3 2,0 19 200
9 5 450 LO 50C - 24+6+6/2
100 8 800 80 000 F(72) = ————= 0.189
110 12 1320 145 200 58
120 6 720 86 LOO .
130 10 1300 169 000 From normal fit:
14,0 8 1120 156 800
150 5 750 112 500 X = 78eli T2 = T84
160 2 320 51 200 zZ = = 2 = -0,9741
170 3 510 86 700 5.57 6457
180 2 60 6L 800
190 1 390 36 100 ; From Table A-10:
200 O 0 C
210 1 _210 4L 100 F(72) = $(-0.9741) =& = 0.165
(0] 1104 60C
H 70 BLEO " which is a better estimate of population
Eqe (b-3): X = 8420/70 - 121.1 keyeles CDF than sample information.
Eqe (4=6): ’
1 104 600 - 8480%/70] /2
g =

B -

R L0 s P ol



l L=l L4—6. Dimensions produced on parts by
: x n nx nx? automatic machinery grow uniformly in -
I 5.625 1 50625 31.641 size as the stream of parts accumlates.
; 5875 0 O. O. :
I 6.125 O 0. O Dimensions become uniform random in
6.375 3  19.125 121.922 _
6.625 13 19.875 131.672 distribution when mixed. For a uniform
6.875 6 41.250 283.5%
I 7.125 1L 99,750 710,719 random dimension x in the interval a,b
Te375 15 110,625 815.859
7.625 10 76,250  581.406 a+b . be=a
7.875 2  15.750 124.031 A = g, =
I 8.125 1 8.125 664,016 2 23
55 396.375 2 866.859
Solve simultaneously for a and b
q % = 396.375/55 = 7207 f 5
27..11/2 a=m-V38
[z 866859 ~ 396.3757/55) R
g = : b =4 + Eo’
L 5l
6 Estimating population parameters A and ¢
= 043

using sample parameters X and s we obtain
= 5/% = 0.436/7.207 = 0.0605 _
2 = 046241 = 43(0.000 581) = 0.6231 in

= 7207
f(x) = ————— x;{--uC ) ] D = 046241 + {3(0.000 581) = 0.6251 in
.436 2w 0.436

We suspect that the dimensions were
Predicted class frequency:

0.625"
ng = Nwf(x) 0.623" °

W = 54875 = 5,625 = 0.25 therefore

L4~7. Since F(x) is linear the distribu-
tion is uniform random. At x = a

F(a) = 0 = 0.555a - 33

BN N S I D BN BN .

' /\ ]
10 - \——- a = 33/0.555 = 59.46 mm
AEx=Db
F(b) = 1 = 0.555b - 33
Q =TT 7T ‘-‘/'/l R T e S e e T b = (33 + 1)/00555 = 61.26 mn
e Fas Szt Therefore
F(x) = 0.555x = 33  59.46 £ x & 61.26
=0 x & 59.L6
l! =1 x 6126

54




The PDF is the derivative of th CDF with

respect to-x, thus

£(x) = dF(x)/dx = 0e555 59.46< x¢ 61426

= 0 otherwise
From the range numbers
= (a + b)/2 = (59.46 + 61.26)/2
= 60.36 mm

= (b = a)/2y3 = (61.26 - 59.46)/2{3
= 04520 mm

19, The expression € =£/£ 1is of the

form x/y. Now
Cx = 0.000 092/0.0015 = 0.0613

Cy = 0,0018/2 = 0.000 90

From Table 4~

0.0015
M = _x: =
My 2

2 2,1/2
C, = (Cy +cy)/

= 0-(]30 75

= (0.06132 + 0.0009%)Y/2 . 0.061 31
G, = Cg M, = 0.061 34(0.000 75)
= O.Cm 014'6

4=10. The equation C=€ E is of the
form X
C, = 0.000 034/0.0005 = 0.068
cﬁ', = 0.885[10%1/29.5[10%] = 0.03
From Table A4~
Ay = Y M = 0.0005(29.5[106])

= 14 800 psi

G = (C2 + cyz)l/2 = (0.0682 + 0.03%)1/2

= 040743
J¢ = Cqlig= 0.0743(14 800) = 1100 psi

L4~12. The form of the stress equation

is ‘);/X.

C, = 1350/15 000 = 0.09

Using Table L~

Cy = C43 = 3C4 = 3(0.005)/2 = 0.0075
32umy | 32(15 000)

- = =19 099 psi
T‘d.3 ki 23 s

¥

2
B 4 [0 4 Gy VP
= (0.09% + 0.00752) %2 _ 0.0903

Fe = Co Mg = 0.0903(19 099) = 1725 psi

4=-13. The stochastic equation of

interest is e = % - r.

A, =F =M

Ge =0,

Ce = a"e//‘ue

For three digit display m = 3,
r = 0,149(10%)

Mo = 04149(10%)

0.5(10%)
T 3103
Mg =15 = 0.149(10%) = 0.1
5y =8, = 00269

Eald

= 000289

Co = &/t = 0.0289/0.1 = 0.289 = Ce

25




m----m-—--)

A

A3

Imprecision in e brings a coefficient

-

of variation of 0.289 to the stress. P PP

therefore
For m = 4, r = 0.1495(10%) and

My = 0.1495(10%)

o, = Cou, = 0.04(229 031) = 9161 psi

P = Ppay = (229.0, 9.2) kpsi

0.5(I102) L~16. From Prob. L~1 ,!1= 121.1 kcycles
dr = = 0.002 89 FY
T 3ot _, and 8= 33.47 keycles.
Mg = F ~u = 15 — 0.1495(10%) = 0.05 T A - 121
&, =&, = 0.002 89 S 33447
C, = 04002 89/0.05 = 0,0578 = Cqs X0 = 1211 + 33.47z,

and the imprecision in stress has been

0.1003 1.28 Using Table A~10
reduced. For m = 5 Ce = Cx = 0,005 78.
_ _ 0.,1000 a and interpolat-
L=15. Cp = 40OO/5000 = 0.08. Call Prax 0.0985 1.29 ing gives
simply p. The COV of F dominates. In a = 1.2816
Eq. (2-93) define h as 21 = —1.2816
2 21 —vz)/E X0 = 121.1 + 33.27(~1.2816)
h = —
m1/d; + 1/d, = 78.2 kcycles
2 2(1 - 0.30%/30 105 &
= — / / = 0.429 10 4-17. From Table A-10 8.1% corresponds
w3  1/0.5 % 11
hen BB . 2 B (2-91) to z; = ~l.4 and 5.5% corresponds to
then b = . om Eqe
Z, = 1.6 with position with respect to
2F 2F 2712 2 P
= — = = the mean noted
P Tdpe wnl/25/2g w2 .
25H/2 , ky =My + 7 9y
1/2 s
71 (<0429 10_.8)1/2 3 2 k 2%k
from which
1/2 1
A = 3200 &2 = 3210(5000) /2
o . @ 221':1 - zlkz 1.6(9) =(-1.4)11
= pSl k = —
22 — Zl 1.6 "‘("loil-)
From Table L~L by analogy for powers of

= 0-9
X, C= Cx/2 S0 2

C, = Cp/2 = 400/(2[5000]) = 0.0




el P AR L A R

% k2 - kl 11 -9

k= 22 - ..Zl ) 1.6 "'*(-'1014)
From Eqe (4~13)

= 0.666

T 1 L 9092 4
f(k) = ——i—* EXp | = — )
04666 /2T 2 \ 0.666

This is the original density not the

density after truncatione.

k19. (a)
A= (a + b)/2 = (0.748 + 0.751)/2
= 0.7495 in
¢=(b-2a)/28 = (0.751 - 0.748)/2 5
= 0,000 86 in
f(x) = 1/(b - a) = 1/(0.751 - 0.748)
= 333.3 in "
F(x) = (x = 0.748)/(0.751 ~ 0.748)
= (x - 0.748)/ 0.003
(b) F(x) = F(0.748) = 0
04750 = 04748

F = F(0.750) =
() = F(0.750) = ———

= 0.666
If g(x) is the truncated density, then
{rom Prob. 4~18
£(x) 333.3

P(x,) = F(x;) 04666 — 0
1

5(x)

i

500 in

It

It

(a* + b')/2 = (0.748 + 0.750)/2
0.7L9 in

&= (b - a")/203 = (0.750 — 0.748)/23

= 0.000 577 in
(1) = Seo
4 fir)=33:33
¥
________ —_ ————
|
1
|
T 1] T
o.14 6.7459 o.78D o0.7%51

57

4~20, From the definition of a mean

%2
Ayt ='E(xt) =j x g(x) dx
*

-[x2 x f(x) dx
= Ans.
| ¥y - 20cy)

The variance is the difference between

the expected square of the variate and

the mean variate squared, or
~2 2 2
Ox,t = E(X‘b ) -/U}c,t _

e
=/ ng(x) dx - /uk,tz
!

% x*f(x) dx 4
= e /u.x £ Ans.
5 Flg) - F(x)

The new CDF at X is obtained by

integrating the PDF between Xy and Xg

*0 %0 £(x) dx
m%)jf g Jax -
X1 X F(xz) = F(Xl)
) Ans,




T

m m m — - _ - u e ‘ g SR

!i—‘zlo From PI‘Ob. li'-18
1 1

" Ry - Fla)  $(zy) - dlz)

a

1
= = 1,156

0.9452 - 0.0808

o 1,156 1 C(t = 9.91)2
BlG) = ke vam | 2 \ 0.666

in the interval 94 k11 and zero

otherwise. An alternative way of
evaluating a avoiding interpolation is
1 1

1 - (« +€5) i} ‘1_- (0.081 + 0.055)

a =

= 1.157
) glk)

0,081 O

0.141 O

06225 06260
06327 0,378
0.435 04502
0¢528 0,610
0.587 0.678
0595 0,688
10.2 04552 0.639
10.4 Oeh68 04541
10,6 06363 0.420
10.8 0e251 06297
11.0 0.166 0192
11.2 0.098 O

11.4 0.053 O

New mean and standard deviation can be

=

ppom
PO o

.

O:.O\D
omo

found using Simpson's rulee.

= - = 3 = -
My = 9:95k; Ty = 0.5786

4~22. Largest gap w exists when right
tending vectors are largest and vice
versae.

wo =2 (F +ty) - L@ty

- EE - STt Et =W+ T
i 3% e sk

Smallest gap w exists when right-tending
vectors smallest and vice versa.

- Ziiniyj_aﬁi_ltkﬂﬁﬂgfk

The half-range bilateral tolerance i

on gap w is

Ya = E AL AR Wiin)

=ifF+ It - (- 2] =2¢
![w 2 W allk ajj_k-

L4-23. xl‘“dr o = G Yh“b' gg =
(a) % Zii—2'§j=5—3—5—€

= 6,020 ~ 3,000 = 2.000 - 1.000
= 0,020 in
b, :agltk =ty + g + by + by
= 0,006 + 0,005 + 0,003 + 0.001
= 0,015 in
W =Wt b, =0.020 £ 0,015 in
(b) ¥ = 0,020 in as before. If the
distributions are normal, natural

tolerances given by



- [0.006% + 0.005% + 0.003% + 0.0012]%/2
= 0,008 426 = 0.009 in

w=Ttt, = 0,020 # 0.009 in

Dimensions produced by automatic mach-
inery varying due to tool wear between
setups. exhibit uniform random distrib-
utions if mixed. Sums of uniform
variates approach normality. With four
elements in sum PDF is a bell-shaped,
piecewise cubic and a normal distribu-

tion for gap w is a reasonable estimate.

With uniform random variates

8, = 0.001/f3 = 0.000 577 in
&, = 0.003/{3 = 0.001 732 in
8. = o.oos/ﬁ = 0.002 887 in
&y = 0.006/43 = 0.003 L6k in

From Table L~4
3. 362 = (0,000 577 + 0.001 7322
+ 0.002 8872 + 0.003 46L2)7

= 0.004 865 in
Since gap W is robustly normal in this
case three standard deviations are used
t, =38, = 3(0.004 865) = 0.014 595

= 0,015 in
Note that this is larger than 0.009 in
obtained when each element was normal.
The standard deviations of each element

under uniform hypothesfs Is abou: twice,

4=25. (a)

[ ]

T 0.014 in, w_. = 0.004 in

Woe (w o+ Wosn)/ 2
= (0.014 + 0.004)/2 = 0,009 in

" w = 0,009 + 0,005 in

]

=S%x-Sy7=a-b-¢
0-009 = —a-. - 0.0152 - 1.000
S 1,051 @n

t, =a§t

0.005 = ta + 0.002 + 0.002
t& = 0,005 = 0.002 = 0,002 = 0,001 in
Dimension a: 1.051 + 0.001 in Ans.
(b) Under normal hypothesis
g = 1.051 as before
t2-%t2 =42+ 0.002% + 0.0022
W a
all 5
= 00005
t, = (0.005% - 0.002% ~ 0.0022)1/2
= 0.00L 123 = 0.00k in

Dimension a: 1.051 + 0.004 in

L~26. The equation for gap W is

E=g~U~g
W=23a-b-0C=1.051 - 1.000 - 0.042
= 0,009 in
5. -(3,2+82+82/2
= {0.00152 + 0.0012 + 0.0012)"/"r
59



B

E}Hno.ooz 062 in
Z = (W*—-;)/a’w

(0004 — 0.009)/0.002 062 = -2,4248

fn

Interpolating in Table A-10
2eli2 0.007 76
2.4,21,8 o
2443 0.007 55

F(z) = §(-2.4248) = 0.007 66

C‘ = 0.007 66

HWith centered normal processes the
chance is less than one percent. Ans.

For chance of zero gap

n

z = (0 =W/ &, = (0 - 0.009)/0.002 062

~L 36447

Interpolating in Table A-10

L3 0.000 008 54
L43647 A
Lol 0.000 005 41

from which 4 = 0.000 006 515

or about seven chances in 100 000. Ans.

L=28. Choose 15 mm as basic size, D, d.

From Table 4-5 fit is designated as
15H7/hé. From Table A-11
(tege)pple = 04018 mm = AD
(t.g.)shaft = 0.011 mm =8d

HOLE: Egs. (4-16)

D+ &D = 15 + 0,018 = 15,018 mm

]

Dmax

Dmin =D = 15.000 mm

SHAFT: From Table A-12 fundamental
deviation SF = 0. From Egs. (4-17)

dmax

dpin

d+5F—¢gd

I

15,000 + O - 0.011 = 14.989 mm

L=29, Choose L5 mm as basic size, D, d.
From.Table L~5 fit is designated as
L,5H7/sb. From Table A-11 tolerance
grades are

AD = 0,025 mm, Ad = 0.016 mm

HOLE: Egs. (4~16)

D

45,025 mm

]

Dm=D=I+5.0(XJHHH

SHAFT: From Table A-12 fundamental

deviation 85 = + 0.043 mm. Eqs. (4-18)

dpin = 4 + 35 = 45.000 + 0.043
= 45.043 mm
dpae = @ + 95 + &d

L45.000 + 0.043 + 0.016

1}

I

454059 mm

L-31. Choose 1 in as basic size, D, d.
From Table L-=5 fit is designated as
(1.0 in)H8/f7. From Table A-13
tolerance grades are

AD = 0.0013 in

ad = 0,008 in

(#Ye)

A
f
S
-



HOLE: Egs. (4~16)
D +AD = 1,000 + 0.0013

o
)

= 1.,0013 in
D = D = 1,0000 in
SHAFT: From Table A~1lL tolerance grade
is 3p = —0.0008 in. Egse (L-17)
d _=d+ 35 =1,0000 + (-0.0008)
d i = dmax - pd = 009992 -— 000008
= 0-998&- ino
Expressed unilaterally
+0,0013
bore = 1.0000 in
- ~0,0000

+0.,0000
journal = 0.9992 in Ans.

Dy = Dy + 2 = 3.734 + 2(0.139)

= 1}0012 in.

tp, =2 b = 0,028 + 2(0.004) = 0,036 in
all

L~3L. The stochastis equation is

20 =Dy + 2
D, = Bi + 20 = 3.734 + 2(0.139)
= 4,012 in

o {27 - [tp.2 + (21,0212
‘= [0.028% + 220.00621Y2 = 0.029 in

D, = 4012 # 0.029 in

Domax = 15001}1 in

Domin = 3983 in

~0,0008

4=32. O O

From figure the governing stochastic
equation is
o= Maly w}
Dy =W+ Dy + W
= 0.139 + 3.7314. + 0.139 = 1{.-012 i.n

Dy =3 t = 0,004 + 0,028 + 0.004
all

= 0.036 in
AMternatively

D

Do =D; + 24

L4=35. The stochastic equation is
Eo =Dy + 20

D, = 51 + 2W = 208.92 + 2(5e33)

= 219.58 mm
2
1 ‘33_1’th= [1.30 + 220.132]1/

= 1033 mm

D, = 219.58 + 1.33 mm

4=37. (a) Figure defines P W
F -jn
was gape W = E~H .*&_QLH

FeF-W

= I&.Bz - 5.33 =L "1.01 mm

t. =2 t=t.+
walll-‘tw

= 0113 + OolB = 0.26 mm

Gl



e e R

R B R - R L

o L

= ey e gy e

Hm = W + tw = "'1.01 + 0026 = ""0.75 mm
All rings "squeezed" at least 0«75 mm.
(b) _ X

0% O

Ymax = Dy = 219.58 mm

Ymin = max[0.99Do, DO — 1;52]
max[0499(219.58), 219.58 = 1.52]
21738 mm

[}

!

Y = 218.48 + 1.10 mm

From figure stochastic equation is

Do“’?;fﬂgi or
A

ts

=

=
¢
1 ot'.'!

oo X D, = 218.48 — 219.58 = ~1.10 mm

t :ztﬂt-r‘f‘tn =1.10+0.3-I{.
W S1L (o]

= 1.1}1{-17@

. W+ tw = =110 + 14y = 0.34 mm

wm:inn.ﬁ-tw =—1.10-- l.l}l{-=“‘2¢5£}m

More rings are circumferentially

compressed than free at assembly.

L4~38. Prepare a table to find ¥x,
z xz, 2y, Txy conveniently.
x Y Xy x2
W (Sue (5))o/ (S )w
0.0 43.0 1.000 0.000 00 0,00
0.1 L48.0 0.89 0,089 60 0.01
0.2 53.0 0.811 0.162 20 0.04
0.3 60.0 0,717 0.215 10 0.09
Os . 70.9 0.606; 0.242 4O 0.16
1.0 f+.030' 00709 30 0.30

'3

Writing Egs. (4~8) and (4~9) differently;
sz‘éy—Zxey

) niZ -~ (£x)?
0.30(4.03) - 1.0(0.7093

- s 0-999&-
5(0.30) = 1.0°

[

nxy =3xSy
) n_ixz - (Ix)2
5(0.7093) = 1.0(4403)

- = —0.9670
5(0.30) - 1.0%°

o

Therefore
(54)0
(S,

which, for such a small sample,

=a+ x = C.999L ~ 0.96?1{

compares well to 1 -~ W.

4=39. Tabulate to conveniently find
2 Xy LYy TN, sx?

X Y Xy x2

o Ing £
800 6.685 0.10 0,669 L4L.689
1000 6.908 0.15 1.036 L7.720
1500 7.313 034 2.486 53.480
2000 T7.601 O0.47 3.572 57.775
2500 7«82 0.60 L4694 61,215
3000 8.006 0470 5,604 61,096
3500 _8.161 Q.84 6.855 66.602
52.498 3.20 24.916 395.577

Writing Egs. (4~9) and (4-9) for the
regression equation y = a + bx with
independent expression for a and b
Xy ~SxTxy
nZx< - ('z‘,x)z

a =

395.577(3+2) ~ 53.498(24.916)
7(395.577) - 52.4,982

(YA



= =3.246
ng Xy —¢xXzy
Taze - (£%)°
- 7(24.4916)- 52.498(3.2)

" 5— = Ol
7(395.577) = L2.498
= = —3.246 + 0.494 In&
o(£) = exp(-3.246)exp(in 6 O*4%%)
- 0.0389 609

r O = 715.1exp(2.0243€ )

-41. Stochastic equation is

=a-b-g-d
=a—-—b=c=d

1,715 = 04750 = 04120 — 0875

= =0,030 in

2 241
¢y = [ &a +9b2+‘§c2+2'd]/2

= [(0.003/y3)% + (0.001/43)?

+ (0.005/43)2 + (0.001/3)21%/2

= 0.003 46 in
sompare these expextation with computer
simulation

ials Wnax Woin W S

Le42. - Tabulating for convenience

25 2375 225 625 X =13 364/136
17 1683 166 617 = 98426 kpsi

x n  nx nx?
93 19 1767 164 311
95

97 38 3685 357 5h2
99

10t 12 1212 12 R12
103 10 1030 106 090
105 5 525 55125
107 L h28 L5 796
109 L 436 L7 524
111 2 222 24 6254

136 13364 1315 704

(1 315 704 - 13 364%/136
B =

135

Under normal hypothesis

Z9.01 = (*0.01 = 98+26)/4-30

*0.01

If distribution is normal then CDF of

data plotted on xz-coordinates is

il

98026 + 1}13030.01
= 98426 + L430(=24326)
= 88.26 = 8843 kpsi

rectified

10 —0.0236 =-0.0360 -0.0295 0.003 82
100 —0.0236 =0.0376 =-0.0299 0.003 33
1000 -0.0210 -0.0391 -0.0299 0.003 51
D 000 =0.0208 -0.0391 -0.0299 0.003 L5

~om Central lLimit Theorem, addition of
aur non-normal distributions approaches
srmality for sum. Expect a unimodal,
smmetrie bell-shape distribution for

‘hich the normal assumption is robuste

Distribution not normal since data not

1o

180 <

)1/2

A
-2 )

random abcut normal fit.

-4

G>




L-i3. From Probe 4-L2 &, = 98.26 kpsi

Cand Gy = Le30 kpsi. If x~IN(A; 3y)

then y A N(,ay, 3'y) and y = 1n X.

Eq. (b-21):pt = 1n Ay - c,/2

My = 1n 9826 ~(4+30/98.26)%/2 = L.+587
Eq. (4~20): 35.= C, = Le30/98426 = 0.0LL

xncum.nF;-z In x

93 19 19 04070 =1.47 L4533
95 25 LL4 04232 =0.73 he55L
97 38 82 0.463 -0.09 L4575
99 17 99 0.665 0e43 Le595
101 12 111 0.772 0.75 hLeb15
103 10 121 0.853 1.05 L«635
105 5 126 0.908 1.33 Le654
107 L 130 0.941 1.56 L«673
109 4 1354 0.971 1.90 L.691
111 2 136 06993 245 4.710
136

i-1

By =(3 ny + ny/2)/N

31
Plot 2z vS. 1ln X

In x
) “/
=
- Inx = 14..587 + O-OL}}-}Z
45
L] LY z
-2, o 2

The CDF is closer to rectification under
the lognormal hypothesis than under the
normal hypothesis (see plot for Probe.
bh2). 2o ) = (0 xg o1 — be58T)/0.0Lk
In xg,01 = 4587 + 0e0LL(~2.326) = L.LB5
X0.,01 ® exp(Le485 = 88.6 kpsi

compared to 88.3 kpsi under normal hyp.

L-Ll. Rank the data smallest to iargest.

k

In k

Fy

rA

O O=1o0wn WY R

G4

7.58
7.60
T.T1
717
T.T7
778
779
785
790
792
7.96
7.98
7.99
799
8,07
8,08

8.1

8.18
8620
8.30
8.31

2.0255
2,0281
2.0425
2.0503
2.0503
2.0528
2.,0605
240669
2059
2.07L4
2.0769
2.0782
2.0782
2.088.,
2.,0894
2.0968
2-10141
2.1163

0.033
0.079
0.126
0.173
06220
0.266
0.313
0.360
0.407
0 -i“SB
0.500
0.54L7
0.593
0.6L0
0,687
0.734
0.780
0.827
0.874
0.921
0.967

“"l .83
~1.41
"1 015
~0.94
=077
—0.62
‘—0-1-&9
~0.36
=024
-0,.12
0
0.12
0.2l
0.36
0.49
0.62
077
0.9
1.15
l.41
1.83

k=7.05462
+0. 2108 P

Lall= Z.071%

'l-o.oZLS'}

e a8
il II.

et b




- A = T.9462 1b/in, &, = 0.2108 1bein
© My = 1n 7.9462 - (0.2108/7.9462)%/2
= 2.0723 from Eq. (4~21)

. O = 0.2108/7.9462 = 0.0265, Eqe(4~20).
Both fits are good, neither hypothesis
‘can be rejected, so use eithers
. Normel:
k0,05 = Te9h62 + 0.2108(-1.645)

= 7.60 1b/in
: Lognormal s
': k0,05 = €xp[2:0723 + 0.0265(-1.645)]

= 7.60 1b/in

b=h5. From Eqe (4~25) and a gamma
function table for the Weibull
My =15+ (0 - ng) (1 + 1/b)
= 3649 + (13346 = 36.9) M (1 + 1/2.66)
= 3649 + (133.6 - 36.9)0.888 86
= 122.6 kcycles
From Eqe (4~26)
3. = (o - n) [ (1 + 2/b)T2(141/0) 12

For the lognormal from Eq. (4-21)
2
/qy =: lﬂﬂn L Cn /2
= In 122.6 ~(34+8/122.6)%/2 = 4.769
Use exact form of Eq. (4~20)
2
:_-}_Y - .\/111(1 +C.°)
=y/In(1 + [34.8/122.6]7) = 0.278
From Ege (4~19) lognormal density is

1 1C_n n -4.769)2J
exp | = —|——
042780 /2 [ 2\ 0.278

Form a table of densities for plotting

f(n) =

n fy(n) £15n(n)
LO 0.0001 0.0000
50 0.0010 00002
60 0.0025 0.0012
70 0,004, 0.0036
80 0.0061, 0.0068
%0 0.0083 0.0100
100 0.0098 0.0121
110 0.0108 0.0127
120 0.0110 00,0119
130 0.0105 0.0104
140 0,0093 0.0085
150 0.,0078 0.0066
160 0.0061 0.0049
170 0.0045 0.0035
180 0.0031 0.0025
190 0.0020 0.0017
200 0.0012 0.0012
210 0.0007 0.0008
220 0.,0003 00005

= (13346 = 36.9)[0.91 949 - 0.88 8862TF Weibull B, life from Eq. (4-23)

= 348 kecycles

From Eqe (4~24) the Weibull density is
266 fn - 36,966
f(n) =

© 967 \ 96.7
n — 36.9 2
e €Xp [-—(‘_“"—"—"') ]
96.7

nyg = g + (6 = ny)[in(1/r) 17"
= 3649 + (133.6 ~ 36.9)

...[1n(1/o..'5>o)]1/2'66
= 7844 kcyeles

Lognormal B, life

In nyy = 5769 + 0.278z

n = exp[ha769 + 0.278(-1.28)] = 82.5 key

@S




L=I5 con'te.

e
\ 5

§ ) [ ! '_' - '. ( »
A oy r : e
LT ) PO
e R R B

PR T

150 260 n, keycles

4-47. Call variate Sy the symbol x

 Eqe (4-25) My =X + (G—XO)F(l + 1/b)

= 70e3 + (84eh - 70.3) (1 + 1/2,01)
= 70.3 + 14411 (1.498)
= 70e3 + 1441(0.886 17) = 82.8 kpsi
Using Eqe (4~26)
&, = 14.1[0(1 + 2/2.01)

-[‘2(1 + 1/2.01)]1/2
=14:1[0.997 91 ~ 0.88 6172772
= 6462 kpsi

C, = 6462/82.8 = 0,080

4-48. From Eqs. (4—25) and (L=26) form

the quotient

A= % £ @ +1/b)

8 TG+ 2/) -2+ /0y ]2
g(b)  49.0 - 33.8

Q‘(b) .

= 3.619

Find b by trials

b gi()  Bad)  Bi/fo
2.00 0.886 227 0.463 267 1.913
3400 0,892 978 0.32L 564 2,751
4400 0,906 LOO 0.25L4 293 3,56}
L.05 0.907 041 0,251 63L  3.605
L,06 0.907 169 0,251 109 3.613
4.07 0.907 297 0.250 585 3,621

From Eq. (4~25)

6 = x5+ (M= x)/T'(1 + 1/b)
= 338 + (49.0 - 33.8)/[* (1 + 1/4.07)
= 5046 kpsi

k=k9. Call variate g the symbol x
Eqe (4-25):
Aby = 3keT + (390 = 34.7)[* (1 + 1/2.93)
= 3he7 + L443(0.892 08) = 38,5 kpsi
Eqe (4~26):
Sy = (39:0 = 3L.D[L (1 + 2/2.93)
| -1 + 1/2.93)]¥/2
= 143004905 46 — 0.892 0?12

= 1.42 kpsi
b



C, = 1.42/38.5 = 0.037
Long tail of distribution is to the
right. Sucﬁ skewnéss is termed right—

skewed, or positively skewed.

~53« When normally distributed data is
plotted with x as ordinate gnd Z as
abscissa, the data string is rectified
with the ordinate intercept as the mean
and the slope equal to the standard
deviation, x =,£L+3’z, where z corre—
sponds to the CDF. Seeking the mean
value of the least bolt tension of a
sample of six then
B = m+82(Fy) = m+82[1/(6 + 1)]
= m+0z(1/7) = 6667 + 600(~1.06758)
= 6026 1b
The median value of the least bolt
tension of a sample of six is
AP,I = M +3z(Fl)
=+ z[(1 = 0.3)/(6 + 0.4)]
= M+ &2(04109375)

= 6667 + 600(~1.2311) = 5928 1b Ans.

Teble 47 gives F; as 0.1091 which is
more precise. Similarly, the median
value of the largest bolt tension of a
sample of six is

By = 6667 + 600(1.2311) = 7406 1b

Ans.

——

STMULATION
Computer simulation is a powerful statis-
tical tool. Fundamental to its use is
the availability of random number gener-
ators (subprograms) for various distri-
butions. Computing machinery vendors
usually supply a uniform random number
generator which provides a variate in
the interval O,1. Various seed integer
schemes are utilized. Our generic rou-
tine will be RANDU(U) without seed
integer arguments displayed. The steps
will be shown in algebraic terms with
translation into your computgr language
left to youe.
(1) Uniform in the interval a,b

UNIF1(a,b,R)

Call RaNDU(U)

R=a+ (b= a)U

return; end
(2) Uniform with mean i1, std. deve &,
UNIF2( U 3}{,3)
Call RANDU(U)
a =My "'J3'3x
b=2~38

R=a+ (b=-a)l

|l

return; end

&1
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(3) Normal with mean ALy, stde dev. ‘;’x

GAUSS( &y, &, G)
S = 0.
repeat twelve times
call RANDU(U)
s=8+10
A
G=ly + (s - 6.)::‘1“}C
return; end
(4) Lognormal, mean My stde dev,, &x
LGAUSS (U oy &3sR)
rFy
C}[ = d}:‘l/‘x
a = 1- + cxz
Ay = In(u/~f1. + c2)

&y =9 1(1. + ¢2)

call GAUSS(A, &y,e)
R = exp(G)
return; end
(5) Weibull with parameters X5 ©, b
wEIBUL(xO,G,b,w)
call RANDU(U)
W=2xy+ (6~ Jqo)[ln(l/U)]l/b
return; end

The simplicity of WEIBUL reveals a use-

ful relation for those distributions thst

have a closed-form relation for the

cumulative density F, or the reliability

R, and can be explicitly solved for the

variate. The steps are

le Solve the F or R equation for tﬁe
variate x.

2+ Substitute for F or R the uniform
variate U in the interval 0,1.

3¢ x will be a random number from the

desired distribution.

PROBLEM Timken tapered roller bearings
have a two-parameter Weibull survival

equation

oo (5]

where x is the life measure in multiples

of a rating life of 90(106) revolutions.
(a) Estimate the mean, standard devi-
ation, and coefficient of variation
of life x.
(b) For a lognormal distribution with
the same mean and standard deviation
superpose the lognormal PDF(x) on the

plot for part (a) and observe the

differences.

PROBLEM When a part dimension is formed
by a tool-or a die which is subject to
wear, each subsequent part is a little
larger. 1If parts are small and the pro-
duct stream is mixed, random selection
is from a distribution that is called

uniform random. If the lower bound of

dimension x is a and the upper bound of
x 1s b and all selections are equally
likely, (a) what is the probability

density, (b) mean, and (c) standard

deviation?
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A NOTE ON PROGRAMMING
On pp. 590-601 of Raymond J. Roark and Warren C. Young,"Formulas for Stress and
Strain," 5/e, McGraw-Hi1l1l, 1982, stress concentration factors are presented in equa-
tion- form. 'This is an interesting idea for computer programming. However, many of
the formulas are third order and require eight additional formulas to evaluate the
constants. To avoid this it occurred to me (J.E.S.) that it might be possible to
include an entire table of values, together with an interpolation routine, in a PC

program. So I decided to test this idea using the gamma function. It worked! Here
is the program in ZBASIC just as I first wrote it.

10 DIM AC101)

20 FOR I = 1 TO 101 )

30 READ A(I):NEXT I

40 DATA 1. ,1.01,1.02,1.03,1.04,1.05.1.06,1.07,1.08,1.09, 1.1,1.11,1.12,1_13
50 DATA 1.14,1.13,1.16,1.1?,1.18,1.19,1.2,1.21,1.22,1.23,1.24,1.25,1.26,1.27
60 DATA 1.28.1.2?,1.3,1.31,1.32,1.33,1.34,1.35,1.36,1.37,1.38,1-39,1.4,1-41
70 DATA 1.42,1.43,1.44,1.45,1.46,1.47,1-48‘1_49,1.5,1.51,1.52.1.53,1.54,1.55
BC DATA 1.56,1.57,1.58,1.59,1.6,1.&1,1.62,1.63,1.64,1-65,1.66,1.67,1.69,1.69
90 DATA 1.7,1-71,1.72,1.73,1.74,1-?5,1.76,1;77,1.78,1.79,1.8,1.81,1.82,1.93

100 DATA 1.84,1.85,1.86,1.87,1.88,1.89,1.9,1.91,1.92,1.93,1.94,1.95,1.96,1.97
110 DATA 1.98,1.99,2.

120 DIM EB(101)
120 FOF I = 1 70O 101.

140 READ B(i):NEXT I

156

150 DOATA i,.?9433,.98884,.?8355,.97844,.9735,.96874,.96415,.95973,.95546,.95135
160 DATA .94739,.94359,.93993,-93&42,.933D4,.9298,.9267,.92373,.92088,.?1817
170 DATA .?1558,.91311,-91075,-90852,.9064,.9044,-9025,.900?2,.8?904,.89747

189 DATA .896,.89464,.89338,-8?222,.89115,.89018,.88?31,.88854,.88785,.88726
190 DATA .88676,.88636,.88604,-BBSB,.88565,.8855,.88563,.88575,-88595,.88623
200 DATA .98659,.88704,.88757,.88819,.98887,.88964,.89o49,.89142,.89243,.89352
210 DATA .89468,.89592,.89724,.89864,.90012,.90167,.9033,.905,.90678..908&4

220 DATA .9105?,.91258,.91466,.91683,.91906,-92137,.923?6,.92623,.92877,.93138
270 DATA .93408,.?3&85,.93969,.94251,.94561..948&9..95184,.95507,.95838,.96177
240 DATA .96523,.96878,.9724,.9761,.97988,.98374,.98768,.99171,.99581,1.

250 PRINT "THIS FROGRAM IS USED TO COMFUTE THE GAMMA FUNCTION"

260 PRINT "LET GAMMA = FUNCTION OF M"

270 FRINT "EMNTER ANY VALUE OF M BETWEEN 1. AND 3"

280 IMFUT "M = ":HM

270 IF M<1 THEN 300 ELSE 310

300 FRINT "M OUT OF RANGE":STOP

310 IF M>3 THEN 200 ELSE 320

I20 IF M>2 THEN 330 ELSE 350

IJZ0 L = M-1:80SUR 420

340 GAMMA = L*G:GOTO 370

350 L = M: GOSUB 420

360 GaMMA = 6

370 FRINT "GAMMA = ";:GAMMA .

280 FRIMT "DO YOU WANT TO SOLVE ANOTHER FROBLEMT (Y OR N)”

I90 IMFUT D

400 1IF D#¥ = "Y" THEN 280 ELSE 410
410 =STOR
120 1 =

20 IF L = A(I) THEN 440 ELSE 450
MO 6 = B(I): RETURN

450 1 = T+

460 IF L£A(I) THEM 470 ELSE 430

470 G = ((B(I)—B(I~1)J*(L-Q(I—i))/(A(I)—A(I—l)))+B(I—1)
180 RETURN

9




THE UNIFORM DISTRIBUTION
A Supplement to Mechanical Engineering Design, 5/e

The uniform random distribution is fundamental to statistics because all elements

of the population are equally likely to be selected. In the interval a, b the PDF

1s 5 i 4 asx b Mean: u = a -; b
£(x) = x _
0 elsewhere . b - a
Std. deviatiomn: & =
The CDF is X 2/3
<
0 % R Also: f(x) = 1
X ; X - a ’ 2/§6x
= x X = = =
PO =) £ ax=3=2  asxsb .-, - 38
And: F(x) = a£x£b
1 Xx>b 2/35_

The uniform distribution arises in manufacturing when a part dimension is mass pro-
duced and the dimension gradually changes due to tool wear between setups. If n is

the parf number and nc is the last part prior to setup, then ihe dimension x is

F
1
l
|
|
B 0 1 .
0 e 3
predictable from the part number n by
n
x =x; + (xf - xi) E;
The CDF is given by the equation F = n/nf which may be substituted in the above re-
lation giving
X—Xi
e oD < <
F(x) s | X, £ x 2 xf
f i

The form of the CDF is that of the uniform random distribution. A uniform distri-
bution exists when the parts are thoroughly mixed, which happens less and less as
parts become heavier and heavier, so be on your guard. A uniform distribution is a
2~parametef distribution. If the parameters used are the range numbers a, b the
distribution is described as x ~ U[a, b]. Note the use of square brackets to de-
note range numbers. If the parameters are chosen are the mean and standard devia-

tion, then the distribution is described as x =~ U(ux, Ux). Note here the use of

parentheses.
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A NOTE ON REGRESSION ANALYSIS

A supplement to MECHANICAL ENGINEERING DESIGN, 5/e, by Shigley and Mischke

In describing regression it is useful to distinguish between coordinates of data
points and coordinates of points on the regression line. We use Xg» ¥y @8 coordi-
nates of data point i, and 91 as ordinate of the regression line. Equation (a) of
Sec. 4-4 comes from analytical geometry and displays a traditional notation of m
for slope and b for ordinate intercept. In regression the model is often a poly-
nomial of the fﬁrm

T bx, + ex? + .. .

and the linear foim-is gisplayed as 91 = a + bxi. An observation ¥y at some abscis—
sa X is a random variable composed of the prediction of the regression model ?i
(deterministic) and a random variable

I = 91 + bxi + & . (4-33)

where the letter £ is the 14th character of the Greek alphabet, called xi. Im
ordinary regression it is normally distributed with a mean of 0 and a standard devi-
ation of ay-x' The wavy underlines indicate a bold-face character in print, either.
a random variable or a vector. In a linear model

I = @ + bxi + N(O0, 6y-x) (4-34)

Regression procedures are for the purpose of estimating a and b as well as ay-x
from a sample of the population. As the sample size approaches infinity, & ap-—
proaches its true value a, b approaches b, and Sy-x approaches 6y-x' The nature of
4 + bx approaches deterministic, but N(O, ay.x) is always there and I remains
stochastic, a subtlety lost by many engineers. OUr task will be to estimate a, b,
and ay-x from the data and to provide confidence bounds on &, b and i if needed.
The least squares method of obtaining estimates of a and b consists of minimiz-

ing the squares of the deviations of the regression ordinates and the data ordinates,

that is
n n

e= S (y, - 9% = = vy - a - by’ (4-35)
i=1 i=1

is differentiated partially with Je/da= 0, and de/3b = 0. Simultaneous solution of
the resulting equations ylelds

2 — - ¥
3 Ix“Lly LXEXY B = ang LXIV (4-36)

nix< - (Ix) nrx? - (Ix)?
which are the independent versions of Egqs. (4-8) and (4-9). The estimate of 6y-x
is obtained from

A




i

(4-37)

. _ [ Zy* +na? + B%Ix? - 2ary - 2BIxy + 28BIx ) b
YeXx n- 2 . '

Take care in these computations, providing sufficient computational precision, not

using rounded values. This applies also to a convenient form obtained by expanding
Eq. (4-37) )

_ [ Ey® + na® + p2rx® - 2ary — 2BIxy + 2aBIx b
s = (4-38)
YeX n- 2
which uses summations developed in estimating a and b.

Equations can be developed (See J. B. Kennedy and A. M. Neville, Basic Statisti-

cal Methods for Engineers and Scientists, Harper & Row, 3/e, 1986, Ctap. 17, for

example) for the standard deviation in the estimate of a, Sa’ the standard ¢evia—
tion in the estimate of b, sb, and the standard deviation in estimate of a future

observation (a-prediction by the regression eqﬁatibn) ¥.. These are

_ } i
1 x2
s =s = Bh ) (4-39)
B LA I(x., - x)2 ’
i
Sy-x
s, = = (4-40)
b rx, - 21t
i
1 (xy - x)2 :
Syi = Sy-x 1 +— + (4-41)

L TN
n Z(Xi x)

where X is the abscissa centroid of the data points. The distribucrion of a, b,and
y; are normal but the scarcity of data, often less than 30 points, requires recog-
nition that in small samples these quantities are t-distributed.

The t distribution is normal-like, that is symmetrical about a mean of zero and
with a larger standard deviation than the normal. As the number oI elements in the
sample increase, the t distribution approaches the unit normal N(0, 1).

TABLE The t statistic for two-sided confidence level of 0.95

) i v t v t v . [

1 12.706 11 2.201 21 2.080 40 2.021
2 4.303 12 2.179 22 2.074 60 2.000
3 3.182 13 2.160 23 2.069 120 1.980
4 2.776 14 2.145 24 2.064 w© 1.960
" 2.5 15 2131 " 25 2.060

6 2.447 16 2.120 26 2.056

7 2.365 17 2.110 27 2.052

8 2.306 18 2.101 28 2.048

9 2.262 19 2.093 29 2.045

0 2.228 20 2.086 30 2.042

12



The degrees of freedom v is the number of data points less the number of pParameters

in the regression model, two for the..y = a + bx model.

The 0.95 two-sided confidence inferval on a ié a s tsa, onb is b # tsb, and on

5 is Yi % tsyi. Note that in the case of the parameter a as the sample size grows

without bound s, approaches zero and a has been found exactly. The same is true of
parameter b. In the case of the prediciton Yi» sy % approaches Gy s and the radi-
cal in Eq. (4~41) approaches unity.

EXAMPLE 4-11. Solve Prob. 5-4 and find
(a) The regression constants a and b.

(b) The standard deviations S_» Sp» and Sy ot
(c) The 0.95 confidence interval on a and what this says about the tangent modu-

Jus at zero stress level.

(d) The 0.95 confidence interval on the tangent modulus at the 20 kpsi stress

level.

Solution (a) Interpreting the stress ¢ as x and the quotient /0 as y construct

the table Construct the necessary sums: -6
e 5 Ix = 297 000 Ly = 0.632 300(10 ")
% = 29 700 ¥ = 0.632 3000107
o elo 11
- 2= =
000 400105 Ix*=0.114 750(10_13)
10 000 4.40 Zy? = 0.430 581(10° )
16 000 5.00 =
15tk Eoae Ixy = 0.215 374(10° ") "
26 000 5.77 Z(xy - X)% = 0.265 410(10° ")
32 000 6.25 o -14
40 000 7.00 E(y; = ¥)° = 0.307 774(10 ™) o5
46 000 7.39 I(x; = ®)(y, = ¥) = 0.275 809(10™")
49 000 8.16 o : -15
56 000 10.0 2(yy - )" = 0.211 587(10 ™)

From Eqs. (4-36)
3 = 0.114 750(10° 1) 10.6323(10°%)1 - 297 000(0.021 537 &)
1000.114 750(107 1)1 = (297 000)2
¢ - 10(0.021 537) - 297 000{0.6323(10“6)]
10[0.114 750(10'11)] - (297 000)2

1

= 0.323 663(10" )

= 0.103 918(10" 1)

The sums and answers depend on computational precision.

(b) From Eq. (4-37)

0.211 587(10'15) % -8
s == ‘= 0.514 280(10 ")
yex 10 - 2

From Eq. (4-39)

T3
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1 (29 700)2 :

s = 0504 BE0I0%y] — + i
a 10 0.265 410(10 )

= 0.338 156(108)

From Eq. (4-40)

0.514 280(10°%) e
s, = 0.3 - 0.998 253(10 )
[0.265 410(10° )]

(¢c) The regression line is y = a + bx = €fo = a + bo or

€ = ag + bg?

The modulus of elasticity is E = o/e and at o = 0

E o Lo 2 i L = 30.9 Mpsi
=0 a

s 7
a=0 4 + bo

0.323 663(10° ")
which is an estimate of the mean value; The 0.95 confidence half-interval on a

is

ts_ = 2.306(0.338 156)(107") = 0.779 788(107")

The upper bound on a at the 0.95 confidence level is

at = 0.401 642(2077)

and the lower bound is

a” = 0.245 685(1077)

So the upper and lower bounds on E are, respectively

E' = 1/a” = 40.7 Mpsi E- = 1/a" = 24.9 Mpsi

This means that the tangent modulus of elasticity at zero stress level has a 95
percent chance of lying between 24.9 and 40.7 Mpsi. This is very different than
saying the modulus is 30.9 Mpsi. The role of statistics is to tell the investi-
gator what one can dare believe and the chances of being right or wrong. This is
very frustrating to those who wish to believe more. The frustration is good be-
cause it leads us to conclude that there is far too little experimental data to say

anything meaningful about the tangent modulus! The remedy is to take significantly

more data.

For the tangent modulus at the 20 000 psi stress level it is necessary to make a
prediciton from the regression equaiton. Using Eq. (4-41) we get

_8 1 (x. - 29 700)2 |}
s,4 = 0.514 280(107) |1 + — + — i
y 10 0.265 410(10° ")

= 20 000, we get s, = 0.548 00(107%)

Here, at x
! 1

The half-range of the tolerance interval at the 0.95 confidence interval is

ts q = 2.306(2.306[0.548(107%)] = 0.126 370(1077)

Note that t = 2.306 corresponding to 2 v = 10 - 2 = 8 degrees of freedom.

T4.



The expected value of y, from the regression equaiton is

5 = & + bx = 0.323 663(1077) + 0.103 918¢10~ 1) (20 000) = 0.531 500(107")
The upper and lower limits are

ey, sy = 0.5315(10“;) +0.126 370(10';) = 0.657 869(10";)

?1- =y - tsyy T 0.5315(10° ') - 0.126 370(10 ') = 0.405 130(10 )

So the tangent modulus of elasticity E at a stress of 20 000 psi and the upper and
lower 0.95 confidence bounds, respectively, are
- 1y, = 1/0.5315(1077) = 18.8 Mpsi |
£ = 1/y,” = 1/0.405 130(1077) = 24.7 Mpsi
£ = 1/y, = 1/0.657 869(10°7) = 15.2 Mpsi

Again, we are 95 percent confident that the value of E at 20 000 psi lies between

15.2 and 24.7 Mpsi with the most likely value of 18.8 Mpsi.

It is interesting to learn what the results would have been if the number of
data points n were infinite. This presumes that the values of a and b - are exact,
+hich is not so. The procedure 1is fhe same as before except t 1is replaged by =z
with z = 1.96 for one bound and ;1.96 for the other (see Table A-10). For ¢ = 0
the results are
E = 23.6 Mpsi E = 30.9 Mpsi EY = 44.9 Mpsi
and, for o = 20 000 psi,

P = 15.8 Mpsi  E = 18.8 Mpsi EY = 23.2 Mpsi
Comparing these results with those for an infinite number of data points should
provide more insight into the problem. -

1111

There is considerable merit in writing a computer progran for your programmable
calculator, PC or timeshared mainframe computer to do the number crunching associ-
ated with a linear regression. If you have a graphics capability plot the data as

soon as you enter it to study before proceeding. You want the data string to be

rectified. The steps are then: 12. From a subprogram which contains the
1. Initialize all counters for forming t table recover t from v = n - 2.

the necessary running sums. 13. Report s , 34, a+ ts_, and 4 - ts_-
7. Enter the number of data pairs n. : Ay'f aA a
3 Enter x, and y, for 1 = 1 to n. . 14, Report b, b + ts., and b - ts, .

i % 2 2 b b

4. Form the sums bx, Ly, Ix™, Ly”,IXy. 15. Report correlation coefficient r
5. Find X and § from Ix/n and Ly/n. from Eq. (4-10) forming s from I (x-%)2.
6. Form the sums L(x = X%, I(y - N7, 16. Allow Eq. (4-41) to be evaluated

and I(x - Ny 7 y)- with user supplying x,. Compute
7. Estimate a and b from Eqs. (4-36). y, = a+bx,, s fro% Eq. (4-41)and
8. Form the sum 2(71 = 932 r%port y., ¥, ¥ts_., and y, - ts_..
9. Find s _ from Eq.(4-37). it 710 Ty 17 Tyt

10. Find ¥ *from Eq. (4-39).
11. Find Sy from Eq. (4-40).
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5-1 and 5-2

Meaning of calculator printouts are: P =
8> A=A, EPSI =€, E = €, P/A = P/Ay, SIGM =0

LOGS = Log 0, LOGE = Log £

ELASTIC PORTION: Fooo., F
. o, 0025 TELT

; P,
DELT

- 0. 00115 EPS
! _iooo, 11423392 E
0. 0004 334345467 A

226, 71847 FoA

SEET. 2292 SIGH

- 24V 3ET124 LOG=E

=22 F33051759 LOGE

s B e T i S I s T s |

F-

TELT

o EP31

DELT =

O, 0 tk}é F<H

0. 1 = SIGH

100E Eoepy LOGS

iOng -g LOGE
£, aao,

B Ly B A e e

L]

om
[ Y

o=
(s R o i RS I y

: o
f £35
| 175 P
054 210
3 =45 LOGs
s 2l LOGE

T

e




-1 and 5-2 (Continued)

PLASTIC PORTI ON:

]

[ ]
m
T
: ]

ey
[N 8 =
L P

o
E TS M

4
4. &

i
.

-
i Y
L G
Ly A

LT T e [T T

asiars EFsz
"“l't:'x'.'.'; Fo I F'_. e ’-:l
FE511. 62791 516
_F. BBPERIEg L0
Te. 335545955 LOGE
-3
. 3
210, = =5
0. 1383 A 1z
-01z27igagq7 £ o
0122914107 EFSI .3
401 F- e
1 529 =G
193 LOGS
= T4E LOos . B
= 7
137
EF T E

Currespu:xdin;_;
Log & = =]
loy ¥ + n lop € 0 so

logG™ - bog & = 4.5 — §.5%

10
b

241
e
s

=

o

(-1.5)

Ll = [ R

4.86

H
I-- E
=
LN S
i
1
T
g
- =
[,
.-l
™
-

. : = Al
-2» We have, since (T = KE",

m
i

e v

B

-
—

T
i Iy QR

T i

m
[N}
I T

£ =

SR v

i
LUGE
LOGE

to some point removed (see p

(See p.
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5-1 and 5-2 (Concluded)

These two points define the slope

a line having the same slope through points to
as shown. This gives K =

U= 151 0oo £0-24

After 20% cold work,
AI

151 000 pPsi, and so

Ans.

the new area ig
A (1 -w =o. 1987(1 = 0.20) =

» 50 draw

get log K = 5.]18

0.1590 1n2

Therefore the true strain caused by the coldworklng is

AO 0.1987
B, %2 wjpes 0.223
* A 0.1590
l r
From Eq. (4-13) we have
2
S; =K Ein = 151(10)3(0.223)0'L = 105.3(10)3
The new value of Su is, from Eq. (4-14)
S 85.5
§' = 2 T T =106.9 kpsi Ans.
Y1-w 1< 0.0
5-3 The tangent modulus ar ¢ =0 is
-9 .5000-0 6 _
"7 e 000020 —p 7 25(10%) pe

The tangent modulus at g = 20 kpsi is

. - Fise 40 000 - 5000 , 6 .
B run 0.0025 - = beee") psi

V.17 Sv: Construct a line parallel to

Che tangent ar origin and containing

the intercept of 0.00] permaunent

strain. It intersects the SCtress—

strain diagram ar 38 kpsi.

.
5=4 v, kpsi 6 5 10 16 19 _

€/ x lu 0.040 0.044 0.050 0.053 0.058 0.063
From graph on next page,

the first eight points look lin
0.373(10™7), 0.352¢1077); .
% T 0424000775 5 = 0.153(10713

a = 0.362(107 7y,

= 0.583(
y x

Ans,

0.070 0.074

0.082 0.093
€ar, and arc used.

-9 -9
10 A = 206 :
) sy . 0.206(10 41

e




5—-4 (Continued) The regression line is

£ - 0.362(10"7) + 0.835(10"1%)¢

O\®
prmm— (e | F-j

1 L
2 lc=0 = om0 = 0-362107) + 0
fbb\ 7
Bl So E | g = 1/0.362(107) = 27.6 (10%
~ psl Amns.
- £ _ 1
. 9 |5=20 000 E|o=20 000 -
y = -7 £y
- 8 - 0.362(1077) + 0.835(107-%) (20 000)

18.9(107%) psi Ans.

1l

The error in this value of E is in the
regression constant a.

0.352(10%7) < a < 0.373(10") and so =
. 7 &6 =7
0.373(10 ) 0.352¢i0° 1)

i T
&D 00 S psc

[

Thus 26.8(106) < E < 28.&(106) at 957 confidence level Ans. L

The unloading line with 0.001 permanent strain is g= E s 0( - 0.001) (1)

The regression line can then be written

e = 0.362(10 Yo + 0.835(10 %) 62 = ETE__ + 0.835(10
o=0

Substituting for e from Eq. (1) gives

== & 0.001 = - 0.835(1071%)52; from which 0=' .00l T3y = 34-6 kpsi Ans.
g=0 o=0 0.835(10

See also page
3

-12

Yo?

5-5 True stress ¢', kpsi 1 1.5 2 255 3 3.5
True strain e,in/in 0.15 0.32 0.46 0.60 0.70 0.82
log o' 3.000 3.176 3.301L 3.398 3.477 3.544
log € -0.824 -0.495 -0.337 -0.222 -0.155 -0.086

In general, for a regression medel with base 10 logarithms

log 0" = a+ b log e + (0, &y'x}; or 10 exp (log c') 10 exp [a + log cb + (0,5 )1
& 3
o =107 2 1000 %05y, = 10%P0 Y ke = 1020107 X
0

i
’.:1"

from regressien, a = 3.576, b = 0.735, r = 0.989, and Sv-w 0.0330; we then have

3.576 0.735 0.735 0.735
v, = 107777 = 3767¢ , and 08_,= 297
The estimate of the strain strengthening coefficient is 0y = 3767 psi and the
strain strengthening exponent is m = 0.735. See next page for graph.
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5-5 (Concluded)

xizinaﬁ: »
3.5

>~6 OMITTED

un
1
~!

—_—

Su = 49.5 kpsi, o9 = 90 kpsi, m = 0.25,
. gf = 1.05

3

0.1094

in [1 + 67153—:}

0.314 in/in the cold work
strain, ¢

m
-
———
1l
m
o}
It

it

T m
(b) Su = GO(Ew)

= 90(0.314)9-2°

= 67.4 kpsi

or, since

_ 1

e+ 1 = I - W

W=1- exp(-e) =1 - exp (-0.314)

= 0.269

S

gt = u 49.5

u T-W ~T-0.269 - 67-8 kpsi
(¢) Datsko reports the significant

strain for yield strength determination

is

) _ fu | 0.314 )
% T % (1 +0.2¢_ JO[; +0.2(0.314)]

= 66.4 kpsi

(a) From Table A-22, Sy = 32.0 kpsi,

But Eq. (5-17) gilves

S; = S; = coaim = 67.8 kpsi
Although no distinctions have been
made in Chap 5 these Strengths are in
the same sense as the plastic strains,
i. e., compression on inside and ten-
sion outside. Strengrh in opposite
senses are found differently. Sce
STD HDBK OF MACH DES p- 8.6. Note also
the strain Strengthening is localized
to the curve. For a bending load, near-
ly the full bending moment is feltr at
A-~A which has original properties,
hence the load-carrying capabilicy is
not really enhanced.

PROBLEM In table, S 1in kpsi, HB from
S H e

u B 500 kg load with 10-mm ball,
24 45 Tests of wome aluminuam
28 70 ]

28 70 a%loys gave results as shown.
30 80 Do you think that a formula
35 100

i mi i -7 &
37 115 Similar co Eqs. (5-23) or

48 140  (5-24) could be develorad

3b 105 ) "
47 125 from this data. How muc:

32 100 wvalue would ir be?  Give
40 105

47 110 TFeasons for your decisio=z.
37 75
40 90
39 50
27 60

QUIZ Using Flg. 5-11 and fable &-2y
estimate the ASTM wminimum ulcimate znd
yield strengths of an SaAl 1020 cold-
drawn stoel bar used at . Luwperature of

Juure,




5-8 This eyeball solution indicates a YES answer.

.O.‘b-_.

0] lo D 30
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35~9 and 5-10 OMITTED
A L e D

83




6-1 Part
Term: a b & d
a 9 12.7 0 11.14
1
a, 0 0 -0.91 3.86
g -5 0.71 -12.09 0
7 6.71 6.05 5.57
max
ol 12.29 12.37 11.66 9.80
Theory: f. s.
Max. norm. str. 4_89 3.46 3.64 3.95
Max. shear str. 3.14 328 3.64 3.95
Dist. ener. 3.58 3.56 3.77 4.49
Coul. Mohr 3.14 3.46 3.64 3.95
@:} Part
Term: a b c d
9, 176 86.5
9, 0_ 0
0q -36.3 -166.5
T 106.3 126.5
max
a' 196.7 223 346
Theory: f. s.
Max. norm. str. 2 o33 2.39 2.52 2.10
Max. shear str. 2:33 1.98 1.66 1.05
Dist. ener. 2,33 2.14 1.89 1.21
Coul. Mohr 2.33 1.98 1.66 1.05
O-4 Partc
Theory: . s. 7 b c d
Max. norm. stcr. 4.4 4.4 4.4 4.ob
Max. shear scr. 4.4 4.4 2.2 A
bist. caer. &4 5.08 2.54 4.4
Coul. Muhr 4.4 4.4 2.2 4.4
=2 Parc
‘:ii{_‘lil‘y: 1. -:5. i b C d
Max. norm. ser. 1.5 phs 1.25 1.5
Lol o Molir 1.5 L.54 ) o25 1.30




6-6 At A g = 95.5 MPa, 1 = 19.1 MPa 6-9
-_— —— "x Xz -—
Since Sy = 330 MPa and ‘ _ . ’ <{"T*T?f“\\ " {i
0" = 1(95.5)% + 3(19.1)2)%= 101 MPa o (N
n = 330/101 = 3.27 Ans. 3 4 d) 1r'
At B t' = 19.1 MPa, ' = 2.3 MPa, / / Ay
——— "xy Xy f{feez f[ffff
so T = 21.4 MPa; g = 25.5 MPa, and Vi P
xy x } i
o' = [(25.5)% + 3(21.4)2]2= 45.0 Mpa T P o i
n = 330/45.0 = 7.33  Ans. % s
S S -
ndi
p = o n(d, + ¢)¢t
6-7 OMITTED 4 td
—_— or
pd,? = lﬂ:(di + t)
Since t is small, di = di + t, and so
p(di + t)
T T ||
Also 0£= O, and g_ = -p F
These are Principal stresses ang 50 the =
distortion—energy theory |[lq. (6-11)] i
applies. Thus we have
(o,-0 )2 + {-G,‘(T,}z"!'(ﬂ'!-—r‘i_ \?Ts )
T 1 ? 7 1 i ) 7
2 é
Upon substituting, we {ing
2(o, - 6.)?) i
Y 2 t r
Then |
p(d.L s i
S_\ = Gt = = {,J*f: + P
_ gad so S i
3 £y 3 =
I_rd _5(0.75)3 0.041% in3 PTa Tt
Loy 32 32 i
it + 1
et = A800 _ Laann Eere S = 54 kpsi, S = 64 kpsy
“%x T I/c T 0.041% pst Ere sy = PSL> Sy T 04 kpsi,
J/e = (0.0415)(2) = 0.0830 in? €3d €= 0.05 in. Then
T 1200 - G
T = I T mraas = l4 500 psi .54 000
»z J ik e it S :
z /e 0.0830 F =g 0.05 X 1309 psi Ans.
SV = 32 kpsi; SS = 0.5(32) = 16 kpsi 4(0.05) ~
’ 4 1 Use max. norm. str thecry for bursrits.-
- _..r";rrv\"‘!_l__‘.".:'z-:-_l e .
T [{43.5/2; L14.5)~] 26.1 kpsi - ﬁtSut _ 5(0-05)(§£"Q991 _
n=35_/t 167263 % 02613 FAbLupe dj v §40.05
Sy max . = 1590 psi  Ans.
85
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6-10 For carbon stee] y = 0.282 1b/1in3. 6-12 Table A-20 gives Sy = 320 MPa.
Alse Sy = 30 kpsi, and v = 0.292. Then The maximum significant stress occurs
p=w/g = 0.282/386 lb-szlin; ri =.3 in: at ri where a . = o, = 0, 0, = 0, and
= - 2 —3 - 2 ax - = = -—
. 5 in; ry 9; r 25; 3 + v oq o.- From Eq. (2 50)
3.292; 1 + 3v = 1.876. 2r§p0 2(150)21;o
. g = g = = ——2—-———2_— e —_—
Eq. (2-56) for r r, becomes t r i (150)2 — 100) 2
3+ v I + 3y
- 2 . 2 e Mecgn )
9. pw (‘ 3 ){}ro + r; (1 A )J = _ 3.6p0
So Now equate this with the yield strength
E}} ) 0'282(.3_;2%[50 . 9(1 B 1.8?6)] and solve for P - Thus
w? = 386 8 3.292 == %%93-= 88.9 MPa  Ans.
= 0.0162 :
; } . =
So w = (-3—%%) = 1361 rad/s 6-13 Sut = 30 kpsi, w = 0.260 1b/in>,

= 0.211, 3% v = 3.211, 1 4+ 3% ~ 1.633
or n = 60w/2r = 60(1361)/(2n) v B

= 13 000 rev/min At inner radius (see Prob. 6-10),

% 3 o
Now check stresses at r = (rori) 2 __:_ 20[3 *;3- \?(21_2 opE _ 1 + 3v r?}
3 5 w o 3+ v i

or r = [5(3)]% = 3.873 in
Heta Here r§ = 25 r; =9, and so

= 2 3 A% _ 2
O =" pu ( 8 ) Umy = xg) I _ 0.260 (3.21i)E0 +9 _ 1.633(9)

_ 0.282w2 (3-292) (5 ~ 3)2 w” 386 8 HE Fa21d

386 8 = 0.0147

0.00L 203p2

[

Since &, is the saue sign, use the maxi-

Eq. (2-56) for a9 becomes mum normal stress theory. Thus

]
0.282\/3.290\ | 9(25) . QQﬁQQQ) = 140 .
o, - {52 )[9 it o (B88) = v xaur
d
o ZeBTGASN o o o and so
3.292 n = 60w/21 = 60(1428)/(21)

il

Using the distortion—energy theory

13 600 rev/win Ans.
o' = w¥(? - g g + Gi) = 0.011 60w?

t EC
6-14 T, = (360 - 27)(3) = 1000 1b-i
Th - {30 000 b - 1608 rady C ( Y3} in
en w0 = {5011 = VOPR Eagys Ty = (300 - 50)(4) = 1000 1b-in

So the inner radius goverus and VEGRD
0 =13 000 rev/min Ans. y

E v '(: PR,
6-11 OMITTED =
|r‘} {i

L%

¥y plaie



6-14 (Continued)
In xy plane MB = 1784 1b*in, and
= 762 1b-in.

LT

{os 'gz,gg qur}:‘ YAy

e

In xz plane, HB = 840 1b-in, and

il

MC = 1692 1brin. The resultants are

"y
HC 1889 1b-in_
S50 point B governs and the stresses are

16T _ 16(1000) _ 5100

1]

i
[(1784)% + (840)2]1% = 1972 1b-in

[(1692)2 + (762)2]*

Txy T nas T na T Tae B
b B L P
_ 7 32(1972) _ 20 100
% ~ wd> nd? d- Be
Then

o, o 2 3
_ X _X 2
Op» 9y =3 2 (2 Gl
20.1 V0.1V :
¢ = 2L 4 ( - ) i 5,152

10.05 = 11.27 kpsi

Then

_10.05 + 11.27 21.32 =
Oy = a3 2 kpsi
and

_ 10.05 - 11.27 _ 1.22 .
0y = EE = -3 kpsi

For this state of stress the Coulomb-
Mohr theory applies.
S (min)
ut

Here we use

= 25 kpsi, Suc(min} = 97 kpsi,
and Eq. (6-14) to get

21.32 =1 .22 ]

25d° T 9743 ~ 2.8

Solving gives d = 1.34 in.
Souse d =1 3/8 in Ans.

Note that this has been solved as a

statics problem. Fatigue will be con-

sidered in the next chapter.

6-15 As in Prob. 6-14 we will assume
this to be statics problem. Since the
proportions are upchanged the bearing

reactions will be the same as in Prob.
6-14. Thus

xy plane: MB
%z plane: MB
So

M. = [(892)% (420)2]i = 986 1b-in

_3™5 32(986)_ 10 000
x 7d> wd> d>

]

223(4)
105(4)

892 1b-in
420 1b-in

psi

The torsional stress is unchanged. So

T, = 5.1/d3 kpsi
2 3
_ 1 /10.0), [10.0 g]

o, = 12.14/4° and ¢

- _ 3
2 2.14/d

Using the Coulomb-Mohr theory as in Prob.

6-14 gives
12.14 12.14 1
25d7 97d® " 2.8

Solving and rounding gives d = 1 1/8 1in

Ans.

27
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6-16 (Cont%pued)

-49+4- L tﬁ~;—- y
.
g -Fa_ b 4.4
(a) Mmax 5 (2 + 4) ki (6 + 4.5)

1

23.1 N+m

For a stresg element at A:
= 32M _ 32(23.1)(103)

X* nd w(l2) = 136.2 MpPa
The direct shear ar A is
= 4(F/2) _ 4(4.4/2)(10%) ‘
Txy md? m(12)7
= 19.45 Mpa

[ 3
_ 136.2}2 2] ~
Tiax ~ l( 2 + (19.45) = 70.8 MPa

Since §

I

220 MPa, sSy = 220/2 = 110 Mpa

and S

- 1

n= ;Ez* = %ﬁgﬁ = 1.55 Ans.
max z

| [} 5' ¥
N

e

AT point B we have surface compression

too. So
wik o B BE0D :
T TR TR T T 18azy < - 20-4 e
Also, g = -136.2 MPa, 1 = 19.45 MPa
x Xy
From a Mohr's circle, find 1 = 69.7
max
MPa
Then n = 110 _
Then n = 557 1.58 Ans.

(b) Sume bending stress, but at (;

$0 there is no difference.

6-17 (a) o, = 138.9, o, = 0,

53 = 2.72
By dist. ener. n = 1.57 #apg.
(b) o, = 0, o, = -17.2, Oy = -139

n=1.67 Ans.

6-18 (a) M = 14F

324 32(14)F
= — = 142.6F
“nd3 m(1)3
16T 16(15)F

= ——— = 76.4F
(103 -

1

ag
~X

Ix
y n.d3

The coefficient of variation of F is
_ 45

Cp = S—- 7 = 0-110

At A

E% = 142.6F = 142.6(410) = 58 500 psi
Oy = CF_Q = 0.110(58 500) = 6430 psi
_%y = 76.4F = 76.4(410) = 31 300 psi
arxy = cF?Xy = 0.110(31 300) = 3410 psi

Then, in kpsi, we have

=20 —~ _ 58.5 L1/58.5 2 _)"i'i
G)s Ty = 2Be3 [(___) + (31.3)2,

s LJ
= 72.1, -13.6 kpsi

The standard deviations are

o 0.110(72.1) = 7.93 kpsi

52 = 10.110(-13.6)| = 1.50 kpsi

[}
1]

(o}
|

Thus g, N(72.1, 7.93) kpsi Ans.

g, ™ N(-13.86, 1.50) kpsi Ans.

(b) Let 0, = kcl so that the mean von

Mises stress is

2

St 1 s B o B 3
r _ 22 _ L 2
o _(01 0102+ 02) Ul(l k + k=)

with a standard deviation of

58
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6-18 (Continued)

_ _ 23
60' B ¢01(1 k+ k%)

Since k = (ﬁl(ﬁ = -13.6/72.1 = -0.189

o' = 72.1[1 - (-0.189) + (-0.189)2]i
79.8 kpsi

8 1 = cf&‘ = 0.110(79.8) = 8.78 kpsi

and so g" ~ N(79.8, 8.78) kpsi Ans.

6-19 (a) First convert the data to
radial dimensions to agree with the

formulations of Fig. 2-25. Thus

L, = 0.5625 * 0.001 in
r, = 0.1875 = 0.001 in
RO = 0.375 * 0.0002 in
Ri = 0.376 = 0.0002 in

The stochastic nature of the dimensions
affects the § = Igil - fEOI relation in
Eq. (2-60), but not the others. Set
R = i(Ri + RO) = 0.3755 in. From Eq.
(2-60)

E§ | (r2 - R*)(R* - r?)

E‘:_._
22 2
R 2R {ro ri)

Substituting and solving with E = 30 Mpsi

gives

p = 18.70(10%3

Since 8§ = R, - R
2 =5 ~o
1 == i

8
and

) =r[o.0002)2 . (0.0002)2 !
"5 b\ 4 4

0.020 0707 in

Ri ~ YRo

il

Then .
“5 _ 0.000 0707
{" === —-—— =
8 U 0.001 0.0707

4

The tangential inner cylinder stress at

at the shrink-fit surface 1is given Ly
Eq. (2-57) as

] - R? + r;
~it p RZ — r?
i _

. 6, . 0.37552 + 0.]8752
= -18.70(10°)$ 0.3755% = 0.18752
= -31.1(106)§

- 6 :

Og¢ = ~3L.1(107)u, = -31.1(10") (0.001)

= - 31.1(10%) psi

Note, here Eit means the same as p
Also

git

aait =| Cs oitl = ]0.0707[-31.1(103)]]

2899 psi

(b) The tangential srress for the

outer cylinder at the shrink-fit sur—

surface is given by Eq. (2-58).

r; + R?
Tox T B 57 —we
o]
_ 6, . 0.5625% + 0.37552
" BUC Y s e e
= 48.76(10%) 5 psi
‘6t = 48.76(106)(0.001).= 48.76(10%) psi
= = = 3
sot = Cg 9 . = 0.0707(48.76) (10)

I

3445 psi

= 0.376 - 0.375 = 0.001 in

39

6-19, at the fit sur-
face got ~ N(48.8, 3.45) kpsi

6-20 From Prob.

The radial stress is the fit pressure
which was found to be

p = 18.70(10%)5

u

5 18.70(106)(0.001) = 18.7(10%) psi

8

It
a

H]

! 8lp 0.0707(18.70) (103)

i
—
[}
o8]
]

=
o
fabe




6-20 (Continued)

and so

p ~ N(18.7, 1.32) kpsi
and

g~ — (18.7, 1.32) kpsi

~0or

These are the principal stresses

0, = 48.8 kpsi, oy = -18.7 kpsi
k = GBIUA = -18.7/48.8 = -0.383
g’ = UA(l -k + kz)i

]

48.8[1 - (-0.383) + (—0.383)2)]5

60.4 kpsi
6 4 = Cpuo. = 0.0707(60.4) = 4.27 kpsi
Using the interference equation

pS - pa

g 3
2 -
(65 * 60}

= 95.5 — 60.4
[(6.59)2 + (4.27)2]}

I

- 4.5

P, =« = 0.000 003 40,

or about 3 chances in a million. Ans.

For a brittle material in uniaxial

tension e is the governing strength,

Mg = u

Z = 2 E
(ag + 63)
_ 445 - 26.7 = ~3.49
[(4.34)% + (2.67)2]
R=1-0(z) =1- 6(3.49)

1 ~ 0.000 233 = 0.9998
(b) For Weibull strength

T

1/b
where X = X + (6 - xo)ln -j

R
For the normal stress
x—
Mg
2 i
: g
a

Continued on next page.

6-21

A

A

For point A

F/a b
M = -t -
max al2 4

_ 1500(1, 0.1) (0.5 5 0.75)
2

1l

2 4
= 329(1, 0.1) 1b-in

. - ff? 32[329(1, 0.1)]

nd> n(U.é)a
26TCLy Uk depsi

i

pd 6000(1, 0.083)(0.75)

2t 2(0.125)
= 18(1, 0.083) kpsi
Note that 0.083 means 0.0833333 .
pd  6000(1, 0.083)(0.75)

9y = — =
4t 4(0.125)
= 9(1, 0.083) kpsi
g = -p = ~6000(1, 0.083) kpsi

These three stresses are principal
stresses whose variability is due to
the loading. From Eq. (6-11) we find

the von Mises stress to be

. __{118 - 9)2 + [9 - (—6)]2+(—6—18)§§
T 3 2

= 21.0 kpsi
8 , = cpE“ = 0.083(21.0) = 1.75 kpsi



6-21 (Continued) The area on the R.R

diagram is in the lower right-hand corner.

their midrange values

r,=0.500 in R, = 1.000 in

r,=1.500 in R = 0.9995 in

§o= IR = Ir_|= |1.000| - |0.2995]|
= 0.0005 in

q1

12
Cursor s R
Rl "'x, kpsi 2 2 Mult.
0.980 35.2 3.18 0.000 743 1
0.982 35.0 Full 0.000 9 4
0.984 34.8 3.04 0.001 16 2
0.986 34.6 2.96 0.001 54 4
0.988 34.4 2.87 0.002 05 2
" 0.990 34.1 2.76 0.002 86 4
0.992 33.8 2.64 0.004 15 2
0.994 33.4 2.50 0.006 21 4
0.996 32.9 2.31 0.010 4 2
0.998 32.1 2.00 0.021 7 4
1.000 27.7 0.375 0.354 1
0.523 103
1 = 232 [0.523 103] = 0.000 348 7 )
R=1-0.000 348 7 = 0.9997
6-22 (Concluded) Substituting these values with E = 30
,_o_s” ¥ Mpsi, R = 0.99975 into Eq. (2-60)
2 2 1}
(63 + 85’) gives
_ 50 - 21.0 L o LB p = 3517 psi
(.12 + 1-752)5 ’ Then the ;gui igresses at radius R are:
The reliability is very high o, = —p A
10 it R2 — r2
R=1-%(6.5) =1-0.0"7402 = 1 Ans. : i
_ 0.99975% + 0.5%
= = 3317 §.999757 = 0.57
6-23, 24, 25 OMITTED = -5864 psi
04, =P = -3517 psi
6-26 (a) Convert to radial dimensions.
r, = 0.500 * 0.001 in rz ¥ g
Ri = 1.000 *# 0.0002 in UDL’ =p - Rz
R = 0.9995 * 0.0002 in To
_ ; _ 1.52 + 0.99975% _
t, * 1.500 *# 0.002 in = 3517 152 — 0.999752 ~ 9140 psi
The dimensions can be represented by o, =-p=- 3517 psi

(b) r, = 0 in, By = 1.5 in, Ri=1.000 in
RO = (0.9995 in, §

il

0.0005 in. Using
the same approach gives the stresses at

2573 = -p = -4 si,
R =s % ¢ P 169 pfi




g . pem  peey  peem

P

6-26 (Concluded)

040 = ~P = -4169 psi, - 10 833 psi,
and G o ™ o = ~4169 psi

6-27 Here Ty ® 12.5 £+ 0.025 mm,
Ri = 25 * 0.005 mm, R0 24.99 £ 0.005,
L % 37.5 * 0.050 mm

§ = R - ]ROI [25] - |24.99]

0.01 mm

Also, E = 207 GPa, and R = 24.995 mm
Then

ES
R

1l

(ri - R*)(RZ - r?)

p = = 19.4 MPa“

S .5
2R (rO ri)

The stresses at radius R are:

R® + ri
Gy = ~f = -32.4 MPa
R? ~ r?
5 B
g, = -p = -19.4 MPa
ir
r* + R*
0 =p 2 = 50.5 MPa
ot 2 _ g2
fO
o) = -p = -19.4 MPa
or

Imner ctube:

., 3
- o 2 <
o (al + o oioz)

= [(=32.4)% + (-19.4)2
= (~32.4)(~L‘J.&}]i = 28.4 pPa
Quter tube:

' = |(50.5)% + (-19.4)% = (50.5)(—-19.4}}i

= 62.5 MPa

6-28 r. =0 in, Ro = 0.9995 + 0.0002 in

r = 2.00 z 0.0625 in

+0.0000
-0.0002
With bilaterul tolerance

Ri = 0.9999 = 0.600l 1n

R. = 1.000 in
i

&= fw | - IR | = ]0.9999] - |0.9995]
= 0.0004 in mean
§ = |1.000| - [0.9993] = 0.0007 largest
From Eq. (2-59)
B §
'P-_
R 'rz + R? R
—|T——+tv | +—(1 -v.)
E \r2-r2 9 ¢ *
o] (o} i

Now use Eo = 14.5 Mpsi, Ei = 30 Mpsi,
v = 0.211, v, = 0.292, and
o i

6§ = 0.0007 in to get p = 4575 psi

Then, at R
r2+R‘2
B, S
ot rz—-Rz
o
22 5 5Gg 2
w ilibys E—F L HIT° o ey psi
22 - 0.99972
W ™ P = -4575 psi
Ly
-y
| ez |22 000
B i s Rt Gp
- &315 B~ ]3Uﬁ
" e !
i / # !O,C)
o
B -4575
= 29 -9 - = —_—— = -
Sug T 22 KRS = 0T = s = 0,600

This is Case I, so

ax = 29 77 = 9
n Sut/GA 22.0/7.622 2.89

6-29 The radial bilateral dimensions
are r, = 0, and Ri = 0.937420.0001 in
for the shaft. For the hub RO =

0.935 £ 0.001 in and r = 1.625 + 1/16ir
Then

§ = IRi]— ]RO] = [0.9374] - |0.935]

92



29 (Continued) From previous page

= 0.0024 in. We now estimate
= 0.000L _ 4 600 033 in and
1 3
_ 0.001 _
e 0.000 333 in
1en 66 = [0.000 033)% + (0.000 333)2]i
= 0.000 335 in
and so
_0.000 335 _
& =y g T eaad

= 0.211,
. = 30 Mpsi, vi = (0.292, and the

ow, using R = 0.9362 in, vo

i
quation for p in last solution, gives
= 16.7 kpsi
aca, at radius R
¢ 2 g g2
ot P rz _ Rz
e}
_ 1.6252 + 0.9362% _ "
= 16.7 252~ 0.9362% ~ 22=9 kst
| & B -16.7 kpsi
i & C6 & = 0.139(33.3) = 4.63 kpsi
jeing the modified Mohr
= 33'3_ = -1.99 therefore case II
-16.7
E s SthS\]C
A
S - (1+1)5
[od
1 _1+r 1 _1-1.99
— - 44,5 140
ut uc
= 33.8 kpsi
= = 1
SA 1 1 -1.99 ~ 33-8
44,5 + 4.34 140 + 13.1
= 3.32 kpsi

w

¥ow, interfere g, with § where
A A,

5 B (33.3, 4.63) kpsi

By ™ By

2 2
(6SA r 6UA)

z = -

4

33.8 = 33.3
(3.322 + a.632)i

= - 0.088

which corresponds to a reliability
of 0.54

6-30
ra
SYRENLGTH T“"‘“——']
- 4 sS4
sTRESS I '1
40 48
Strength:
x < 46 Rl = I
x — 46 54 - x
& = —
16 < x < 54 Rl <4 — 46 8
x > 54 Rl = 0
Stress:
x < 40 R2 =]
_ X — &0 _ 48 - x
O EENAE Ry SESR858 - &
x > 48 R2 =0
2
l - _.,...___..—.‘
R
a—x=40
A :
= ) \
fs) 7 A

%748

43




p———

6-30 (Concluded)

Tabulace R R

X

l,

[
ko

4
4
4
4
5
5

0
6
7
8
0
4

.
— b
M LN

‘.
no~ o
L

o U~
.
CCoCOoOOoO R ® oM
.

ccoC - ®

Now relate R

, to Rl through x

54 - 8R, = x = 48 - R

1 2

Then R2 = Rl — 0.75 (note that R, = 0

2 .
when R1 < 0.75)
Using Eq. (6-29) gives
1 1
R=1-/R,dR, =1 - f (R, - 0.75) dR
gt 1} 0.75 1! !
R,Z |1 1
St Jours O TRg s
R=1-0.218 75 + 0.75(1 - 0.75)

0.968 75

Check from graph

R=1-A=1-1(0.25)( - 0.75)
= 0.968 75
6-31 g = (54 + 46)/2 = 50 kpsi
5 = 54 = 46
S 4 S 21
Pati 7
l = 2,31 kpsi
40 4l 48 ot _ 48 + 40
Mo T 2
= 4% kpsi
5" 48 - 40 _ 2.31 kpsi
2 /3

The range numbers for m are

nt = 54 - 40 = 14 kpsi
large

mo11 46 -~ 48 = -2 kpsi

U o= u. - uo = 50 - 44 = 6 kpsi

m

S

Y

-

= (a2 2¢}
& (BS + 60)
= (2.312 + 2.312)}
3.27 kpsi

I

14
A o.1tS

W
b
W
Aeen =1 = Lik-(-D)3

1
s

PoF (M)

Reliability = area to right of

0 = 1 — il

k _ h _0.125
0-(-2)  6-(-2) 8

m

Therefore k = 0.03125

Reliability = 1 - [0 - (-2)](k/2)

_ . _ ., 0.03125

=1-2 >

= 0.96875 Ans.
Next, Smin = Mg — 365 = 50 - 3(2.31)

= 43.07 kpsi
= = 2
Toax = Mg 38, = 44 + 3(2.31)
= 50.93 kpsi

n = Gmin = gg:gg = 0.846 No safety!




INTERFERENCE BY NUMERICAL ANALYSIS

A supplement to Shigley and Mischke MECHANICAL ENGINEERING DESIGM, 5/e

Here we are going to integrate areas, similar to those of Fig. 6-32, using
Simpson's rule, to obtain the reliability. The first step is to specify a set of
values for Rl and then to find the corresponding values of RZ' This will define
the Rl—R2 relation. But to find Rz we filrst require a set of cursor positions x
corresponding to each wvalue of R1 we have selected. This depends upon how the
strength is distributed. The procedure for the normal, the lognormal, and the Wei-~

bull distributions is as follows.

Normal stremgth. $ ™ N(ug, )

1. With Rl given enter Table A-10 with tabulation R1 and read zy.

2. Solve for x from the equation
X = ug
z, = =/ . (6-32)
E}S

Lognormal strength. § ~ LN(ﬂS, GS}

1. With R1 given enter Table A-10 with tabulation = R1 and read zy-

2. Compute

s
Uﬂn S = E; - CS (e-33)
2
CS
Wy g™ n Mg = — (6-34)
2

3. Solve the equation

&n o=
Zl _ in S (6-35)
cln S
to get
~1 -
= -+ g
x In (z]_oﬁrl S Hon S) (8-36)
Weibull stremgth. S ~ W(x ., 0c, b)

1. R, is given; solve Eq. (4-22) for x.
1
1 ]1fbs

= + - x —
x = x55 *+ (0g ”os)[’?‘n R,

We have now found the cursor positions x cerresponding to all values of R

{63 T)

1
from the strength distributions. The next stepr is to find the value of R, corres—

2
ponding to each cursor position from the distribution of stress. We note very part-
lcularly here that the stresses need not be distributed the same as the strengths.
Thus any distribution of strength can be used with any other distribution of stress.

The procedure for ecach of the stress distributions is as follows.

Qs



e

R R

Normal stress. o ~ N(p_, ad)

1. Find zz_fxom the equation
g m— | BRCED

2. Enter Table A~10 with z, and read R2 = tabulation.

Lognormal stress. g + LN(uU, 60)

1. Compute

o
- g
o = — = (C (6—39)
in o uc g
CZ
u =%y - 9 (6-40)
in o a 2 ¥

2. Solve the following equation

e X = g
z, = IR o (6-41)
2 -
%n ¢
3. Enter z2 in Table A-10 and read R2 = tabulation.
Weibull stress. g =~ W(xo ,8 » b))
A g o o
l. Find Ry from Eq. (4-22) as
b
x - xoo o
RZ = exp |- (h———————— 6-42)
0 - x
o 0o

For high reliabilities, say over 0.95, most of the area under the Rl Rq curves

of Fig. 6-32 is at the far right of the interval. To integrate such an area by

Simpson's rule could easily require one hundred or more ordinates. Since the work

of estimating a "zero" ordinate is as much as that for a significant oue, we are

tempted to take the following approach:

1. For 0 = R, 2 0.9 in steps of 0.1 find the largest value of R, for

which the ordinate is still zero. Call this R¥ and begin the iur:

1 L i

tion at this value.

2. Select an interval of 0.8(1 - Rf) and integrate using 9 ordinates.

If the right-hand ordinate in the integration interval is beginning to

show some size, say 0.005 or greater, go to step 4.

3. If the right-hand ordinate is not showing sufficient size, make the

next interval 0.8 of the rexaining interval, integrate using 9 ordinates,

then go to step 2.

T



4. Place 9 ordinates in the remaining interval and integrate.

EXAMPLE 6-7

In Prob.

7-17 -it is found that the shear strength (torsional endurance 1imit) dis

S5 ~ LN(21.15, 4.06) kpsi and the corresponding torsional stress is

T v N(9.98, 1.30) kpsi. Estimate the reliability.

Solution

First we find RT = 0.9. The first interval is 0.8(1 - 0.9) = 0.08 and h, = 0.08/8

1

= 0.01 (see Prob. 1-9). The computations of Table 1, for example, are explained

as follows.

TABLE 1 Rl zl x 22 R2 w
0.9 -1.2817 16.23 4,.8083 4] L
0.91 -1.3406 16.05 4.6679 0 4
0.92 -1.4053 15.85 4.5155 0 2
0.93 ~-1.4757 15.64 4.3518 0 4
0.94 -1.5550 15.40 4.1701 0 2
0.95 -1.6450 15.14 3.9671 0 4
0.96 -1.7511 14.83 3.7323 0.0001 2
0.97 -1.8814 14.47 3.4504 0.0003 4
0.98 -2.0540 13.99 3.0877 ¢.0C10 1

Elez = 0.0024

Col. 1. Enter Rl values.

Col. 2. Enter Table A-10 with tabulation = Rl and read Z,- Interpol-

ation is usually necessary so use the program you developed
for Prob. 1-2.

Col. 3. Solve Egs. (6-33), (6-34), and (6~36) to obtain x.

h % _ 4.06
“%ns T,.7 % T71.15 =0-192
S c 2 .
- __S__ _0.192)2 _
Mo s = 0 g X tn (21.15) ; 3.033
For R = 0.98

| F _ ~F <
X = fn (zlgin S + L S) = In [-2.0540(0.192) + 3.033]
13.994 046 65
Col. 4. Find z, from Eq. (6-38).

X -y
_ T _ 13.994 046 65 - 9.98 _
z, = . = 130 = 3.0877

T

Note in this example that z, was found by program without first round-
ing off the value of x.. There is a slight difference.
Col. 5. Enter Table A-10 with Z, and read R, = tabulation.

2
Col. 6. These are the weightings for Simpson's rule.

17
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l“‘ The results of Table 1 indicate that we should proceed to step 3. The remain-

ing interval is 1 - 0,98 = 0,02, So Table 2 is prepared using the interval

0.8(0.02) = 0.016. Thus h2 = 0.016/8 = 0.002.
l TABLE 2 Rl Zl x 22 R2 W
0.98 -2.0540 13.99 3.0877 0.0010 1
B 0.982 -2.0975 13.88 2.9982 0.0014 4
| 0.984 -2.1450 13.75 2.9013 0.0018 2
0.986 -2.1875 13.64 2.8153 0.0024 4
- 0.988 -2.2467 13.49 2.6967 0.0035 2
0.99 -2.3267 13.28 2.5386 0.0056 4
0.992 -2.4091 13.07 253783 “ 0.0087 2
0.994 -2.5124 12.82 2.1808 0.0146 4
9.996 -2.6518 12.48 1.9205 0.0274 1
LwR, = 0.1524 ’

Since R2 is now greater than 0.005 the next is the last interval. Thus

last interval = 1 - 0.996 = 0.004 and h3 = 0.004/8 = 0.0005.

TABLE 3 Rl zl x Zy R? W
= 0.996 —2.6518 12.48 1.5205 0.0274 1
3 0.9965 -2.6970 12.37 1.8375 0.0331 4
0.997 -2.7478 12.25 1./452 0.0405 2
. 0.9975 -2.8075 12.11 . 1.6378 0.0507 4
: 0.998 -2.8683  11.97 1.5297 0.0630 2
0.9985 -2.9680 11.74 1.3551 0.0877 4
0.999 -3.0916 11.47 1.1433 0.1264 2
| 0.9995 -3.2917 11.03 0.8109 0.2087 4
1.0000 1.0000 1
g E3WR2 = 3,008
i by h, Bs 0.01 0.002 0.0005
A=-Lgur 4 -2 rwRk, +—=I.WR, = = (0.0024) +—"—(0.1524) + —5—(3.008)
1752 gy Lk 3 3 3
3 3 3
| = 0.000 611
So the reliability is R =1 — A =1 - 0.000 611 = 0.9994 Ans.
l 1111/

19
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7-1 From Table A-20, Sut = 55 kpsi
Sl 0.50&5ut = 0.504(55) = 27.7 kpsi

_ [0.9(55)]1%
SHN ©

_ 1 0.9(55) _
b= 3 log 7.7 = -0.084

b - 88.46(12 500y~ 084

40.05 kpsi Ans.

36 i1/-0.084
P =(§§TZ€% = 44.5 kecyecles Ans.

= 88.46

L=
1]

o)

=
il

7-2 and 7-3 OMITTED

-4 §ut ~ N(734, 42.4) MPa
= 734(1l, 0.0578) MPa
From Eq. (7-9)

S* = 0.504(1, 0.146)(734)
- 370(1, 0.146) MPa  Ars.
- - 57
C,, = 0.146, C. . = 0.0578
__ [0.9738)]2 _
R i e IR
_ 1. 0.9(734) _ _
b =3 log =50 0.0839
from Eq. (7-10)
1
CSf - 2SSu - CSe * 3 (CSe - CSu)lOg N
= 2(0.0578) - 0.146
% %(0.156 - 0.0578)log 130 000
= 0.1200
- = n
5. = aN® = 1179(130 000) 0~ 839
. = 439 MPa
# - < - A9 =. M7 -
o = CgSp = 0.1200(439) = 52.7 MPa

So §f = 439(1, 0.1200) MFa Ans.

7-7 Eqg. (7-4): §'
— e

=5 From Eq. (5-20) we hove
5, = 0.45H, = 0.45(490) = 220.5 kp=i
= 100 kp-i

“rom Table 7-4 a = 1.34, b = -0.085

crom LEq. (7-4) §

'
a2

-0.085

k, = 1.34(220.5) = 0.847
From Eq. (7-15)
o Joamasy SR 4 55

b "\ 0.3

Since the remaining factors are unity

Se = 0.847(1.055)(100) = 89.4 kpsi Ans.

7-6 From Eq. (5-23) we have
§u = (0.5, O.UZZ)BB = 0.5(1, O.OAQ)BB

E; = 0.5(490) = 245 kpsi

Table 4~4: C = (C 2+ ¢ z)i
Xy X Yy

So Co = 4(0.03)2 +—(0.044)2]} = 0.0533
S, = 245(1, 0.0533) kpsi

Eq. (7-4): S

: 100¢1, 0.146) kpsi
Tables 7-4, 7-6: a = 1.34, b = -0.085,
Ca= 013

k, = a(l, 03"
% L35CY; O.I3)(zesy -090
= 0.820(1, 0.13)

kb = 1.0535 as in Prob. 7-5

We now have

S = [0.840(1, 0.13)](1.055)[100(1,0.146)]

gai =
So Ee = C.840(1.055)(100) = 88.6 kpsi

cSe = [(9.13)2% + (0.1&6)2]5 = 0.196

= 88.4(1, 0.196) kpsi Ans.

~g

Ik

710(0.504)
357.8 MPa
Table 7--: a = 4.51, b = -0.265

Bq. (7-12): k_ = 4.51(357.8)70- 263
= 0.949

Fq. (7-190: &y = (a/7.62) 01133
- (32/7.62y~0-1133
= 0.850

|

oy

[ —
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7-7 (Concluded)"
All other factors are unity, and so

s, = 0.949(0.850) (357.8) = 288.6 MPa Ans

7-8 OMITTED

Syt = 370 MPa.
S; = 0.504(440) = 221.76 MPa

7-9 Table A-20: Sut = 440 MPa,

Therefore

Table 7-4: a = 4.51, b = -0.265

K, - 4.51(440)"0-%8° = 0.899

Eq. (7-16): Kk =1 )

Eq. (7-22): kc = 0.923

Eq. (7-13): S _ = 0.899(1)(0.923)¢{221.75)
= 184 MPa

Table A-15-1: d/w = 12/60 = 0.2, Kt=2.5

Fig. 5-16: q = 0.78 (end of chart)

Be=1% 0.78(2.5 = 1) = 2.17
B F_ F _ _F
o =K 7 =217 1500 - 12)° 221 '°2
S
e _ 184 _ F
Then ;; = g or 1.8 ~ EET
So F = 22.6 KN  Ans.
Based on yielding
Sy _F 370 _ F
n, A 1.8 10(60 — 12)
or F = 98.7 KN
7-10 Table A-21: Eﬁt = 1090 MPa,

E&t = 793 MPa 7,
Eq. (7-9): $ = 0.504(1, 0.146)(1090)
549(1, 0.146) MPa

1.58, b = -0.085

Il

I

Tables 7-4 and 7-6: a =
c=0.13 '
k= 1.58(1, 0.13) (549) 0083
= 0.924(1, 0.13)
Eq. (7-19): d_ = 0.808[20(10)1*

- 7-11

d, = 11.43 mn
e -0.1133
11.43 :
Eq. (7-15): kb = (thi_) o o
= 0.955

The remaining factors are unity and so %

Eq. (7-27): :

8, = 0.924(1, 0.13)(0.955)[549(1,5.145)]

3 = 484.4 MPa Sk
e - : :

g = [(0.13)2 + {0.146)2]E = 0.1%26

Table A-15-6: Dfd = 30/20 = 1.5,
r/d = 1/20 = 0.05, K_ = 2.4

Fig. 5-16: q = 0.85 .o i ;

Table 5-5: C = 0.08 :
Ef =14 0.85(2.4 - 1) = 2.19

or Ef = 2.,19(1, 0.08) B

2 2 1

I_b0® 1" _ 667 cn® E:

c 6 6 3

i  75F | 3

g &Ry 2.19(1, 0.08)( ) S

c 0.667/ .. i

- . ¥

= 246F(1l, 0.08) MPa %

where F is in kN.

With R = 0.5, z = 0, and the coupling 3

equation is simply uU= Hge®

Or 246F = 484.4 from which F = 1.97 kN.

Any C. 0. V. in F results in 50 percent

A A A s i

reliability as long as the mean of F -

is 1.97 kN.

See diagrams on next page. The
most dangerous section is at the fillet

joining the 40- and 48-mm sections at C.

Here M, = 2.9(200) + 0.8(62.5)
= 630 N*m
§1 = 0.504(610) = 307 MPa

100




7-12 (Concluded)
1 0.9(89) _

b = - 3 log 6.2 = —0.2145
- 46,29 | 1/-0.2145
Eq. (7-7): N = 3575

12 893 cycles

At 1720 rev/min

12 893
life t = <750 ~ 7.5 min Ans.
7-13
Sl =
EYAS | 115
200 =1 325
e S0
S0Q L~
'\\__ lw/.),.

Eq. (7-9): §; = 0.504(1, 0.146)(550)

= 277.2(1, 0.146) MPa
4.51, b = -0.265
0.06

Table 7-4: a
Table 7-6" C

-0.265

k
~a

4.51(1, 0.06)(550)
0.847(1, 0.06)

B (190 1 = (2

The remaining factors are unity and so

-0.1133

S, = 0.847(1, 0.06)(0.841)[277.2(1,.146)]
§; = 197.46 MPa

cg = [(0.06)% + 0.146)21} = 0.1581

and so §e = 197.46(1, 0.1581) MPa

M= 1720900)F; F = 6(1, 0.01667) kN

H =500 Ex E ’

M = 420(1, 0.01667) N-m

Fig. A-15-9: Kt =1.72
Fig. 5-16: q = 0.8

Koo= 1+ 0.8(1.72 - 1) = 1.58

Table 5-5: CK = 0.08
K_= 1.58(1, 0.08)

~f
I _1(3.5)2 _ 3
ik 4.209 cm
' <
g =K, — .,
f e ) e

420(1, 0.01667)

|

1.58(1, 0.08)

%.209
5 = 1:98(420) _ .o; 5 ips
: 4.209
L [€0.08}2 + (0.01667)21% = 0.0817
So g = 158(1, 0.0817) MPa
Eq. (6-32): 61n o = CS = (0.1581
5 =¢ = 0.0817
1ng g
Eq. (6-33):
g = 1, = 262
Bin 8 By~ e
2
= 1m, (6746 ~ 021080 o 5 5u4p
c= z
~ - .,___g
uln a A uc 5
2
=y 158 0'381?) = 5.059
Eq. (6-34):
, w . 512730 — 5.0592
[(0.1581)2 + (0.0817)2]5
= - 1.2014
Table A-10:
z 1.20 1.2014 1.21
®(z) 0.1151 0.1148 0.1131

R=1-0.1148 = 0.8852 Ans.

7-14 S! = 0.504(120) = 60.5 kpsi
Table 7-4: a = 2.70, b = -0.265

s v
k_ = 2.70(120) 0.265 _ 4.759

lst trial Use d = 2 in
-0.1133

) ( 2 ‘ - 0.807
ks~ lo.s
Fig. A-15-9: D/d = 1.5, r/d = 0.10,
K= 1.68

L o




7-14 (Comcluded) 7-15 Rotation assumed. Eq. (7-9):
Fig. 5-16: q = 0.86 (at end of chart) S = 0.504(1, 0.146)(110)
Eq. (5-26): K. = 1 +0.86(1.68 — 1)

[

= 55.44(1, 0.146) kpsi

= 1.58
- -6: =2.7, b = -0. 3
kc _ kd = i ke - 1/1.58 = 0.633 Tables 7-4 and 7-6: a 7 265
se = 0.759(0.807) (0.633)(60.5) = 23.5 c = 0.06
kpsi
_ ~0.265 _
Life: N = 75(1150) = 86 250 cycles k, = 2.1010) ol
2 -~
B0, (1-6)% a = [0.9(120)1% _ ,q6 k_ = 0.777(1, 0.06)
23.5 '
Lk 0.9(120) _ : !
b= = 3 log —gae— <0221 T—~—Tﬂ-—-‘ = 5
Eq. (7-5): S, = 496(86 250) 2! L Y -
= 40.2 kpsi 5,5 e l ?
; 33 }
L_1d" _ 9.098174° ¢ e
© 32 s
1
— z’
At the central shoulder 2
A Base kb onD=1.25 in
M = 57(10) (12} = 30 kip-in 1.25\"0-1133
Lo 30 _305.6 B [P1Egs :(0.3 ) = Dz801
s 5 5

o 3
Lie ~ B:038L7¢7 5, = 0.777(1, 0.06)(0.851)[55.44(, -146)]
Using Sf/n = ¢ we have S - 36.7 kesi
50,2 _ M58 . oo ooan g g AR SRR
1.60 a3 -

Cg = [(0.06)2 + (0.146)%] = 0.158

For the next trial, choose d = 2 3/8 in i - 0.158(36.7) = 5.80 kpsi

g
_ 2.375)'0'1133 - 0.791 3 .
0.3 So §e = 36.7(1, 0.158) kpsi

= 0.2375; q = 0.86at end of chart
" 1+ .86(1.68 — 1) = 1.58

¥ Fig. A-15-14: D/d = 1.25, r/d = 0.125
K

k = 1/1.58 = 0.633

S

K =1.70

'y t

. 0.759(0.791)(0.633)(60.5) = 23.0 Fig. 5-16: q = 0.84

kpsi
- 2 < — = = + L . —
4 = 10 9§;23)] - 507 Eq. (5-26): K. = 1 +0.84(1.70 - 1)
= 1.59
b= - & log S22 - —0.224
'_0 224 ' Table 5-5: CK = 0.13

Sf = 507 (86 250) = 39.8 kpsi

_ 305-6 i _ So I'Sf = 1-59(1, 0.13)
o = z§T§?§73-= 22.8 kpsi 30M

39.3 . g = Ke 3a®
n = m = 1.75 which is ok. '

= 1.59(1, 0.13) §3$1§991(10‘3;]
n (1)
103
A}
s
R A ) e )




1 i o . -c ok 1 i i e
'-m—---‘w - - --_-Lu'd-w -.a-.m- ; - VA RN (aLl Lrpin M ;
el fe 4 et - SRt aarams Ryl B et od i

7-15 (Concluded)

g = 22.7(1, 0.13) kpsi

G = 22.7(0.13) = 2.95 kpsi
I U

z_

@2 + agj)i
36.7 - 22.7
[(5.80)% + (2.95)2]i

-2.1515

From Table A-10 by interpolatiomn

F(z) = 0.157

So R =1 - 0.0157 = 0.9843 Ans.

No rotation ' -
7-16 S' = 0.504(1, 0.146)(58)

= 29.2(1, 0.146) kpsi
Tablies 7-4 and 7-6: a = 14.4,

b= -0.718, C = 0.11
k= 14.4(1, 0.11)(58)
0.780(1, 0.11)

Eq. (7-18): d_ = 0.370(1.25) = 0.462 in

0.462)_0'1133
0.3

-0.718

Eq. (7-15): kb =( = 0.952

s, = 0.780(1, 0.11)(0.952)[29.2(1, 0.146)]
Ee = 21.7 kpsi
Cg = [(0.11)2 + (0.146)2]5 = 0.183

Og, = 21.7(0.183) = 3.97 kpsi
Table A-16: d/D = 0, a/D = 0.1; A = 0.83

K = 2.27, C, = 0.11
T K
Fig. 5-16: q = 0.69
Kf =1+ 0.69(2.27 - 1) = 1.88

Eq. (5-26): K = 1.88(1, 0.11)
Table A-16:

~ %4D?  7(0.83)(1.25)° _ . 3
7 = 3 = 39 = 0.159 in

Il

=}
]
=

N =

1.88(1, O. 11)(0 129)

18.9(1, 0.11) kpsi

;
a1}

It

30 = 18.9(0.11) = 2.08 kpsi

21.7 - 18.9 _ Iﬂ*fgé

— = I = -0 -6247 4 5
[(3.97)2 + (2.08)2] =
Table A-10: ]
2 0.62 0.6247 0,632 %
£(z) 0.2676 0.2660  0.2643.

R=1-0.2660 = 0.734 Ans.

7517 Eq. (7-29): k_ = O. 577(1, 0. 11)
Both k and kb are unchanged from Prob.
7-15, and s0

= - . , i
Sse kakbkcse TR

= 0.777(0.851)(0.577) (55.44)

= 21.15 kpsi |
and Cg = [0.06)2 + (0.146)2 + (0.11) }}

= 0.192 2
G = 21.15(0.192) = 4.06 kpsi

se
Note that there are three variates in

S e This means that the distributidn

—~

AL (g VAR et LUt

tends toward lognormal. See Sec. 6- 14

Fig. A-15-15: D/d = 1.25, r/d = 0.125,%

K__ = 1.40 - _.g
ts 3
Table 5-5: CK = 0.13 %
So K = 1.40
~Ls 5

Note, from Fig. 5-17, that q = 1.
= 1. ¢ 0 ;
So gts 40(1, 0.13)

Then
_ 16T
X ~ts wd>
_ 16(1.4)
1.40(1, 0.13) “;fiyy—

9.98(1, 0.13) kpsi
8T= 9.98(0.13) = 1.30 kpsi

Since the stress has only one variate,
it is likely to have a normal distri-
bution. We therefore have a LN-N

interference problem. (See Table 18-J)

(04




7-17 (Concluded)
Sumt_nar‘iz ing:

5 ~ LN(21.15, 4.06) kpsi
~5e

T N(9.98, 1.30) kpsi
The solution begins on page 97. It is

found that R = 0.9994 Ans.

7-18 and 7-19 OMITTED

1 Sesut

=]
=1

B + . crasut & UmSe
5 S
e ut
26.7(64) _
8 34(64) + 6.76(26.7)

2.39 Ans.

7-20 Table A-20: Sut = 64 kpsi,

Syt = 54 kpsi

fone O FISEL = 0:25) = 0.28L 367
Frax  3000(107°)

¢ = T 70.281 = 10.67 kpsi

For yielding

n = 54/10.67 = 5.06 Ans.
S; = 0.504(64) = 32.3 kpsi
Table 7-4: a = 2.7, b = -0.265

k, = 2.7(64)70-28% = 0.897

Eq. (7-16: kb =1

Eq. (7-22(: kc = 0.923

Se = 0.897(1)(0.923)(32.3) = 26.7 kpsi
Fig. A-15-1: w = 1 in, d = } in,

df+ = 0.25, Kt = 2.45

Fig. 5-16: q = 0.78 (end of chart)

K =1+ 0.78(2.45 - 1) = 2.13

£ F - F .
max min
g = B
a 24
_ 3.000-0.800_
= 2.13 7(0.281) 8.34 kpsi
F £ E o
g = -Dax min
m ZA
_ 3000 + 809 _ ;
~2(0.281) 6.76 kpsi

These two compoments vary in the sdme
ratio because they both result from
the same force. Therefore Eq. (7-39)

applies, and

F -F.

= max min

a f 2A
B 3000 — (~800)
= 2.13 557781)

(1073 = 14.4
kpsi
F _+F.
_ “max min
m 2A
3000 + (~800)

- -3, L -
= 2(0.281) (10 ™) 3.91 kpsi

Based on fatigue:

26.7(64) = 1.67 Ans

T4 4 (64) + 3.9 (26.7)

n =

Based on yielding:
n = 54/10.67 = 5.06 Ans.

7-22 F _
- max min
o Kf 2A
800 - (*3000)(10—3)

2(0.281)

= 14.4 kpsi

F + F .,
g max min
m 2A

I

2.13

800 + (-3000) ,..-3, _ _
2(0.281) (10 ) 3.91 kpsi

This is a compressive mean stress and

so ¢
n= EE 201 = 1.85 Ans.

14 .4

]

7-23 S; 0.504(1400)

706 MPa
Table 7-4: a = 272, b = -0.995
K, - 272(1400)"0-2%° = 0.201
Fq. (7-18): d_ 0.808(hb)

0.808[?'_5(18)}E = 29.7

Il

Las
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7-23 (Continued) Eq. (7-23):
29.?)~0.1133

e = (?.62
All other k's are unity, and so
Se = 0.201(0.857)(706) = 122 MPa

= 0.857

Fig. A-15-2: Kt = 2.18

Also q = 0.95 (end of chart)
Kf =1+ 0.95(2.18 - 1) = 2,12
For the stresses

6M _ 6M
(1.8)%(7.5 - 1)

0 h%(w - a

0.285M MPa
where M is in N-m, and is '
M = (F/2)(150) = 75F
The preload stress is
gp'= 0.285(75)(9.36) = 200 MPa

ag

The maximum (nominal) stress is

O e ™ 0.285(75)(10.67) = 228 MPa

The alternating component is

o - a
& max P _ 228 - 200
o, Lf > 2l s
= 29.7 MPa
Gmax L
The mean is o = e B
" 2
5
- 2222200 - 914 1pa

2 S
Goodman line: S = § Q.— i
m ut S

|

e BN e

-~ '%
z
13 g
5,
Load line: m = P
S -0 <
m P S %
So Sa = m(Sm -0 ) = mSut(l - 'S—D-- mo ;
msasut '
= m(S ¢ & Up) =8
e
Then mSaSUE
Sa + S = (Sut - Gp)
e
mSut =
e
) ='m(Sut - 0g)
8 msut
1 + 2
g
. a _ 29.7 _ i
Here m = G —o_ " 704 - 200 - 17
2.12(1400 — 200) R g
= = p
Then Sa 2.12(1400) 100 MPa g

L #e

Thus n = §_/o_ = 100/29.7 = 3.37 Ans. .

7-24 Eq.

Sut = 0.45HB = 0.45(380) = 171 kpsi

(5-20):

(171) =86.2 kpsi
a=14.4, b = -0.718

.718

171y = 0.359

I

:d = 0.370D
e

0.139
(0.139/0.3)'°'¥133
1.09

359(1.09) (86.2) =33.7 kpsi

I

£ kb

I

L e 7S

15

22.5 1b

=
. 32(22.55(16) (IBES):- - oqoe

S; = 0.504
Table 7-4:
ka = 14.4(
Eq. (7-18)
Eq. (7-23)
So § = 0.
e
_ 30 -
Fa - 2
30 +
Fm B 2
' 32M
o = =
m md>
o Dad
a 22.5

7(0.375)°

7.5‘
g = 42— (69.5 = 23.2 kpsi
m 22.5 (69. 5

kpsi

Now, assuming a finite life, we rewrite

R I T L e VO P € e

T

0.370(0.375)f*



7-24 (Concluded)
Eq. (7-35) as

S S
24 0 - 1;letS =o0_andS_=o0
S S a a m m
f ut
Then S
a 23.2 _
sf.._ Sm -1_69.5—39.3 kpsi
1 -5 171
ut
ey, . 10.917D))2
Eq. (7-6): a T 703
_ 1 0.9(171) _ _
by ey log 33.7 0.220
. 1/-0.
Eq. (7-7): N = (39.3/703) /-0:220

494 kcycles Ans.

- _ bh® _ 18(3)3 _ 4
z~25 (a) 1 = 2 " 12 = 40.5 mm

) F23 3EI
Since y = 3EL’ F = —ng

_ 3(207) (40.5) (2) (103)

P min (100)°
= 50.3 N Ans.
F = 50.3(6/2) = 150.9 N  Ans.
max _—
v
(b) .
e |
A - A e -
/o ‘ﬁ ) : r
\:/_h:'. - — g ! -
Y‘Y 2 i
ik 1B hag Yad
(o) ' 7
e M = 0.1F N-m
| B A
From curved-beam theory
r=—2— = —3 - 4.328 m
o n 2
fn ;_"—
1
T=4.5mm, so e=T -1 = 4.5 - 4.328
= (0.172 mm
CO = 1.5+ 0.172 = 1.672 mm
ey = 1.5 —0.172 = 1.328 mm
_ Mg 0.1F(0.1328)
9 Aer 0.3(1.8)(0.0172)(0.3)
- — 4.766F MPa

liote that all dimensions have been

transformed to centimeters in this comp-

utation. Similarly,

_Mey L 0.1F(0.1672)
% Rer_ ~ 0.3(1.8)(0.0172)(0.6)
= 3,000F MPa
Ui,minz ~4.,766(50.3) = -239.7 MPa
o, = -4,766(150.9) = -719.2 MPa
i,max
Go,min= 3(50.3) = 150.9 MP@
g = 3(150.9) = 452.7 MPa
0, max
Inner radius, ylelding
Eq. (5-20): Su = 3.10HB = 3.10(490)

1519 MPa
‘Here we estimate that Sy = U.9Su, S0
Sy = 0.9(1519) = 1367 MPa

= = 1.90 Ans.

The compressive mean stress has no
effect on the endurance limit.

g -a
max min

2

-719.2 - (-239.7)
2

239.8 MPa
Eq. (7-4): s; = 700 MPa
Table 7-4: a = 1.58, b = -0.085

K, = 1.58(1519)"0-9%> = 0.848

Bq. (7-19): d_ = 0.808[3(18)1F = 5/94 mn

Eq. (7-15): kg =(§f%% s 103

Se = 0.848(1.03) (700) = 611.4 MPa

; )—0.1133

_ 611.4
239.7

So n = 2.55 Ans.

Outer radius

S

oo YE 1367 _

U eparde — @ 4573 ~ 5-02  Anms.
max

Se = 611.4 MPa unchanged

g = 452.7 - 150.9 _ 150.9 MPpa
a 2

5w £52.7 + 150.9°_ 301.8 MPa
m 2

g = 150.9 MPa

T T T T T BT T O ME T em e . B R e A e 0 e e | l.




7-25 (Concluded)

Failure occurs when Um = Sm

S =90 .
a a

n

S
= . - _ .2
Eq. (7-35): S_ sut(l 2 )
5

o, = 1_86}3;3:£;%3;§l;] = 14.88 kpsi %
s b o
26.7 =
o = Ei Sg=n W 1.80 Ans. at fillet - -

0.75/3.75 = 0.20
= 2.5

At hole d/fw
Fig. A-15-1: K

e,

t

q=0.78, K, = 1+0.78(2.5 = 1) = 2.17
; % B 2
nax = 0.5(3.75 = 0.75)  2°°1 EpsiT

o .
Onin - 0.5(3) 10.67 kpsi
o = 2.172:67=(10.67) |, ., Apel’

a ] 2
26.7

L= 977" 1.85 Ans.

So failure would likely cccur at the

fillet.

7-26 Table A-20: Sut = 64 kpsi

S = 54 kpsi for cold drawn steel.

Yyt

S; = 0.504(64) = 32.3 kpsi
Table 7-4: a = 2.7, b = -0.265

k= 2 7064y~ 0-293 _ g.897
kb =1, kc = 0.923 (axial)
Se = 0.897(1)(0.923)(32.3) = 26.7 kpsi
At the fillet
F
_ _max _ -16 _
B =y 7.500.5) ~ 12-8 kpsi
=5

Bseatic Uc - =12.8 4.22 DA

Fig. A-15-5: D = 3.75, d = 2.5,

D/d = 3.75/2.5
r/d = 0.1, K_=

I

1.5, r/d = 0.25/2.5,
2:1

T -

q = 0.78, Kf =1+ 0.78(2.1 - 1) = 1.86
G et B0 fmd
max 1.25 - P

il o :
O in 1.25 12.8 kpsi

Umax B Umin

0a - Kf 2

7-27 (a) U; = 172 MPa,
o' = [3(103)2]% = 178 Mpa
esut
Eq. (7-45): n = R TR
a ut m e
_ 276(551)
172(551) + 178(276)
= 1.06 Ans.
(b) § = 0.5778 = 0.577(276) = 159 MPa
se e
SSe 159
Fatigue: n = — = g = 2.30 Ans.
g @
. _ sy _ 0.577(413) _
Static: n = - 138 + 69 1.15 Ans
max )
e o3, = {3(103)2]i = 178 MPa
c; = [(83)2 + 3(69)2]i = 146 MPa

276 (55%)"
146(551) + 178(276)

=1.17 Ans.

Eq. (7-45): n =

. 2 ik :

e [(81)* + 3(103 + 69)%] 309 MP
) _ 413 _

Static: n = 309 1.34 Ans.

{os

£
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7-27 (Concluded)

b :
se. 159 |
{(d) n = ;;ﬂ = 597 No safety

Since SSu is unknown we shall use the

5 -5 instead of S_ -5 relations.
[ 52 Su

e u =

Thus ¢! = [3(20?)2]% = 359 MPa

a
o [0.9(551))% _ o4
Bq. (7-6): a = o5 = 891
_ 1 0.9(551) _
= =g hog g = -0.0848
- . \1/-0.0848
3 -3, (359
Eq. (7-7): N = (10 )(891)

45.2 kcycles Ans.
(e¢) T = 103 MPa, o_ = 103 MPa tensiom
a m :

st = [3(103)2]% = 178 wea

276(551)

1= 750550y F 103(276) ~ 20 Amss
7-28 OMILTTED
7-29
4F S
max _ 2 -
Opax = 7a% = w(1.25)% - 12-2 kpsi
. _ léTmax _ 16631 . .82 kpsi
max ~ 7wd” x(1.25)° e
o" = [(12.2)* % 3(7.82)2}E = 18.2 kpsi
Static m = 112/18.2 = 6.15  Ans.

s; = 0.504(148) = 74.

6
Table 7-6: a = 1.34, b = -0.085
-0.085

k= 1.36(148) = 0.876
Bq. (7-15): & = (1.25/0.3)"0- 1133
= 0.851
Se = (0.876(0.8513(74.6) = 55.6 kpsi
_ _&(2) _ .
T = E(L.2)E T et RSl
s - J .
z 1 max min
%a,0 E 2
Cc,a%

= 5.72 kpsi

R = 1.63

g = lgl%;t~llél = 6.92 kpsi
m 2

_ 16(=0.3)
Toin = w(1.25)°

_ "max ~ "min _ 7.82 - (-0.782)
Ta,0 2 )

4.30 kpsi

1.75/1.25 = 1.4,

0.10, K__ = 1.42
ts

= -0.782 kpsi

Fig. A-15-8: D/d
x/d = 0.125/1.25
Fig. 5-17: q = 0.99

L 0.99(1.42 - 1) = 1.42

Fig. A-15-7: Kt = 1.88

Fig. 5-16: ¢ = 0.9, K. = 1 + 0.9(1.88-1)
1.79

I

so o = 1.79(5.72) = 10.2 kpsi
Ta = 1.42(4.30) = 6.11 kpsi

 "max ' Twin _ 7.82 + (~0.782)
Ta 2 2
= 3.52 kpsi

ol = 10 %)% +3(6.11}2}5 = 14.7 kpsi
g = [(6.92)% + 3(3.52')‘2]5 = 9.22 kpsi
Eq. (7-45):
L Oefue _55.6(148)

a'S + a'S _ 9.22(55.6)+14.7(148)

m e a ut

]

3.06 Ans.

7-30 (a) Tables 7-4 and 7-6:

« = 2.70(1, 0.06)(80) 0-%%

— (0.845, 0.051)
Eq. (7-16): k=1

b
Eq- (7-29): EC 0.923(L, 0.044)
= (0.923, 0.041)

Fig. A-15-1: d/w = 0.75/1.5 = 0.5
K = 2.17
t
Fig. 5-16: q = 0.82 (end of chart)
1

= = = £
kK, Y i maar - - il

‘ e , = - -
able 5-5 CKf 0.11 Cke

Syig, 0.510(0.11) = 0.056

159
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7-30 (Concluded)
§; = 0.504(1, 0.146)(80)
= (40.3, 5.89) kpsi

£c = (0.845, 0.051)(1)(0.923, 0.041) x
(0.510, 0.056)(40.3, 5.89)

§e = 0.845(0.923) (0.510) (40.3) = 16.0
2 2 2 kpsi
¢ - fb.OSl) +(o.041) +(0.056)
Se \0.845 0.923 0.510
271}
5.89 }
+kZﬁT§) = 0.198
Og, = Cg.S, = 0.198(16.0) = 3.168
_ Fa o 2.1 v
7 (w - &)t (1.5 - 0.75)(0.25)
= 11.2 kpsi
Ho = M
B [(B)s gom wo s O I
~2 gt
(US + UU)
y = 16.0 - 11.2 b

[(3.168)2 + (0)2)}

Table A-10: R = (1 - 0.0643) = 0.936

u

tn S pin ag

~2 ~2
+
(Gin S UEBU)

Eq. (6-28): =z ]

Zz = = -

a4 -
Fn 16.0 - 19;%2§l—] - [gn 11.2 -

(0)?

2

[(3.168)% + 02}

= -1.70
Table A-10: R = 1 — 0.0446 = 0.955
(b) Strength is the product of four
random variables and so is robustly
lognormal. Stress is deterministic, so
stress margin 1s robustly lognormal, so
Eq. (6-28) is a better estimate.
(c) Computer simulation with 10 000
trials gave §e = (16.06, 3.184) kpsi
and R = 0.9501, confirming Eq. (6-28)

as the better estimate.
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=1 (a)
e -5§ Yo >
E | [9_/' ! nlcu—éu
I I S
jTL? éﬁir 7 A
LS vavn

Thread depth = 2.5 mm !
Width = 2.5 mm i
25 - 1.25 - 1.25 = 22.5 mm

d =25 -5= 20 mm

(2
il

i=p=5m

Depth = 2.5 mm

Width at pitch line = 2.5 mm

d =22.5mm, d =20mm, £ =p =5 mm
™ T

-2 and 8-3 OMITTED

8-4 Find torque to raire the load.
F=6%LkN, £ =25 mnm, dm = 22.5 tm
Eqs. (8-1) and (8-6):

6(22.5) [5 + m(0.08) (22.5)
7 7(22.5) - 0.08(5)

6(0.05) (40)
2

= 10.233 + 6 = 16.23 N-m Ans.

T_

+

To lower the load, use Egqs. (8-2) and
(8-5) .
7 - 6(22.5) [;(0.08)(22.5) % %}+ .

2 (22.5) + 0.08(5)
= 0.622 + 6= 6.62 N-m Ans.

_FL 0 6(5)  _ 5
b B S STl e g | D-2%s . Aus,

8-5 Because there are no collar hear-—

ings at the top of the screws.
No, because they rotate in opposite

directicus.

8-6 (a) Screws rotate at
n = 1720/75 = 22.93 rev/min
The lead is } in and so the speced of
the press head is
= 22.93(}) = 11.47 in/min  Ans.
(b) F = 2500 1b/screw;
d =3-0.25=2.751n

m
sec o ='1/cos 29° = 1.143
Eq. (8-5):
_ 2500(2.75) [b 5+ (0. 0J1=5.f;ﬁfa;zg+q
* 2 [w(2.75) = 0.05(0.5 "

= 396.7 1b-in

063(H
Eq. (8-6): T = Zéggiggﬁ_;J_

So T = 396.7 + 375 = 771.7 1b-in
tot

per screw

Motor torque to include eiieci ol pear

efficiency

_771.7(2) ( 1
0

motor 75 95 Z1.56 JIhsin

Motor horsepower required is

) - 375 ib-in

_ _Tn C21.66(0720) _ . or
H=%3000 63000  _ oYt Ao
8-7 OMITTED
8-8 T = 6(2.75) = 16.5 1b-in

=8 3. .
dm =3 -~ 13 = 0.5417 in
¢ =1/6 = 0.1667 in, a = 29°
sec oo = 1.143
. _ 0.5417F
Eq. (8-1): Tsc ——— x

7(0.5417) — 0.15(0.1667) (1.143)
= 0.74Z1F

[0.1667 + w(0.15)(0.5417) (1. 1&3@

il

R OB T N N s O e G . DR N O OEE N R GO aE EEm




8-8 (Concluded) Eq. (8-6): QUIZ A }-in steel plate is ro be belt-
TC _ 0.15(;/16)F = 0.03281F ed to an ASTM No. 30 cast iron member
using 3/8"-16NC bolts. Estimate the
Ttot = B R stiffness of the members. (In using
16. :
F = 0?1?)? = 154 1b Ans. Table A-24 for the modulus of elast ity
be sure to use E in compression corres-
8-9 dm =40 - 3 = 37 mm ponding to the top of the ramge given
L =2(6) = 12 mm for tension.)
r < 10037) 12 + n(O.lO)(B?)J -
2 LW(B?) = 0. 10012} QIIZ A 6-mm steel plate is to be Lolo-
+ 10(2'15)(60) ed to a Z5-mm aluminum casting using
75 ‘he lenpgth ~°
= 38.0 + 45 = 83.0 Nem an M5 x 0.8 bolt. Tind the length
ied 1e stiffness of
Sifes & = Wl Y = § veule * the bolt needed and the stiffunc

the members.
w = 27n = 81 rad/s -

So H=Tw = 83.0(8)w

1l

2086 W Ans.
QUIZ Two steel membe:s, each } in

thick, form a connection using 3/8"-UNF
33 mm,

8-10 (a) d =36 -3
e m

¢ =p=6m bolts and plain washers.

[ (a) Specify the bolt length.
_ 33F|6 + 7(0.14)(33) 0.09(90)F . F
T 2 [7(33) - 0.14(6). 2 (b) Find the bolt stiffness.
= 3.2916 + 4.05 = 7.34 N-m (c) Estimate the stiffness of the
w = 2vn = 2n(l) = 2% rad/s members.
Since H = Tw we have
0-24 UNC fillister-head
u 3000 QUIZ A No. ! ¢t UMC fillister-h
T == =222 = 477 N-m :
t 2w machine screw and nut are used to
So F = 477/7.34 = 65.0 kN Ans. fasten a No. 16 Ga. sheet steel part to
&l e = Fi( _ 65.0(6) _ 0.130 . an aluminum casting 1/4 in thick.

(a) If the nut height is 3/8 in, what

length of screw should be speci-

QUlZ  Two wmembers, each 40 mm thick, 3
fied?

are to be bulred together using an

MiG <« 1.5 bolt and a regular plain th) Noting Fige 8-10, whiac 15 the

: y stiffness of this fastener?
washer. Compute the bolt stiffness. ’ e

QiJ1Z  Two members, each 13 in thick,

are to be bolted together using a
$""-13NC bolt and plain washer. Find

tne bolt stiffness and length.

{ {2




TATLE 8-18 Basic Dimensions of American Standard Plain Washers. All dimensions in
inches.

Fastener Washer Diameters

size size ID (o)) Thickness
e 0.138 0.156 0. 375 0.049
#8 0.164 0.188 0.438 0.049
#10 0.190 0.219 0.500 0.049
3/16 0.188 0.250 0.562 0.049
#12 0.216 0.250 0.562 G.065
1/4 N 0.250 0.281 0.625 0.065
1/4 w 0.250 0,312 0.734 G.065
5/16 § 0.312 0.344 0.688 G.065
5/16 W 0.312 0.375 0.875 0.083
3/9 N 0.375 0.406 0.812 0.065
3/8 w 0.375 0.438 1.000 0.083
7ll5 B 0.438 0.469 0.922 0.065 .
7/1n W 0.438 0.500 1.250 0.083
1/2 N 0.500 0.531 1.062 0.0%5
1/2 W 0.500 0.562 1.375 9.10Y
9/16 N 0.562 0.594 1.156 0.095
9/16 W 0.562 0.625 1.469 0.109
5/8 ¥ 0.625 0.656 1312 0.095
5/8 ¥ 0.625 0.688 1.750 0.134
3/4 N 0.750 0.812 1.469 0.134
3/4 w 0.750 0.812 2.000 0.148
7/8 0.875 0.938 1.750 0.134
7/8 W 0.875 0.938 2.250 0.165
1 H 1.000 1.062 2.000 0.134
1w 1.000 1.062 2.500 0.165
1 1L/8 N 1.125 1.250 2.250 0.134
1 1/8 % 1125 1.250 2.750 0.165
1 174 n 1.250 1.375 2.500 0.165
1 1/6 W 1.250 1.375 3.000 0.165
1 3783 8 1.375 1..500 Fsid 50 0.165
1 3/8 ¥ 1.375 1.500 3.250 0.180
¥ 12 x 1.500 1.625 3.000 0.165 -
1 1/2 W 1.500 1.625 3.500 0.180
1 5/8 1.625 1.750 3.750 0.180
1 2/4 1.750 1.875 4,000 0.180
1 7/8 1.875 2.000 .- 4.250 0.180
2 2.000 2.125 4.500 0.180
2 1/L 2.250 A 4,750 0.220
2. 1f2 2.500 2.625 5.000 0.238
2 3i4 2.750 2.875 5.250 0.259
3

3.000 3.125 5.500 0.284

= narrow; W = wide; use W when not specified.

"
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TABLE 8-1Y Dimensicns of Metric Plain Washers.

Ad1 dimensions in millimeters.

Washer Min. Max. Max. Wash?r Min. Max. Max.
slze 1D (6])] thick. size { 1D oD chick
1.6 N 1.95 4.00 0.70 10 N 10.85 20.00 2.30
1.6 R 1.95 5.00 0.70 10 R 10.85 28.00 2.50
1.6 W 1.95 6.00 0.90 10 W 10.85 39.00 3.50
2N 2.50 5.00 0.90 12 N 13.30 25.40 .80
2 R 2.50 6.00 0.90 12 B 13.30 34.00 3.50
2 W 2.50 8.00 0.90 12 W 13.30 44.00 3.50
2.5 N 3.00 6.00 0.90 14 N 15.25 28.00 2.80
2.5 R 3.00 8.00 0.90 14 R 15.25 39.00 3.50
2.9 W 3.00 10.00 1.20 14 W ¥5.25 50.00 4.G0
3N 3.50 7.00 0.90 16 N ¥7.25 32.00 3.59
3R 3.50 10.00 1.20 " 16 R L7.25 44 .00 4.00
3 W 3.50 12.00 1.40 16 W Y7.25 56.00 4.60
3.5 N 4.00 9.00 1.20 20 N 2i1.80 39.00 4.00
3.5 R 4.00 10.00 1.40 20 R 21.80 50.00 4,60
3.5 W 4.00 15.00 1:75 20 W 21.80 66.00 5.10
4 N 4.70 10.00 1.20 24 N 25.60 - 44 .00 4.60
4 R 4,70 12.00 1.40 24 R 25.60 56.00 5.10
4 W 4.70 16.00 2.30 24 W 25.60 72.00 5.60
SN 5.50 11.00 1.40 30 N 32.40 56.00 5.10
5 B 5.50 15.00 1.75 30 R 32.40 72.00 5.60
S W 5.50 20.00 2.30 30 W 32.40 90.00 €.40
6 N 6.65 13.00 1.75 36 N 38.30 66.00 5.00
6 R 6.65 18.80 S 36 R 38.30 90.00 6.40
5 W 6.65 25.40 2.30 36 W 38.30 110.00 §5.53
8 N 8.90 18.80 2.30
8 R 8.90 25.40 230
8w 8.90 32.00 2.80
1 Same as screw or bolt size.
N = narrow; R = regular; W = wide

{ 14



SUGGESTED PROCEDURFE FOR DETERMINATION OF BOLT STIFFNESS

Given: 1 Grip or thickness of connected members, LG'
2. Bolt diameter d and pitch p or number of threads per inch.
Find: 1 Hut height H from Table A-28.

2. Washer thickness t from Tables 8-18 or 8-19.
3 Thread length LT from Eqs. (8-7) or (8-8).
4. Bolt length L from the relation L > LG + H
Use Table A-17 for preferred lengths.
5. Length of unthreaded portion from the relation Ed =L = Lp.

6. Length of threaded portion within the grip from the equation

7. Area of unthreaded portion from the equation A, = wd*/é4.

d
§. Area of threaded portion AT is the same as the tensile-stress area.
Use Tables 8-1 or 8-2.

9. PBolt stiffness kb from Eq. (8-11).

{ {5
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SUGCESTED PROCEDURE FOR FINDING CAP-SCREW STIFFNESS

From Fig. 8-13

r
! 2
Eh‘{‘T‘ ’Cz‘id
L=<
d
211'1"1“; L4 24 ¢
& 2 Z

Find:

6.

1

8.

. Washer thickness t from Tables 8-18 or 8-19.

Thread length Lr;same as for bolts; use Eq. (8-7) or (8-8).

Cap screw length from L > h + 1.5d.

Length of unthreaded portion from id = L - LT.
. Length of useful threaded portion from iT = - ﬁd
Area of unthreaded portion from A, = nd? /4.

Area of threaded portion AT = At from Table 8-1 or 8-2.

Cap screw stiffness from Eq. (8-11).

116




k = 1498 MN/m

8-11 The external tensile load per m
4
bo}.tlfLS s : " Eq. (8-21): C = Tﬁ%% = 0.238
m 2 — -
P = — 5 (150 6) (10 = 10.6 kN
.10 4 )78 ) Tables 8-1 and 8-6: A_= 84.3 mm?,
Also, L. = 45 mm, d = 12 mm, t
G s = 600 MPa

H=10.8 mm, and no washer specified. =3
0.75(84.3)(600) (10 )

]

P
Eq. (8-25): Fi

L =20+ 6 = 2(12) + 6 = 30 mm
o = 37.9 KN
L.+ H =45+ 10.8 = 55.8 mm
2 Eq. (8-23):
Table A L = 807 600(10*3)(84 3) - 37.9
Ld = 60_~ 30 = 30 mm n= 0_233(10'%) =~ = 5.03 Ans. :
L. = 45 - 30 = 15 mm
_w(12)* _ 3 8-12
Ad = -—7{——— = 113 mm

Table 8-1: Ap = Ay = 84.3 mm?

Eq. (8-11): g
113(84.3)(207)

= 466.8 MN/m

L

113(15) + 84.3(30)

10

no qﬂ_l’._:; ‘

_ ‘ 5 =4

LT 420)2(6)(107%) = 8.4 ;

15 P = (120)2(6) (10T ) =8548 TN E

I , 2
1 i Fig. 8-18: t; = h = 20, t, = 25,

Three frusta: dw = 1.5(12) = 18 mm g= 20 +(12/2) = 26 wm [:
D1 < (20 e A0°362 + dw t=20 (go‘washer) _
— (20 tan 30°)(2) + 18 = 41.09 mm Ly = 2(12) + 6) = Al ik Eé
The following Kk's obtained by computer L >h+ 1.5d = 20 + 1.5(12) = 38 mm ‘
solution using a = 30;: ' Use L = 40 mm &
i1st frusta: t = 20 mm, E = 207 GPa id =40 - 30 = 10 mm LQ
Eq- (8-13): kl = 4470 MN/m £T = [ - id =26 — 10 = 16 mm
2nd frusta: t = 2.5 mm, Ad = 113 mm?3, AT w 843 mn? [j
Table A-24: E = 16.4(6.89) = 113 GPa
k, = 59 040 M¥/m Eq. GB-LL) [‘
3rd frusta: t = 22.5 mm, E = 113 GPa kb = li;%ig?‘i)éz?;ilo) = 744 ™M/m %
Ty, 2343 Hin D, = 1.5(12) + 0.577(26) = 33.0 mm

117
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8-12 (Concluded)
D2 = 1.5(12) = 18 mm
Top frustum: D = 18, t = 13, E = 207 GPa

kl = 5315.7 MN/m (computer result)

Bottom frustum: D = 18, t = 6, E = 113 GPa

k3 = 4393 MN/m

Mid frustum: t = 7, E = 207 GPa, D = 24.9

kz =15 660 MN/m

k = 2085 Mi/m
m

= 744
Fa- (8-21): € = 572085

Eq. (8-25) or Prob. 8-11: Fi = 37.9 kN
Eq. (8-23):

3
_ 600(107°)(83.4) - 37.9 _ . .. i
D = T0.263(8.48) >.62  Ans

= 0.263

AN OBSERVATION

Slight differences in numerical results
will often be obtained depending upon
whether a hand-held calculator is used
or a PC. The calculator seems to give
more accurate results of the two. How-
ever both methods have been used in
this manual, with some mixing even in

individual problems.

8-13

[18

For bolt stiffness, H = 7/16 in,
L, = 2(1/2) + 1/4 = 1 1/4 in,

T
L,=1/2+5/8 =1 1/8 in
S g
L > 1 B + Tg-+ 0.095 = 1.66 in
So use L = l% in
2d =L - LT =1.75 - 1.25 = 0.500 in
£T = 1.125 + 0.095 - 0.500 = 0.72 in
Ay B 7(0.25)%/4 = 0.1963 inZ?
s = i G
At = AT 0.1419 in

L oM 0141930

5.9125 M1b/in

T LT 0.72
A E f=
. _ 4 _ 0.1963(30) _ S8
r.\d = £d 0.500 = 11.778 H_Lb;ln
= 3.94 M1b/in Ans.

Four frusta: By computer
Top frustum: D = 0.75, ¢ = 0.5, 4 = 0.5,
E = 30; k = 33.2992 mlb/in

2nd frustum: D = 1.327, t = 0.11,

d = 0.5, E=18; k = 215.7433 mlb/in

3rd frustum: D = 0.860, ¢t = 0.515,

E = 18; k = 26.65056 Mlb/in

4th frustum: D = 0.75, t = 0.095,

d = 0.5, E = 30; k = 97.27821 Mlb/in

k= 12.126 MIb/in  Ans.
€ o oo Audb = OLOES . Adk.

T 3.94 + 12.126 202

8-14 and 8-15 OMITTED

8-16 Fig. 8-18: t;, = 0.25 in,
h =0.25 + 0.065 = 0.315 in
£ =h+ (d/2) = 0.315 + (3/16)

= 0.5025 in
D{ = 1.5(0.375) + 0.577(0.5025)
= 0.8524 1in
D2 = 1.5(0.375) = 0.5625 in




8-16 (Concluded)
L s R ocraih
= = 0.25125 -
2 PP
- P e WO _{ .
D62 __l_( 1 »j e NS

3 frusta washe£: E = 30, t = 0.065,
D = 0.5625 + 2(0.065)(0.577) = 0.6375;
k = 78.58 Mlb/in (by computer)

—e4<1@31;; =
N )

A olpsas e
Cap portio;: E = 14, t = 0.18625,
D = 0.6375 + 2(0.18625)(0.577) = 0.8524;
k = 23.428|H1b!in

0.15\2%

| osest—

Frame and cap: E = 14, t = 0.25125,

k = 14.31 Mlb/in

km = 7.98 Mib/in Ans.

T = 2(3/8) + (1/4) =1 in
so it is threaded all the way. Since
A= 0.0775 4%,

For bolt, L

t
_0.0775(30) _ .
k, = G075~ = 4-63 MIb/in  Ans.

L v 1 .
8-17 (a) Fb RFbmaxSln 5}

Half the external moment is contributed

by the line lecad in the interval

D=9 =+

]+

Exlt 2
2 2 FbmaxR

' _M
- 3

from which Fbmax =

¢
F = S F'R sin 6 do@
max b
LT
¢,

M
= 3]
;ﬁz R sin 68 d

¥,

M
B (cos ¢1 - cOos ¢2)

Noting ¢; = 75%, ¢, = 105°

Fmax = %%g%%%(cos 75° — cos 105°%)
= 494 1b Ans.
(b)
Fax = FémaxRﬁ¢ N ;%7 R %l N %%

_2(12 000) _
o G2 500 1b Ans.

(c) F = Fmax sin 6
M= 2F R[(1) sin? 90° + 2 sin? 60°
max

+ 2 sin? 30° + (1) sin? (0)]

= 6F R
max

from which
F M _ 12 000
max 6R 6(8/2)

The simple general equation resulted

= 500 1b Ans.

in part (b)

8-18 (a) Table 8-10: K = 0.18

g e B0
Eq. (8-20): Fy = %3 = 9.18(0.375)

= 6667 1b Ans.
g = 0.0843(6667) = 562 1b Ans.

Fi
— 6667 _
) o, = ooogg = 15 900 psi

119

ﬁl”W

LR i %

(o ol o L

" '.]

Mok

-y

. -l.u -

RO r
i <.J Sl
P R T Y R

R B

Mp

o | -—’-'r}li.,l.‘

- S Tl S D

7z A e




E‘I-'Ill I

P

I i

PREVIIR Iy

e R e

s Iu!-m.r!'I] ' r.-mu

By

()
'.'_JI

s
i

8-18 (Concluded)

s 5@ ,
°s1 T 0.0878 - 0400 psi

Table 8-4 gives SP = 85 kpsi, but this
is the minimum proof strength. The
statistical parameters for this bolt
material may be known only to the bolt
manufacturers. And so the problem can-—
not be solved-

Suppose we use hypothetical numbers.

Say, Eé = 90 kpsi and 6., = 2 kpsi.

SP
The coupling equation is Eq. (6-22)

PRI L.

SP B 01
Z = - & A-—.i
logp + 07,1
_ 90 - 75.9

= -2.1028
[(2)2 + (6.40)2]i

Using Table A-10 we find
R =1 - 0.01668 = 0.983
But see MORE on this page.

8-19 (a) To avoid confusion of terms,
call preload P,, reserving Fi for CDF
of ordered faiiure.

Table 8-6: SP = 600 MPa
Eq. (8-25): Pi = 0.9At3P

0.9(245) (600)

132.3 kN

Eq. (8-20) and Table 8-10:

T = 0.18(132.3)(20) = 476 N-m  Ans.
(b) The medians of the smallest pre-

load ﬁl and largest 54 can be found.

Table 4-7: ?1 = 0.1591; F4 = 0.8409.
Alternately, from EQ. (4-33)

= _1-0.3_

E, = o 0.1;91

= R=0.3

B =50y ~ 08509

Table A-10: 51 = -0.9981; 24 = 0.9981

The standard deviation of Pi is

R

CPBP = 0.09(132.3) = 11.907 kN
If Pi ~ N(132.3, 11.907) then

Pl = My + z,9p 132.3 + (-0.9981)11.5:7 ~

120.4 kN
132.3 + 0.9981(11.997;

[

ol
]

I

4 = Vp 2,05

144.2 kN

This means that on many observaticas i:

the, first of four preloads, half will
exceed 120.4 kN and half will not. 1t

doesn't mean that P, is 120.4 WN. It

possible to describe the mean valioe -°

tne smailesc preload ?1 and che largest
preload fa by noting the mean CDF of the
ith ordered failure is i/(n + 1) for any
distribution, thus

F, =1/(4+1) =0.2; F, = 4/(4 + 1)= 0.8

1 4

From Table A-10, Ei = -0.8415 and

Eg = 0.8415 and

Fl = 132.3 + (-0.8415)11.907 = 122.3 k=
5@ = 132.3 + 0.8415(11.907) = 142.3 kN

This means that on many observations of
the first of four preloads, the mean

observation will be 122.3 kN.

8-18 MORE: The worst case would be

e

Ogp = 0 and S_ = 85 kpsi. Then the same
approach gives a probability of failure
of about 8Z. So 87 is an upper bound
and we know only that the actual pro-
bability of failure is less than 87.

{26



820 (a) A = 245 mn®, S = 600 MPa, L > 45+ 8.4 = 53.4 mm E.
Ay = 1(20)%/4 = 314.1 mm? Use L = 60 mm E
F, = 245(0.600) = 147 kN Lq = 60 = 26 = 34 m i
Fy = 0.90F = 0.90(147) = 132.3 kN Lp =45 - 34 = 11 mm (
T = 0.18(132.3)(20) = 476 N-m Ans. k, = 7352(207) - 478 MN/m P2
(b) L > 48 + 18 = 66 mm _ K
So use L = 80 mm kg = éf’-i(l’(—m— = 1091 MN/m &
Ly = 2D + 6 = 2(20) + 6 = 46 m k, = 332 M/m , .;
1T=14mm,f.d=34mm ~ &
ke = g%('zo_n = 3622.5 MN/m _ 1> : :
K, = 22120 - 615 3 aw/m T -
k, = 1252 MN/m 0
e 70 .._i _jf.
?L 5
74 [ k]
= :
L_.)_("} ___! : — {0 p=
' 3 frusta Top: E = 207, t = 20, d = 15
T e Mg G 0228 k = 3503 MN/m (computer 5oll.tt:i.ont)‘]r
F, = CP + F. = 0.228(20) + 132.3 Middle: E = 120, t = 2.5
= 137 kKN Ans. k = 55 076 MN/m [
E, = B(L=0) =\ Bottom: E = 120, t = 22.5 '
k = 1958 MN/m
= 20(1 - 0.228) - 132.3 = -116.9 kN P
Lt Y &
€ = na = 0,213 :
Sl p-pA L vg:p _ u(oaﬁz;Z;iSSO) : Fy = 0.75A5 = 0.75(58.0) (830) -
= 9.72 1/bolt = 0= kN 1
5, = 830 MPa, 5 = 1040 MPa, Tabl"‘Ff’"lzz S, = 162 Ma oy
5, = 940 iPa, A_ = 58.0 mm? 9, = Ei = 25°5(10%) = 622 MPa L
Ay = 7(10)2/4 = 78.5 mm? =
I..T = 2(1l0) + 6 = 26 mm, H = 8.4 mm, 2=

(21 f



it g

L |

g

™o

[RCAPVIR

255, A I E R

8-21 (Concluded)

.-Lﬂf% k

Eq. (8-37):
s - _ (104002 1040 1040 \?  4(622 + 162}
m 2(162) ~ 2 |u62 162

S =8 =g, = 708.8 - 622 = 86.8 MPa
a m i

_CP _ 0.213(9.72)

= 3y o
o, 26 “3(58.0) (10%) = 17.85 Mpa
S
_"a _86.8 _
nfatigue B a. ~ 17.B5 486 485,
8-22 (a) Table A-22: S__ = 93.7 kpsi

ut
Using notation on p. 65, and, at Bect.
A-A of the figure tor Prob. 2Z2-5%

r, = 1 in, LI 2 in, T =1.5 in,

(1y*
4[2(1.5) - /4(1.5)% - (1)? ]
= 1.457 107 in
1.5 - 1.457 107
= 0.042 893 in
e, =t ~-r =2~ 1. 457 107
0.542 893 in
= 1.457 107 - 1
0.457 107 in
A= w(1)*/4 = 0.7854 in?
M = Pr = 1.5P

P ;E
i
Ui (} + & )

r =
n

f

e =r —-r

n
I

H
I

H
I

» |

i
_ P 1.5(0.457)] _
0.7854 [1 * 0.0429(D) ] elzb8
ag
i 21.6P _
Ga 2— = —2-—‘" = 10.81p
Eye Eq. (7-14) and Table 7-4:
k= 14.4093.7) 70718 = o553
Eq. (7-15): I = (1/0.3)79-1133 _ 4 a9
Eq. (7-22): k = 1

C

12¢

I+

3
] = -3338.27 + 520(7.78275)

+

= -3338.27 * 4047 = 708.8 Mpa

£q. (7-4):

Sé = 0.504(93.7)
Eq. (7-13):

Se = 0.553(0.872)(47.2) = 22.8Ikpsi
From Eq. (7-39) recognizing that

It

47.2 kpsi

o_ = o_ we have
a m
R, = :
A
Ve ut
_ ) 1 - _ 1696
- 1 1 TP
ID'BlP(zz 800 * 33 700)
Thread
ka = 0.553, kb =1, k = 0.923
w B L o
Table 8-11: ke = Kf =igg = 0.263
Sé = 47.2 kpsi
Se = 0.553(1)(0.923)(0.263)(4?.2)
= 6.34 kpsi
g = At 0.663 1.51p

Using same equation as before,

1
n —
£ 1 T )
0‘754P(634o * 53 700
_ 7876
P

Therefore the eye is weakest.
(b) Cold form the eye.

(c)
P="—="222- 848 1b
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8-23 (a) L > 1.5 + 2(0.134) + — 7 2.41
Use L = 2} in Ans.
(b) 4 frusta, 2 washers, and 2
members. rmn‘fJ:Lj-_mm{ ~Qisa
i L co
L zfﬂ____'____V \
E = 30, f-c D ;_;
t = 0.134, '
D=1.125, k = 153.3379 mlb/in
Next D = 1,125 + 2(0.134) tan 30°
= 1.280 in
Member f—1.737 “'—'—'“""}'
: ~1
1
ans
[
ok
E = 35.49476 Mib/in
1
km = _—2—*:—2— = 14.41 M1b/in Ans.
153 35.5
Bolt LT = 2(3/4) + 1/4 = 1 3/4 in
= 2(0.134) + 2(0.75) = 1.768 in
ld = 0.75 in
lT =1.768 - 0.75 = 1.018 in
AE »
_ Jd° _ 7(0.75)2(30) _
kd 1 = T 400.75) = 17.67 Mlb/in
A = 0.373 inZ?
Y AE
- _tT _0.373(30) _
kT ET 1.018 11.00 Mlb/in
kb = 6.78 M1b/4in Ans. -
_ 6.78 _
C= 6.78 + 14.41 = 0.320 Ans.
(c)
CP__ 0.320(6)
a7 28 T 200.373) = 2-573 kpsi
F
4 25
IS0 +-—— =2 573+ = 69. 60
m a At 0.373 hpsd

[ 23

By Goodman Here Table 8-12 gives

S, = 18.6 kpsi

S # (Fy/8)

S =
a L Sut
TS
e
< 120 - 67.02 = 7.11 kpsi
] 4 120
18.6
S
a 7:11
n = E; 7.573 2.76 Ans.
(d)
S -g¢
- _p i _ 85 - 67.02 _ i
Sa > > 8.99 Lpsi
S L
wod . 8,99
n = s " 2.573 3.49 Ans.
a
8-24 (a) Table 8-2: At = 0.1419 in2
Table 8-4: sp = 85 kpsi, Sue = 120 kpsi
Table 8-12: Se = 18.6 kpsi

Eq. (8-25) Fi = 0.75At8p

0.75(0.1419) (85)
9.046 kip

4.94
% Tu v 1597 = 0-2%6

_ 0.236p
~ 2(0.1419)

0.832P kpsi

. _Cp
Eq. (8-31): a, = EK:

I

Eq. (8-32): 9.046
» 0.832p +-6—IZT§

= 0.832P + 63.75 kpsi

I

£q-- (B35 9.046
S -0 120 -
_Cue T % 0.1419
s = S = 7.55 kpsi
a S & 1+ 120
1+ =8t 18.6
S
e
_ _7.55
Using @, Sa/n gives 0.832Pa Bk
and so Pa = 4.537 xip Ans.
(b) g, = 0.832(4.537) = 3.775 kpsi

m = 3-775 + 63.75 = 67.52 kpei

ikl
'._,I,:'g'i. v

[ o A PO

o e [




8-24 (Concluded)

_ 85(0.1419) - 9.046
0.236(4.537)

2.82 Ans.

9.046
4.537(1 - 0.236)

2.61 Ans.

Eq. (8-230: n

Eq. (8-24): n =

f

OMITTED

Most designers will use coarse

threads unless there is a particular
reason for another pitch. So here

coarse threads are assumed.

A = 561 mm®, S, = 600 MPa, S = 830 MPa,
S = 129 MPa

8-27 (a) A_ = 0.0775 in?, sp = 85 kpsi,
Sut = 120 kpsi, Se = 18.6 kpsi
Assume entire bolt within the grip is

unthreaded. Then

. - AdE
b £

_ 7(0.375)2(30)
4(13.5)

= 0.245 Mlb/ia
Ans.

Cross sectional cylinder area is

A = g{(b + 2t)2 — p2]

= %[(4.75)2 - (4)2] = 5.154 in2

. o AE _ 5.154(30) 1
m 2 12 "6
= 2.148 M1b/in/bolt Ans.
K 0.245

50 '€ = i, + K 0.245 + 2.148  0-102

-3 (b) F, = 0.75(0.0775)(85) = 4.94 kip
Fi = 0.75(561) (600) (10 ~) = 252.45 kN i
o. = 0.75(85) = 63.75 kpsi
o = 222:55(103) - 450 Mpa i F
i 561 m(4)2 1
_¢cp 0. _
R il 20561) 23.53 MPa
s & i = 4189 1b/bolt
ut g -
§ = = = 51.12 MPa CP_ _ 0.102(4.189) _ 2 .
a s 830 ®a T 2&_ T T2(0.0775)  ~ 2-76 kpsi
1+ T t $ )
S fl - Based on Goodman
a 21 . =
"¢ T s T 7353 2.17 Ans. g = P e : ~ 120~ 63,75
a a S 120
AS - F, o L% va 5
Eq. (8-23): n = =B = S8,
P 5 = 7.55 kpsi
561(600) (10 ~) - 252.45 S
= __a _7.55 _ 2.74
0.33(80) n = E; =276 = 2- Ans.
= 3.19 based on bolt F
: i
stress less than proof strength. Ans. (c) Since n = gfi_:‘aj we have
F
i F
Eq. (8-24): n = ——F o S
P(l - ©) Per "T-¢ - T-o0.102 - 5-50 kip
- R 4.71 So joint separation would occur at
80(1 - 0.33) 5 P
A : = S _ 2500(6) _ 2630 psi Ans
based on joint separation. p A g P AHS.

( 24-

b4 AL A £



8-28 Members, Sy = 71 kpsi,
Sgy = 0-577(71) = 41.0 kpsi
Grade 5 bolts, § = 130 kpsi,

SSy = 0.577(130) = 75.01 kpsi

1) Shear of bolts

2
A =7 . I£9;§Z§l_ = (0.221 ig2
s 4
%y _ 0.221(75.01)
F, = *;—-X e e = 5.53 kip

2) Bearing on bolts Ay = 0.188 in?

i e B 0:188(130)
a1

3) Bearing on member

F

_ 0.188(71)
b 3

7.5 = 5.34 kip

4) Tension of mebers

Ft = Q;Z%QLLll = 5.18 kip

F = 5.18 kip based on tension of

members. Ans.

A = 0.Z1
£ v

= 12.22 kip

8-29 Members, Sy = 32 kpsi

Bolts, S = 92 kpsi, § = 53.08 kpsi
¥ Sy
1) Shear of bolts
2
a = ZO379)® | g 201 n2
s 4
F 4 ;
T = K; = 0221 = 18-1 kpsi
n = fg:?g = 2.93 Ans.

?) Bearing on bolts

4 = 2(0.25)(0.375) = 0.188 in2

o, = 0.188 = -21.3 kpsi

n= m = 4,32 Ans.
3) Bearing on members

Pad

-

Gb = [=21.3 = 1.50 Ans.

128

4) Tension on members

A=
o, = 525z = 9-85 kpsi
n =22 -3.25  Ans.

9.85 e

(2.375 ~ 0.75)(1/4) = 0.406 1inZ2

8-30 Members, Sy = 71 kpsi

Bolts, S = 92 kpsi, S_ ' = 53.08 kpsi
y sy

1) Shear of bolts

_ 1.20(53.08)

Fs 1.8

= 35.39 kip

2) Bearing on bolts

_ 1.31(92)
i 2.2

*, j.r

= 54.78 kip

3) Bearing on members

1.31(71)

Fb = 2. = 38.75 kip

4) Tension of members

_ 1L.59(71)

g 2.6

= 43.42 kip

F = 35.4_kip based on shear of bolt Ans.

Bt
5

fontzve]

8-31, 8-32, and 8-33 OMITTED

8-34
F_ = 3000 1b P
T L M R
= 1286 1b %
l‘-["
' =3 ‘3__
_Y._._________ R § Q




8-34 (Continued)

VLT
l ?l_ 5 . V@.\E 12
2 = 1.095 ;;ﬁvu+.7:%;;£[qi_ 1.

H=7/16 in
L>1.095+ (7/163 = 1.532 4in

Use 1 3/4-in bolts; L_ = 1 1/4 in
7(0.5)2 o e

Ay W It = GH0B i
A = 0.1419 16?2

t
L 0.31353(30) _
ky T 11.78 Mlb/in

_ 0.1419(30) _ ;

ky = = n—ee——="[.155 Mibildn
2 identical frusta _“T 0.15 f’_

e T
t = 1.095/2 | : ; \\\‘ ;

= 0.5475 in : : B
k = 31.94576 Mlb/in
So k= 15.97 M1b/in,

k = 4.449 Mlb/1in

4,449 ~
C = %449 ¥ 15.97 ~ 0-218

p = 85 kpsi
F, = 0.75(0.1419)(85) = 9.046 kip
o; = 0.75(85) = 63.75 kpsi

Due to the tensile load

CP Fi
ob = a + Y 0 1&19[0 218(1.286)
r t
+ 9.046] = 65.72 kpsi
Ps 3 .
T T A T Oliges T o P8kest

= [(65.72)% + 3(15.28)2] = 70.8 kpsi

So the stress margin is

m = 85 - 70.8 = 14.2 kpsi Ans,

8-35 OMITTED

8~36 Using a result of Prob. 6-23

Fx = gﬁEgé with a design factor of n

giveé

= 0a8m)a000a _
2mp 21(0.12)

or T/d = 716
Also T/d = K{0.75 SpAp)

It

0.18(0.75) (85 OOO)At

Il

11 475 AL

Now, prepare a table

Size At T/d = 11 475At
1/4-28 0.0364 417.7
5/16-24 0.058 665.55

3/8-24 0.0878 1007.5

T =(11 475A_)d = 1007(0.375) =377.8
t P26

So specify a wrench torque of 400 1b.in
Check factor of safety:

_ 2mT - 2w(0.12) (400)
0;18de 0.18(1000) (0.375)

= 4.47

8-37 8(1250) = 2pr(5)

p = 82250) _ 400 10/bolt
10
(b) At = 0.0775 in?, Sp = 85 kpsi
Fi = 0.90(0.0775)(85) = 5.93 kip
o, = 0.90(85) = 76.5 kpsi
Eq. (8-23):
0 = 85(0.0775) - 5.93 w9 B0 v Ans.

0.173(1.000)

{76



3-37 (Concluded)
(c) Total clamping load is
4(5.93) = 23.72 kip

_ Verte _ uN _ 0.25(23.72)
v v 1.25

(d) AS = 0.221 in? for both bolts

= 4.74 Ans.

o £ o 4230 . g =
S E g 5660 psi; Sy = 92 kpsi
;sy = 0.577(92) = 53.08 kpsi
~ 53.08 _ )
1~ 5.66 = 9,38 Ans.
8-38
o " |
I \ Fl Fl' 1
A e - e,
! ? “%’\ \ E ;
P " ik ;
o : ——_..___(:) *foi_@ |
' Lil\ @ ; #C :
t / 1
¢ A .::
: ’Ti M// %
TS - R

Bolts: Sp = 380 MPa, Sy = 420 MPa
Channel: t = 6.4 mm, Sy = 170 MPa
Cantilever: Sy = 130 MPa

Sut: H = 10.8 mm

LI = 30 mm

L>12 + 6.4 + 10.8 = 29.2 mm

Use L = 30 mm

All threads, so At = 84.3 mm?

= (50 + 26 + 125)F = 201F

nw _ oo _ 201F(50) _ -
FA = FC = —ffgﬁiz_ = 2.01lF

gV "o l L
FC = EC + FC = (2.01 + 3)F 2.343F

= 0.577(420) = 242.3 MPa
Shear of bolt A = A = 84.3 mm?

felts: §
sy

eo sy Bs _ 242.3(84.3) 0073
n 2.343  2.8(2.343)
= 3.11
Bearing on bolt: Ab tdm

For a 12-mm bolt, dm

12 - G.649 519(1.75)
10.86 mm

A = 6.4(10.86) = 69.5 mm?

69.5(1072)

: B
n 2.343 2.
Bearing on member:

e - 170 69.50107%)
2.8 2.343

2.343

= 4.45 kN

= 1.80 kN

Strength of cantilever: M = 151IF

- _ 4930(190)
£ T 2.8(150) (10%)

1/

¢ = 4930 mm?
= 2.22 kN

So F = 1.80 kN based on bearing on

member. Ans.

SUGGESTIONS FOR QUIZ PROBLEMS

(a)
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LT | ixatys | ks

'.::1?]

\
r-\/L’-\ y
. 1400 1b W gy 1950 Ib %
Zing I"— %—in Bolts v _"H*%in L I : I %—-in dia. bolts 0
Tt A L TR e e E l I, i / v —”._gm
R R ) =
c?q_d & ) o 5 Sin’
i ) | ‘ 1 _l_;.'
T A== }—sm : X
+ 16 in ——
e e

A
y
.
1 ) -
,./‘\_#/\ 1800 Ib 12in

%m*”“ rﬂxﬁ 1800 1h
T = 3inp— ¥ _‘;‘II'I—-{;-—-
x S R » h—r
a1 ZYRO AN B T
—~ 3in p— \_l_ .
& -—in dia. bolts
e S 3 . .. /‘\—'—\_r-\\‘_J =
2’—-mdu1,bolls
8-39 F! = 4 kN; M - 12(200) = 2400 Nem,
Fl = F! = 3%%9 = 37.5 kN; F, = Fy ={(2)% + (37.5)%
= 37.7 kN Ans.
FO = 4 kN Ans.
2
Fu= OkN T(12) 5
Bolt shear: AS = ———— =113 mm ",
4
F=v15 k| A 37.7(10)°
. Tz " =334 MPa Ans.
7 1e-akn 113 —
0
2
Bearing on member: A, = 12(8) = 96 mm5,
“Ya 37.7(10)°

U= = ———— = =393 MPa Anx

o ~fbf

Bending stress in
plate: ‘

| NN BT NNNN

2.5 ki |
: a
_I_ -
A7
— 9t
2T
S &

(18
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-8-39 (Continued)

bh®  pad ba®
2 )
e 12 12
3 3
8(136) 8(12)
12 g 52
% 3
B{12) o - 4
= 2]+ (32)%(8)(12)) = 1.48(10)° m Ans.
i A2 -

Mc  2400(10)°(68)
M= 12(200) = 2400 Nem; 0 = —=

- = = 110 MPa
I 1.48(10) Ans.
8-40 Shear of boelt: M= 4950 Lbsin 300;’%
— ’“
A, = 1-;-(0.5)2 = 0.196 in° § 16%
F 1800 -
T=—=—__ = 9180 psi " ly=200 fb
A 0.196 '
% 150 fb
Sgy = 0+577(85) = 49.0 kpsi ’w"‘ |
49.0 L4 1 wr
n = ——— = 5,35 Ans. Ag 12 | g i -
9.18 — ) O T8 »
F,= 1800 /b
Bearing on bolt: Fa=1500 fb
= 1,3, _ 2 w50 fo
Ay = 5(5) = 0.1875 in ! |50 /b
_ F _ 1800 85
U= =T =~ 59gwg =—9600 psi; n = 5= = 8.85  Ans.
Bearing on members: Sy = 54 kpsi, n = %4_6' = 5.63  Ans.
e o ,
1 | ‘
A
T f/// l >
] _
+ —lw e
1729
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8~40 (Concluded)

Strength of members: The moment at the RH bolt is

M = 300(15) = 4500 1b-in }
0.375(2)>  0.375(0.5)3 P r
I = = = = 0.2‘&‘% in
12 12 :
Mc  4500(1)
e s = 18 300 psi
I 0.246
3 2
_5410)3
" =18 300 = 2-95 Ans.

8-41 The direct shear load per bolt is F' = 2500/6 = 417 1b

The two inside bolts are loafing and so the moment is taken only by
the four outside bolts.

Thus (12 500) (2.5)
FII’ —

This moment is M = 2500(5) = 12 500 1b.in

5 = 1250 1b; thus the resultant bolt load is
2(2.5)

F={61n? + 12502 < 1320 1
Bolt strength, S

v = 52 kpsi; channel strength, Sy = 46 kpsi;
plate strength, Sy = 45,5 kpsi
Shear of bolt: a zi?(0.625)2/4 = 0,307 in2 |
8, (0.577) (52 000) |
n = —-—-z'_- —_ — 6.98 AnS. ;
L 1320/0.307 — |
Bearing on bolt: Channel thickness is t = 3/16 in; :
2 52 000 ]
Ab = (0.625)(3/16) = 0.117 iﬂ s N = ——— = 4.61 Ans,
: 1320/0.117

46 000
Bearing on channel: n =1320/0.117 = 4,08 Ans,.

i

Bearing on plate: Ay (0.625)(1/4) = 0.156 imz

45 500
D =————-5.38 Aans.
1320/0.156

{30
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8-41 (Concluded)
. Strength of plate: 3 p
I 0.25(7.5)7  0.25(0.625)
‘*otf‘“ I = =
a - 12 5 B2
0.25(0.625)
%
all -2 + (252 = 6.82 1a*
I NS 5 12
L/
4 8
I M = 6250 1b-in per plate
5 U
7 Me  6250(3.75)
I U= — = = 3440 psi
v ! I 6.82
% R
Y 7 45 500
/ 0= —— =13.2 Ans.
vy K 3440
___5;___” .
%
v -
F u
8-42 ., o B _ Ve
Eb EAt—Ei,“S‘—A’HS_A.
t E
~@JF(?}) O, CS = Cri
jf‘“(;%.:()og )
A Hg + zos = Sp = US + ZCFiuS
= us(l + ZCFi)
L s
' P tomdg M9 T T ac, T 88
M TELSI00 Fi
r ¢ . -
fﬁAQ(S) from which &' = 1/(1 + zCFi)
. From Table A~10 z = 2.32
e 1
= .
® T T¥2.3700.09) - 0-827  Ans.
t = = '
g S  Sitvess T KFid K(& spAt)d

]

0.2(0.827) (85 000) (0.226) (0.625)
1986 1b-in

Ans.

8-£3 Since the external load on the joint increases the tension beyond the initial

preload, define £ as the fraction of proof load existing under joint load.

Eq. (8~17): Fb =CnP + F_,

a horizontal distance of CnE¥At.

{31

i T
1 ESPAt = CnP + E SpAt

‘'This equation tells us that both distributions are the same and merely displaced
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8-43 (Concluded)

Bolt stress at tightening, CS = CFi = 0.09
Bolt stress at maximum load, nP
CnP ~
S =up Fo— 4 g
&A-CLS) p s’ _At s!
CnP
| A Pt
" Pe €
CnP
a = + —
_ 5 uge (1 + 2C ) ;
T e ’ CI’IP
; S_ - A
.ﬂs U P t
Bolt stress Mgy = = E'Sp
1+ zC__,
1 - CnP __— Fi
S At
g = T—;—E%—— This is the proper prelesd fraction €' to run the risk indiczred
- B by z under joint load. Solve for z
1 -2 | _ 0.444(2) (36 000)/7
s = 1 Pt _, _ 1 85 000(0.226) = 3.00
CFi g! 0.09 0.60 -

Table A-10: Chance of
Chance of
Chance of

Chance of

overproofloading a single bolt: 0.00135

not over-proofloading a single bolt: (1 - 0.00135) 0.99865

0.9906
over-proofloading one or more bolts: 1 - 0.9906 = 0.0094=0.01

I

not over-proofloading any of seven bolts: 0.998657

8-44 What should be the torque-wrench setting for the bolts of Example 8-2 if the

chance of getting too
oil.
Solution:

is Rj = 0.99. So the

much proof load is set at 1 in 100? The lubricant is machine

The reliability of joint against one or more bolts over—-proofloaded

reliability of an individual bolt must be

= 0.9986; From Table A-10, z = 2.98 Using equation from

R, = R /D g g9l/7
5 Py
. 0.444(2) (36 000)/7
Prob. 8-43 gives . 1 - 85 000(0.226) _ 0.601
3 I + 2.98(0.09) = s
T = KF,d = KE'S A d = 0.2(0.601) (85 000)(0.226)(0.625) = 1443 1b-.in Ans.

QUIZ For a given bolt diameter the spring
rate of the members decreases as the grip
length increases. Each successive increase
in grip results in a smaller decrease in
spring rate of the members. Show that
this effect is asymptotic, with the
asymptote being

k
m m tan o

Ed ~ 2 n [(1 + d/D)/(1 = d/D) ]

QUIZ Not only is it important to pro-
vide wrench clearance in a bolting pat-
tern, but it is important that the lar-
gest diameter of a pair of frusta not
interfere with that of an adjacent bolr.
Show that the minimum spacing in bolt
diameters is

D/d = 1.5 + (2/d) tan o

132



9-1 Using i F 1
' 2(0.707)nz &lves

F = 2(0.707)hy, ‘2(0-?07)6%39(2)(20)
17.7 kip  Ans.

I

I

9-3 Eq. (4-33):

COF, = =03 _ o ..

20 + 0.4
Table A-10: Z, =-1.82

9-2 This problen requires access to a
tuvo-sided t table.

N X F=19.66 s = 1.557

1 17.1 v=05-1=14

2 20.4 _ _ ”

3 21.2 o 1 0.9 0.10

4 19.5

5 20.1 tO.lU;\J: t0-10;4 = 2.132
—4———-_____

T Fl =F + 2

15 = 18.0 - 1.82

= 15.09 kip Ans.

Note this is the median value.

9_4
F 32
T=_—_————-————:“———-————________
4(0.7
(0.707)hs 4(0.707)(%E)(2)

= 18.1 kpsi Ans.

‘\'\
WwE 19.66 +1.557(2.132)//5 = 21.14 kip
» 219.66 — 1.577(2.132)//5 = 18.18 kip
3 v F
"g-l:é lg::cl‘_-lz_l r‘t'_—.—=_"—*——"'——-
/ n A 2(0.707)hg
! /r:]ﬁﬁ v
/ F
- _ 1
o 75 141630 (2)
. 16
= 1.13F kpsi
< T
7
aev” 4 ah 2034 4 4] 5
§ = = = 5.33 in
Y 6 6
5 4
J = 0.707hJ = 0.707({£)(5.33) = 1.18 in
Mr TE(LD)
Hos " e _ = 5.93F kpsi
Tx > g 1.18

’C]'.na'.\( =4~Cx2 + tyz :‘ 1(5.93)2 + (

20 ;
F = ‘9—.-2—2- = 2.17 kip Ans,

—

1513 o 5.93)2 = 9,29F kpsi, then

{
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bl

P —

H

.

F = 4703 ¥ or 4.70 kN Ans.

s \ﬁ‘ \' F
]
" F ‘C ==
b:z!.:‘?_ A 4(0.707)hyg
F
[ ) = = 0.566F
X 4(0. 707)( ‘j)(Z) kpsi
(b + d) 3
Juz—-—-—-———-—z—-—z 10.67 in
6 6
= 0.707hJ, = 0.707() (10.67) = 2.36 ia*
Mr 7F (1)
" {? "o —-X s = 2.97F kpsi
2.36
rl2.02 4 (2.9 # ;
: T +22' 97) "+ (2.97 + 0.566)" = 4.62F kpsi
F = _—EE = 4.33 kip Ans.
8-7 \eld area: A = 721 mm? 39 , | ¢ .
— GO —
= - | S
we = 320 MPa; S! = 0.504(320) = 161 MPa A =
Tab -6: = = -0. :
able 7-6: a = 272, b 0.995 S0 O ’,
k. = 272(320)2-29° = 0.875 i - o
a s }:, .
k =1 for axial loading :
k = 1/K_ = 1/2.7 = 0.370 B i
e f s
—Ad P\ L =385 A —
S_ = 0.875(0.370) (161) = 52.1 MPa NL=32.0 leo
Sse = 0.577(52.1) = 30.1 MPa The electrode is unspecified.
S E60XX is superior to base metal, so use
S 30.1 _ 10.0 MP the base metal properties for the weld.
a n 3 2 The heel is the worst place with pud-
i b s
Fa g A 10.0(721)(10 ) = 7.21 KN Ans. dling of base metal and weld metal
Table A-20: Sut = 320 MPa, Sy = 180 HPa
9-8 A =255m? ; S = 320 MPa Ssy = 0.577(180) = 104 MPa
A = 0.707h(2b + d
LI T E% MPa (F in newtons) L !
72 } # = 0.707(6) (120 + 50) = 721 mm>
' = ' = - —3
Ya ™ Oy L3 (510) ] 294.4 X = b? = (60)* = 21.2 mm
Sesut 2b +d 120 + 50 )
Eq(7-55): n = 58 _+0s or ;. 8b? + 6bd2 + 42 _ b4
au m-e u 12 2b + d
52 320
ealio - o= E.2000 5 o9 el
3547320 + 520 AT 721

134




9-9 (Continued)
- 8(6)° + 6(6)(5)2 + (5)°
M C 12

u

__(®*
2(6) + 5)

0.707hJ = 0.707(0.6) (153) = 64.9 cm®
(100 + 38.8)(2) = 277.6 Nem
ooy 277.6(2.5)

= 153 cm?

=
I

x J 64.9 = 10.7 MPa
Mr
wo_ _ X _ 277.6(3.88) _
Ty—J——“'—E’Z‘.—Q**-———].ﬁ.GI‘IPa
- (.2 244
Tmax (Tx + Ty}
= [(10.7)% + (16.6 + 2.77)2]i
= 22.1 MPa
For static failure (first cvcle yield-
ing):
S
ATy - :
o " 7.0 4,71
max

Fatigue: Sé = 0.504(320) = 161 MPa

Table 7-6: k_ = 272(320)70-995 _ 4 g7s

The determination of
cated. To find an equiv
identify throat area sub
maximum stress or more.
the primary shear, the st
portional to the distance

is more compli-
alent diameter,
jected to 0.95
If we ignore
ress 1s pro-

c _ 38.8
08 &= %6.18
46.16 - 0.95(46.16) = 2.31 mm
2.31 _ _ 38.8
£ DR 7
£ =2.75 mm

A0.95 = 2(0.707)th
= 2(0.707)(2.75)(6) = 23.33 mm?

4 - [Po.95 )5 ) (23.33 )1 —
e 0.0766/ ~ \0.0766 =2

. [17.5 )—-0.1133
5 = (‘7—@;5
Actually, the primary shear destroys
the strict proportionality of stress to
radius from centroid. An algebraic ap-
proach works if primary shear is signi-

fieant. At position x from the centroid
the stresses are

E-“I’__ﬂzﬁ?

]

|

i ‘—’_}’

 S—
r“—*““j

= 0.910

) {&Lé»iéiﬁ

2.7

_I e t__‘ 10,77
b
'@G(Bai%

from the '
Centroid. The extreme radius is 46.16 x b
m as shown. . }rnl-DC?tnh T ™ [}10.7)2 + (2.7? + 16'6'38.
‘No contri— i_ e B
bution T i:ﬁg'g’t e — 4615 wm T
from : G, ¥ R max = 22.128 870
thp l;}: SR "r X = 38.8
cor- - _ ".M.j-’i:,ff;.uﬁﬁﬁ__ﬁ_ What value of x results in
ners G e A .
b N i \ lﬁkm OquEMn, T = 0.95(22.128 870) = 21.022 427 MPa?
R s ' x = 35.821 1391
: " € = 38.8 - 35.821 391 = 2.98 mm
----- “i \ A, g5 = 2(0.707)¢h = 2(0.707)(2.98) (6)
\\\ B = 25.28 mm?
TN & L= T3 mwm 3
\ _ [25.28 _
A 2N O = (0.076 = 18.2 1m
e 18.2 -0.1133
e Eq. (7-23): k = (7~g§ = 0.906

L35
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9-9 (Concluded) k = 0.577

c
k =1/K_.=1/2.7 = 0.370
e £

0.875(0.906)(0.5?75(0.370)(161)

S —_—
s5e
= 27.25 MPa
S
. _se _ 21.25 .
n=7 22 -~ L:23

So the risk of fatigue failure is great-
er than that of first-cycle yielding

in the weldment.

Parent metal. The peak moment occurs
near the beginning of the weld.

Mc _ 6M  _ 6(2000)(0.1)

UB.:I bdzvﬁf)_O_:‘ =48MP3.
10 10
k, = 272(320) 0995 - ¢.875
d - 0.808{10¢50)]1% = 18.1 mm
_18.1 051108 0.906

N = 762
kK = 1fK_ = 1/2.7 = 0.370

e f
s' = 0.504(320) = 161 MPa
S, = 0.875(0.906) (0.370) (161) = 47.3 MPa

S

_ e _41.3 _

n = s "8 0.985

So the parent metal, that is, the

cantilever, will fail in fatigue.

PROBLEM IDEAS

(@)

(36

500 Ib
& lﬁn 3
i 4 o‘l 3inX3£nX3—in\r
1
4in Ly ...:.:'4;_'._- R A
= |
26in =

12000 Ib

Holes for erection
bolts

3000 1b
F‘;/’_‘EF' \rjmﬂjtl
6in 32in ‘I T
““-——J

T

BRcwndtl
R

T —
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9-10 <t' = 0, Ju = 2nr? = 2n(4)3

) = 402 cm3
J = 0.707hJ = 0.707(0.5) (402)= 142 cn®

M= (200 + 40)F = 240 F N-m (F in kN)
n oo Mr _ 240F(4)
= o - 2(142) = 3.38F MPa
140
3.38

41.4 kN Ans.

T

Slnce_Tall = 140 MPa, F

I}

9-11 J = 2mr® = 27(1)® = 6.28 1n?

J = 0.707hJ = 0.707(0.25) (6.28)
= 1.11 in®

o B OEEY
= T T1.11 T 18.0 kpsi Ans.

M‘E
£

9-12 Table 9-3, 4item 2: h = 0.375 ir,
d=81in, b = 1 in,

= 1.414(0.375)(8) = 4.24 4in2
I,=4d%6 = (8)3/6 = 85.3 in3

=

0.707(0.375) (85.3)
22.6 in4

I

I =0.707h1
u

I

|

F _ :
P 495" 1.18 kpsi

M= 5(6) = 30 kip-in
c=(1+8+1-2)/2 =4 in
™= Mc _ 30(4)

I T 5.31 kpsi

' =: | (a31F® = (1.18)2]*

= 5.44 xpsi Ans.

i L @ ., Table 9-3, item 5:
____l ; J] h=20.6cm b= 6 -cm,
{ E d =12 cm,
[
’ A = 0.707h(b + 24)
i
f o = 0.707(0.6) (30)
U L = 12,7 e
| 5w S
! , 7 T b + 2d

o
YT e+ 201 T 480 enm

.. 2d? - 3 2
L, =5 - 2d% + (b + 24)3
3
= 2512) - 2(12)2(4.80)

+ [6 + 2(12)7(4.80)2 = 461 cm®
I =0.707hn1
u

0.707(0.6) (461)
196 cm4

900 Nem, ¢ = 7.2 cm

i

M = 7.5(120)

Primary shear, 1' = A T§T7TIEIT

¢ g = 5-91 MPa
Secondary stresses,

moogn oo Mo _ 900(7.2)
et = s - e = 33,1 pa

These stresses occur at the bottom of

the leg and are oriented as follows:

pe!
o w0
>~ T =
Sy
- " ,/.’-’ \\\‘_

0 =0 > ]

=T 4
y 3 Tsm 4

Since the shear stresses are at right

angles

T (T|2 3 Tn‘z)i

max

1]

[(33.1)2 4 (5.91)2]i = 33.6 MPa

S
=-sy _ 120 _
n > 33.6 3.57 Ans.
max

el s R T

[;I::.'-'d‘ W }

) *"‘

| o

T.-."E{-,: 1

2T

s

furtgs

At 1

2

g e

iy i 5
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.

|;. Ty
1
i

—

[y

I

I*It,.:-,...u

T =0

9-14 Largest possible weld size is 1/16.
Table 9-3: A 1.414h(b + d)

1
1.414(13)(1 + 7.5)

I

= 0.751 in?

x =0.51n, y = 3.75 in

o 42 . [3.5)*
Iu 6 (3b + 4d) = __E___[3(1) + 7.3]

= 98.4 in°

_ o 1 = 4
I= 0.70?h1u = 0.?07(16)(98.4) 4.35 in
M = 44

Secondary stress:

4W(3.75)

” u=b_{£_

I - 4.35  3-45W
Primary shear:
e ¥ W
YT R T ogsT T W

The primary and secondary shear are
at right angles to each other, and so

the von Mises stress is

o_l - [anz + 3(1’"2 BE T;?.]i

W{(3.45)% + 3[(3.45)2 + (1.33)2]}5

7.27W

Thus W = 900/7.27 = 124 1b Ans.
9-15

F
L=

F = 100 1b
Fp = 100 (16/3) = 533 1b
AC A: = 533 sin 60° 1
+ (100 + 533 cos 60°)j
R, = [(462)% + (36121 = 590 1b

R
~A

x ='2(1.414)nhr 2(1.414)whté)
4.44h in?

J = 2ar? = 24(4)3 = 0.785 in3

i

3= 2(0.707)hJ | = 1.414(0.785h)

= 1.11h in4

Primary shear:

: .V _ 59 _ 133
h

T o oe— = =

A 4.44h

Secendary shear:

« _ Tc _ 100(16)(0.5) _ 720.7

J 1.11h h

T

£ R T = %(133 + 720.7) = §§3

Since the allowable stress is 3050 psi

h = 854/3000 = 0.285 in
80 use a 5/16-in leg. Ans.

9-16 Solved using U. S. customary units.
Tank weight estimafpe is 10Z of fluid wr.

Length of tank = 6 m = 19.7 ft
60 km/h = 37.3 mi/h = 54.7 ft/s
200 m = 656.2 ft

The equation in feet is

(o okl

Tank volume = wabig

it

n

m(4.92)(2.46)(19.7)
149 12
Solving ellipse for x gives

x = [1 -(é%zéji(4.92)

Simpson's rule for .the right half of

the wvoid follows

[ 38
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9-16 (Concluded)

Y . X
0.821° 4.638 1 4.638
1.231 4,260 4 17.039
1.641 3.665 2 7.331
2.051 2.717 4 10.866
2.46 0 1 0
39.874

. 0'310 (39.874) = 5.449 f£¢3
2A = 2(5.449) = 10.899 fe3

Void volume = 10.899(19.7) = 214.7 £¢3
Liquid volume = 749 - 2j5.7 = 534.3 f¢3

Liquid weight, w 534.3{62.4)(0.9)

= 30 00D 1b
- 30 000 _
Mass m = BEATE © 932.6 slugs
a=v%2/2g = (54.7)%/[2(656.2)
= 2.28 ft/g?
F=ma = 1.10(932.6)(2.28) = 2339 1p

or 2339/5 = 468 1b/support, which is

trivial.

U\ _ 1026(54.7)2
T 656/2

or 4679/5 = 935 1p per support

= 4679 1b

In terms of the 150° saddles the weld

Stresses are not significant for the

loading conditions stated.

9-17 OMITTED

9-18 >

e e AL N
- 1

E6010 electrode, Sy = 50 kpsi
The centrode of the weld beads is

5 = 6(0.707) (3/8) (3) + 6(0.707) (}) (13)
y = €€G.707) (3/8) + 6(0.707) (1/4)

=7 in

Estimate the second moment of area

about G:
_' 2
T174 = 2(I, + Ay?)
) 2{0.707(%)(6)3
L 12

4

It

82.7 in
- 2
13/8 Z(IG + Ay“)

= 2| 9:707(3/83 (5)°
N 17 T
+0.707(3/8) (6) (4)2] = 60.4 10

&
I = 11/4 + I3/8 = 143.1 in

Estimate the primary and secondary
stresses:

Eq. (9-3): ¢ E

2[6(0.707) (378 + 1/4)]
0.189F

I

. Mc 8F(9)

T =-—=

I T T43.1 = 0-503F

The companion normal stress is

g = 1" = 0.503F

The capacity using conventional weld
analysis (load carried by shear) is
T = (T!2 + Tnz)i

[(0.189)2 + (0.503)2]5F,= 0.537F

is ;
-y _ 3(50 000)
¥ T 00537 T 0.537(> = 23 300 1b  Ans.

The capacity including normal stress

using distortien—energy theory is

o' = {(0.503)2 + 3[(0.189)2
+-(0.503)2]}5F = 1.058F
S

M B e 7y = %3 600 ib

-_—
{59

+ D.?O?(i)(ﬁ)(ﬁ)%
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9-19 Endurance strength of parent
metal:

Table A-20: Sut = 58 kpsi, Sy = 32 kpsi
Eq. (7-14) and Table 7-4:

ka = 39.9{58)_0'995 = 0.702 (as forged)
Eq. (7-16): kg = 1
Eq. (7-22): kc = 0.923
1 1
Table 9-6: kK = — === 0.5
e Kf 2

Eq. (7-13):
Se = 0.702(1)(0.923)(0.5) (0.504) (58)
= 9.5 kpsi
Strength of weld metal:
Table 9-4: Sy = 50 kpsi, Sut = 62 kpsi
Eq. (7-14) and Table 7-4:

-0.995

ka = 39.9(62) = 0.657

Tensile loading of member places the
weld throat in uniform though varying
shear, k., = 1. Bending would place the
weld thréat Lo stress condition analog-—
ous Lo bending. Use Eq. (7-17) and
(7—-15) in that case.

Eq. (7-22): kc = 0.577

A e s, -
- . - =i < - . £
e L O Rt T i u(—_'_ = U.JU‘!{()L} = Jil.Z npsl

Eq. (7-13):
SSe = 0.657(1)(0.577)(0.5)(31.2)
= 5.91 kpsi

Permissible load in parent metal:

F
el = = o— =
a gm 24

F
2(3/8) () (2) ~ 0-333F

Eq- (7-39): ‘a  %m _
S

B [

ut

; F=12.3 kip

S
e
0.333F _ 0.333F 1
9.5 T Tsg T3

Permissible load in weld metal:

T
_ _Eax _ =
™ ™~ 2 2(0.707) (3/8) (2) (2)
= 0.471F
Sec. 7-14 and Eq (7-39):
fa . m 1
S S n
se sut
0.474F , 0.471F _ 1 . _ .
5.91 T 0.67(62) _ 25 F =5.49 kip

The weld governs and so F = 5,49 kip Ans.

9-20 OMITTED

9-21 Compute A ané I of weld:

A = 2(0.707) (he) 2(0.707) (D (12)
4.24 in?

L = d3/6 = (12)3/6 = 288 in3

I =0.707(})(288) = 50.9 :i.n‘:l

Estimate the endurance limits:

Table A-20: AISI 1010, Sut = 47 kpsi
Eq. (7-4): S; = 0.504(47) = 23.7 kpsi

ATSI 1015, S = 50 kpsi

S; = 0.504(50) = 25.3 kpsi

Table 9-4: Sjt = 62 kpsi,
(VI

P o e " :
i ol T % L R P

The weld will control because it carries

the load as a shear stress on the weld

throat. )
Eq. (7-14): k= 39.9(62) 0995 ¢ 657

d, = 0.898[*(0.707)(12)]5 & L4797 4Ag

I

(1.177/0.3)70-1133
0.857
0.577

Eq. (7-15): Ik

It

Eq. (7-22): k
c
Table 9-6: ke =1/K_=1/2 = 0.5

Eq. (7-13):

{40

1 e e



9-21 (Concluded)

Sse = 0-657(0.857)(0.577) (0.5) (31.2)
= 5.1 kpsi

Express shear stresses in terms of ¢

load amplitude Pa:

Pa Pa
"a T 2(0.707)Rg = 2(0.707) (3) (12)
= 0.236p_
we 3P, 3P,
Ta - I i/r 50.9/6 = 0'354Pa
T = 1! " = (0.236 + 0.354)p
a,max a a a
= 0.590p
a
The

Eq. (7-39) to

T T

a m 1
5. B m
se su
0.590p 0.590p
a a 1

5.1 T 06762y = 3
Therefore Pa = 3.85 kip and

Goodman criterion for shear adape

.

he

P =2P = 2(3.85) = 7.70 kip  Ans,
max a ainlls

9-22 MNeglect primary shear

Sy _My_maz
n A 0.7o7h1u

nMd
2(0.107)Sy1u

Then the leg size for vertical weld

beads is

B o nMd - E
1 2(0,707)Sy(d3/6) d=

The leg size for the horizontal beads
is :
- nMd - K 2
2 2(0.70?)Sy(bd‘/2) bd?

The cost of the vertical beads ig

6
% = 0 - = ¥ — =)
F 3nlnl ¥ dé(Zd) 108K/d

141

The cost of the horizontal beads ig

$, = 9h,e, = oK E%T (2b) = 36K/d4

And so the horizontal beads are cheaper

by a factor of about 3.

9-23
2%
!
]
r r
& ;§g’“;;iuc
& s 2hyg

cos 6 + gin 9

F .
= e +
T by Sin 8 (cos 8 sin 8)

g = EE cos 8 (cos 6 + sin 8)

1.21F _ e
1-i:nax Y at &= 674

_ F
= BTEEEEE“ Conservative

P _ 2F _
&»  2hi{cos @ + sin 8)

= EE(SIH 8 + cos 6)

_ /2F

max he

at = 45°

I

F/(0.707hy) The same
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10-3 (a), (b)

Table 10-5: m = 0.163, A = 186 kpsi

Eq. (10-17):
186

Sut = ‘“‘_*‘*ETEES = 269 kpsi

(0.105)
Eq. (16-19j: Sgy = 0.45(269)

121 kpsi

42

1l

D
c

1.225 - 0.105 = 1.120 in
D/d = 1.120/0.105 = 10.67

I

v - 2(10.67) + 1
Eg. (10-4): hs = —iiiaTE?jﬂ_h = 1.05

Table 10-—2:.Na =12 -1 =11 coils
L_=0.105(12) = 1.26 1in
= nd3s
s
8K D
s
- m(0.105)3(121) (103)
8(1.05) (1.120)
= 46.77 1b Ans.
(¢) Eq. (10-9):

L]

Eq. (10-3): FS

e dc _ (0.105)4(11.5)(106)
- 8D3N 8(1.12)3(11)

11.31 1b/in Ans.
LO = stk + LS =(46.77/11.31) + 1.26
= 5.40 inp Ans,
(d) If « = 0.5, then

2.63D _ 2.63(1.12) = 5.89 in
o 0.5

So spring will not buckle if both ends

are fixed.

10-4 Table 10-5: p = 0.201, A = 1510

MPa
1510
p I's = TN = e— =
Eq_.. \10 1!}- “th (2)0'201 1314 MPa

I

Eq. (10-19): SSy 0.45(1314) = 591 Mpa
D =20 mm; C=20/2 = 10

Eq- (10-4): K_ = 21/20 = 1.05

Table 10-2: Na =8} - 1=17.5 coils

LS = 2(8.5) = 17 mm

i

Eq. (10—2): ~3.3. 6
. nd SS _ m(2)3(591) (10 7)) (10 4

s

s 8K D 8(1.05) (20) 163 J

n

88.4 N Ans. ;

Eq. (10-9):
C_d'% (%G93 10 %*ao?
== 8D 8(20)3(7.5) (10733

2640 N/m Ans.

[




T3 ™1

o

TR !

10-4 (Concluded)

F 3
- _S _ 88.4(10%) .
Y =% T 2640 = 33.5 mm

L0 = ¥ LS = 33.5+ 17 = 50.5 mm

50.5/8.5
= 5.94 mm
Table 10-3 and Eq. (10-16):

2.63D - 2.63(20)
o 0.5

Spring will not buckle.

Table 10-2: p = LO/Nt =

= 105.2 mm

Ans.

Ans.

10-5 (a) N, = 12}, D = 46.6 um,
C=146.6/3.4 = 13,7
Table 10-2: N_ = 11}, p = 120/12.5
= 9.6 mm
Ls = 3.4(12.5) = 42.5 m Ans.
= r éfg_ = 1140 N/n
8D°N
() F = 1140(120 - 42.5)(1073)
= 88.4 N Ans.
@ p _203.7) +1 _
KS Wj——-—- 1.036
I = _Tr_d_g 2?6 MPa AIIS.
10-6 OMITTED
10-7 Table 10-2:
Ht = Lsfd = 14.35/1.40 = 10.25
D=12.19 - 1.40 = 10.79 mm
C=10.79/1.40 = 7.707
Ka = 10.25 - 2 = 8.25 coils
_2(7.707) + 1
s - T 2(7.707) = 1-065
Table 10-5: p = 0.163, A = 2060 Mpa
B (10-17): 5, = 2060
(L.40) "
= 1950 MPa

(43

Bq- (10-19): S_ = 0.45(1950)= 878 pa
T = 0.9(878) = 790 Mpa
mazx
Eq. (10-3):
- 1(L.403(790)  (1073)3(105)
8(1.065) (10.79) =3
10
= 741N  Ans.
Eq. (10-9):
L 1a0%9.3) a0} 1Y
- ) (7 1
8(I0.797(6.25) '~ 33
= 3674 N/m
_F _74.1(10%) _
Vs T %X T 3674 20517
Ly = L, +y_ = 14.35 + 20.17
= 34.5 mm .Ans.

Design a compression coil spring to

hold the punch lever against the upper

Stdp. The lever weighs 3 1b.

QUIZ A helical compression coil spring
is ‘made of music wire with squared nnd

ground ends. Data include: d = 3 @m,

Nt = 13 coils, D =

257.5 wmm.

63.4 mm, and LO =
Find the shear strenpth,
the stress at the solid height, and
the spring rate. Will the spring

buckle when compressed solid?




10-8
COMPUTER SOLUTION

WIRE DIA. = 2

WIRE DIA. = 2.5

NA = 3 NT = S5 LS = 12.5 L0 = 231.0315 LCR = 403.4636
B D = 7&4.70411 TAU = 794.0347 S{Y = 798.3908

NA = 4 NT = & LS = 15 LO = 23I3.5315 LCR = 326&.5711

D = &9.46%9031 TAU = 722.5924 S5Y = 798.3I908

NA = S NT = 7 LS = 17.5 L0 = 2356.0315 LCR = =40.2944
[ D = 644.6947& TAU = 471.7083 S8Y = 798.3908
; NA = &6 NT = 8 LS = 20 LO = 23I8.5315 LCR = 70,2293

N = &£0.88009 TAU = 632.8524 SSY = 798.3908
- = 7 NT = @ L§ = 22.5 L0 = 241.0315 LCK = 3I04.1904
| L = S57.83087 TAU = &O1.7933 SSY = 798.3908
, HA = B8 NT = 10 LS = 25 L0 = 243.5315 LCR = 790.9474
B D = S5S.3132Z3 TAU = 574.14B9 SSY = 799.3908
e MA = 9@ NT = 11 LS = 27.5 LO = 244.0315 LCR = 279.7461
& D = SZ.183Z46 TAU = S54.4571 SSY = 798.3908

MA = 10 NT = 12 LS = 30 LO = 24B8.5315 LCR = 270.0919

D = S1.348327 TAU = S3IS.762 SSY = 798.3908
[ NA = 11 NT = 13 LS = 32.5 LO = 251.0315 LCR = 241.4459

D = 49.74254 TAU = S19.4064 SSY = 798.3908
) NA = 12 NT = 14 LS = 35 LO = 253.531S LCR = 254.1667
[ O = 48.32056 TAU = S04.922 SSY = 798.3908

In the solution above LCR = 2.63D/a. This is Eq. (10-16).
= (50-10)/140 = 0.286 kN/m; A = 2060, m = 0.163.
Use 2.5 mm wire; the most highly stressed spring has N: = 5, LO = 231 mm,
S = 798 MPa and t = 794 MPa. This is also the shortest spring. D = 76.7 mm.
S;he smallest diameter spring has D = 48.3 mm, Nt = 14 coils, L. = 253.5 mm,

SSy = 798 MPa, and t = 505 MPa

0

A spring with more than 14 coils will buckle. A spring with less than 3 coils

will be too highly stressed. See next page for solutions using d = 3 um.

{44




10-8 (Concluded)

;] WIRE DIA. = 3
WA = SNT = 718= 2110= 2395315 LcR
D = BZ.49811 TAU = 495.138 SSY =  775.01=
NA = 6NT = B LS = 2410= 242.5%15 LR

i

4ZZ.9401

2.53 = 408,353
- D = 77.63371 TAU = '466.4642 S5y — 775.013
NA = 7 NT = 9 LS = 27 L0 = 245.5Z715 LCR = 387.9006
] D = 73.74536 TAU = 443.5437 sgy - 775.013
" NA = B NT = 10 L5 = 30 Lo = 248.5215 LCR = 371.0136
D = 70.53491 TAU = 424.4193 sy = 747 W
- NA = 9 NT = 111L8= 33 |0 = 231.5315 LCR = 356.77294
} T = 67.819Z3 TAU = 408.6117 SSY = 775.01%
= = 10 NT = 2 LS = 3610 = 254 5315 LER = 344_4185
- D = 65.47881 TaU = =94.8154 ggy - TS0
) NA = 11 NT = 13 LS = 39 Lo = 257.5315 LCR = 333.4648=
I D = 63.43123 TAU = 382.7457 5oy = 775.013

NA = 12 NT = 14 L5 = 42 LO = 260.5315 LCR
D = 61.61791 TAu = 372.0569 58Y = 775.01=
NA = 13 NT = 15 g = 43 LO = 263.5315 LCR
D = 59.99563 Tau = 362.4941 S5y = 775.013
NA = 14 NT = 314 LG = 48 LO = 2646.5315 LCR
D = 58B.53173 TAU = 353.845 S8Y = 775.01=

NA = 15 NT = 17 Lg = 51 LO = 269.5315 LCR
D = 57.20101 TaAU = 346.0208 S5Y

It

I24.110z2

I
i
fry
o1
]
N
~

307.87469

I

Il

Z00.8773

= 775.013
P = hHT=. 18 iE = 94 LO = 272 5315 LCR = 294, 473=7
= 35-98359 TAU = 338.8444 S8Y = 775.013
NA = 17 NT = 19 |Lg = 57 LO = Z75.5315 LCR = 288.5826

D = 354.86361. TAU = 332.2428 SSY = 775.013
18 NT = 20 LS = 40 LO = 278.5315 LCR
D = 53.82821 Tauy = 326.1394 S8y = 775.013

s |
B
"

283. 1364

10-9 and 10-10 OMITTED

. - 1-083(8)(303(12)

(D3 = 124 MPa
19-11 (a) Table 10-5: A = 1510, (¢) Eq. (10-9):
= A 4 6
él v oo 1510 i ke = (5115;23335;0') = W B
Eq. (10-17): Sut = T0.30% = 1314 MPa
&3 e Ans. (d) Eq. (10-3):
z . ) _ . . _
E; Estimate S, = 0.755 = 0.75(1314) o wd igz _1@391) o
= 985 MPa - Aams. 8K D 8(1.083)(12)
J (b) Eq. (10-19): Sgy = 0-45(1314) (e) Fig. 10-3b: r, = 3m, r, -
= 591 MPa =
Eq. (10-2): c =D/d = 12/2 = ¢ : Eq. (10-10): K = 3/2 = 1.5
Eq. (10-4): _2(6) +1 _ Loss | Eq. (10-3):
= . == - 3
s e Foo- g%%l§§%§%% =103 N  Ans.
Eq. (10-3): TR ;

{45

BL) EEER  Mead



o

el

Ay

R R R G EE A M

10-11 (Continued)

(f¥ The normal stress im the hook is

- M _F
9 yt I/c +_A
32Fr 4F
= K( m)+ — (1)
wd3 Td?
Here r, = 6 - (d/2) = S um,

i
K=r /r. =6/5=1.2
m i

32F___(6) 4F
985 = 1.2( B T

w(2)3
F = 104 N Ans.
max

m(2)2

(g) The spring preload F = 30 N must
be overcome before the spring will
stretch. Thus

G B 203 230 el
=i 55— —(10%) = 95.4 mn

The distance between hook ends will
then be )
L =95.4 + 264 = 359.4 mm Ans.

10-12 r, = 6 - (2/2) = 5 mm,

r =r=6 mm,
’ To =6+ (2/2) =7 mm
42

)
4[2rm & (4r; - d*)*]

) 2)2 ,
4(2(6) - [4(6)% - ()21}
= 5.958 04 mm
e = E, =T = 6 — 5.958 04 = 0.041 96 mm
£, (d/2)y — e =1 - 0.041 96
= 0.958 04 mm
Frmci F
0i = Syt - Aeri +'K
re
- 4§ ( m i - 9
T er,

(46

oes - 22, [G0ssm n )
m(2) ?

1]

9.039 6F
985

So F = ———— = 109.0 N Ans.

9.039 6

10-13 OMITTED

10-14 (a) D = (7/16) - 0.042 = 0.3955"

L = dN_ = 0.042(14) = 0.588 in Ans.

Table 10-2: Na =14 - 2 = 12 coils

Eq. (10-9): % 6
k = (0.042) "(11.5)(10M)
8(0.3955)3(12)
= 6.025 1b/in Ans.
y. = 1.25 - 0.588 = 0.662 in

5

Fs = kys = 6.025(0.662) = 3.99 1b

Eq. (10-2): C = 0.3955/0.042 = 9_42
Eq. (10-3):

T =
S

1.053 8(3.99)(0.3955)(103
1(0.042)3
57.1 kpsi  Ans.
(b) Eq. (10-6):
_4(9.42) + 2

)

B " E(9.4zy =3 T 1
F =33%1.5_,.
m Z
L 8.5 o+ 1.5
Fa - 1 1b
Eq. (10-3): 8F D
- K —B
Ta B nd
-3
- 1.144 8(1)(0.395?)(10 )
w(0.042)
= 15.55 kpsi
8F D
Tm s nd



(Concluded)

:] 10-14
al 8(2.5)(0.3955)
0 RO e

Table 10-5: A = 137 kpsi, m = 0.201

= 35.79 kpsi

137
e D = = 259 kpsi
; ut (0.042)0.201
& 5., = 0.67(259) = 174 kpsi
1 £q. (10-31):
= 45(174)
—~ T T15.56(174) + 35.79(45) - 1-813 Ans.

10-15 D =5~ 0.60 = 4,40 mm
C=4.4/0.60 = 7.33

2(7.33) + 1
Eq. (10-4): KS = LZ*("?-:)J’—:”*—- = 1.068
4(7.33) + 2
Eq. (10-6): KB = z‘%‘i—.—é%:—j- = 1.190
Bgs. (10-26, 27): F, = 2.5 N, E_ = 3.58
g Eq. (10-3):
o 8(2.5) (4.40) _
= 1.190 7(0.60)3 = 154.3 MPa
& _ 8(3.5) (6.40) _
Ty = 1068 Zolnsml = 193.9 wpa
%} Table 10-5: A = 2060, m = 0.163
Eq. (10-17): 5 = 20600 o
: (0.60)7" 102
g = 2239 MPa

I

Eq. (10-30): SSu 0.67(27Z3%) = 1500 MPa
Page 436: S = 310 MPa '

se
Eq. (10-31):

_ _ 310(1500) B |
"~ 154.3(1500) ¥ 193.9(310) ~ 1-99 Ams.

10-16 (a) D = 28 - 3 = 25 mm,
C = 25/3 = 8.33, ha =9 -2 =7 coils
Eq. (10-9): .
Lo D%9.3) 1034 ao?)
8(25)(7) (16733
= 7.34 N/mm Ans,

el Baid

IR QU I

2(8.33) + 1

By (10-4)7 B, = S0ttt = 1,08
By - 4(8.33) + 2 _
Eq. (10-6): Ky = oasai =% = 1.165
Assume F . = 0; then
min
Fa =F =60/2=30N
Eq.(10-28):
T_ = 1.165 §£§92£§§l = 82.4 MPa
a n(3)3
Egs. (10-28) and (10-29):

I

T Ta(KSIKB) 82.4(1.06/1.165)
75.0 MPa

2060 MPa, m = 0.163

I

Table 10-5): A

Eq. (10-17):
2060

e = —-—BTIEE) = 1722 MPa

(3)
Eq. (10-30): SSu = 0.67(1722) = 1154 Mpa
Page 436: S = 310 MPa
se

Eq. (10-31):
_ 310(1154)
™ T 82.4(1154) + 75.0(310)
= 3,02 Ans.
10-17 From 10-16 solution, D = 25 mm,
C = 8.33, N =7,d=3mm, k= 7.34N/mm

Table 10-6: Cd = 0.0022

d = 3(1, 0.0022) = (3, 0.0066) mm

By linear interpolation from Table 10-9:

%o 0.1165

& _ (a2
Then o (UDO

[(0.1165)2 + (0.0066)2)?
0.1167 mm
(25, 0.1167) = 25(1, 0.00467) mm

G
3 (See next page)

+ 32!

]

So D =
d&

147
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10-17 (Concluded)

k 3
8[25(1, 0.00467)3°(?)

Table 4-4:
¢, = {(4(0.0022)]2% + (0.012)2

+ [3(0.00467)]2}5 = 0.0204

So k = 7.34(1, 0.0204)
= (7.34, 0.150) N/mm
3 6, = 3(0.150) = 0.450

So the spread is

k , =7.34 - 0.45 6.89 N/mm
min

1l

to k =7.34 + 0.45 = 7.79 N/mm
max

or, about 6C. = 6(0.0204) = 0.122,

k
which is about 12 percent. Ans.

lg:lg Since fb = 60 mm (given), enter
Table 10-7 with Na/LO = 7/60 = 0.1167
and C = 8.33 and use linear interpola-
tion to get

L = 0,018 55 Wil
Lo

Then T = £ 0.018 55(60) = * 1.113 mm

Ans.

12.5 - 2.
10.5 turns
1.46 - 0.162 = 1.298 in
1.298/0.162 = 8.01 = 8

NalL0 = 10.5/4.5 = 2.333

10-19 (a) Na = Nt -2

I

(2]
I

Table 10-7: T{LO = 0.017 66
So T = #0.017 66(4.5) = £ 0.079 in
3L0 = 0.079/3 = 0.0263 in

Therefore

Ly = (4.5, 0.0263) = 4.5(1, 0.0059) in

Ans.

(48

4
- [3(1, 0.0022)] [79.3(1, 0.012)] (102

(b) Table 10-6: C, = 0.0025

d
0.162(1, 0.00625)
= (0.162, 0.000 405) in

Table 10-10: 6. = 0.005 47 in

[%¢]

=]

Q
|

So D

Now k =

~ s (6‘2

Do

~2
(] + Od)

D

]

0.v05 48 in
(1.298, 0.005 48)

1.298(1, 0.004 23) in

dAG

8D°N
e a

[(0.005 47)2 + (0.000 405)2]}

. _ [0.162(1, 0.0025)1%[11.5(10% (1,0

8[1.298(1, 0.004 23)]3(10.5)

Table 4-4:
ck = {[4(0.0025))1% + (0.01)3

+ [3(0.004 23)]2} = 0.019
0.162)%(11.5) (109

k = 5
8(1.298)7(10.5)
Then ’
k = 43.12(1, 0.019)
= (43.12, 0.819) 1b/in Ans.
()
v:—}?— = 50
£ "k . 43.12(3, 0.019)
= (1.160, 0.022)
= 1.160(1, 0.019) in
(d) XK, = 17/16 = 1.0625
Table 10-10: & = 0.005 47 in
Do
D_ = (1.46, 0.005 47)
= 1.46(1, 0.063 75) in
D=D -d=(l.46, 0.005 47)
- 0.162(1, 0.0025)
D =(1.298, 0.005 48)

1.298(1, 0.004 22) in

= 43.12 1b/in

Ans
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10-19 (Concluded)
8FD
I:KS—
nga
_potiags BE0)11. 20801, 0.004322)] G
7[0.162(1, 0.0025)]
Table 4-4:
c_ = {[3(0.0025)]? +-(0.0042)2}§
= 0.008 60

T = 41.3 kpsi
41.3(1, 0.008 60)
(41.3, 0.355) kpsi

-
1l

Ans.

Il

2(1, 0.0033)
(2, 0.0066) mm

10-20 Table 10-6: d

D=12.5 -2 = 10.5 mm,

C = 10.5/2 =-5.25

Table 10-9: & = 0.0513
Do

Eo = (12.5, 0.0513) = 12.5(1, 0.0041)mm

)

=D —-4d4d-=
~0

(10.5, 0.0517)

I

(12.5 - 0.0513) - (2, 0.0066)

F o= 130 + 10 _ 70 N
m 2
F o= 136 - 10 _ 69 N
a 2 .
8Fag
= K
Ia B “93

8(60)[10.5(1, 0.004 93]
w[2(1, 0.0033)]3

= 1.278

Cop = {(0.004 93)2 +—{3(0.0033)}2}3

£,= 256(1, 0.011) = (256, 2.816) MPa
8F D
EE
m' _ngg
= 1.095 8(70)[10.5(1, 0.004 93)]

n[2(1, 0.0033)]3
= 256(1, 0.011) = (256, 2.81s) MPa
The 99 percentile involves |z] =2.33

(1 + =zC

Sse=(sse) ,99+ ZGSSE=(SSE) =09 Sse)

= 310[1 + 2.33(0.05)] = 346 MPa

Therefore )
§se = 346(1, 0.05) = (346, 17.3) MPa

= 10.5¢}, 0.005 93) ‘mn Table 10-5: A = 2060 MPa, m = 0.163
2(5.25) + 1 _
R =T (0 =~ 095 - 2060 _ ya40 mpa
ut 0.163
4(5.25) + 2 _ (2)
K = %e o5 — 3 - 1:218
223} = 3 - s, = 0.67S = 0.67¢1840) = 1233 MPa
~3.633% Fuﬁoédwun mean Tacuﬁ
A s 3.4‘6 )
: Lo.s s GOoc’mclh plu5 one. Sigma  locus
_
N oy
i g
N o
N
s
gt -13.80
Ly . -4 .: ool 2
o R mqg;\J;JLQDS s ﬂ-'44Aq
R, :}ﬁ#———_“T_mXZMhrm_"“m_-_"__mTwmm"mw.rmwnerm_”"_T;. G
: e} i 4. Co b 1o LAk 1 4- 17
i A | (1I6™%) MR, (30 Scale)

{49
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10-20 (Concluded) As before

SBu . (Ssu).99[l + 2.33(0.05)]

= 1233[1 + 2.33(0.65)1 = 1380 MPa

On the previous page, the mean Goodman
line is

Sa - Sse - S Sm

Load line L is 1T =rt or § = rS
a m a m

Solving simultaneously yields

s = se s 1
m S o T " 1
o S S i
se su
su
The mean lines intersect at
i . S 276.6 MPa
= i 1
346 1380

The plus ome sigma Goodman locus has an

equation of

s'+65m= 1 :
m - r +—
Sse 0Sse Ssu ® 0Ssu
5 1
1 e 1
346 + 17.3 1380'+69
= 290.5 MPa
Then

as = 290.5 -276.6 =13.9 MPa
m

Finally, use the coupling equation to

interfere T with § .
m m

276.6 - 256
[(13.9)2 + (2.81;6)2]i
Table A-10: R =1 - & = 1 - 0.0735
= 0.9265  Ans.

= =1.45

10-21 OMITTED

{50

10-22 (a) D = 0.654 - 0.055 = 0.%
Table 10-5: A = 186 kpsi, m = 0.16
Eq. (10-17):

w20 298 k

S =
ut (0;055)0.163

Eq. (10-39): Sy = 0.78(298) = 232

C =D/d = 0.599/0.055 = 10.89
Eq. (10-32):

g = 4(10.89)2 — 10.89 -

i 4(10.89)(9.89)
1.0735

Eq. (10-33):

pr = 14%0 _ 7(0.055)3(232) (10
¥ 73K 32(1.0735)

i
3.53 1b.in
(b) Eq. (10-36):
A

Il

L = €0.055)%30) (10%)
10.8(0.599) (6)

= 7.07 1b.in/revolution
At Fr = 3.53 1b-in

n = Fr/k' = 3,53/7.07 = 0.499 rev.
Di = D0 - 24 0.654 - 2(0.055)

0.544 in

L]

]

- N'" = 6 + 0.499 = 6.499 turns, so

L
Dy

2=

6 :
Di = ETZ§§(0-544) = 0.502 i

(e) 8 = 0.499(360°) = 179.6° An

10-23 Table 10-6: Cd = 0.0036, so
d = 0.055(1, G.0036) = (0.055, 0.00¢
C = 10.89 so, By linear interpolati¢
for a compression spring,
Table 10-10: aDo = 0.00? 75 or, for
compression spring
CD0 =_6D0/Do 0.003 75/0.654

0.005 73
So, for this torsion spring
CDo = O.B(OtOOS 73) = 0.004 59

I
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s the OD is specified as

= 0.654(1, 0.004 59) = (0.654, 0.003)

L -d
~0

(0.654, 0.003) - (0.055, 0.000 198)
(0.599, 0.003) = 0.599(1, 0.005) in

now have

déE

~

~ 10.8DN

_ [0.055(1, 0.0036)]%[30(1, 0.02)](10%)

10.8[0.599(1, 0.005)]1(6)
e b4-4;
= {[4(0.0036)1% + (0.02)2
+ (0.005)2}i = 0.025

> k' = 7.072 1b.in/ rev

g’ = 7.072(1. 0.025)
= (7.072, 0.177)
3. T = 23(Q.17?) = 20.53 1b.in/ rev

24 Let T = Fr; then T = 0.2T
e min max
T . T - 3.2T
— _max min _ “max max
2 2
= 047
Tmax + Tmin e
- 5 = 0.6T
max
b. 10-22: K, = 1.0735
10-33); :
(1033235 1.0735(32)(0.6T 3
& m _ max’
m i wd3 7(0.055)3
= 3
39.4(10 )TmaX psi
5 —-223 =
>. 10-22 S,¢ = 298 kpsi

(10-40): Se = 78.0 kpsi
ng the modified Goodman line
o
F—_— =
Sut

|
[

10-25 OMITTED

10-26 Table 10-6: The half range on d

is Ad = 0.0006 in
¢-D2_20"% 0.600-0.060 _,
d d 0.060 B
N =N -2=5-2=3
- a t
N
a_3
2-2-90.6
Sl

Now enter Table 10-7 and use 2-way
interpolation. TILO = 0.0131

0.0655

T = 0.01311.0 = 0.0131(5) =
4 = 0.066 in
Similarly, from Table 10-10
aDo = 0.003 184 in
BGDO = 3(0.003 184.) = 0.009 55
= 0.010 in
Summary: d = 0.060 * 0.0006 in
LO = 5.000 £ 0.066 in
Do = 0.600 £ 0.010 in

PROBLEM A manufacturer has on hand a
supply of springs in which the spring
rate is k ~ N(4.0, 0.10) 1b/in. There
is an application for a spring in which
the rate must exceed 4 1b/in. It is
decided to use a fixture which compres-—
ses the spring a definite amount and
shows the corresponding force.Using the
fixture the springs are separated into
two groups, one group larger than 4
1b/in and the other ‘smaller. If springs
aie selected at random from the bin con-
talning the higher spring rate, estimate
the mean and the standard deviation

of the spring rate.
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11-1 1800 h

il-2 OMITTED

11-3 Eq. (11-1):

L. (2.89)1{3
L, ‘3.8

Eq. (11-6):

0.913 — 0.0z }1-483
R SEp: | 4.439

0.9115 Ans.

= 0.913

lI

I

11-4 Eq. (11-6): Rewrite as

L - 0'02L1 1.483
R = exp |- —Z———~—~——2
.439L10

Substituting. gives

1800 — 0.02L. \1-483
0.96 = exp | - L
PRI

Now take the natural log of both sides

and solve. Thus

1800
Lo = 52936 = 3373 h  Ans.

1l-5 The average median 11ife is be-

tween 4 and 5 times the L life.

10
(a) Assume Lav = 4L10

Eq. (11-3: F, = 1570(%)1/3 = 989 1b Ans.
(b) Assume Lav = SLIO’ then

Fo = 15703 = 918 16 ns.

Se 918 £ FC = 989 1b Ans.

11-6 Try F = 9 kN 02-series deep grooxe
A e

o
1

10 = (5000) (900) (60) (10~%)
270 millions
Eq. (11-3): ¢ = 9(270)1/3 = sg 1y

Table 11-3: Tentative selection is

i

70-mm bore with CO = 37.5 kN.

152

Py = 8(30)

e

Z, = 0.58, B = 545 .
Eq. (11-11):
F, = 0.56(8) + 1.45(4) = 10.28

Eq. (11-3): ¢ = 10.28(270)2/3 = ¢6.4 1n
Use 80-mm bore with C = 70.2 kN and

CO = 45 kN
Check: Fa .
E(;=E= 0.089

.Table 11-2: X

5 = 0.56, Y2 = 1:53
Eq. (11-11): Fe

I

0.56(8) + 1.53(4)
= 10.60 ki
_ 1/3
Eq. (11-3): ¢ = 10,60(270)"/° = ¢8.5 iy
Ok. Ans.

11-7 and 1i-8 OMITTED

V

Assume concentrated forces, as shown.

P_ = 8(24) = 192 1b

240 1b
T = 192(2) = 384 1b.in
IT" = -384 + 1.5F cos 20° = 0

384 :
1.5(0.940) ~ 272 1b

F =




P

11-9 (Continued) U,
o 4 z = y l
- ZHO ; 5.75Py + ll.SRA

5= — 14.25F sin 20° = 0; thus
EJ 5.75(240) +'ll.5Ri - 14.25(272)(0.342)= 0

g Y
R, 4.73 1b

g>\o/

o y=_ _ z
g M, 5758, -~ ELSR,

-14.25F cos 20° = 0; thus
EJ -5.75(192) + 11.5R% - 14.25(272)(0.940)= 0 x\\%w
at 0 is F = 1.4(610) = 854 1b

. i — 1/3
R“+P +R +F cos =0 854|:50(1o) (60)(480§] = 9640 1b

106
or, in kN, C = 9.64(4.45) = 42.9 kN

Z_ 413 1b; R, =[(-413)% + (-4.73)21%
= 413 1b

:—*RA

192 — 413 + 272(0.940) =

-34.6 1b
: So use a 55-mm bore, 02 series, ball
y y o L
RO +-Py TRy - F sin 20° = 0 bearing at O rated at 43.6 kN.
240 - 4.73 - 272(0.342) = 0 For the roller bearing
F = 1.4(1650) = 2310 1b
RY = -142 1b e (1650)
° } . [ 501093 (60) (480) |/ 1°
R0 = [(-34.6)% + (-142)%]° = 146 1b c = 2310 ]
10

So the reaction at A governs.

= 20.5(103) 1b
LIO = 30(103)(60)(300)(10 6) ( ) .
n kN, C = 20.5(4.45) = 91.2
=it 540 millionms qf revolutions I c 5( ) 9 kN

!

So use a 55-mm bore, 03 series, straight

: roller bearing at B rated at 102 kN.
the bearing must be selected for a

E
g Since the applications factor is 1.2
d

force. of

; : 11-11
i F =1.2(413) = 496 1b | ]ti
%! Eq. (11-3): ¢ = 496(540)*/3 = 4039 1b
Converting to kN gives

= 4039 (4.45)(1073) = 18.0 kN
Table 11-3: Use 3G-mm bore deep—groove

bearings rated at 19.5 kN.

-
;
&
5

11-10 Static analysis omittad.
= 610 1b, Ry = 1650 1b

Ro
The equivalent load for the bearing

{53



11-11

i L]

]

R

Eq. (11-9):

(Concluded)
¥ o z
RO 164 N, R0

= 107 N, R0 = 196 N

89.3 N, R = 174 N, R, = 196 N

= 8.226 kN
A 25

3 -6
R, = 0.196 [60(10) (1800) (60) (10~%

0.02 +'4-439(ln , ;99)1/1.483

-mm 02 series bearing has a rating
of 14.0 kN which is ample.

An extra

light bearing might do.

rqu

11-12 T

and so Eq.

o

I,._...

FeA = 0.4FrA

)
]

I

1477 1b
FeB = 0.4(2190)

PQA = 1.4(1477)

FeB = 1.4(1402)

here is no external thrust,
(11-13) is

0'47Frﬁ
'”A(KB)

0.4(1120) + 1.5 f"z';——%—lg—ol]

-

+ 0.47(1120) = 1402 1p

= 2068 1b
= 1963 1b

F = 2068'k0(103)(400);]3/10
§ RA [3000(500)
= 4207 1b Ans.
% F = 1963]40(10%) (400) P#10
RB . 3000(500)
3 = 3993 1b Ans.
11-13 OMITTED
a 11-14 Bearing A:
F o= 1(35)2+ (212)215 = 215 1b
g Bs e
F = —_—am S
. 555 1b, F 715 2.58
a Table 11-3; Assume 85-mm deep-groove
bearing. CO = 63.0 kN

(PRI

154

a _ 0.555(4.45) 0 530
___——3-—-“—--_;___= .}

*0 53.0

Table 11-2: Try X2 = 0.56, Y2 =1.85

By (f3<Tiy: )
L _ o[ 4.45
3 Fe = 0.56(215)(1666)

1000

+ 1.85(555)(3¢5§)= 5.10 Xy

With application factor
FD = L35 1) = 663 ki

L. 35—399 (60) (600) = 900
10f 10
Eq.(11-9):
~ 900
P, = 6.64

106.3 kN

0.02 + 4.439 Gn.iggjlfl'égJ

Bﬁt an 85-mm bearing is rated at 90.4kN

Try 95 mm; C = 12] kN, CO = 85.0 kN

Ta _ 0.555(4.45)

& 2l = 0.029

Table 11-2: YZ = 1.98
445

Fo = To05[0-56(215) + 1.98(555)]
= 5.43 kN

Fj = 1.3(5.43) = 7.05 kn

Fp = 7.05[ 13 < 112.9 1y

So

use a 95-mm angular eontact ball
bearing at point A,

Bearing at B:
B = [(35)2 + (66)?—}i = 74.7 1b

_ : .iﬁﬁq=
F = 74.7;1.3)(1000 0.432 KN
j 900
C = 0.432
0.02 + 4.439(1n —53)1/1'483

It

5.24 ki

Table 11-4: Use 02-series cylindrical

roller bearing having a 25 mm bore and’

C = 16.8 kN

/10

-y e

-3 Ml
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11-15 Eq. (4-28):

% = 4.48[1n (1/0.5)1%/3 = 3.5;

X, = 4.48[1n(1/0.9)1%/3 = 0.999
i

% 3.51

- = 3.51

XlO 0.999

Eq. (4-25):

— I G e
x = 4.48T(1 + 575) = 4.48T(1.67) 4.05

Im
I
=
[
v

= 4.05

[
o
.
0
el
¥e

11-16 Eq. (4-28):

0.0403 + 6.58[1n (1/0.5)]/1-165

x =
= 4.844
;5 = 0.0403 + 6.58[1n (1/0.9)]%/1-165
= 0.99%

X 4.844

=g = 4.87

X;o 0.99%

11-17 OMITTED

11-18

x, = 60(115%(2000) g
10

x, = 60(602)(2000) - 55
10

From R = exp [ -—(%) b]

[1n (/R /P - x, /6

Fra (1{R2)]1/b = x,/6

Then

[ln (llRl) :
e R L
In (x;/x,) = 1In (115/600)

= 1.65

Eq. (11-10):

3
(fg) S x _ (39 600)3
F
/" elan q/py)t/P | M8 000

24

6:
10.65[1n (1/R1)]1/b
13.8
” = 5.07
10.65[1n (1/0.9)]1/1-65
and

ol )]

11-19 First, estimate b and 6.
x, = [60(360) (2000)]/10° = 43.2

- %, = [60(2000) (2000)1/10% = 240
From Prob. 11-18 solution

" [n (lle)
In IH_(FR_ZT ln[ln (1/0.9) ]

_ _ 1n (1/0.2)
In (xlfxz) In (43.2/240)
g = 1.59

_ 5
10.65[1n (1/1{1)}”b

43,2 755 = 16.70
10.65[1n (1/0.9)] :

At any reliability level
[ I gt bl x b2
R =exp|-\— = exp | -| —
8 0
b 1
()" - (=)
BI e

For comparable espcnents bl g b2

.‘3
= e—— = T
-

So the increase s at least threefold

everywhere,

For different exponents bl = bz, let
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11-19 (Concluded)

] 1.65 ; 1.59
43, = |43.2%
5.0 16.7

. 343 1/1.59 B
4.532 , )

So the increase in life is at least

]

threefold at the Blolevel.

11-20 Eq. (11-1):

y a = a = =
Pa Ll = F2 LZ K constant

K can be found from the basic load
rating of 20.3 kN and rating life of
106revolutions.
K = (20.3)(10%) = 8.365(10°)
At a load of 18 kN life Ll is
9
== = 830000 1y 434310%) rev
F 2 (18)

a
At a load of 30 kN life L, is

2
9
k. 8.3650107) . g 5i6(10°%) xev

= g ® (30)3
Eq. (7-46): (Miner's rule)
H .5
L pwl
L L
1 2 .
200 000 2 L8

1.434(10%  0.310020%

= 0-267(106) rev Ans.

L,
Check:
6
200 000 — = 0.26?(106) = 0.14 + 0.86
1.434(107) 0.310(107)
=1

11-21 This problem was devised after
the page proof had been received. Since
there may not have been space for it,
here is the problem statement.

The same 02-30 aggular-contact ball
bearing is to be subjected to a two-step

loading cycle of 4 min with a loading -

of 18 XN and 6 min with a loading of
30 kN. This cycle is to be repeared
until fajlure. Estimate the total Iife
in revolutions.

Define: 2 = total turns

fl = fraction of turns at load

By

f2 = fraction of turns at load
s
From Prob. 11-20:
L 1.434(106) Tev

0.310(106) rev

=
[
]

2
From Miner's rule [Eq. (7-46)]:
£ X £ 2. f.1

0.40 i 0.60

1.434{106) 0.310(106)

f
X
1 2
= 452 000 rev Ans.

PROBLEM When the misalignment in a
rolling contact bearing exceeds some
threshold amount (0.001 rad in the case
of cylindrical roller bearings) there is
a life reduction penalty fraction f im-
posed. This factor would appear in

Eq. (11-9) as

% /£ 1/a

B
/b

= (AF)F, 1
Xy + (8 - XO)[ln (1/R)]

Fr

where x_ is the design life expressed in
multiples of the rating life, and AF is
the applicatiosn factor. When a bearing
is selected the extant reliability is
higher than the goal. Show that the
realized reliabilityR' is given by

. (:xn/fr - xolCy/ (AF-F )
R" = exp| -

b
a
(6 - ) [Cy/ (AF-Fy)]

156



0.5/0.000 75
= 667

1100/60 = 18.3 fev/s

250/1 = 250 psi

0_6)(18.3)
250

1l

12-1 r = 0.5 in, r/c

o= T~
i I

Geiyz BU 0.261

1]
1]

- W

9 - 0.595; Zf = 5.8;
C C

Il

Q
s
Q 0.5

.
e 3.98

hO = 0.595().000 7%) = 0.000 446 in Ans.

f === =—==0.0087

_ 2nfWrN _ 2w(0.0087)(250)(0.5)(18.3)

T 778(12) 778(12)

0.0134 Btu/s Ans.
3.98(0.5) (0.000 75)(18.3) (1)
0.0273 in3®/s

Q = 0.5(0.0273) = 0.0137 in>®/s Ans.

£
1l

12-2 OMITTED

12-4 .= 1.5 in, /d = 0.5
r/c = 1.5/0.0025 = 600

N = 600/60 = 10 rev/s
800/[1.5(3)] = 178 psi
SAE 10 u = 1.75 yreyn

, 1.75(10°% (10) _
178

-]
I

s = (600) 6.0354

h./c = 0.11; P/pmax = 0.21

h. = 0.11(0.0025) = 0.000 275 in  Ans.

. 178
Phax 0.21

SAE 40

= 848 psi Ans.

I

4.75 ureyn

- 475 o
S = 0.0354 7>5% = 0.0961

0.21; p/p__ = 0.275

=g

~

N
Il

=8
I
o

P = ——— = 647 psi Ans.

12-5and 12-6 OMITTED

.21(0.0025) = 0.000 525 in Ans.

17-3 = = 0.625 in, £/c = 0.625/0.001
- 625
|—-1_1_..5.g=
N = 50 19.2 rev/s
__ 400  _
P =1750z2.5) 28 st
2/d = 2
=6
s = (625)2 10U10 ) (19:2) _ g 5g¢

128
Use L/d = =3 hofc = 0.96; P!pmax = 0.83

Q/rcli = 3.11

hO = 0.96(0.001) = 0.000 96 in Ans.

Q = 3.11(0.625)(0.001)(19.2)(2.5)
= 0.0933 in®/s Ans.
_ 128 _ i
P o8 154 psi Ans.

12-7 r = 12.5 mm, r/c = 12.5/0.02
= 625
= 1200/60 = 20 rev/s
= 1250/(25)% = 2 MPa
.
s = (625)2 50(106 )(20) _ o.195

2(10%)
hofc 0.525; (x/e)f = 4.5

Q/Q = 0.57

hy = 0.525(0.02) = 0.0105 mm  Ans.
= 4.5/625 = 0.0072

fWwr = 0.0072(1.25)(12.5) = 0.1125
20TN = 27(0.1125)(20) = 14.14 J/s

Il

w8 M
1l

Ans.

QS = 577 of Q Ans.

12-8 OMITTED

(57




el

L

L
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g

12-9 r = 75/2 = 37.5 mm
2/d = 36/75 = ¥, N = 720/60 = 12 rev/s
r/c = 37.5/0.05 = 750
P 2000/[75(36)] = 0.741 MPa

SAE 20 p = 18.5 mPa-.s

-3
s = (750)2 18:500) g2)
0.741(107)

hO/c = 0.29; (x/e)f = 5.1; P/pmax#0.3l5

Il

= 0.159

h0 = 0.29(0.05) = 0.0145 mm  Ans.

5.1/750 = 0.0068

fWr = 0.0068(2)(37.5) = 0.51 N-m
2nTN = 21(0.51)(12) = 38.5 W Ans.
pax = 0-741/0.315 = 2,35 MPa  Ans.

]

=T =~ B - I
Il

12-10 r = 25 mm; N = 840/60 = 14 rev/s

r/c = 25/0;025 = 1000

= 25/50 = 0.5

P = 2000/[25(50)] = 1.6 MPa

¢ = 34 mPa.s

§ = FEHGI 34(10‘32(14)
1.6(107)

hO/c = 0.395; (x/c)f = 7.8

QS/Q = 0.74; Q/rcNL = 4.9

bl

s

=
]

= 0.2975

hO = 0.395((¢.025) = 0.0099 mm Ans.

f =7.8/1000 = 0.0078
T = fWr = 0.0078(2)(25)
H = 20N = 25%(0.390) (14)
Q = 4.9 rcNe

4.9 (25)(0.025) (14) (25) = 1072 mn®/s
Qg = 0.74(1072) = 793 mw®/s  Ans.

]

0.390 N.m
34.3 W Ans.

I

12-11 2/d = 1; P

700/(1.25)2

= 448 psi
N = 3600/60 = 60 rev/s

Fig. 12-14:
"Minimum f: § = .08

158

Maximum W: § = 0.2
Fig. 12-11: p = 1.42 preyn
wN _ 1.42000”% (60)

-6
P T 448 = 0.190(10 )
r _ S
Eq. (12-7): > Hl(anP)
For minimum f:

3
L __Q;Qg__:g_ = 649
& 0.190(10™ ")

c = 0.625/649 = 0.000 963 in Ans.

For maximum W:

3
. |8 o
0.190(10 )

0.625/1026 = 0.000 609 in Ans.

[

i
&

c

Clearance range is

Ac = 0.000963 - 0.000 609
= 0.000 354 in

" No. This range is entirely too small.

12-12 N = 8 rev/s; W = 3000 N;:

r =40 mm; ¢ = 0.04 mm; L = 80 mm

P = 3000/[80(80)] = 0.469 MPa

Try p = 12 mPa.s T = 81°C;
AT = 2(81 - 60) = 42°C; s = 0.2048;
(x/e)f = 4.6; Q/rcNL = 4.1;
QS/Q = 0.56

Eq. (12-19):

_ 8.30(0.469) 4.6 _ .
1 - 0.5(0.56) 4.1 ~ 6-07°C

The discrepancy is 42 - 6.07 = 35.93°C

AT

Iry p = 20 mPa.s T = 68°C;
AT = 2(68 - 60) = 16°C; S = 0.341;
(r/e)f = 7.2; Q/rcNL = 3.86;
QSIQ = 0.43

Eq.(12-19): AT = 9.25°C -




d
%i

7
£
K

12-12

(Concluded)

Discrepancy is 16 - 9.25 = 6.75°C

Try.p

= 21.'mPa-s T = 65°C;

AT = 2(65 - 60) =
(r/e)f =

10°C; S = ©.358;
7.5; Q/rcNi = 3.83;

QS/Q = 0.415
Eq. (12-19): AT = 9.62°C

Discrepancy is 10 - 9.62 = 0.38°C OK
f = 0.0075; T, = 70°C; AT = 10°C;
H=45.2 W; hO/c = 0.67;

ho = 0.0268 mm; Q = 3922 mm?/s;

Q, = 1628 m>/s

Ans.

12-13 N = 160/60 = 2.67 rev/s;

PROBLEM For satisfactory performance of
a journal bearing with thick-film lubri-
cation, it is necessary that the largest
"stalactite” or "stalagmite” torn from
the bushing or journal be able to tum—
ble through the minimum film thickness
zone without jamming and gouging more
material from the surface causing fur-
ther damage. Sime the peak-to-valley
distance on a ground surface approxi-
mates 0.0002 in, Trumpler* recommends
that the minimum film thickness be
greater than

hD =z 0.0002 + 0.000 04D
where h, and D are in inches. Review
your analysis of any preceding problem
of your choice to see if the bearing is
satisfactory by this criteridn.

* Paul R. Trumpler, Design of Film

Bearings, Macmillan, 1966 (Copyright
held by the author).

PROBLEM Trumpler, in addition to the
minimum filmthickness criterion,
recommends that the maximum temperature
of the lubricant leaving the wedge be
less than 250°F, that is T £ 250°F,
to avoid driving off lightmﬁ§drocarbon
fractions therefy increasing viscosity,

maximum film temperature and aggravat—

ing the situation to failure. He also
recommended that the pressure P at
CONTINUED

W =28000 N; r = 25 mm; 2/d = 3;
¢ = 0.04167 mm; L = 150 mm; T1 = 25°C

u = 330 mPa.s; S = 0.297; QSIQ = 03
(x/e)f = 5.5; Q/rcNL = 3.07; Tav = 33°C
AT = 16°C  Ans. T, = 41°C '
e = 0.08 Ans.
P/pmax = 0.83; pmax = 1.067/0.83

= 1.285 Mpa Ans.

12-14 and 12-15 OMITTED
12-16 N = 20 rev/s; W = 2500 N; r =19 mm; P

1.7313F02 L/D = 1

R/C =

= 2500/(38)2 = 1.73 MPa

P = 500.0001 C = .038
s = . 2888001
S = « 11552
P = 1.731302 L/D = 1 R/C = 678.5715 C = .oz28
S = : . 217769
VISCOSITY MU = 40 IN MILLIPAS-S
AVERAGE TEM = 61.6022 1IN DEG C
FRICTION VARIABLE = 4.8
FLOW VARIABLE = 4.1
FLOW RATID = w55
COEF OF FRICTIDN = 7. 073685E-03
TEMP OUT = 73.2044 IN DEG C
POWER LOSS =  42.22298 IN WATTS
159
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TRUMPLER PROBLEM 2 (Continued)

at starting (during boundary lubrication) be less than 390 psi, that is

< 2
Pstart £ 3C0 psi

Additionally he recommended that a desi
this factor be at least two, that is

nda 2

gn factor o, be applied to the load znd that

Apply Trumpler's criteria to a previous problem of your instructor's choice znd
decide if the contemplated design is satisfactory.

12-17 N = 1750/60 = 29,17 rev/s; W = 250; r = 0.625 in; L = 1.25 din; T

€ iq =~ 0-001 - 0.000 25 = 0.000 75 in; ¢
min

160 L/D = 1 R/C =
. 3164822 °
- 2521858

- 28102462

o

nnum

VISCOSITY My =
AVERAGE TEM =
FRICTIDN VARIABLE =
FLOW VARIABLE =

FLOW RATIO = -48

COEF OF FRICTION =

TEMF DUT = 153. 4024
POWER LOSS = 0224513 IN
P = 140 L/D = 1 R/C =
8 = - 11393356

8 = - 1184909

VISCOSITY MU =
AVERAGE TEM =
FRICTION VARIABLE =
FLOW VARIABLE =

FLOW RATIO = . 685
COEF OF FRICTION =
TEMP OUT = 137.8289

FOWER LDOSS = 1.889345E-02

Range of outlet temperatures is 138°F to

1 = 120°F

= 0.001 + 0.000 25 = 0.00125 in
max

833.3333

C = .00075

2.22 IN MICROREYHMS
1%6.7012 1IN DEG F
9 |

Z.96

- 00732
IN DEG F
BTU FER SEC
500 C= .001Z25

2.6 IN MICROREYNS
128.92145 1IN DEG F
3.08

4,33

-D06EE
IN DEG F
IN BTU FER SEC

153°F Ans.

wq

12-18
P = 192 L/D = 1 R/C = 625 C = _po?
S = ' . 1899211
S = - 170929

VISCOSITY MU =
AVERAGE TEM =
FRICTION VARIABLE

4.5 IN MICRDREYNS
124.2102 1IN DEG F

= 4.

- FLOW VARIABLE = 4.%9
FLOW RATIO =  _a&05
COEF OF FRICTION = . 00672
TEMP QUT = 138. 4204 IN DEG F

POWER LOSS =

- 1266554 IN BTU FER SEC

iGo



12-18 (Concluded) N = 1120/60
} = 18.67 rev/s
= W =1200"1b; r = 1.25 in; ¢ = 0.002 in;
-y L =2.514n; T, = 110°F

1

_J From computer solution (r/c)f = 4.2;

Q/rcNf = 4.19; QS/Q = 0.605; .
= 124.2°F
-1 Tav
(a) hO/c = 0.485
' hy = 0.485(0.002) = 0.000 97 in Ans.
- (b) € = 0.515 Ans.
& (c) 0.006 72 Ans.
— (d) H= 0.127 Btu/s Ans.
(e) Q = 4.19(1.25)(0.002)(18.67)(2.5)
= 0.489 in3/s Ans.
Qq = 0.605(0.489) = 0.296 in3/s
] - Ans.
() prmax = 0.44; Bl = 192/0.44
r = 436 psi Ans
g 0 = 18° Ans.
pmax —
{g) Bpo = 80 Ans.
3 (h) T = 124°F Ans.
av ==
g (i) T2 = 138°F Ans.

12-19 and 12-20 OMITTED

TR

12-21 2' = ¥(2 - 1) = 0.875 in
2'/d = 0.875/1.75 = }

.
>

nﬁn-ﬁii

r/c = 0.875/0.0015 = 583;
3 N = 3000/60 = 50 rev/s; P = 600 psi;
4 W= 4rp'p = 4(0.875)(0.875) (600)

1840 1b

- trial: py = 1.0 ureyn at T = 182°F
Eq. (12-7):

Il

SS =
" =
. ]
L.

s = (583)2 1.0(10~%) (50

600
q From charts: (x/c)f =

= 0.028

1.56; ¢ = 0.9

Eq. (12-24):
AT = = 2.?22?0 5vz 1.56(0.028)£1840)2
) - 30(0.873)
= 94°F
Tav = 120 + (94/2; = 167°F

Discrepancy = 182 -~ 167 = 15°F
Use of a table helps to prevent chart—

reading errors.

Trial No. I 2 3

u 1.0 1.2 1.1

T 182° 162° 171°

S 0.028 0.034 0.031

(x/c)f 1.56 1.70 1.60

£ 0.90 0.89 0.9

AT 2 94° 124° 103°
167° 183° 175°

av

Discr. 15° -2r° o f1 8

Trial #3 is close enough. So
hofc = 0.11; h, = 0.11(0.0015)
0.000 165 in

0

P/pmax = 0.205

Pl =20 + (600/0.205) = 2960 psi Ans.

12-22 OMITTED

12-23 2" = }(55 - 5) = 25 mm; 2'/d = };
r/c = 25/0.042 = 595:

P = Warg' = 10010%)714(25) (25)]

4000 kPa

[l

]

Ist trial: y = 13 mPa.s at T = 79°C
Eq. (12-7%: _3
5 = (3952 U0 U8 _ g 55
4000(10~)
From charts: (r{c)f = 2.3; e = 0.85
Eq. (12-25): '
AT & 1956(10°) 2.3(0.055) (10%)

Z
1+ 1.5(0.85) 200(25)6

i

152°C

{Go

e i G2
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12-23 (Concluded)

T =55+ (152/2) = 131°C
av

Discrepancy = 131 - 79 = 52°C

B~ U[1.5010, 1.5015]. The re-
sulting radial clearance distri-
bution is triangular in the inte--
val 0.0005 £ ¢ £ 0.0010 in. Esci-

TeTaT mate the fraction of the assembli:zs
S 1 2 3 4 having a radial clearance less
than 0.0006 in.
v 13 6 8 8.8
T 79° 106° 95° 91° PROBLEM In the previous problem con~
5 0.055 0.025 0.034 0.037 vince yourself that the standard devia-
(r/e)f 2.3 1.24 1.70 1.78 tion for the clearance conforms to that
& 0.85 0.89 0.89 0.885 predicted by Table 4-4 for the standard
AT 152° 36° 66° 76° deviation of x - y.
T 131° 73° 88° 93° - :
pifer. 52° -33°  -7° 2°
PROJECT The radius of a journal is
AT = 76°C Ans. y ~ U[1.000, 1.001] in. The radius of
- - " >
Eq. (12-21): a bushing is x ~ U[1.002, 1.004] in.

The radial clearance is ¢ = x - y. The
distribution of c¢ is trapezoidal with
extremes at ¢ = 0.001 and 0.004 in. The
uniform portion exists between 0.002 and
0.003 in.
(a) Compare the mean and standard devi-
ation of ¢ by calculation and computer
0.115 simulation.
(b) During your simulation of 10 000

Q@ = [l + 1.5(0.885)2]
. 1(200) (0.042)3(25)
3[8.8(10"%) 1 (25)

= 3830 mm3/s

Ans.

e

—

[g]
]

h, = 0.115(42) = 4.83 ym Ans.

PROBLEM Journal-bushing assemblies for
precision pillow block bearings are
randomly selected from journals

instances of € =X — y, collect data
for 12 histogram bars and superpose
the trapezoidal distribution for com-
parison.

(c) Compare the probability that
0.0015 £ ¢ £ 0.0035 by calculation and

simulation.
D tg or l.SOOjg'gggg in galculation: ¢ = 0.0025 by symmetry.
and bushings ) 6, = (b - a)/2/3 = (1.001 - 1)/(2/3
o = 0.000 289
gtb or 1.50110-0005 6. = 0.002/2/3) = 0.000 577
-0 *2Y*_0.0000 " Tible 4-4, line 6: & = 0.000 646
all dimensions diametral. The journal P = 0.875 &

speed is to be 1200 rev/min and to car—
ry a load of 600 1b while using an SAE
grade 40 lubricant. The oil sump temp-—
erature is 100°F, so oil is admitted to
the film at this temperature. The

bushing has a 1l}-in length. feey |

(a) Find the smallest, median and Spo -
largest radial clearances.

(b) For the tightest possible bearing
estimate the minimum film thiek-
ness. '

(¢) The journal formation process
results in a random distribution —F | ' !

D ~ U[1.4995, 1.500] and, similarly, B8 fpEE ook oot &
the bushing bore distribution is

Simulation: ¢ = 0.002, & = 0.000 645

P = 0.874. Frequencies:fGS, 500, 788,
1045, 1260, 1380, 1255, 1219, 1082, 784,
449, 142,

(GZ

-

i
L
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13-1 dp <1748 = 2 118 13-4 a = 1/P =1/3 = 0.333 in Ans.
Nz“ 1120 b= 1.25/P = 1.25/3 = 0.417 1in Ans.
= —= = 2 1/8 4,375 1 ’
de NBdP S & ba) - " c=b-a=0.087 in  Ans.
NG = PdG = 8(4.375) = 35 teeth Ans. p=17/P=1x/3=1.047 in Ans.
- (2.125 4 4.-375)!2 = 3,25 4in Ans. t = pr = 1.047;2 = 0-523 in Ans.
Pinion: dl = NllP = 21/3 = 7 in
13-2 n, = 1600(15/60) = 400 rev/min Ans. djp, = 7 cos 20° = 6.578 in  Ans.
= = Ans.
P dnme.  dhs, Gear: d2 = NZ/P = 28/3 = 9.33 in
= + 6 2 = 112.5 Ans.
¢ =035+ 6001/ L dy, = 9.33 cos 20° = 8.77 in  Ans.
_,:1_3;3' N — 20(2.80) = 56 teeth ;A_II_E. M; pb = pc cos ¢
dG E NGm = 56(4) = 224 mm Ans. = (n/3) cos 20°
dP _ NPm = 20(4) = 80 mm Ans. 2 = 0.984 in .Ans.
See next page for drawing of gears.
+ 2 =152 Ans.
$225 480 mmo ADS m =1L_/p =1.53/0.984 = 1.55  Ans.
- c ab’ b A
13-5, 13-6 5See page
15T PINION
25°

PRESSLRE LINE
INITIAL. CONTACT AT "A';
FMAL CONTAGT AT B,
INTERFERENCE POINTS €2

"b" ARE OUTSIDE ow "A" § —
1S NO WITERFERENCE,

AbB= 12..1“ 5 sz'].% cos 2% = 0.9% 3

"B AND SO THERE

PITCH CIRGLE
- ' BASE ziwele
AvDEHIDVWM C

- DEDE HDNN c,—/\
]

— 1B GEAR

mc- —-+~—=I3A AN S,

{63
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13-4 (Continued)

10.5%==10" ’

" Arc of approach = 0.87 in

Arc of recess = 0.77 in

w w w_ A.W ..‘,,,.‘...ann».w..m.._wy..u.m.ma Sy !d--;‘ T

J Lo | GRERE |

[t

< 12,6+

W

Q\

{60

A\
.

—1531n
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: T AN \\ i
m‘\\\\\“v - ‘ )
TN N

W

- -‘.11 g y W ._J." 5“ i
(0) d:l'b) P- z-“: ‘-51 > {-‘-—0-78'5 » a = 25 b-'-' 8 3 q_u"-" 1.54',
q,= 1527, ' 3.06", m.=1.9%,

" i i e
~ (b) q_q=).l'2.", 91>, ‘!_;-7*-“"“‘"; ™ =155 \

THE PRESSDEE ANGLE MHAS HOT CHANGED.

\

{65




g PP TR 0 S % R VP (R T

— T

13-8 Let P =1; then a = 1 in. The pitch radius of the piniomn is
X dPKZ = Nf2P = 9/[{2(1)] = 4.5 4in )
L Tubey Coruyee powt
\6/"-
s . \ *
1 / I -\-_ P
il = - S e e T
O Pl o Prich, Pc:-t'n‘f
' R 1> (e — ——— (g
Iyis? e
. IA _ OA e
Since ACIA 1is similar to AIAP we have AP _ 1A O°F IA“= (0A)(AP); TIA = /3.5
Then O = [(3.5)2 + (v3.5)2)! = /1575
b = cos_l 22 2 28.13° Ans.
Y15.75
13-9 dP =14/6 = 2 1/3 in; dG = 32/6 = 5 1/3 4in Ans.
y = tan“l(14/32) = 23.63° Ans.
~REER\//QR““~\£\ I = tan ' (32/14) = 66.37°  Ans.
T d‘ﬂawm$' = [ U2+ (5 1/321F = 2,011 1a
% Eos - _ Ans.
L v i/ A /3 = 0.970 in; 10/P = 10/6 ==
T T m’“""t:f_w'h T ) = 1.67
e So F =0.970 in Ans.
/ [ ‘\\\
5 ‘“‘NM\\
" -
e — . - 5 L e o ‘_(
13-10 }1£3C“ P, = p./tan § = 0.725/tan 30°
. "
.  — -*4 . = 1.256 in Ans.
I / o
_//-. e \\\\_\X‘&X\\\J (b) p - b, cos ¢n = 0.628 cos 20°
’ P , . = 0.590 in  Ans.
(a) e /5 = 0.628 in Ans. (c) Pt = Pn cos Y = 5 cos 30°
P, =P /cos Y = 0.628/cos 30° = 4.33 teeth/in
: = 0.725 in Ans. : '
166



13-10 (Concluded)

o, = tan-l(té? ¢n/cos D)

= tan” '(tan 20°/cos 30°) = 22.8° Ans.
(d) Table 13-5: a = 1/5 = 0.20 in Ans.

b =1.25/5=0.25 in  Ans. : -
dP = 17/(5 cos 30°) = 3.926 in Ans.
dG = 34/(5 cos 30°) = 7.852 in Ans.
- pod
13-11 : >
i | e
NN 7Z 72 T T R
Pl &) .-
| | %
Jﬁﬁin Axial force of gear 4 on shaft b is

- o, . in the positive z direction.
¢n 14.5°%; Pn 10 teeth/in

Axlal force of gear 5 on shaft ¢ is in

() P * n/10 = 0.3142 4in Ans.

S negative z direction.
p,. = p fcos P = 0.3142/cos 20° _
t n
o B 5
= 0.3343 in Ans. \\

P, = P /tan § = 0.3343/tan 20°
= 0.9185 in  Ans.
(b) Pt = Pn cos ¥ = 10 cos 20°
= 9.397 teeth/in

¢t = tan _l(tan ¢n/cos ¥)

= tan“l(tan 14.5°/cos 20°)
= 15.39°  Ans. » S
(c) a =1/10 = 0.10 in Ans.

b =1.25/10 = 0.125 in  Ans.

dp = 19/(10 cos 20°) = 2.022 in  Ans.

dG = 57/(10 cos 20°) = 6.066 in Ans. (c) d

(b) n, =

[}

+103.7 rev/min cecw Ans.
14/(10 cos 30°) = 1,6166 in

P2
dG3 = 54/(10 cos 30°) = 6.2354 in
13-12 OMITTED ‘ c - 1.6166 + 6.2354 = 3,926 $n  lns.
ab 2 —_
13-13 (a) Axial force of 2 on shaft a dPA = 16/(6 cos 25°) = 2.942 in
is in negative z direction. dGS = 36/(6 cos 25°) = 6.620 in
Axial force of 3 on-shaft b is in Cbc = 4.781 in Riryess

positive z direction.

167
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_ 208 20 _ 4
13-14 e—m‘ﬁgﬁ—s‘l
n, = L (600) = 47.1 rev/min cw Ans.
d 51 : —

13-15 and 13-16 OMITTED

13-17 (a) The planet gears act as keys

and the wheel speeds are the same as

that of the ring gear. Thus
n, =n, = 1200(17/54) = 377.8 rev/min
A 3
Ans.
(b) np = ng = 0;_nL =mng e = -1;
ne - 377.8

-1 = m; 377.8 = ng - 377.8
or ng = 755.6 rev/min Ans.

(c) The wheel on the icy surface spins
freely leaving no traction for the

other wheel. Car is stalled.

13-18 (a) The motive power is divided
equally between 4 wheels instead of 2.
(b) Locking the center differential
causes 50 percent of the power to be
applied to the rear wheels and 50 per-
cent to the front wheels. If one of -
the rear wheels, say, rests on slippery
ice, the other rear wheel has no traction.
But the front wheels still provide tract-
ion. So you have 2-wheel drive. If the
rear differential is locked you have
3-wheel drive because the rear-wheel

power is now 50-~50 distributed.

13-19 and 13-20 OMITTED

13-21 9/51

9 . _
o, + 5i(3£0 - nA) =0

EaY

e =

&8

I, = ~68.57 rev/min Ans.

13-22 e = -8/15

(nF - 5)(-8/15) = -5

ng =+14.375 turns Ans.

13-23 lLet np =mn, = O; then = ng;

e = +0.9999; then by Eq. (i3-2a}
nL/nA = 0.00601

Ans.

I

(b) Radius

(101+ 50) (1/10) + 1/10
15.2 in

Allowing, say, 3} in clearance gives

ID = 2(15.2 + 0.5) = 31.4 in

i

13-24, 13-25, 13-26 OMITTED

13-27
H=Tw

2mn/60
= 21Tn/60

60H(103) /2wn
9550H/n

(a) w =

T in Nem, H in W
So T =

I

where H is in kW and
n in rev/min

9350(75) _ 304 w.m

a 1800

So F

F =

3b thB = 2(9.36) = 18.73 kN

in positive x direction

Ans.
™y
2

00—
> g 27

{b) Ty %

.5 mm
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13-27 (Concluded) ————— T _ 63 000(25) _ 7875 1b-in l
Y ; arm 200
- e = g F‘k
| - FZ,?) Gear 2 az I
.= 515 b
Al ""-‘\ T— I
__ : ér‘
av I
fZ\i’
wt = 1575/2 = 787.5 1b I
= o 5w
sz ~ 149.36(127.5) 32— 787. 5 tan 20° = 287 1b
= 1193 N-m ccw 7 o+ Gear 4 I
AIIS 4(______ . \)_ &
cowh W q
,/T-/i_x' !
- l——i——‘
. - ) - L ‘
13-28 r -
13-28 FFoX k) FF 2
, gl o I
;Fﬂ\q‘
_ t —_—
FAQ = 2W 1575 1b l
Gear 5
4 o w1575 fb I
d2=l;in;d4=41;n;d5=6lﬂ; . /,1( I
d, = 24 in; e = + — e S B
6 6 T
n, =mn, = 1000 rev/min \\ l
n, =ng =0 . w;{-
1 A
Eq. (13-24): & = ——
6 1000 - n T
A l 1595 fb
n, = -200 rev/min Arm ] ]
. _ 63 000H ; S N
Input torque: ']'_'2 == = “@ %
_ 63 000(25) | | - |
- B e 95 46
= 1575 1b-in T .. = 1575(9) - 1575(4) = 7875 1b-in I
The power out is the same as the power Ans.
in and se
(G 9 ﬁ
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13-29 d2 = 9 din; d3 = 16 in; d4 = 9 ing
d5 = 24 din

63 000(200) _ :
'1‘32 1800 = 7000 1b.in

Wt = 7000/4.5 = 1556 1b

W' = 1556 tan 20° = 566 1b

WY
,Jﬁqg;———-—~uvt
S

1556(8) = 4.5W"
el

W- = 2766 1b
W- = 2766 tan 20° N
= 1007 1b

l..._ I Wr: g%
Gear 3 exerts Fyo= f(lssa)2 + (566)2]i
= 1656 1b at 20°
S0 Fqy = 1656/20° 1b  Ans.

[(2766)2 + (1007)2]i

2944 1b  Ans.
= 2944/200° 1b  Ams.

L]

Gear 4 exerts Féb

S0 F,.
~4h

13-30 and 13-31 OMITTED

13-32

T = 63 000H _ 63 000(2.5)

in n 240
= 656 1b-in

{70

g e

\
<

W, = T/r = 656/2 = 328 1b

.
-

1= tan Y(2/4) = 26.565°

I = tan 1(4/2) = 63.435°

W_ = 328 tan 20° cos 26.565° = 106.8 1b
i

W = 328 tan 20° sin 26.565° = 53.4 1b
a

W = 106.81 - 53.4j + 328k 1b

= _ 51 s R = 2,55
R,o = -21 + 4.51 3 R, = 2.5]
My - Ry X W Ry X Fy 4T =0

Solving gives

Z,
Ryp X By = 2.5Fg1 — 2.5F;k

- + 656] - 373.8k
So (14761 + 656 — 373.8k)
+ (2.5Fg1 - 2.5F;k) + Tj = 0

F, = -1476/2.5 = -590.4 1b



13-32 (Concluded)

Wa = Wt tan ¥ = 800 tan 30° = 462 1b
T = -656 1b-in

So W = -336i - 462] + 800k 1b  Ans.
= F, < -373.8/2.5 = _149.5 1b ~
- S0 Fp = [(-590.4)2 + (-149.5)21} =983 1 Ans.

= 609 1b i, Gear W = 3361 + 4622 - 800k 1b Ans.
- Ea= -G+ W W =983 1p Ans.

i

~(-149.51 - 590.4k + 106.81

'd. = 32/3.464 = 9,238 in
~53.43 + 328k)

— T = Wtr = 800(9.238) = 7390 1b-in
: = —42.721 + 53.45 + 262.
247 2 ol 42 ¢ g T is clockwise about y.
= Fk(radial) = 266 1b Ans.
& FA(thrust) = 53.4 1b Ans. 13-35

13-33 OMITTED

13-34 S
3 3
1 =
| e
=
L
- ES ]
Eg o
i
(s
2
[s]
L o
] ;
h ]
L o)
-
o
=
Pt = Pn cos ¥ = 4 cos 30° = 3.464 T/4n g
9]
i o
z A j Ean d}n = ¢ n—l tan 20° ¥ o s b
2 t cos V¥ a cos 30° prs //, y s
: il P o
= 22.80° j T O g
/ i 3 . I
Zj | - \3 8 a3
v~ S
(04]
,‘%l"\: . i
X 3
o @ @
i Ly i
: 1=
LN 2 8
2 N
8- 5
/N 2=
" *H;ﬁ_flm_4m o i
. ¢ t N ’
E! dp = 18/3.464 = 5,196 in ._“:7x\\ 5 3
Pinion . iy = ﬁ
: R— i :
i W =W, tan ¢, = 800 tan 22.80° = 336 1p g}

171
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13-36 VU
— = o
U
- <
‘\\\\ 7 ,éf//
,//" ; \N& bg%
S,
*ish r
N ]
Wy Wq , h ™
.
= 7 cos 30

Gear 3 Pt = Pn cos ¥
6.062 teeth/in
tan ¢t = 0.4203; ¢t = 22.8

dy = 54/6.062 = 8.908 in
W_ = 500 1b
W_ = 500 tan 30° = 288.7 1b
W_= 500 tan 22.8° = 210.2 1b
W, = 210.2i + 288.7j - 500k 1b  Ans.
Gear 4 d, = 14/6.062 = 2.309 in
_ 8.908 _ |
W= 500 5ie = 1929 1b

W = 1929 tan 30° = 1113 1b
W = 1929 tan 22.8 = 811 1b

W, = -811i + 1113j ~ 1929k 1b AT
13-37 o i_ﬂ‘é*
P, = 6 cos 30° ' T
t (‘:- ...' = .
= 5.196 teeth/in " ;12{5
dy = 42/5.196 & el
= 8.083 in —%%ﬁ\?’j .

112

1

¢ = 22.8°; d, = 16/5.196 = 3.079 in
_ 63 000(25}

T = 1720 = 915.7 1b.din
915.7
w = = —— =
. T/x 3.079/3 595 1b
Wa = 595 tan 30° = 344 1b
Hr = 595 tan 22.8° = 250 1b
W= 3443 + 250j + 595k 1b

Rpe = 615 Ry, = 31 - 4.043

u u
Fa)

R
/A

1 C
-~ c
el -
B P
//-. ’]r .
]-B 404 1
9
ﬁﬁ
VK#
> G
Wa 1:ﬂ(

Mt Bl T heZ T -0 o
BDG x W = -23041i - 1785j + 2140k
_— — z 3 ‘ y
Bne X Ee = ~6%p) + 6Kk
Substituting and solving (1) gives
T = +2304 1b-in :

z—
F, = -297.5 1b
Fg = -356.7 1b

o
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13-37 (Concluded)

IE=E +E. +W=0 (2)

Substituting and solving gives
X

Fo = =346 1b
y:

F) = 106.7 1b

FZ = -297.5 1b
: "

50 Fp = 3441 - 356.7j - 297.5k 1b Ans.

I =106.7j - 297.5k 1b  Ans.

13-38 Pt = § eog 15% = Fop9y teeth/in

d2 = WO 2.027F = 2.00 4q
d3 = 36/7.727 = 4.66 in
d4 = 2817720 = 3.67 15

_ mdn _ 1(2.07)(1720)

=y - % = 932 ft/min
_ 33 000(7.5) _

Wt = ———ggi————— = 266 1b

Wr = 266 tan 20° = 96.8 1p

Wa = 266 tan 15° = 71.3 1b

Ya = ~2661 - 96.71 - 71.3k 1b  Ans.

F3p = (266 - 96.8)1 — (266 - 96.8)j
= 1691 - 1692 1b Ans.

f4c = 96.81 + 266] + 71.3k 1b  Ans.

—— -n-.-—-—.._.-.}dz

.t}_

\

3
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13-39

___36 N g 15 _ s 45
93 = §cos 30 = 5-20 in5 ¢, = 5 Gos 15~ -lh i gy we e
"= 937 an:
-1 ¢
Por gears 2 and 3: ¢t = tan " (tan ¢n/cos ¢)= tan (tan 20/cos 30)
= 22.8 deg;

For gears 4 and 5: ¢t = tandl(tan 20/cos 15) = 20.6 deg;

]

t t 5.20
Fyq = T/t = 1200/(2.02/2) = 1188 1b; Fg, = 1188 -7 = 1986 1b;

r .t : .
Fyy = Fyy tan ¢t = 1188 tan 22.8 = 500 1b;
r a t
Fg, = 1986 tan 20.6 = 748 1b; Fypy = Fyy tan (j = 1188 tan 30
= 686 1b;
a

FS& = 1986 tan 15 = 532 1b

Next, designate the points of action on gears 4 and 3, respect-

i@ely, as points G and H, as shown. Position vectors are
s

RCG = 1.56j - 3k

» Rey = CD

are F., = - 19861 - 748j + 532k, F,, = - 11881 + 5005 - 686k,
= S S . ¥. z

Fo = Fool o+ F." 3, Fp = FD i+ Food o+ FD k.

114
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13-39  (Concluded)

A

ngl

EMC = RCGX FS4 + RCHX R

)

The terms

23t %ep

for this equation are found to be

By

=0

] ibc X ?;4 == 14141 4+ 5958j + 3100k,
cn X Fpq = 50351 + 77205 - 3100k, Rag K E

D

Now, a summation of moments about bearing C gives

_ Yy x
= 8.57 71 - 8.5F "}

When these terms are placed back into the moment equation, the

k terms, representing the shaft torque, cancel.

give

=-~"g—===-4261b Ans. F

Next, we sum the forces to zero.

]

D

_ (13 678)

8.5

The i and j terms

= 1610 1b  Ans.

ZF = FC + FSZ; + -IF23 + -I?D = 0; substituting, gives
(Fo'L + F73) + (-19861 - 748j + 532K) + (-11881 4 5005 - 686k)

+ (16101 - 426§ 4+ FDZk) = 0; solving gives

ch = 1986 + 1188 - 1610 = 1564 1b; FCY = 748 - 500 + 426 = 674 1b;
FDZ = - 532 4+ 686 = 154 1b Ans.
3 'ndwnw
3 _ _ _ 7(0.100) (600) =
13-40 Vw = %0 ) m m/s
%] W = o= 2000 L 637
\\ W m

g ! L =p N =251) =25m
: -1 L -1 25

. \\\\\ (00 A = tan ;E; = tan ETTEET
g X = 4.550° lead 1
3 _»i,,»;,u/ - ead angle

/’, P & Wt
3 % = a0 cos ¢ sin A +u cos A
\Y
W T
2 S~ cos A _ cos 4.550° - 3-15 m/s
: Worm shaft diagram )
in ft/s Ve = 3.28(3.15) = 10.3 ft/s
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13-40 (Continued)
Use u = 0.043 from curve A of Fig. 13-42.

o 637
cos 14.5° sin 4.55° + 0.043 cos 4.55°
= 5323 N
W = W sin $_ = 5323 sin 14.5°
= 1333 N
W o= Wlcos ¢n cos A — p sin ) )

5323(cos 14.5° cos 4.55°
- 0.043 sin 4.55°) = 5119 N

The force acting against the worm is

W= -6371i + 1333; + 5119k N e
A 1s the thrust bearing.

BAG = -0.05j - 0.10k; gAB = ~0.20%

My =R XWHR XF +T=0

EAG X W= ~122.6i + 63.72 - 31.85k

Ryw X By = 0.2F}3 ~ 0.2F33

Substituting and solving gives
T = 31.85 N-m Ans.

= - y =
Fg 318.5 N; F) = 613 N

So EB = 318.51 + 613j N Ans,
or ¥, = 691 N radial Ans.

0 T

ZE=F, +W+R, =0

=
|

= —(W + Ep)

1l

~(=6371 + 1333j + 5119k + 318.8i
+ 6133)
318.5% - 19463 - 5119k

l

Radial F, = 318.51 ~1946 j N;

FA = 1972 N Ans.
Thrust fi = -5119k N Ars.

17¢

134 £
- 2
Vg o DT T
L

E, *
Frem Prob. 13-40:
HG = 63741 - 15373 - 5910k N
& 5

_ _ _Gx _ 48(25) _
P. =P, SO dG e = - a 382 mm
Bearing D to take thrust load.
My "R X WA Ry X E+I=0
BDG = =l A 2ol 0.1913; BDC = .~0.10751

The position vectors are in meters.

= Z'- y
Rpe X Eg = 0.1075F53 - 0.1075Fk

Putting it together and solving gives

T = 1129 N.m Ans.

EC = -95.83 + 3985k N; Fc = 3986 N
IF = Fo+ W+ E =0
Fp = —(F, + W)
= —637; + 1633 + 1925k N
ED = 16333 + 1925k N radial

or FD = 2524 N Ans. (total radial)
F_ = —63?} N thrust Ans.
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14-1

: = 15 HF SPEED = 1200 REV/MIN N = 22 TEETH
EIVEN'Y n= g o F = & TEETH/INCH F = 2 INCHES =
4 !
RESULTS: D = 3.6446667 INCHES Vv = 1151.?16}FT/MIN WT = 429.7187 L&
KV = .5102222 SIGMA = 7.633402 KPSI
—Hm__.____ﬁ_%\
14-2 .
BIVEN: H= 1.5 HP SPEED = 700 REVY/MIN N = 16 TEETH
Y = .296 P = 12 TEETH/INCH F = .75 INCHES
RESULTS: D = 1.333333 INCHES V = 244-3g59’FT/M1N WT = 202.5817 LE
EV = .830B259 SIGMA = 13.18009 KPSI
14-3 J
BIVEN: H = .5 Ky sSpepp = 1800 REV/MIN N = 13 TEETH
Y= .309 M= 1.25 MM F - 12 MM :
RESULTS: D = 22.5 vy = 2. 120574 M/S WT = .2z5785% KN
KV = .7420407 gigMa = 68.55501 MPA
14-4
GIVEN: H = 5 Ew SpeEgp = 200 REV/MIN N = 15 TEETH
Y = .29 = 5 MM = &0 MM
RESULTS: D = 75 y = - 7853975 M/S  WT =  4.36620% EN
KV =  .BB59329 SIGMA = B82.59427 MPa
14-5
BIVEN: H = .15 kw SPEED = 360 REV/MIN N = 14 TEETH
Y= .296 M= 1 MM F = 12.5 MM
RESULTS: D = 14 y = - 3015927 M/S WT = 4973597 KN
KV = .9528878 sIgMa = 141.0675 MPA
14-6
BIVEN: H = 25 pw SFEED = 400 REV/MIN N = 17 TEETH
Y= .303 M= 1.5MM F = 18 MM
RESULTS: D = 25.5 y = -S340703 M/S  WT = 44831032 EN
KV = .919495g SIBMA = 42.22795 Mpa
147
GIVEN: H = 1.5 kW SPEED = 900 REV/MIN N = 18 TEETH
Y = (309 M= 2MM F= 25 uq
RESULTS: D = 3¢ vy = 1.696459 M/ WT = . 8841949 kN
KV = .7824065 sIigMA = 73.14542 Mpa
178




18

-] BIVEN: H = 3.5 kW SFEED = 1200 REV/MIN N= 19 TEETH
Y = .314 M= 2.5MM F = 32 MM
RESULTS: D = 47.5 v = 2.984511 M/S WT = 1.172722 kN
] EV = .6714726 _SIGMA = 49.52595 MFA
14-9
GIVEM: H = 10 EW SPEED = 1000 REV/MIN N = 20 TEETH
— Y= .322 M= 4MM F= 50 MM
~ RESULTS: D= 80 VY = 4.188787 M/S WT = 2.387326 KN
_ KV = .5928785 SIGMA = 62.52593 MEA
B 14-10
A GIVEN: H = Z5 EW SPEED = 800 REV/MIN N = 21 TEETH
3 Y = .32 M= 6MM F = 75 MM
~ FRESULTS: D = 126 v = 5.277871 r/5 wT - 4_.7T6758 EN
: KV = .5361285 SIGMA = 59.85853 MPa.
B N
e 14-11
% GIVEN: H= 6 HPF SFEED = 50 REV/MIN N = 24 TEETH
Y = .ZE7 P = 5 TEETH/INCH F = 2.5 INCHES
ﬁ RESULTS: D = 4.8 INCHES V = 42.8318 FT/MIN WT = 3151.271 LE
KV = .9502453 SIGMA = 19.68113 KPSI
g 14-12
BIVEN: H= 15 HP SFEED = 6400 REV/MIN N = 1& TEETH
§ Y = .294 P = S5 TEETH/INCH F = 2.5 INCHES
AESULTS: D = 3.2 INCHES V = S02.6544 FT/MIN WT = 984.7721 LE
" . EV = .7047819 SIGMA = 9.441028 KFSI
a 14-13 GIVEN: H= 5 HF SFEED = 1000 REV/MIN N = 17 TEETH
Y = .3ZI0F P = 8 TEETH/INCH F = 1.5 INCHES
2 RESULTS: D = 2.125 INCHES V = 5546.3233 FT/MIN WT = 294.5902 LE
3 N EV = _6BI2454  SIGMA = 7.4640751 KFESI
14-14 BIVEN: H= 2.5 HF SPEED = 600 REV/MIN N = 18 TEETH
: Y = .3Z09 F = 10 TEETH/INCH F = 1.25 INCHES
RESULTS: D = 1.8 INCHES V = 2B82.7431 FT/MIN WT = 291.7843 LE
EV = .B0O93108 SIGMA = 9.334222 KPSI

Gias

{719

%;

Gt




oy

[:...

[:r.-;_

L |

[ B | P Bt Bd L | W

14-15
GIVEN: H= 1 HF SPEED = 1000 REV/JMIN N = 18 TEETH
Y = .3Z09 P = 16 TEETH/INCH F = .75 INCHES
RESULTS: D = 1.125 INCHES V = 294.5241 FT/MIN WT = 112.0452 LB :
KV = .B8029212 SIBMA = 9.634188 KPSI ;
14-16 i
GIVEN: T= .EqHP SFEED = 00 REV/MIN N = 20 TEETH é
Y = 322 F = 20 TEETH/INMCH F = .5 INCHES i
RESULTS: Q = 1 IECHESﬁ V = 2Z35.6192 FT/MIN WT = 70.028%2Z7 LB i
_ KV = .B358763 SIGMA = 10.40723 KPSI |
14-17 :
f
GIVEM: H = 15 HP SPEED = 1200 REV/MIN N1 = 2 NZ = 60 %
P = & TEETH/IN F = 2 INCHES FHI = 20 DEG i
CFr = 2100 SRRI{FSI)
RESULTS: D1 = XE.b6b6667 INCHES D2Z = 10 INCHES V = 1151.91§ FT/MInN
CV = .5102222 WT = 429.7187 LB SIGC = —65.63103 KFSI
|
14-18
GIVEN: H= 1.5 HF SFEED = 700 REV/MIN N1 = 16 N2 = 48
F = 12 TEETH/IN F = .75 INCHES FHI = 20 DEG
CF = 2100 SR (FS5I)
RESULTS: D1 = L3335 INCHES D2 = 4 INCHES V = 244_.3459 FT/MIN
L CV = .8308259 WT = 202.5817 LB SIGC = —-94.45623 KFSI
14-19 _
GIVEN: H = & HF SPEED = 50 REV/MIN N1 = 24 N2 = 48
F = 5 TEETH/IN F = 2.5 INCHES FHI = 20 DEG
CFP = 1960 SRRFS5I)
RESULTS: DI = 4.8 INCHES D2 = 9.600001 INCHES V = 62.8318 FT/MIN
CV = .92302453 WT = 3151.27%1 LB SIGC = —99.54811 EFSI
{ 80
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[4--2.0
j GIVEN: H = 10 KW SPEED = 1000 REV/MIN N1 = 26 TEETH
E : N2 = Z2 TEETH M = 4 MM F = S0 MM FHI = 20 DEG
CF = 163 SBRMFA) : LFRINT
3 RESULTS: D1 = 80 MM D2 = 128 MM VU = 4.188787 M/S
J "LV =  .5928785 WT = 2.2ZB73Z24 KN
T SIGC = -520_.04609 MPA
1974 =
GIVEM: H = 3.5 KW SPEED = 1200 REVY/MIN M1 = 19 TEETH
N2 =30 TEETH M= 2.5MM F = 32 MM PHI = 20 DEG
CF = 174 SQR{MPA) : LPRINT
RESULTS: DI = 47.5S MM D2 = 75 MM U = 2.984511 M/S
CV = _4718724 WT = 1.172722 KN
SIGC = -594_4276 MFA
14--2.2 )
GIVEN: H = 25 KW SPEED = 800 REV/MIN Ni = 21 TEETH
N2 = 44 TEETH M = &6 MM F = 75 MM PHI = 20 DEB
" CF = 143 SORIMPA} s LPRINT :
] RESULTS: D1 = 126 MM D2 = 264 MM VY .= 5.277871 M/S
- CV = .5361285 ' WT = 4.736758 KN
SIGC = -477.8649 MFA
14-23
GIVEN: SFEED = Z00 REV/MIN N1 = 14 TEETH N2 = 48 TEETH
gy = 7 ca= 1 Cs = 1 CM = 1.3 CF = 3
H= S5 HPF F= 2IN. CP = 2100 SRR (FSI)
FD = & TEETH/IN.
RESULTS: D1 = 2.666667 IN. D2 = 8 IN. U = 209.4394 FT/MIN
WT = 787.8B176 LB I = .120525 SIGC = 90.208B23 KFSI
" CV = .B634542
s s
14--24
VIVEN: SFEED = 600 REV/MIN Ni = 18 TEETH N2 = &4 TEETH
oV = g Ca = 1 C8 = 1 CM = 1.4 CF = 1
H= 4HF F= 1.5 IN. CF = 2100 SER(FSI)
FD = B TEETH/IN.
RESULTS: D1 = 2.25 IN. D2 = 8 IM. V = 35Z.4289 FT/MIN
WT = 3Z73.483Z9 LB I = .12547244 SIGC = B4.98319 KFSI
CV = .8B&20029
181
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1425
GIVEN: SPEED = 100 REV/MIN N1 = 20 TEETH N2 — Z6 TEETH
GV = & CA = 1 CsS = 1 M % 1.4 CE = 4
H= .12 KW F= 18 MM CP = 174 SGR(MFA) M = 1.5 M
RESULTS: DI = 30 MM D2 = S4 MM U — . 1570795 M/S
WT = L.763944Z EN I = .1032071 SIGC = B845.1711 MFA
: CV = .9286817 .
———— e
GIVEN: SPEED = 1200 REV/MIN N1 = 21 TEETH N2 = 26 TEETH
BY = 7 A= 1 CS = 1 EM 2. 1.8 OB = 1
H= I KW F= 36MM CP = 163 SER(MFA) M = Z MM
RESULTS: D1 = &3 MM D2 = 78 MM V = 3.958404 M/S
WT = .7578B13 KN I =° 8.889787E-02 SIGC — 455.85&8 mPA
CV = .768946286
14-27 i
GIVEN: SFEED = 1800 REV/MIN N1 = 17 TEETH N2 = 55 TEETH
v = & A= 3 CS = 1 EM = 1.3 cF = j
H= 4 HFF = 1.25 IN. ©p = 2100 SER(PSI)
PD = 10 TEETH/IN.
RESULTS: D1 = 1.7 IN.w D2 = H5.2 TN, U= 801.1055 FT/MIN
WT = 16417724 LB I = _.1211072 SIGC = 71.097g KPSI
CV = _.7261475

Based on gear: Table 14-4: SC_= 65 kpsi; Fig. 14-8: CL = 1.14. Also 175 Bhn éear,
240 Bhn pinion, and m. = 52/17.

1000 \175)~ Toop = ©-004 02
Bq. (14-30): €, = 1.0 + 0.004 02(%% - 1.0) = .008

Eq. (14-31): 4 = 8:98 (240' 8.29

Table 14-~7: CR = 0.85; Sec. 14-15: ¢_ = 1

65(1.14) (1.
Bq. (14-18): o . = 5(11(g)§;)008) = 87.87 kpsi
The%‘efore, n = Uc,all'{sc = 87.87/71.1 = 1.24 é&ﬁ.
13-28
SIVEN: SFEED = 900 REVAMIN Ny = 4= TEETH N2 = 30 TEETH
VS 6 B - d mS = ¥ Gms s CF = 1
H= 15HP F= 2.5 IN. Cp = o300 SOR(PST)
FD = 5 TEETH/IN.
RESLLTS: D1 = 3 IN. D2 = & 1. u = 706.8578 ET/MIN
A0 C 799.2824 LB I = .y07133%  sia o 93.5 <P
CV =  .7380446 e R

Cdntinned
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14-28 (Concluded)

Based on gear Table 14-4: SC = 105 kpsi; CL = 1; HG = 240; HP = 300
RS L i DD 300) _ 8.29 _
Eq. (14:31): A'= 1000 (240 1000 0.002 93
30

Eq. (14-30): CH =1+ 0.002 93(Tg - 1) = 1.0029

Table 14~7 and Sec. 14-15: C.,. =1, C_ =1

T R
105(1) (1.0029) _
-18): = = 105.3 kpsi; n = 105.3/93.5 = 1.13 Ans.
Eq. (14-18) . a1l T 5.3 kpsi; n / Ans
134-29
GIVEN: SPEED = 500 REV/MIN N1 = 19 TEETH N2 = 025 TEETH
Y = 9 cA = 1 Cs = 1 CM = 1.3 CF = 1
H= 6KW F= S0MM CP = 191 SBR(MPA) M = 4 MM
RESULTS: DI = 76 MM D2 = 100 MM V = 1.9894674 M/S
WT = 3.01557 KN I = 9_130681E-072 SIGC = 681.7056 MPA
CV = _.8869496 -

Based on gear Table 14-4: Sp = 830 MPa; C, = 1.0; HP = 360 Bhn; H, = 300 Bhn

ba

: 1 c
8.98 (360\ 8.29 _

Fi = - = 0.002
Ea. (14-31): A = 7565 (300, Tooo = 0-0925
= -2—2— = - = - -
Bq. (14-30): Cy = 1+ 0.0025(f3 - 1) = 1.0008; C_ = 13 C, = 1.25
_ _ 830(1.0)(1.0008) _ s n = 664/681.7 = 0.97 i
Eq. (14-18): Oc.all = 1(1.25) 664 MPa; n / . .978 Ans.
14-20 .
GIVEN: SFEED = 400 REV/MIN NI = 22 TEETH N2 = =2 TEETH
oy = 2 Cca = 1 CS = 1 CM = 1.6 CF = 1
H= 1KW F= 32MM CP = 163 SOR(MFA) M = 2.5 MM
RESULTS: DI = S5 MM D2 = 80 MM V = 1.151916 M/S
WT = .B6B1186 KN I = 9.522962E-02 SIGC = 524.79%2 MPA
CV = .7994901

Based on pinion §

¢ = 450 MPaj C; = 1.25; Cy = 15 Cp = 15 C, = 0.85
_ 450(1.25)(1) _ A - 1.4 An
O,all = 1(0.85) 661.8 MPa; n = 661.8/450 .47 s,
14-31 (PINION)
GIVEN: SFEED = 1200 REV/MIN J = _27
N1 = 16 TEETH N2 = 56 TEETH
KA = 1 KS = 1 KM= 1.3
H= .5 HP FD = 20 TEETH/IN. F = .5 INCHES
RESULTS: D1 = .8 INCHES V = 2851.3272 FT/MIN KV = .B8234975
WT = 65.65147 LB SI6Mé& = 15.3%54 KESI
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14-31A (GEAR)

GIVEM: SFEED = 1200 REV/MIN J = R
Lo 16 TEETH NMZ = 54 TEETH
EA = 1 ES = 1 EM = O

H= .(5HF PFD = 20 TEETH/IN. F = .5 INCHES

-8 INCHES VYV = 281.3272 FT/MIN KV = _B224974

RESULTS: D1 =
WT = 45.465147 LB SIGMA = 10.49514 KEPSI
14-%2 {PINION)

GIVEn: SPEED = 200 REV/MIN J = 335
Nl = 20 TEETH N2 = 72 TEETH
EA = 1 KS = 1 EM = 1.3
H= .75 HF FPD = 12 TEETH/IN. F = 1 INCHES

I
Il

RESULTSE: D1 1.666667 INCHES WV 87.2663% FT/MIN EV =
WT = 2B83.46144 LB SIGMA = 14.56801 KPSI

14-=20 (CEAR)
GIVEN: SFPEED = 200 REY/MIN J = .42
N1 = 20 TEETH N2 = 72 TEETH
EA = 1 KS = 1 KM= 1.3
H= .75 HP PD = 12 TEETH/IN. F = 1 INCHES

RESULTS: D1 = 1.466667 INCHES V
WT = 28Z%.46144 LB SIGHA = 11.61972 KEFSI

B7.2663% FT/MIMN EV =

. 70658354

- 90656824

14-3=% (PINION)

GIVEN: SFEED = 900 REV/MIN J = .325
Nl = 18 TEETH N2 = 9& TEETH
KA = 1 ES = 1.1 EM = Z
H= 25 kKW M= BMM F = 100 MM

/5 EV = 720383
3.27353 HMPA

REGULTS: D1 = 144 MM V = &.785835 M
W = Z.6841446 KN SIGMA = 4

143550 (GEAR)
GIVEN: SFEED = 900 REV/MIN J = .43

Ml = 18 TEETH N2 = 94 TEETH
EfAo= ES = 1.1 EM = 2
o= 285 KW M= 8MM F = 100 MM

RESULTE: DL = 144 MM V = 4.785835 M/S EV = . 72032836
WT = Z.684146 KN SIGMA = 3I2.70473 MFA
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14—3=4 (PINION)
GIVEN: SF'EED = OO0 REV/MIN J = (331
NM1-'= 19 TEETH N2 = 84 TEETH
EA = 1 KS = 1 EM = 1.3
H= 4KWw M= 3MM F = 40 MM

il

RESULTS: D1 57 MM V = 1.79070&6 M/S EV = .7968762
LT 2.23I755 EN SIGMA = 91.74426 MFA

14-24 (BEAR)

5IVEN: SPEED = 600 REV/MIN J§ = .435
N1 = 19 TEETH N2 = 84 TEETH
kA = 1 ES = 1 KM = 1.3
H= 4EW M= 3 MM F = 40 MM
RESULTS: DI = 57 MM V¥V = 1.790706 M/S KV = .7968762
_ WT = 2.23I3755 KN SIGMA = 6&7.81 MFA ;
14-35 (FINION)
GIVEN: SFEED = 1400 REV/MIN J = « 295
M1 = 17 TEETH Nz = 120 TEETH
KA = 1 KS = 1 EM = 1.3
H= 12.5 HF FD = & TEETH/IN. F = 2 INCHES
RESULTS: D1 = 2.833333 INCHES V = 1038.47 FT/MIN KV = .70035
WT = 397.219 LB 5I16MA = _7.496602 KPSI
14325 (GEAR)
GIVEN: SFEED = 1400 REV/MIN J = .433
N1 = 17 TEETH N2 = 120 TEETH
KA = 1 ES = 1 EM = 1.3
H= 12.5 H® FD = & TEETH/IN. F = 2 INCHES
RESULTS: D1 = 2.833333 INCHES V = 1038.47 FT/MIN KV = .7005
WT = 397.219 LB SIGMA = 5.107384 KPSI

31 kpsi. Gear No. 30 C. I., St = 8.5 kpsi; n = 8.5/5.1 = 1.67
Ans.

S,

G

14T
GIVEN: SPEED = 720 REV/MIN J = .27
Ml = 16 TEETH N2 = 28 TEETH
KA = 1 ES = 1 EM = 1.6
H= 17.5 HFP FD = S TEETH/IN. F = 2.5 INCHES
RESULTS: D1 = 3.2 INCHES V = 4031853 FT/MIN KV = .7912788
WT = 957.4172 LB SIGMA = 14.3402%9 KPSI

= 31 kpsi; n = 31/14,3 = 2.52 Ans.
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14-37 (FINION)

GIVER: SFEED = 360 REV/MIM J = .33
N1 = 19 TEETH N2 = 77 TEETH
EA = 1 KS = 1.1 KM = 1.6
H= 15 KW M= &6MM F = 75 MM
RESULTS: D1 = 114 MM V = 2.148848 M/S KV = - 7820878
WT = 6.980485 KN SIGMA = 105.7831 MPA
14-327 (BEAR)
GIVEN: SFEED = 360 REV/MIN J = .415
N1 = 192 TEETH N2 = 77 TEETH
KA = 1 ES = 1.1 EM = 1.6
H= 15 KW M= &6MM F = 75 MM
RESULTS: D1 = 114 MM V = 2.148848 M/S KV = .7820878
WT = 6.980485 KN SIGMA = 84.11648 MPA

Gear S_ = 69 MPa; PINION S¢ = 250 MPa; n = 250/105.8 = 2.36

t pinion
n = 69/84.1 = 0.82 FAILURE
gear

14-38
GIVEN: SPEED = 1400 REV/MIN J = ,[315
N1 = 20 TEETH N2 = 22 TEETH
Ka = 1 KS§ = 1.2 EM = 2
H= SO0 KW M= 10MM F = 125 MM
RESULTS: Di = 200 MM V = 14.75515 M/S KV = _627991
WT = 2.984158 KN SIGMA = 2B.946403 MFA

St = 69 MPa; n = 69/29.0 = 2.38 Ans.

The program that follows is perfectly straightforward. It will request you to
insert the input data and then solves all the necessary equations and prints out
the results. Tt accepts only U. S. customary units. It is written in ZBASIC.

We believe in general that programs such as this one have no Place in this manual.
But we thought thils one might expedite your work of creating additional gear
problem material. You may also find it a convenient base for the creation of more

sophisticated gear programs. The program begins on the next page, and is followed
by the solution to Problem 14-39.
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100 FRIMT "SOLUTION OF ABMA CONMTACT-STRESS EQUATION FOR FULL-DEFPTH"
110 FRINT "HELICAL GEARS"

120 FPRINT "H = HORSEFOWER: SFEED = REV/MIN OF PINION®

~J 130 PRINT "NF, NG = TODTH NUMBERS"

140 FRINT "FSI = HELIX ANGLE, DEG.:; F = FACE WIDTH, IN"

150 FRINT "FDN = NORMAL DIAMETRAL FPITCH, TEETH/IN®

1690 PRIMT "FHIMN = NORMAL FRESSURE ANGLE, DEG."

170 FRINT "@Y = BQUALITY NUMEBER; CP = ELASTIC COEF., SOR(LB/SO-IN)

- 1BO FPRINT "CA = APFLICATION FACTOR; C5 = SIZE FACTOR”

190 FRINT "CM = LOAD DISTRIBUTION FACTOR; CF = SURFACE CONDITION FACTOR”
200 FPRIMNT "ENTER DRATA SFECIFIED:

210 INPUT "H = "3H: INPUT "SPEED = ";SFEED

7] 220 INPUT "# OF PIMION TEETH = ":NF

;1 230 INPUT "# DOF BEAR TEETH = ":NG: INFUT "F = ";F: INPUT "FDN = ";FDN
240 INFUT "PHIN = "3;PHIN: INFUT "GV = ":0QV

~ 250 INFUT "CF = ":;CP: INFUT "CA = ":CA: INFUT "FSI = ";FSI
260 INFUT "CS = ";CS: INFUT "CM = ";CM: INFUT "CF = ":CF

= 270 PSIR = PS51/57.2946: FHINR = PHIN/S7.296

280 PDT = PDMN*COS (FSIR)

290 DF = NP/FDT: DG = NG/PDT: RF = DFP/2:c RG = DG/2
300 V = 3.14159%DP*SFEED/12: WT = 3I3000!*H/V

10 B = ({12 — @WV)Y(2/3))/4: A = S50 + 546 (1-B)

5 IZO EV = B4 + BERIIVIIITB: MG = NG/NF
] 3Z0 PT = 3.14159/FDT: FX = FT/TAN(FSIR)
240 MF = F/PX
I50 FHITR = ATN(TAM{(PHINR}/COS5(FSIR))
g 60 ADD = 1/FDN
270 RBFP = RF*COS5(FHITR): RBG = RG*COS(FHITR)

380 Z1 = SBR((RF + ADD)"2 — RBF™2)
390 Z2 = SBR((RG + ADD)"Z — REG"2)

400 73 = (RP + RB)*SIN(PHITR)

410 IF Z1»=Z3 THEN Z1 3

470 IF Z2»=73F THEN ZZ2 73

470 7 = Z1 + 12 -I3

440 PN = (Z.14159/FDN) *COS (FHINR)

450 MN = PN/ (.95#%#Z7)

460 I = (COS(FHITR))*{(SIN(FHITR))*MG/ (2¥MN* (MG + 1))
470 E = {(WT*CA/CV)*{CS/ (DF*F))*(CM*CF/ 1)

480 SIGBC = (CP/1000) *SER(E) :

g 420 LFRINT " INPUT DATA:"

500 LFRINT " HORSEFOWER H = "H" SPEED = "SPEED"REV/MIN"

510 LFRINT” PINION TEETH N SUB F = "NP" GEAR TEETH N SUB G = "NG
g 520 LPRINT " FACE WIDTH F = "F"IN”

570 LPRINT " NODRMAL DIAMETRAL PITCH P SUEB N = "FDN _ :

=40 LFRINT " NORMAL PRESSURE ANGLE FHI SUB N = "PHIN"DEG"
% 550 LFRINT " HELIX ANGLE FSI = "FPSI"DEG"
[ 560 LFRINT " ACCURACY NUMEBER & SUB V = "@QV

570 LFRINT " ELASTIC COEFFICIENT C SUB P = "CP"SER(LB/SL-IN)
. 580 LPRINT " FACTORS: C SUB A = "CA" C SUB F = "CF” C SYE M = "CM
a 590 LFPRINT * C SUEB 5 = "CS
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&H00
610
620
6530
&40
650
L60
&70
680
&0
700
710
720

30
740
750
760
770
780

Wi=Tn
I

LFRINT

LFRINT » QUTFUT DATA:"

LFRINT " TRANS. DIA. PITCH, EG. (13-14), CAP F SUB T = "PDT
LFRINT " PINION DIAMETER = "D IN®

LPRINT " BEAR DIAMETER = "DG"IN"

LFRINT " TANGENTIAL LOAD, E@. (13-26), W SUB T = "Wr”LB"
LPRINT " CIRCULAR FITCHES: P EUB T = "pTvIN"

LPRINT » E@, (13-13), P SUB X = "pX

LFRINT »  EQ. (14-24), P 5UB CAP N = YPN"INY

LPRINT " PITCH-LINE VELOCITY V = "WIET/MIN”

LFRINT " RATIDS: ED. (14-19), M SUB F = "MF

LFRINT » EpD. (14-22), M SUB 6 = "MB" ER. (14-21), M SUB M = »pmy
PHIT = PHITR*57.29% "

LPRINT " PHI SUB T = "FHIT"DEG. ADDENDUM = "ADD"IN"

LFRINT * BASE CIRCLE RADII: FINION = "RBF"IN GEAR = "REG" IN
LFRINT ™ ER(14-27), AGMA DYNAMIC FACTOR C SUB v = "y

LPRINT * EQ114-2Z) , AGMA GEOMETEKY FACTOR I = "1

LFRINT " EGQ.(14-164) » AGMA CONTACT STRESS SIGMA SUB C = "SIGC"KpsSI~™
LFRINT: LFRINT

END

14-39
INFUT DATA:
HORSEFOWER H = 4 SPEED = 1800 REV/MIN
FINION TEETH N SUB F = 20 GBGEAR TEETH N SUE G = S0
FACE WIDTH F = 1.5 Ipn
NORMAL DIAMETRAL PITCH P SUB N = 10
NORMAL FRESSURE ANGLE FHI SUB N = 20 DEG
HELIX ANGLE FSI = 25 DEG
ACCURACY NUMBER @ SUB V = 4
ELASTIC COEFFICIENT C SUE P = 2300 SOR(LB/SQ-IN)
FACTORS: CSUBA = 1 CSUBF = 1 CSUBM = 1.2
C SUE S = 1

OUTFUT DATA:

TRANS. DIA. PITCH, EQ. (13-14), CAP P SUB T = 9.063086
FINION DIAMETER = 2.206754 IN

GEAR DIAMETER = 5.516885 IN.

TANGENTIAL LOAD, E@. (13-26), W SUB T = 124.9344 LE
EIRCULAR FITCHES: P SUB T = .3466358 IN

Etl, (1Z-132), P SUB X = .7433463

EQl. (14-24), P SUB CAFP N = .2952131 IN

FITCH-LINE VELOCITY V = 1039.908 FT/MIN

RATIOS: ER. (14-19), M SUB F = 2.017848 '

Eli, (14-22), M SUB G = 2.5 EG.(14-21), M SUB N = .667899
FHI SUR T = 21.88022 DEG. ADDENDUM = .1 IN

BASE CIRCLE RADII: PINION = 1.023896 IN BEAR = 2,559739 IN
EQ(14-27), AGMA DYNAMIC FACTOR C SUB V = 70034

EQ(14-23) , AGMA GEOMETRY FAC%OR 3 = -1849194

EQL (14-16), ABMA CONTACT STRESS SIBMA SUB C = 43.35442 EFS:

(Continued)
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14-39 (Concluded)
. Fig. 14-9: c,

~1.14; CT = 1; Table 14-7: ¢

R 0.85; Table 14-4: Sc = 105 kpsi

_ Eq. (14-31: A = 8.98(10'3)(240/240) ~ 8.29(107%) = 0.000 69
; Eq. (14-30): Cy= 1.0 + 0.000 69(2.5 - 1) = 1.001

P _ 105(1.14) (1.001) _ .o Je,all 141 _

Eq. (14-18): Uc,all = 1(0.85) = 141 kpsi; n = E;—-——— 434 = 3.25 Ans.
_ 14-40
—BIVEN: SFEED = 1800 REV/MIN J = . 4872
NI = 20 TEETH N2 = 50 TEETH

= KA = 1 ES = 1 EM = b G s

H= 4HF FD = 9.060001 TEETH/IN. F = 1.5 INCHES
o ESULTS: D1 = 2.207506 INCHES vy = 1040.262 FT/MIN KV = 7003355
ﬁ WT = 126.B912 LB SIGMA = 2.724599 kFsI i
= _1. . ; - - = 31(1.14)/[1(0.85)] = 41.6 kpsi
d  Table 14-3: S, = 31 kpsi; LI StKL/KTKR 31(1.14)/[1¢( )] ps
i] n = 41.6/2.72 = i5.28  Ans.

14-41
a GIVEN: SPEED = 720 REV/MIN J = _44a
= NI = 20 TEETH N2 = =0 TEETH

KA = 1 KS = 1 M= 1.5
j H= 17.5 HF FD = 4. == TEETH/IN. F = 3 INCHES
RESULTS: D1 4.618938 INCHES v = 870.6484 FT/MIN gy = . 760804
663.2987 LB SIGMA =

4.251199 KPsI

L |
E
~
no

Fig. 14-2: st = =274 + 167(240) - 0.152(240)2 = 31(10%) psi for pinion

KL = KT = KR =1, so 9,11 = 31 kpsi and n = 31/4.25 = 7.29 Ans.

AT |

Q 14-42
INFUT DATA:
HORSEFOWER H = 17.5 SPEED = 720 REV/MIN
g FINION TEETH N SUB F = 20 GEAR TEETH N SUE G = =0
; FACE WIDTH F = 3 IN
NORMAL DIAMETRAL PITCH F SUE N = 5
a NORMAL FRESSURE ANGLE FHI SUB N = 20 DEG
: HELIX ANGLE FSI = 30 DEG
ACCURACY NUMBER @ SUB V = 7
e ELASTIC COEFFICIENT C SUR F = 2300 SER(LB/SO-IN)
3 FACTORS: C SUR A = 1 ¢ SUBF= 1 CSURBHM = 1.5
CSurp 5= 1 i
{89



14-42  (Concluded)

| OUTFUT DATA:

TRANS. DIA. FITCH, EQ. (132-14), CAP P SUB T = 4.3301
ki FPINION DIAMETER = 4.4618797 1IN
GEAR DIAMETER = 6.928195 1IN )
TANGENTIAL LOAD, EBR. (13-26), W SUB T = 66Z.319 LB
CIRCULAR FPITCHES: P SUBE T = .7255183 IN
ER. (13-13), P suB x = 1.25664
EQ. (14-24), P SUE CAP N = 0204261 1IN
PITCH-LINE VELDCITY V.= B70.6219 FT/MIN

33

i RATIOS: EO. (14-19), M SUB F = 2.387318
; EQ. (14-22), M SUB G = 1.5 ER.(14-21), M SUB N = - 7000745
] FHI SUB T = 22.79586 DEG. ADDENDUM = .2 1IN

BASE CIRCLE RADII: PINION = 2.129015 IN GEAR = 3.193523 IN
EQ(14-27), AGMA DYNAMIC FACTOR C SUE ¥V = ,76080664
EQ(14-23), AGMA GEOMETRY FACTOR 1 = .1530&24

: EE.(14~16), AGMA CONTALCT STRESS SIGMA SUEBR C = 57.11343 KPSI
ad S. 7 85 kpsi; n = 85/57.1 = 1.49 Ans.
g 138 C FROGREAM Fog 14-43 MEDS EIHULATION FOR 0=
H 200 1 srintks‘Enter seoeds 11 =2ndg i2-
% I0G rezd¥s11,3i2
' 450 Frint¥s‘Enter pear 2nd zi1gmz for Foizzon raztio
A 500 rezdXsxnuesinn
3 506G Frint¥s ‘Enter mezn and sispa far Younzg modulus-’
;. : 700 rezd¥sEsspf '
24 200 2 Frint¥s "Enter number of simulstiope’
: P00 rezd¥sn
= 10806 Sum=L.
a 11990 - suml=0,
: 1110 drr 10D i=1.n
. 1260 czll Eauas(ilfiE;xnu;sxnUernu)
g 1300 €211 H2uss(ilsi2,ErsE)OE)
1400 Fl=01,-Gxnuxk2)/GF

1506 f2=71

14600 CP=5art€1.f3.141593/(f1+?2))

1700 sum=sumtCr

1800 sumZ=sum2+C=iCa
; 19006 10 continus
a 20006 Crmezn=sum./flostin)

siimazsmrt((sum2~(§um¥*2/F106t(n)))fflmét(n—lhi
rrint¥s ‘Maan Cr=’yCrmean

Frintky‘Sisma Cr="ycizma

Print¥k.’ 7

“rint¥s ‘Enter 1 to do E new Fropblem’
Frint¥: ‘Enter 2 ta &g Z2 new simulztion’
FrintXs:‘EnLler I to sto=’

rescaky e

B0 LollaZy3raindgey
SoorEll eyt

=S S

]
i

L 9o



S:I:”tl‘f'_)::‘!',i_r*,):_l Gzusuijg
Sum= e

thar 10 i=3.47

~al ] DEDEIFEE T I e I -5
S Tsam+ R

rI2rEmezn Fe1Znz.G)

& PO oonn tdrag 0
s EERUR~& .
ANGH ey o
2Ly :_}---n‘mi:._\__-__—_;;-lw'_z_*_ﬁslgm;:_:
S R ATE

% run cpsim
Enter seeds il and i2
" 12345 98765
Enter mean and sigma for Poisson ratio
= 0.287 0.0072 "
;g Enter mean and sigma for Young modulus
29.e6 0.73e5
Enter number of simulations
i000
Mean Cp= 2243.314
Sigma Cp= 29.32569

Bll Ll

Enter 1 to do a new problem
Enter 2 to do a new simulation
Enter 3 to stop

2

Enter number of simulations
1000

Mean Cp= 2242.402

Sigma Cp= 28.60913

Enter 1 to do a new problem
Enter 2 to do a new simulation
Enter 3 to stop

§]

: 2
g En+ar number of simulations
10080

Mean Cp=  2242.780
Sigma Cp=  28.34265

Rl

Enter 1 to do a new problem
Enter 2 to do'a new simulstion
Enter 3 to stop

Beosii]

oy RIS
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;j 15-1 Table 15-2: St = 19 kpsi for the Wt = 144 1b
=5 pinion; S, = 4.6 kpsi for the gear. H = W _V/33 000 = 144(785)/33 000
Assume the gear rules and that KT = KR

= 3.43 hp
) = KL = 1. Then %11 = 4.6 kpsi. Use
K.a = KS = 1. Fig. 15-5: J = 0.205. 15-3 Table 15-3: CP = 232 /YMpa
Table 15-1: Km = 1.25. From computer Table 15-2: Sc = 586 MPa

program d, = 3.33 in, V = 785 ft/min,
— and X = 0,728.
v

Eq. (14-18): ¢ =¢c =c = =1,

R

so oc,all = 586 MPa
= Eq. (15-1): Eq. (15-2): € =€ = C. = 1.
K FJo a 8 E
= W oauf @il Table 15-1: C, = 1.40
K
L ¢ Eq. (16-29): B = (12 - 5)2/3/4 - 0.9148
- 0.728(1.25) (0.205) (4600) Eq. (14-28): A = 50 + 56(1 - 0.9148)
1(6) (1) (1.25) ,
= 54,77
fi = 114 1b
] E = W_V/33 000 = 114(785)/33 000 Bq. (14-27): 4.7
= 2.7% hp Ans. CV - ; I 0,601
zl — 54.77 + [200(8.29)]
' Fig. 15-6): I = 0.066
15-2
i Eq. (14-31): a - 8:98 [300) 8.2 He D
A q- d 1000 | 175/~ 1000 ‘o ) C. FdI )
: W e c,all v
= 0.0071 = k C EECO
- P asm#¢f
2] e (18000 60 _(586)% [0.601(25) (88) (0. 066)
Cq = 1.0 +0.0071( 35 - 1) = 1.014 232 1(1) (1.40) (D)
4 As in Prob. 15-1, C, = ¢_ = C. = 1. = 398 N (0.398 kN)
B k . R, mdnW
Table 15-2: S = 65 kpsi B t _ m(88)(1800)(0.398)
- " 60 3
;] Ba. (14-18): 0 . - 65(1%§i5014) 60(103)
' . = 3.30 kW Ans.
= 65.9 kpsi
where d = 22(4) = 88 mm,
Fig. 15-6: I = 0.082. As in Prob. 15-1, _ P
G =, ~ €, % 15 8 B 1s05, 6w f.555 w = 1800 2T = 188.5 rag/s
a 5 £ > “m SN &
F = 1-25 il‘j, -"j = 3.33 il‘k. and V = rTw = %& —]%{855—?- = 8.29 m/S
Table 15-3: C, = 2450vVpsi; V = 785 ft/min
Eq. (15-2): 15~4 Table 15-2: S, = 96 Mpa
)
- (?E) (CVFdI ) Eq. (14-17): K = K, = Ky = 1 and so
t CP/ HLBCSCme 911" 96 MPa .

) (65 900‘:[6.728(1.25)(3.33)(0.082)] Fies d9dr J 0.2

2 450 1(1)(1.25)(1) Eq. (15-1): K = = 1; K = 1,40
a s il

{92

B g (R | [ 2 [ A Raadisiad I



MR R i |

]

1

FFHH il Bisaiad]

15-4 (Concluded)

From Prob. 15-3: Vv = 8.29 mfs, K = ¢
i v v

= 0.601
Eq. (15-1):
W= 0allKvFmJ
t K K K
4 5 m
96(0.601)(25)(4)(0.21)
1(1)(1.40)
= 865 N (0.865 kN)

- t _ m(88)(1800)(0.865)
60 60(10%)

7.17 kW

Ans.

15-5 (a) Based on bending. F = 0.71 in

Table 15-2: St = 19 kpsi = Uall’ since
Kt = KL = KR = 1.
Fig. 15-5: 7J 0.238
=1; K = 1.40.
s m

1

Also, Ka =K
With this data and the given data as
input, a computer solution gave

dp = 2 in, V = 628 ft/min, K, = 0.708,

Wt = 273 1b, and o = 31.9.5 kpsl corres-
ponding to H = 5.2 hp. So, based on

bending these gears should be rated at
S

t _ 19 _
== 31.9(5.2) = 3.10 hp

(b) Based on contact stress.

Table 15-3: CP = 2800
Table 15-2: Sc = 120 kpsi
Use CL = CH = CT = CR = 1, and
Cc,all = 120 kpsi
C.=C_=C.=1;C = 1.40
a s f m
Fig. 15-6: I = 0.078
At H = 5.2 hp, W_ =273 1b so Eq. (15-2)
gives
3

- 273(1) 1 1.40(1)] -3

P 2800[.0.?08 2(0.71) “0.078 | 107

)

195.5 kpsi

193

Since 195.5 > 120 rthe gear will not
carry 5.2 hp based on contact stress.
In fact it should be rated at

2
_ 120 .
H=5.2 (135—.*5—) = 1.96 hp Ans.

15-6 Table 15-4: oy = 7.0 kpsi,
Oc = 1.50 kpsi
md_n
- P _ m(3)(1800) _ .
VP =47 = 12 = 1414 ft/min
1414 _
Eq. (15-8): VS = m = 1419 ft/min
Eq. (15-6): dG = 24/4 = 6 in
Eq.F (15—4): 2
o e BV T
G 30
- 1.50(306%) {1){6)3(1.5)
30

2700 1b-.in based on con-
tact stress. For bending, with

wG = AP’ we have, from Eq. (15-5)
T = 7(103)(6)2(1.5)cos 4.767°

& 1.5(24)
10 464 1b-in

[l

So the contact stress governs, and

H = Tn/63 000

2700(%2)(1800)/63 000

3.21 hp Ans.

15-7 (a)

Table 15-4: UB

58.6(107>) gpa

= 58.6 MPa, UC = 12.4 MPa

]

or o
B

n

12.4(107) cpa

N _p
. 4 - Gt _ 40(6)
Eq. (13-17): d, = —* =

%

= 76.39
mm
Eq. (13-19): L = PN, = 6(4) = 24 mm
1

- 2%
Eq' (13_20)0 AP = tan ‘ﬂ—('ig)—=

27.0°
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15-7 (Continued)

" P =P /cos ¥ = 6/cos 45° = 8.45
I (1073 - 1(15)(1200) o E
P 60 60(1000) p. = w/8.48 = 0.37C in
= 0.942 wjs For bending, Eq. (15-5):
Bge (15-8)c Ggi=i 1. = TO0EDE0.00Y8 _ o0 m
Eq. (15-8): | G 20 no=mse
VS = Egg;%%%ﬁ? = 1.057 mfs For surface durability, Eq. (15-4):
Q = 0.52
Eax (ho=ads i ;- 0-52(1500) (1) (5.00)(1.667/5.00)}
r = 28.6(10 7)(76.39)%(12) cos 27° G 75
g L-a(a) = 750 1b-in  Ans.
= 60.94 N.m Ans.
(b)
r = 12.4(1)(76.39)2(12)
G 1000(30)
= 28.94 N.m Ans.
15-8 OMITTED
15-9 P = 8, dG = 12/8 = 1.5 in
Use oc = 700 psi
_ mdn _ n(1)(600) _ y
VP =12 = D = 157 ft/min
CV =1, VS = 157/cos 45° = 222 ft/min
Fig. 15-8: Q = 0.52
Eg. (15-4):
T = 0.52(?00)(1)(1.5)3(1/1.5)i
G 75
= 13.37 1b.din
H = Tn/63 000
=[13,37(600(8/12)1/63 000 = 0.085 hp
Ans.
15-10 o, = 7.00 kpsi, o, = 1.50 kpsi
dP = 10/6 = 1.667 in
dG = 30/6 = 5.00 in
nd,. 1
v - LPT n(1.667)(120) .
Vp = 13 = 12 = 52,4 fE/min
VS = 52.4/cos 45° = 74.1 ft/min
CV =1
194.
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16-1 (a) el = 0°, 82 = 1207, Ba =120
) 0.28pa(1.5)(6)
Eq. (16-2): Hf—= 1
0
20
- p,(1.5)(6)(5)
Eq. (16-3): MN = I
0
c = 2(5 cos 30°) = 8.66 in
56.8p_ - 18.0p
. . _ a a
Eq. (16-4): F 860
RH shoe with cw rotatiom. Ans.

{(b) RH shoe:

sin®?6 d8 =

_ 0.28(111.6)(1.5)(6)*(cos 0° - cos 120°)

90°, sin B F 1, a = 5 in

56.8pa 1b-in

sin 8 (6 — 5 cos 0 )do = 18.0pa 1b-in

= 4.48p 5 p_ = F/4.48 = 500/4.48 = 131.6 psi on the

Eq. (16-6): T . = 2530 1b-in
56.8p + 18.0p .
LH shoe: Eq. (16-7): 500 = 38.66 2 . p, = 57.9 psi
Eq. (16-6): T = 0.28(57.9)(1.5)(612(c05 0° - cos 120°) _ 1310 13.4n
T, pay = 2530 + 1310 = 3840 1b-in  Amns.
{e)

FORCE VEGTORS MNOT TO SCALE

RH shoe: Fx = 500 sin 30° = 250 1b, Fy

EQs. (16-8): A = (7 sin?0) 350 = 0.375;
Eqs. (16-9): R_ = 111‘@§1'5)(6) [9.3?5 -

500 eos 30° = %33 1b

I

" le 1 120°_
B—("Z*—Zsinze)oo =
0.28(1.264)] ~ 250 =

{9s

1.264

-229 1b




16-1 (Concluded)

- g, = ALLL-5506)

¥
R = [(-229)2% + (942)2}i = 969 1b Ans.
LH shoe F = 250 1b, ¥ = 433 1b

x b

1.264 + 0.28(0.375) - 433 = 942 1b

Eqs. (16-10): R_ = 57'9(1‘5)(6) [0.375 + 0.28(1.264)] - 250 = 130 1b

R, = 22:2:9008) [y a6, - 0.28¢0.375)] - 433 = 171 1b

R = [(130)2 + (1?1)2]5 = 215 1b Ans.

i6-2 From Prob. 16-1 we find for the RH shoe
18.0fp

a ;
Mf = 18.0pa = o328 - 64.3fpa 1b-in; also MN = 56.8 P, 1b-in

s s BT = 56.8pa - 64_3fPa o _ _8.66(500) _ —
4 ’ : 8.66 > OF Py T 568 - 64.3f  56.8 - 64.3 ¢

_ 4330 4330
and so p =

fa ~ 56.8 - 64.3f * Yp T 56.8 - 64.3(0.28) ~ 111-6 psi
To simplify the details, examine lfpa.
1 _ 56.8 - 64.3f

o
H
x
1

]
-

E ; 2330 = 0.0131 - 0.014 85f = a — bf

ks

- Table 4-4, lines 3 and 4: u(l/p) =3 - b“f = 0.0131 - 0.014 85(0.28) = 0.008 942
L Table 4-4, line 4: U(llp) = Ib] O = 0.014 85(0.03) = 0.000 446

& . C =g = 0.000 446/0.008 942 = 0.0498

s r/p = Sam M arm e el -

= ble 4-4, 1i L g = = 0.0498; ¢ = = 0.04 111. = 5.56 i

é. Table 4 line 9 5 C(lfp) 049 Gp Cpup 98( 6) 5.56 psi

p, = (111.6, 5.56) psi; 36p = 3(5.56) = 16.7 psi

Therefore Pygs 111.6 + 16.7 = 128.5 psi, and P_3s = 111.6 - 16.7

1

95.1 psi Ans.

—— _ 4330 I 4330 . T g
~S228 Py T 5608 + 64.36 Pp T 56.8 + 64.3(0.28) = P
As before, ~ = 56'84;334‘3f = 0.0131 + 0.014 85f = a + bf

+ o~

M(r/py T @ T bug = 0.0131 + 0.014 85(0.28) = 0.017 25

- = bg. = 0. . = 0. ; = 0.000 0.017 25 = 0. 8
G&ﬁ!p) buf 0.014 85(0.03) 0.000 446; C(l/p) 0.0 446/0.01 5 025 84

C =2¢ = 0.025 84; 0 = = 0.025 84(57.9) = 1.494 i = (57.9,1.494
p - “(1/p) T o (57.9) psi; p = ( )
3ap = 3(1.494) = 4,48 psi; Piag = 57.9 + 4.48 = 62.4 psi, and

P35 = 37.9 - 4.48 = 53.4 psi Ans.
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COMMENT It is interesting to continue Prob

. 16-2 by finding the corresponding
braking torques.

5. SBabz (eos 87 = cos 6, g L3O2U.5) g
o sin Ba ~=a 1 ~~a
Now f and p, are correlated. Let us remove the correlation by substituting
_ 4330 _ 4330 350 730f 350 730(0.28)
wPaTSeB-aa T B S T m S s - e "1 T 56.8 - 64.3(0.28)
= 2531 1b.in
_ Next, examine the reciprocal of T to simplify the details. For the RH shoe, we
have
e 32:52-2%-3% 0,000 162(1/£) - 0.000 183

M(1/Ty = 0-000 162(1/0.28) ~ 0.000 183 = 0.000 395 57 (from Table 4-4, line 9)

Table 4-4, line 4: U(l/T) = 0.009 1620

=3 (1/1) .
= " . A -1 £ _ 0.03 _
=1 Table 4-4, line 9: 0(1/f) =2 . 0.28(0.28) ~ 0.3826
: 0.000 162(0.3826 0 0 0 06 0.8C0 OB1 99 _ . 1567
1 817y = 0-000 162(0.3826) = 0.000 061 99; C(1/1) = 0000 30— = 0.1

L

Table 4-4, line 9: CT = C(l/T) = 0.1567; Op = CT”T = 0.1567(2531) = 396.6 1b-in

So Tpn = (2531, 396.6) 1b.in; 36, = 3(396.6) = 1190 1b-in

Then (TRH)+33 = 2531 + 1190 = 3721 1b-.in; (TRH)—BG = 2531 - 1190 = 1341 1b-in

l._-;. A‘g

The analysis for the LH shoe is similar. The results are:

(Tpylags = 1313 + 321 = 1634 1b-dn; (T ) o = 1313 - 321 = 992 Ib-in

‘Total brake torque is T = !L -+ IR’ Now TL and TR are correlated and there seems to

be no easy way out. Refer to Charles R. Mischke, MATHEMATICAL MODEL BUILDING,
Iowa State University Press, Ames, IA, 1980, p. 381, Eq. (18):

ey

My = Hop + Wpp = 1313 + 2531 = 3844 1b.in since p = 1; next, from Eq. (19),

i .5.1
Q>

T = (G;L + 6%R+ Zp&TLGTR)i = [(106.9)2 + (396)2 +-2(1)(106.9)(396)]i = 503 1b-.in

= (3844, 503) 1b-in; putting it all together finally gives

~

‘mriiu

T),,~ = 3844 +'3(503) = 5353 1b.in, and (T) .. = 3844 — 3(503) = 2335 1b-in
+3a -3ag

316—3 8, =0, 6, =120°, 6_ = 90°, sin 6 =1, a = R = 90 gm
—— H 2 a . a -
e2 120 120
a}.ﬂ shoe: C = r sin 6d6 = 0.140 sin 6 d® = 0.140(- cos 6 ) = 0,070
3] 0 0
5 1
2 120
E} D= » g sin 6 cos 6 d6 = -a(} sin?p) = ~0.090(0.375) = -0.03375
8 0
1

{ 91

B
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16-3 (Continued)

fpabr Q.BGpaQ0.0BQ)(O.léﬁ) 5
. = Sin 6 (C+ D) = T {0.070 - 0.03375) = 4.5675(10 )pa e
8, 0, 1 120
Let E = sin® 8 do = ;R sin 2 8 = 1.2637
e o
1
p_bra p_(0.030) (0.140) (0.090) s
Then M = ST E = = (1.2637) = 47.77(10 d)p, Nem

¢ = 2(0.90) cos 30°
1000 = p 47.77 - 4,.5675 : o

2 10°(0.1559)
fpabr2(cos Bl

r p_ = 361 kPa Ans.
4 ans

- cos 6
Also, T =

0.1559 cm; using F = (MN - Hf)/c for the LH shoe gives

20 _ 0.30(361) (10%) (0.03) (0.140)2[1 - (-0.5)]

sin 6 1
a
= 95.5 N-m Ans.

Similarly, for the RH shoe, we find B, = 298 kPa, T = 78.8 N-m, and

Ttotal = 95.5 + 78.8 = 174.3 N.m Ans.
o o o .
16-4. (a) 81 = 10"; 92 =75 Ga = 757 ; some of the terms needed
are evaluated as
, sy
A= | sin 6 d8 - a sin 6 cos 8 de
(] 91
] i a : P 75
2 1 2 1 2
= T|- cos @ - al|= sin” @ = 200|- cos © - 150|= sin” ©
2] 2 e 10 2 10
3 = 1.
= 77.5 mm
) - 75
B sin® 04§ = ~% s = gkn %0l = 0597
A .
5] 19
1 e
@
C = sin © cos © d8 = 0.4515
By

Now converting to pascals and metres, we have from Zq. (16-%},

fp br 6 0.200 m
o 0.24[(10)°] (0.075) (0. 200) - 289 N-m;

{og
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16-4 (Continued)

From Eq. (16-3),

%
_Pa™ L [(10)°1(0.075) (0..200) (0.150)
MN sin 98 - sin 75

Finally, using Eq. (16-4), we have

-
oM 1230 - 289

= 5.70 kN Ans.,

c B 165
(b) Usg Eq. (16-6) for the primary shoe.
fp br(cos B, -~ cos 8,)
a i 2
T = .
sin ©
a
6 2
0.24((10 o
_ [(10) ](0.0?5)(0.200) (cos 10 - cos 75) _ o1 .
sin 75
For the secondary shoe, we must first find P,-
1230 289
= ——7p ; M. = ——=p_; from Eq. (16-T)
106 a £ 106 a 4
6 6
(1230/10 )pa + (289/10 )pa 6
5.70 = 165 ; solving gives P, = 0.619(10) " Pa;
Then

(0.527) = 1230 N-m;

~ 0.24[0.619¢10)%](0.075) (0.200) %(cos 10 - cos 75)

T sin 75

so the braking capacity is Ttotal
(c) Primary shoes:
p_br

2 :
Rx s ea(C - £B) - Fx

It

sin 75
= - 0,65 kN
pabr

- ea(B + £€) - F,

~ [196]g0.075)(0.200)
= sin 75

199

= 335 N-'m;

= 2(541) + 2(335) = 1750 N-m Ans.

6
13071 0.075)00.2000 5 4515 - 0.24¢0.5273] (109”2 - 5.70

[0.527 4+ 0.24(0.4515)] (10)™> - 0 = 9.87 K
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16-4 (Concluded)

Secondary shoes:

pabr
B =Sine O+ ) - E
6
[0.619(10)°] (0.075) (0. 200) _ -3
e —2[0.4515 + 0.24(0:527)](10) "~ - 5.70
= - 0.144 KN; from Eq. (14-11),
pabr
Ry :;ﬁ(B - fC) - Fy
6
[0.619(10)°] (0.075) (0. 200) - g
2 S [ 0.527 - 0.24(0.4515)](10)™° - o
- 4.02 kN ; note from figure® 4
that +y for secondary shoe is R ____
opposite + y for primary shoe. }
So . . F% 1
R, = = 0.65 ~ 0.144 = - 0.79 kN ! 5
Ry = 9.87 - 4.02 = 5.85 kN ““‘1“" o
2 1]
R = {Ea;?94) + (5.85)2
= 5,90 kuy Ans,
b)
16-5 ) = 45° — tan (150/200) = 8.13°, 0, = 98.13°, o_ = 90°,
a = [(150)2 + (200)2]1% = 250 mm
i 98.13
—BY: A = =fain2 -
Eq. (16 8%. A 2(51n 6)8.13 0.48
2 98.13
Ler © = 3 sin 6d8 = —-(cos 8) = 1.1314
8.13
81
fp_br 0.25p_(0.030) (0.150)
Eqs (16-2)% Mg = 2 Ba(rc - aA) = TR [0.15(1.1314) — 0.25(0.48)]
= 5.59(10'5)pa Hem
i 98.13
Eq. (16-6): B = (g - 7 sin 2¢) = 0.925
. 8.13
p,bra p_(0.030) (0.150) (0.250) 5
B (16-3)% My = —— 5. B = T (0.925) = 1.0406(10™")p_ N-m

Using T = (M 104.06 - 5.59

- Mf)/c, we obtain 400 =

- N 5. Py3 or p, = 203 kPa
fp br*{cos 0, - cos 0,) 2.5(10 ) 2
P B 1 27 _ 0.25(203)(10~) (0.030)(0.150) (1.1314) = 38.7 N-n
sin 6 1 " .
: - Ans.
700



A

RN

&
L

B

s

Biieg

| FR | | |

u . Ml e

16-6 OMITTED

16-7. 5, =180° - 30° - tan"l(3/12) = 136°, 8, = 20° - tan”'(3/12) = 6°, 5, =90°,

a=[(3)%+ (12)2]i =12.37 in, r = 10 in, f = 0.30, b = 2 in.

136°
Eq. (16-2): M, = 0.30(150) (10) S sin 6(10

; 5 — 12.37) cos 8) d8 = 12 800 1b-in
sin 90
60
BsEyRgn 28,
Eq. (16-3): My = =2=2002: _ sin®6 de= 53 200 1b-in

0
]

L, =12+ 12 + 4 = 28 in. Now note that Hf is cw and Hﬁ is ccw.

_ 53 200 - 12 800 _
F, = 5 = 1443 1b

Therefore

F = 144z

L&
B - 0.30(150)(2) (10)2(cos 6° - cos 136°) _
Bq. (16-6): T TR = 15 420 1b-in

P P
RH shoe: M_ = 53 200(?%6) = 354.7p,, M_ = 12 SOD(T%G) = 85.3p_

On this shoe, both MN and Mf are ccw. Also cg = (24 - 2 tan 14°)cos 14° = 22.8 in

_ 354.7 + 85.3 ) ”
Thus 1487 = 27.8 P P, 77.1 psi

2 L o
Then T. = 0.30(77.1) (2) (10) (SOS 6 cos 136°) = 7930 1b-in
R sin 90

T - = 15 420 + 7930 = 23 400 1b-.in Ans.
total e

X p,bD _
S 5— = 2WAD _ 5550 1 223 R0 2y,
Ans. 1~ "2 2 Pa” % ~ 0.08(0.30)
£6 = 0.25(2r)(270/360) = 1.18 = 625 kPa Ans.
By =By /e = 25207118 = 774 1b pms. g - 0.28(27) (270/360)) = 1.32
P
T= (2 - 2)3) = (2520 - 774)(7) P, = — = L3

2 ;f$ = ;TTEE = 2,00 kN
= 12 200 1b.in  Ans.

T = (7.5 - 2.00)29%) = 825 Nem  Ans.

16-19 OMITTED

70(
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6-11 TP
1011 ciice 7 = > (0 - ), Eq. (16-30):
o ) 2(5) oo 7(0.26) (0.306)p S
a ®d{D - d) 7(0.225)(0.3 -~ 6.225) 8 sin 11.31°
= 189 kPa  Ans. - (0.306)2] = 0.002 43p_
T = 25 (b 4 dj = éQQ%LQ;Zél (0.3 +0.225) p_ = 82.3 kPa . Ans.
= 164 N-m Ang. Eq. (16-31):
o _ 4(200) (sin 11.31°) _
16-12  _ _4F ¥ = 0.26(0.33 ¥ 0.306) ~ %49 N Ans.
& s - d?) (b) By uniform pressure
4(5) Eq. (16-33):

7[(0.3)2 - (0.225)2]
162 kPa Ans.
_Ff D - g3

3 I):Z - d2
_ 5000(0.25) | (0.3)3 — (0.225)3
- 3 (0.3)Z - (0.225)2
165 N.m Ans.

16-13 First write Eq. (16-25) as

Ff
T=." (0+a) = 3000003 + 0.225)

A £

656..25f

where f = (f, 0.02)

Corresponding to ¢(z) = 0.001 we find
from Table A-10 za = 3.009

T 150

Alse £ % gor 5 = FoE a5 ~ 0:2286
, £ -~ f
Since z = —~ “~——— we have
g
f
f = 2G,. + £ = 3.009 (0.02) + 0.2286
= 0,290 Ans.

H(D.Zﬁ)pa
< 200 =

[(0.330)2
12(sin 11.31°)

- {0.30633} = 0.002 53pa
p = 79.1 kPa Ans.

Eq. (16-34):

_ 3(200) (sin 11.31°)
0.26

x 100.33)? - (0.306)2]
[(0.33)% - (0.306)3]

F

= 948 N Ans.

16-19 OMITTED

T=-JJ'—-'5—2‘-Z-‘~—=33.2N-I|1
T 38.2 _
F ;——l‘i—-3.18kN
The average shear stress in the key is
- 3.18(10%)
T 640) = 13.2 MPa Ans.

The average bearing stress is

16-18 (a) By uniform wear

o = t:_\_.alml (12/60) = 11 ..3%__‘}__“__ v
'.Ir . ___._:"_’:'.ii:_l _'l'?-
153 = go o 1 165
N ; 4 e s e s ——— ke L P . F RS AR

F _ -3.18010°
g = —=

X~ "3ty = -26.5 MPa  Ans.

For the stresses in the jaw, it is best
to assume that one jaw takes the entire

load.
26
G-

r =
av

2072

+

B | b
Ml.r:-
wn

) = 17.75 mn
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16-20 (Concluded)

F = T _ 38.2
T r ~ 17.75
av

= 2,15 kN

Then the bearing and shear stresses are

L -2.15(100)
10(22.5 - 13y ~ ~22.6 Mpa

2150109 s
10[0.257(17.75)2) ~ 0-869 MPa Anms.

Ans.

=

16-21 w, = 27n/60 = 27 (1800)/60
= 188 rad/s
w2 = 0
Eq. (16-36):
1T ™ 5500803y
I1 -+ 12 wl - w2 188 - 0
= 14.13 N.m.s?
Eq. (16-37): ‘
i 2 s
E = 14.13 11§i2~ (1073 = 2501
Eq. (16-40):
r - E__ 2500103 _ A
8T = G= = SIoam> = 27-8°C  Aus.
16-22 w, = 27(1600)/60 = 168 rad/s
mz =0
Eq. (16-36):
192 ™1 2800010
I1 + 12 ml - wz 168

]

166.7 1b.s2.1ip
Eq. (16-37):

[}

2
E= 166.7 ligﬁl 2.35(10%) 1b.1n

Eq. (16-38):
B = 2.35(10%)/9336 = 252 Bey
Eq. (16-39):

AT = 252/[0.12(40)] = 52.5°F Ans.

16-24 1T 260 4+ 240
n: =
2 2
= 250 rev/min

260 - 240 _
Co =355 = 0.08  Ans.
w = 27(250)/60 = 26.18 rad/s
- F2 "B s000(12)

C.o 0.08(26.18)<

= 1094 1b-in-s2
- m .2 2y _¥W > 2

Ix B B(do # di) 8g(d0 * di)
_ 3§;+ N 8(386) (1094)

o i [(60)2 + (56)2]

= 502 1b
w = 0.260 1b/in® for cast iron.
=Tt 2 5
V(e - a3
= 75 [(60)2 - (56)2] = 364t in>
W _ 502 _ 3

Vi = e 1A 4
So t = 1931/364 = 5.3 in Ans.

PROJECT A cast-iron flywheel has a
speed of 200 rev/min, a rim weight of
4800 1b and a rim section
10 x 10 in.
(a) Find the outside and inside rim
diameters, the radius of gyration,
and the peripheral velocity.

measuring

(b) What are the rim stresses at
full speed?

(c) Estimate the energy stored at
full speed.

(d) How much energy 1s released if
the speed drops to 180 rev/min?

(e) Determine the angular deceler—
ation corresponding to the speed
change in part (d) if the change
occurs in one-third revolution.

(f) What torque is required to pro-

duee the result of part (e)?

16~23 OMITTED

03
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16-25. (a) The useful work done in one revolution of the crank-
shaft is 3
U = (35)(2009) (8) (0.15) = 84 (10)~ 1b-in

Accounting for friction, the total work done in one revolution is
3
84 (10) 3 ;
D= ——2s s
1 1-0.1¢6 100(10)~ 1b-in
Since 157 of the crankshaft stroke is 7% % of a crankshaft revol-—-

uvtlon, the energy fluctuation is
E, = E) = 84(10)° - 100(10)(0.075) = 76.5(10)% 1b-1n  Anc.
(b) For the flywheel, n = 6(?0) = 540 rpm

Zin _ 218(540) _
0 50 = 56.5 rad/s

S50 @ =

Since CS = 0.1, we have ‘

E, - E

1-2" "1 765003 2 z

5 5~ 229.6 ib-in-s ; since IX =-E%~ 5
CSm 0.1(56.5)
4gl -
W —X o 4(386)(339‘6) =161 1b  Ans.
a= - (48)

1 -—?6, i = = ’T 1 = -
6 (a) Using n = 36, h 21/36, gives Utotal 16 700 1b-in

T, = (16 700)/(Z}) = 2658 1b-in Ans.

MNTo - 211(2658) (240) _
(33 000)(12) T (33 000y (12)  ~ 10-1hp  Ans.

(b) The maximum loop begins at 60°, ends at 150°; subtracting
T& sives —-86, 2486, 4201, 5230, 5659, 5830, 5916, 5745, 5059,
857, and - 514. n =10, h =1i/18, U, = U; = 6370 1b-in,
W 2?&240) :
w:.--——:———-———-———z
€0 60 25.1 rad¢s
Y — 4 6370
i1 ~—— = }34.8 15°5%*55.  Jna;
C oW 0.075(25.1)

= 3490 lbin; T_ = 20590

Utotal (aﬁ/B) = 833 1b-in Ans.

The firing order and events for a three-cylinder engine with cranks

spaced 120° apart is shown in the figures on the next page.

2 04.
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-greatest energy fluctuation.

16-27 (Continued)
— L . 3 L &
STt W = 4
: _'_;'_;_:'_.'.._“_' ,CO M_P : ~ 1707
S 0 o e |
=== L
REESEPWRTOOT
—= 1 oAb PP
L R G
SjneeEe . 00
O S S S
I A e ettty I ¥ Ve &
e | swe el
b A e j—"‘i:::'::'-‘f-."['z_ﬁ
Angle y Mult. n ny
0° -833 1 -833
15° 1967 4 7868
30° 1257 2 2514
45° 1597 4 6388
60° 1327 2 2654
75° 1007 4 4028
90° 757 2 1514
105° 377 4 1508
120° 233 2 466
135° -30 4 ~12¢
150° -301 2 -602
16%° ~649 4 -2596
186° -833 1 -833
Total 21 956

We shall use the power stroke for the
The dinte-
gration interval is, therefore, 0 to =
rad. Here we perform a tabular inte-
gration using Simpson’s rule, though it
can easily be done by computer. The y
values shown in the table below were
obtained from Table 16-3 by subtracting
833 1b-in from each term in the power
stroke.

- Applying Simpson's rule to the total
from the table gives

2195 1
Uy B8y 25—y
27 (2400)
60

1 _ 1916
0.03(251)7
s Ans.

= 1916 1b-in

Since w =

U2 - U

= 251 rad/s

208

= 1.014 1b.s2.4in
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16-28 Eq. (16-24): nfp d afp
T & e (P = @7 3

it . TPy x

a3 -5 ©*-33a% =0; (/D) = 1//3 = 0.577

a

I

(dp? - a3)

Check the stationary point for maximum or minimum

a2y P, a3t * ;
64z " 5 (-6d); since aas = 0, (d/D) locates a stationary point maximum.
16-29
: fp d) 27r dr
d 2nr dr . a :
— — — . = +
dF (pa Zr) g e +-( 7 sin o oS o3 dF npad(l f cot a) dr
D/2 ﬁpad(D - d)(1 + f cot a)
F = npad(l + £ cota) dr = >
a/2 .
i z =0, £ =1 n f, a = tan_lf
When F is released: 1 - f cot acr =0, cot acr = 1, tan acr AL .
Critical angies for various coefficients of friction are:-
f 0 0.1 0.2 0.3 0.4 0.5 ’
e deg. 0 5.7 133 16.7 21.8 26.6

PROJECT Write a computer simulation program to check your results of Prob. 16-2 if
you have solved it, or te solve the problem if you have not already done so. Treat
the coefficient of friction f ~ N(0.28, 0.30) and find the mean and standard devi-
ation of p, on the left shoe, P, on the right shoe, TL, of the left shoe, TR of the

right shoe, and the total torque T. Be careful to build in the correlation be-
tweea p o on the left and right shoes.

A FORTRAN program listing is shown below as well as the results of several

simulations.

C PROGRAM TO SIMULATE BRAKE PROBLEM 16-2

ﬂ . " )
- DEFINE ARITHMETIC FUNCTION TO CALCULATE STAMDARD DEVIATION

508X, 5X2,N) =SORT ( ( SX2- ( SX*H* 2,/ FLOAT (M- -
) 0AT (N (N~1)
1 PRINT*, BRAKE SIMULATION- HRAELOATN=1) }

PRINT®, ‘ENTER SEEDS Ix, 1y~
READY , IX, 1Y

PRINT#*,“ENTER COEF
READY , FMEAN, FST GM&,

FPRINT* ‘ENTER MUMEER QF SIMULA NS 7
READs 1 THoNS

FICIENT OF FRICTION MEAN AND ST i5Mg -

5%}

106
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IMITIALIZE COUMTERS

SUMF=0,
SUMPaL =0 .
SUMEPRR =0,
SUMT =0,
SUMTR=0 .
SUMT =0,
SUMF 2=0 .
SIMPalLz=
SUMPERZ=
]

0.
ST z=0,

SUMTZ=0.

CORDUCT SIMULATIOM

OBETAIN & HORMALLY DISTRIBUTED COEFFICIENWT OF FRICTICH F

ZE THIES

DO 100 I=1,H

CaALL GAUSSCIXM,IY ,FMEAN,,FSIGMA,F )

MECESSARY CORRELATION

00

SLUMF=SUMF+F

SUMFZ2=SUMF 24+FHx2Z
FAL=42320.,/( 56 .23+64 ,2XF )
SUMPAL=SUMPAL+PAL
SUMPALZ=SUMPALZ+PALALZ
PAR=43220./7(55.8—n4 ,2%F)
SUMPAR =1 MPARTPAR
SUMFARZ=ZUMPAR2+PARAXZ
TL=51 .%xF*PaAL
SUMTL=SUMTL+TL
SUMTLZ=3UMTLZ+TLXx*2
TR=81 . *F*PaR
SUMTR=SUMTRE+TR
SUMTRZ=SUMTRZ+TRYx*2
T=TL+TR

SUMT=SUMT+T
SUMTZ=SUMT 24+ Tx*2
COMTINMUE

IMD THE MECEZSARY STATIEZTICAL PARSHMETERS

FBAR=SUMF/FLUAT (K)
FS16M&=3( SUMF , SLMF2 M)

FRIMTH, FBéaR=" ,FBEAR,’ FSIGMA=‘ ,F51GM4
PALBAR=SUMPALFLOAT (N)
PALZTIGE=537 SUMPAL , SUMPAL2 M)

FRINTX,  PALBAR=" ,PALEAR,” PALSIG=’,FALSIG
FARBRAR=SUMPARA-FLOAT (N

FARS] =S 2UMPAR , SUMPARZ M)

FREINT®, “PARBASR= ,PARBAR,” PARSIG=’,PARSIG
TLESR=SUMTL/ FLOAT(N)
TLSIG=S(SUMTL,5UMTL2 W)

FRIMT*, TLEBAR=",TLEBAR,’ TL3IG=’,TLSIG
TREAR=SUMTR/FLUAT(N)
TREIG=2(SMTR ,, SUMTRZ .M
PRIMT*, " TREAR=" ,TRBAR,” TRSIG=’,TRSIG

1Lo1

SIMGLE IMSTAMCE OF F ALL THE WaY THRU TG OETAIN THE
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TBQR:SUHT/FLDQT(H)
TSIG=S(SUMT,5UHT2,N)

PRINT® “FEAR =S TE&R, . T=1gG o

3 g Sla=7,735153
PRINT*, ENTER 1 FOR aNOT ’

* it F ‘R -
PRINT% ., / 5 HER FROBLEM

= FOR ANOTHER SIMULATION

READ* , INDEX
LU TOC1,23, INDEX
END

% RUN BRAKE

BRAKE SIMULATION
ENTER SEEDS IX,IY
123456783
587854321

ENTER COEFFICIENT OF FRICTION MEAN AND SI1GMS

.28

U3
ENTER NUMBER OF SIMULATIONS
10000
FBAR= 0.2793201 SIGMAa=  3.0265542E-02
FALBAR= 57.52789 PalLSIG= 1.506860
PARBAR= 111.8773 PABREIG= 5.6511%4
TLBAR= 13059.728 TLSIG= 108.0752
TRE&R= 2550.472 TRSIG= 404 .32007
TBAR= 3660.191 TSIG= 311.5558
ENTER 1 FOR ANOTHER PROELEM

2 FOR ANDOTHER SIMULATION
2
ENTER NUMBER OF SIMULATIONS
10000
FBak= 0.250037% FEIGMA= 3.0435598E-02
Fal BAaR= 57 .915%48 PSLSIG= 1.516562
FrRBAR = 111.39137 PARSIG= 5.685586
TLBAR= 15310.231 TLSIG= 10B.68712
TRBAR= 2553.068 TRSIG= 405 ,3052
ThAR= 53863.396 TS1G= 514.9830
ENTER 1 FOR AMOTHER PROELEM

£ FOR AMNOTHER SIMULATION
2
ENTER MUMBER OF SIMULATIONS ,
10000 )
FBAaR= 0.,2759848 FSI1GMA= 3.0278556E-02
FAlLBAR= 07.92463 PALSIG= 1.309976
FPARBAR= 111.8504 PARSIG= 5.657561
TLBAR= 1309.961 TLSIG= 107.96828
TREMR= 2551.388 TREIG= 405.2267
ThaR= 3861 .336 TSI1G= 312.861¢&

EMTER 1 FOR ANOTHER PROBLEM
2 FOR ANOTHER SIMULATION

108
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17-1 a) - Mdn _ N (6) (1750) _

- V= 12 = ‘“‘i§h-—— = 2749 fpm
s~ 1 = (33 000)H (33 000} (15)
L7 e s

The unit belt weight is w

12( 322 (6 (0.035) = 0.709 1p/¢¢
po_ W 0.709) (2749/60)2
= ¥V _ 0.709) (2749/60) 2
g

. 372 = 46.2 1b
I oy ~ 6 . —L 118 - ¢
85 =1 = 2 zin (——2‘6——-) = 180 2 sin [m]

= 172.833° (3.0165 rad)
So fe = 0.30(3.0165) = 0.905

F. - 46.2
i Sy e[0'3(3°0165)]; F] = 348.5 1b,¢F = 168.5 1p  apne.
F, = 46.2 1 2 oBS-
F. = 258.5 1p

() fo _ [0.2(3.0165)]

= 1.828

From Eq. (17-6), F1 + F2 = 2F, = 2(258.5) = 517 1b
Therefore F2 = 517 - Flg we now have
Fl - 46.2

_3'1_7‘:?.;_ 46.9 = = 1.828; solving gives Fl <

—_—

321 1b Ans.

Then F2 = 517 ~ 321 = 196 1b Ans.
e 196) 2749) _ -
33 000 33 000 TE R

So the belt will slip.

(c) o~ 4 1Y e o ¥ in ! [ 18 -6 )
GL =N + 2 sin (ZC )—/li' + 2 sin (‘2‘_@)—(—12-)_*)— 3.27 rad

1
2 (DG + dQS)

o
|

= () (98)° - (18 - 6)2)% +——-[18(3 27) + 6(3.0165) ]
= 191.52 + 38.44957 = 230.1 in Ans.

[€n]
It

— - =-1/1.
1 + 2 sin ICJZZ d}'—' M+ 2 sin (—1—2—2-)

= 3. 342 rad (191.5 *) Ans. .
- 7.1 2 ; 342
L = 1’.5*"32 = W ok f-?l""j - J";l (D + 4d) = [4(6)2 - (1.2) ]'S 3.
=13.9nm Ans,
709
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17-2  (Concluded)

{b) Since U = (F1 - FZ)V, we have

. Mo 60
E, =, = oon s 2 BN 16))
Fo=mv’ = 2(25)2(10) 72 = 1.25 18; o = 0.38(3.362) = 1.27;
o B. - F
c fo
next, using ———— = e~ , we have
By & B
_ AR _ ~
F, - 1.25=e (F,; = 1:25) 3.56F, ~ 4.45
Then F, - 3.56F, = -3.20 (2)

Solving (1) and (2) simultaneously gives

F2 = 2.19 kN Ans.

Fl = 4.59 kN Ans.

17-3 V = wdn = n(4)(380) = 4775 ft/min

We shall select a polyamide belt in
the F series.

Table 17-5: CP =1, v
Eq. (17-12):
16 500(1.1) (60)

= T @775y = 228 1b

If we select an F-2 belt, then
w = 228/60 = 3.8 in

So a belt 4-~in wide is chosen.

_']':_Z_.

= Table 17-2: The allowable tension
is 100 1b/in. So F_ = 106(100) = 1000 1b
Table 17-5: C_ = 0.94

16 SOOKS

.. 5.94(1)(1000) (3600}
16 500(1.3)

Eg. {17-10): ¥, 4+ F
axf;ilz

= 157.8 hp Ans.

2Fi

2(1000) = 2000 1b

i

Eg. (17-8): F = mv?

Bere v = 3600/60 = 60 ft/s

Table 17-2: y = 0.8, w = 0.042 1b/in3,
t = 0.13 in '

W = 0.042(0.13)(10)(12) = 0.6552 1b/fr
Wv2 _ 0.6552(60)2

So Fc = g 32 2 = 73.3 1b
Eq. (17-1):

- -1 (36 - 16)
Sd b 2 sin 5?133?13?

= 173.6° or 3.03 rad
Eq. (17-9): Fl - 73.3 _ 30.8(3.03)

F2 - 73.3
= 11.29

or Fl - 73.3 = 11.29F2 - 11.29(73.3)

I

11.29F2 - 828

We now have

Fl - 11.291’-‘2

Fl + F2 = 2000

-755 and

I

Solving simulataneously gives

Fl = 1776 1b Ans.
F2 = 224 1b Ans.

17-5 and 17-6 OMITTED
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17-7 V = wdn/12 = 7(6.2)(3100)/12 17-9 and 17-10) OMITTED
5030 ft/min

= 0.60(5) = 3.0 hp capacity needed 1i=11 Table 17-14: Hr =02 SHp
. Table 17-16: K, = 0.70
| Ean E SespCion belfs Table 17-17: K, = 1.7; use K = 1.0
Table 17-10 : K, = 1.00 for 92-in H. = 0.70(1.7)(6.20)/1.0 = 7.38 hp Ans.
N+ N L

t .

plteh lengrh In Eq. (17-18) let A = X e k2

Fig. 17-7: K, = 1.00

Il

1 c 1
] —-9: = _ — A 2
Table 17-9: Hr 4.00 hp Then 5 7 {- + [A (H_E;__)] }'
= Table 17-11:

: Choose KS = 1.30

With p = 0.75 4in, L/p = 82, N =
i Since NKIKZHr ; and N2 = 52 we find C = 17.9% 4in
H= ——— we have .
- KS or, say, 18 in. Ans.
K_H
= N = S __1.30(3) _ 0.98 -
-] KIKZH 1(1)(4.00) ) _ 17-12 H = 0.70(7.38) = 5.17 hp
_ Souse 1 belr. r - 63 238(5.17) . TOHE i
i Tabie 17-7: inside circ. = 90 in
B . 0.75
- = + .8 _ L = = o
Table 17-8: Pitch length = 90 + 1 Eq. (17-14) sin (130°713y = 3-13 1n
='91.8 i
g 71.8 in F=T/r = 1086/(3.13/2) = 694 1b Ans.
So use a B90 belt. Ans.
= 17-13 (a) Table 17-14: Hr = 6.45 hp
N 17-8 From Eq. (17-13): Table 17-16: Kl = 1.26
Lp = 2(12)(12) + 1.57(2)(26) + 0O _Fable 17-17: K2 = 3.3; use Ks = 1.0
: = 369.64 in pitch length H' = 1.26(3.3)(6.45)/1.0 = 26.8 hp Ans.
_Table 17- 7 : Select a 390-in inside (b) V = Npn/12 = 21(0.5)(1200)/12
A circum. belt (C, D, or E). = 1050 ft/min
= Table 17-11: Select Kg = 1.4 for light Let H = (F, - F,)V/33 000
shock and non-uniform torque. Since F2 = 0, we have
Fig. 17-7: K = 1 | o 33 000H!  33.00026.8) _ 4, 1.
Table 17-10: K2 = 1.20 for C belts, 1 A 1050 it

b=
i
s

1.10 for D belts, and 1.05 for E beltis.
V = w(26)(400)/12 = 2723 ft/min .
Table 17-8: For 26-in E belt

723 shows that the number of links is pro-
H = 22.8 + —— 1000 (30.3 - 22.8)

(¢) Table 17-13: Ft = 3130 1b for a
single~strand chain. Figure 17-9

B

portional to the number of strands. So

g = 28.2 rated hp per belt the factor of safety is
Required power is H = 60(1.4) = 84 hp o 4Ft _ 4(3130) - 4o .
a So # belts = 84/[(1)(1.2)(28.2)]= 2.48 1 e —
Use 3 E390 belts. Ans. (d) Eq. (17-18):
711
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17-13 (Concluded)

(203 _ 21 + B4 _ (B4 — 21)2
05-1- 7 +

- 472 (20/0.5)
135 pitches Ans.

"L

1]

(e) Force per strand, Fi’ is
F, = 842/4 = 211 1b
Table 17-13: dR =w = 0.312 in
Eq. (2-93): Use v = 0.3 and E = 30 Mpsi

p =421 [1 - (0.3)21130(106) b
T ) w(0.312)[(1/0.312) + (1/=))

6.002 85 in

Eq. (2-94): -3
2(211)(10 ™)

Poax ™ (D.002 85)(0.312) ~ 1oL kpsi
T
Fig. 2-35: (—32—) = 0.30
pmax max
{(t_ ) = 0.30(151) = 45.3 kpsi Ans.

2y’ max

17-14 and 17-15 OMITTED

17-16 Table 17-18: For 2—-in 6 x 19

monitor steel, (Su)nom = 106 kpsi

g, 17-14s (R—) )
' 8 106cycles 00014
_ - H(Z)
By (Su)nom(A)nom = 106
= 333 kip

In the equation Ft
W= 4(2) = 8 kip

Table 17-18:

1 ¢ 2
W+ wg) (1 + g)

1.60(2)2(480) (1073
3.072 kip

wi = 1.6042%

I

Thus
= (8 + 3.072)(1 + 3. 2) = 11.76 kip

From Eq. (17-19) the bending load Fb

-8 Ed A
W m

Sy, = Wy B e

The metal area is: Am = 0.384?

Outer wire dia. is, from Tsble 17-1§&),

d_ = a/l13
w

Sheave dia. is D = 36 in

Modulus of elasticity, from Table
(17-18) is E = 12 Mpsi

Thus

_ 12(10)%(2/13) [0.38(2)2] (1073
b 36

77.9 kip

F

For use in Eq. (17-22), (p[Su) = 0.0014,

Su = 240 kpsi (p. 691), and D = 36 in.

L

So

F = 0.0014(240) (2) (36)

£ 2

Factors of safety

= 12.1 kip

Static without bending:

F
- _u _ 333 _
2= F_ o 11.76 28.3

Static with bending by EQ. (27-19):
a-tu T _333-77.9_,
F 11.76 .

Static using Fig. 17-13: D/d = 36/2
=18, ¢ =1 - 0.08 = 0.92
OFL  0.92(333)

“TEC 1176 = 2
Fatigue at 10 cycles:
F
n = Ff = 11?;2 = 1.03
17-17 Table 17-18: wf = 1.60d%2
= 1.60(1)2(90)
. " . % = 144 1b/rope
ERCERDICRE
- %+ 148 (1 + 52
= égzg + 162 1b
V =2(60) = 120 ft/min
Table 17-19: n = 9.2
Table 17-18: D = 26(1) = 26 in

min
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17-17 (Concluded)

n = 12.1d/(2.12 + 3.40¢2%)
Fig. 17-13: (D/d = 26), ¢ = 1 - 0.07 3 =
80 0.5 2.037
F = (S) A = 93 [“(l) J = 73.0 kip 0.5625 2.130
u u’nom nom 4 0.625 2.193
Using n = ¢F /F._, we have 0.75 2.250 —
u t " 0.875 2.242
F o= 5622 4 585 = 0.93(73.0)(10%) 1.0 2.192
2 N 9.2 h
Solving gives N = 0.78 ropes Here n exhibits a stationary point maxi-
So use 1 rope. Ans. mum at about 3/4-in rope dizzeter.

Rope should be checked weekly for any

evidence of fatigue.

17-18 (a) Table 17-18:

(s ), .. = 106 kpsi

Fig. 17-14): (p/su)loe = 0.0014
Page 691: Su = 240 kpsi

Eq. (17-22):
_ 0.0014(240) (724)

Ff = 5 = 12.1d kip
Table 17-18: wi = 1.60d3%%
= 1.60(d?)(2)
= 3,2d% kip
o i
Ft = (W+ wi)(l + g)
Z
= - 2 —_—
(8 + 3.2d%) (1 + 555
= 8.50 + 3.404d% kip
n = FEHFL = 12.1d4/(8.50 + 3.404%)
d n
0.5 0.65
1.0 1.02
1.5 1.124
1.625 1.125 —e—o
1:75 1.120
2.0 1.095

Note that n exhibits a stationary maxi-
mum at about 1 5/8-in rope diameter.
(b) Ff = 12.1d kip as before

= (§. + 13 2d2)(1 + _.2_)
4 = 7 32.2
= 2.12 + 3.4042 kip

rry

(a3

13

17-19 and 17-20 OMITTED

17-21 Am = 0.38d% = 0.38(2)2 = 1.36 in2

E_= 12 Mpsi, w = 1.6d% = 1.6(2)2
* = 6.4 1b/ft
wl = 6.4(480) = 3072 1b
Prob. 3-16: 5 = PrL o, (wa)g
AE AE

Treat the rest of the system as rigid

S0 stretch is due to cage and wire wt.
& o 1000(480)(12) " 3072(480)(12)

L 1.36(12)(106) 2(1.36)(12)(106)
= 0.353 + 0.542 = 0.895 in

The stretch due to the cart, cage, and

wire weight is
5. = 10 000(480) (12)

2 1.36(12) (109

+ 0.542 = 4,071 in

Stretch due to cart and the load is

Ad = 62— 61 = 4.072 - 0.895 = 3,176 in
Alternative approach

APL _ (10 000 - 1000) (480) (12)

AE 1.36(12) (10%)

= 3.177 in
Longexr hoists have even greater
stretches due to loading, pointing to
the need to support the cage during the
loading operation.

Ad =
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Roll forces considered as
concentrated. The normsl

L } roll force is

- - ¥ F_ (at ) = -30(8) = -240 1=

and the pull is
Fz (at C) = 0.40(240)
= 96 1b

The torque is

T = 96(2) = 192 1b-in

The forces acting on the

|

s

ety

Bl Gl R

n*-n [i‘i

e m i-iv i-i- .ﬂ

gear are
FZ (at B) = 192/1.5
s = 128 1hb
EML };:”—FJ‘ and
% - F_ (at B) = -128 tan 20°
e . -~ y ( )
™ -~ = -46.6 1b
xﬁ‘k ﬁffff Xy plane
. -
”“-—.ﬂ_ﬂ,-*’ xy plane Vo = -131 1b, R = ~131 1p
VC = +109 1b
# VA = +46.6 1b, RA = -62.3 1b
| E
o 4A B YHD =0
M, = -754 1b.in
3’ C
M, = -128 1b.in
A
L] I% = 0
xz plane
VO = =17.4 1b, RO =-~17.4 1b
VC = 78.6 1b
VA = =128 1b, RA = -206.6 1b
VB =0
nwn,mﬁdnf“hJ“FM\i MO =0
-ﬁ& . MC = -100 1b.1in
£ v M, = 352 1b.in
i
-'_‘ J"... MB = 0
Xz plane %ﬁﬁ ff
™ -f'
M
o
214
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18-1 Concluded)

MA = [(-128)2.+ (352)2]i = 375 1b-in; MC = [(-754)% + (—100)2}i = 761 1b-in

32(3.5) 1/3

Eq. (18-10): EiA = {w _(375)2 + (192)2]i}

I

0.727 4in Ans.

32(3.5)

i 2 2]5 }1;3
dc = (n(39)(103) A

0.895 in Ans.

5 173
BQ. (18-12): d, = {1%§§§%%533 4(375)% + 31927 * ¢

1

0.72]1 in Ans.

Tl

i 1/3
_ (16(3.5) }
4, = { G 1555 | 47612 + 3927 ¢ }

™

I

0.893 in Ans.

18-2 Failure may occur at either of the RH shoulders or a the center of the roll.
(a) Assume the 7/8-in section is critical. Tﬁg moments in the Xy and xz planes

are M = 46.6(2) = 93.2 1b.in, and M = 128(2) = 256 1b-.-in. Thus

Ma = [(256)% + (93.2)2}5 = 272.4 lb-in

Eq. (7-4): S; = 0.504(72) = 36.29 kpsi. Table 7-4: a = 2.70, b = -0.265.

Eq. (7-14): k_ = 2.70(72)70?% - 0.g69

0 875'—0.1133
Eq. (7-15): kb = k 0.3 ) = 0.886. Also, kc = kd =1 _
Fig. A-15-9: D/d = 1/0.875 = 1.14, r/d = 0.0625/0.875 = 0.071, Kt = 1.7

Fig. 5~16: q = 0.7; Kf =1+0.7(1.7 - 1) = 1.49. ke = 1/1.49 = 0.671

Eq.(7-13): Se = 0.869(0.886)(1)(1)(0.671)(36.29) = 18.75 kpsi

2 2113
J1_ 32 272.4 [ 192 ~ L
Eq. (18-27): - = —p9%om {[18 ?50] + 75"666] T} = 0.225; & = 4.45 Ans.

(b) Assume the l-in section is critical at the shoulder. At this section the

moments are found to be 210 and 293 1b-in. Thus Ma = [(210)% + (293)2}i = 360 1b-.in
As before, ka = 0.869, kb = 0.872, p/d = 1.25, r/d = 0.0625, Kt = 1.85, K
ke = 0.627, and Se = 17.24 kpsi. Thus

2 213
1_ 32 360 192 g g o
n o w(l)33[;7 zaoJ & [;2 oo&] = 0.214; n = 4.66  Ans.

(c¢) At midroll. Assume half the torque'has been used. So Tm = 192/2 = 96 1b.in

ka = 0.869, kb = 0.851, kc = kd= ke =1, Se = 26.84 kpsi

£ 1.595,

2 27}
L, . 32 [ 761 96 ] } ~ o
n w(1.25)7] |26 840 ] + [72 000 = 0.148; n = 6.76  Ans.
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Car, truck frame, and wheels as sz free body:

Tipping moment = 17 100(72) = 1.23{106) lb-in
Force of resisting couple, Fc= 1.23(106)I59.5

= 20 672 1b
Force supporting weight, Fw = 42 750/2 = 21 375 13
F_ =17 100 1b _
R, = F_+ F. =21 375 + 20 672 = 42 047 1b
R, = E.. = Fc = 21 375 - 20 672 = 703 1b

Car and truck as a free body:
Tipping moment = 17 100(72 - 16.5) = 949 050 1b-in

g = 282 050 _ .. 863 1b
c 80

Force at journal Gw = 42 7502 = 21 375 1b
Gr = 17 100 1b

Rl = 21 375 + 11 863
R, = 21 375 - 11 863

]

33 238 1b
9512 1b

]

[g%]

Wheels and axle as a free body

Axle as a free body:

I

Couple due to flange force 17 100(33/2)

282 150 1b.in

Midspan moment:
M = 33 238(40) + 282 150 - 42 047(29.75)

= 360 772 1b.in
Since curve and wind can be from opposite
directions, axle must resist 622 840 1b-.in at
either wheel seat and resist 360 772 1b-in in the
center. Bearing load could be 33 238 1b at other
bearing. The tapered axle is a consequence of
this. Brake forces are neglected because they

are small and induce moment on the | plane.
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18-4 At wheel seat M = 622 840 1b-in
_ 32M _ 32(622 840)

’]Tda = 1‘[(7)3 = 18 496 pSi
At midspan
_ 32(360 772) _
= 7(5.375) = 23 665 psi

The stress at the wheel seat consists of
bending stress plus the shrink-fit pres-
sure. The bending stress at the seat
is kept less than at mid axle to com—
pensate for the influence of the shrink

ik,

18-5 and 18-6 OMITTED

18-7 Table 7-4: a = 2.7, b = -0.265

Eq. (7-14): k_ = 2.7(100)°-285_ ¢ 797
Eq. (7-15): & = (1/0.3)"0-11331 ¢ g7,
Eq. (7-22): kt = 1; also kd =1

Fig. A-15-9: D/d = 1.5, r/d
Kt = 1.58

Fig. 5-16: q = 0.84

Kf =1+ 0.84(1.58 - 1) = 1.487

ke = 1/1.487 = 0.672

Eq. (7-4): S! = 0.504(100) = 50.4 kpsi
Eq. (7-13):

0.125,

s, = 0.797(0.872) (0.672 (50.4)
= 23.5 kpsi

Eq. (18-27):

1 _ 32 [{0.800)? 0.400)21 :

from which n = 2.86 Auns.
Based on yielding:

Eq. (18-11):

1 32

n  w(1)3(70 000)
¥From which n = 7.68

[(800)2 + (400)2]i

717

Based on first-cycle yielding:

800)2 /100
Eq. (18-25): r = %Zﬁﬁ%"ii_a = 17.0

_ 324 _ 32(800)

Ua s = “;Tijg— = 8149 psi
Eq. (18—2%):
n = A

oa[l + (1/17)]

70 000
©8149[1 + (1/17)] 8.4

18-8 Eq. (7-13) without stress concen-
tration is

Se = 0.797(0.872)(50.4) = 35.0 kpsi

Eq. (18-31):

1_ 32 31.487¢8c021% (1 400 )2 :
n 73 )| 35 000 70 000

= 0.351, and so n = 2.85 Ans.

18-9 Eq. (18-35):

1 _ _ 32 [1.487(800) , ¥/3(400)

n  (1)7| 350109 2(100) (103)
= 0.381; n = 2,62 Ans.

18-10 Eq. (18-40):

_ 32 [[1.487¢800]% 3 [ 400 2]}
717 )[ 35010 | T 7% |Foc10
S

0.350; n = 2.86

H =
[

18-11 Prob. 18-8: Se = 35.0 kpsi
Fig. A-15-8: D/d = 1.5, r/d = 0.125,

Kts = 1.38

I

Fig. 5-17: HB = SufSOO 100 000/500

= 200
q=0.95 K__ = 1+ 0.95(1.38 - 1)
= 1.36
Eq. (18-42):
1_ 32 ffsoo \%2 T[1.36 24
1 ( ) . [ ) _(GOO)J
n  w(1)3)\70 000 35 000

n=3.78 Ans.




18-12 Eq. (7-4): Sé = 0.504(1226) First cycle yielding:
= 618 MPa Eq. (18-36):
Table 7-4: a = 4.51, b = -0.265 _2(1.88)(70) _
-0.265 L = STt s BuB8
Eq. (7-14): ka = 4.51(1226) Y3(45)
- 0.685 32MKe  39(70) (16%) (1.88)

_ Y 3 = !
(d/7.62) 0.1133 a md n(21.8)

1

Eq. (7-15): k

Estimate kb = 0.80 for first trial = k40, Hea

Eq. (18-21):
k =k, =1
c d _ D Sy
Fig. AwlS—IA;dR =d - 2r = 0.75D - >0 n = Ua[l F Uil

= 0.70D _ 1130 676
D/d = D/0.75D = 1.333 . 129[1 + (1/3.38)]
r/d = 0.05D/0.75D = 0.067 — Kf e
_ Kt =1.98
= "1 =

Fig. 5-16: For first trial use q = 0.90 n = 65000 00) L

XK_=1+ 0.90(1.98 - 1) = 1.88

'_] EZ (7-13): 18-13 d = 20 mm, D = 20/0.75 = 26.67
s S = 0.685(0.80)(618) = 339 MPa savse D =27 m.  fos
— Eé (18-34) : r = D/20 = 27/20 = 1.35 mm Ans.
5 D225 [1.88(70)(103) dp = 20 - 2(1.35) = 17.3 m
R i 3391/3 I = (17.317.62) 91 2 guam
o /3 (45)(10%) _ R
o = 22.0 mn s_ = 0.685(0.911)(618) = 386 MPa
. = B 1
Choose d = 25 mm Ans. D/dR 21113 =
a = 1.35/17.3 = 0.078
a Then D = 25/0.75 = 33.33 mm 2/, = T.35/17.3 ~ 0.0
i o . ¢ N —1
I I Fig. A-15-9: K_= 1.8
] T = 32/20 = 1,6 mm  Ans. Figs 2-163 -q-= D:88
o 4 & 25 2EL.E) = P18 am K, = 1+0.88(1.8 - 1) = 1.70
.}.{ ra . - »
? e Eq. (18-35):
z] - Eg. (7-15): k= (21.8/7.62) 1 32 1.70(70) (10%)
: = (0,888 n w(17.3)7 386
2 But 1€ 4 is used, we get 5 /5(45)(103)]
A5 o 3
J k= (25/7.62) 0 132 < 0,874 2(1226)
j The dlfference 1s small n = 1.49 Ans.
i Eq. (5-16): q = 0.90, and so K. = 1.88 Based on first-cycle yielding:
o i 645 a¢ s R 3
g, = 0.685(0.388) (618) = 376 MPa Eq. (18-36): ¢ = 2(1:70)(70) (10
132 11,88(70)(10%) /3(45) (10°)
n w(21.8)3 L 376 -
S350%) | L, g6 )
2(1226) > ;
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18-13 (Concluded)
_ 32(70) 1073 (1. 70} _
2= T w(17.3)° 234 Mey
Eq. (18-21):
o L1140 — BLBE B,

234[1 + (1/3.05)]

18-14, 18-15, and 18-16 OMITTED

18-17 First change the basis of the
stress—concentration factor in Table

A-16 to that of a full section. Then

- i L] L]
T=RT = KiaTo
32T _ .. 32T
ts mAD> ts D>

Therefore X! =K /A
ts ts
From Table A-16

a/D A Kts Kés

0.05 0.95 1.77 1.85

0.075 0.93 1.71 1.84

0.10 0.92 1.68 1.83 we—

0.125 0.89 1.64 1.84 Minimum

0.15 0.87 1.62 1.86 Stress
results

0.175 0.85 1.60 1.88 with

0.20 0.82 1.58 1.93 a/D=0.10

A similar result is obtained for

bending.

Design rule: Make pins absut ome-tenth

of shaft diameter.

674 i

ime]
13

. 0" )
R, [’%.

44 Jig-in

First, discover if problem is stress-—
controlled, or deflection controlled.
If deflection: Limiting slope for deep-
groove ball bearings is 0.004 rad.

From Prob. 2-19, for RH bearing, with

n =2

32Pa (22 k
3nELE/n

32(674) (M [A0)2 - (7)?]

37(30) (10%) (0.004/2) (10)

—- 32)

t

I

1.08 in

So an average diameter of 1.20 in will

protect the bearing lives.

18-18
_ 63 000(4.5) _
¥ # S 2w 2530 1b.4n
W_ = 2530/4 = 633 1b
W = 633/cos 20° = 674 1b
= 3 —
R, = 674(35) = 202 1b
- 7y
R, = 674(f5) = 472 1b

For strength, use the distortion-
energy theory with Eq. (18-34).
i= Pzg(u_Jr _@_)J”B
m \S§ 28
e u
Now substitute
Se = kakbkckdkese = SUKS, d=1.75 in,
and solve for S .
u
_32n (M 3 T
Su © ond® (1/8 * 72 ) i
_ 32(2) [1414 /5(2530)] i
m(1.75)°[1/8 2 ;
i
= 51.3 kpsi E

Choosing AISI 1020 cold-drawn steel
in a 2-in size should meet both the

deflection and strengths needs.
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18-18 (Continued)
Next, choose the bearings and decide

on the associated shaft geometry.
10 000(60) (112)

106

Design life: X, =

67.2 rating lives
Use application factor of 1.2. For the

RH bearing, Eq. (11-9):

Fr

1.2(472) x

67.2 ]1;3
0.02 + 4.439(1 - 0.99)1/1-483

3820 1b (17.0 kN)

Use an 02-30-mm deep groove ball bear-
ing.

LH bearing: F_ = 17.0 202 =

R - Wz T el

An 02-15 mm will carry the load but
bere must be at least 1 in, dictating
an 02-30 mm bearing. So make them both
identical.

Table 11-3:

g
[

=7
i

35 mm(1.38 in)——make 1.40 in
=1 mm(0.039 in)--make 1/32 in
O = 62 mm(2.441 in)

H
1

To minimize machining step quickly from
1.40 4in in bearing shoulder to 1.70 in.
(A large chamfer will do).

wpentry fillet at shoulder of gear to
serve as grinding-wheel relief and pro=-

vide ''square" shoulder for hub.

16 mm(0.630 in)-——make seat 0.750 in°

Table A-15-14: Kt = 2.0
Fig. 5-16: q = 0.75

) 1 .

K Sy S 0000 = - -5

k, =(2.7)(68) 926 - 0.333

k, = (1.55/0.3)79- 11332 ¢ 839

k=, =1

S! = 0.504(68) = 34.3 kpsi

s_ = 0.883(0.83) (1) (1) (0.571) (34.3)
= 14.3 kpsi

M o= 2—5—9:12(1414) = 1061 1b-in

There is not torque at this point.

a2 - 320M _ (1.55)%(w)(14.3)(10%)
i mS, 32(1061)
= 4,93 ok

Keyways: The coupling uses }-in square

key. Find length for bearing stress.

F = T/r = 2532/0.5 = 5064 1b
A =1/8
. 5064 _ Sy _ 57 000
b 0.125L 2 2
L= 0_?22?;3)000) = 1.42 in; use 1} in
Gear key: F = T/r = 2532/(1.75/2)
= 2894 1b

¥or 3/8-in square key, A = 3L/16

= 2894/(3L/16) = 5 /2
_ 2(2894)

3

Tz (57 000)

oy 57 000/2

L = 0.54 in; use 5/8 in.

Fits: A light press fit for gear hub is

in order, but until we have the bore

5.5 ® D/d = 1.75/1.55 tolerance we cannot establish the gear
TN =1.13 hub seat tolerances. Similarly for the
- r/d = 0.1/0.55 coupling.
= 0.065
AR
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18-18 (Concluded)
—— e e 32_8—!‘1———— —_— e ]
" o.2a" FE 1
850 — - N 2,20 _,'!
~— 2.75" c.ael l F - e 0.7
"y 1=
~—— 2,0 -FL@: 1 ra W [ B
- e ri— t | {_l_‘f,_, i J——l.l_,g ;- ;_.:_ 1@ r
I U 1Y ¢ ; 2 Fj"ﬁ
| S _ _ s } .
T . ]
4 Lo SN : I S :
// l 157w oy I . / . l S :“ ey
Lyt YEYuway -'—"2‘_} g L-—c.ls" é?— & ks £ -
4 3z £ 32
“8—\ }-h Ceyun'(
18-19 Let § = scale factor. Then, in - 32(82F)(Sb) (Szbz _ 5222)
the iconic model Rm = S2. m 32E(S£){54d4)
Eq. (2-29): ¢ = Mc/I. If O, = 0, then = T
4
UmIm g5 I ol Summary:
M = = =33 — = g3y B
m cm Sc c Slope: Em = £
The load that causes bending is related Deflection: y = Sy = vy/2
m
to reaction and distance. Moment: Mm = 5°M = M/8
Fba . = e2p -
Mm _ Rmam . mim m; Solvitis Top Fm Force: Fm S°F = F/4
m For identical material and stress
M g SIMSH
- _mm _ - §2p Ans levels.
m ambm (Sa) (Sb) —_—="

For the deflection use Table 4-9-§.

Yo

From

3

m

" BE I ¢
m m m

. S?F(Sb) (5x)

Fbx
m m m

2 2 _ 2
(xm + bm £m)

7 (S2x2 + §2p2 5$2¢%)
6ES '1(S2)

Sy Ans. which is expected.
Prob. 3-19:
32Fb(b? - 22) i_
32ER¢
32F b (b2 - 22)
m m  m m

L d4
m m

2%
™

YA

i8~20 OMITTED




