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Determine the critical load on a steel column having a rectangular cross-section, 12 mm
by 18 mm, and a length of 280 mm. It is proposed to use AISI 1040 hot-rolled steel. The
lower end:f the column is inserted into a close fitting socket and is welded securely. The

upper end is pinned.
Material Property: E=107 GPa and Sy=290 MPa | >
I: for a rectangular cross-section with sides ‘B & ‘H’ is BH/12.
If_'t:.- '{_“nml. ﬂ‘:.' T‘:"U -y | o+ IL_.'r- ﬁ.]ﬁp& t__,l,;-(_\
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Determine the critical load on a steel column having a rectangular cross-section, 12
bylﬁmm,andalengﬁlufzﬂﬂm Itisp

:mm

osed to use AIST 1040 hot-rolled steel. The

lower end f the column is msérmd mtu a clﬁ-sé'ﬁmﬁg sopkf:t and is weided sacm‘ely“l"he '

upgﬁ'ﬂnd 1s;pmnﬂcf ST e P
Material Property: E=107 GPa and SF‘ZS‘G MPa S
fora rﬁcmngﬂlar cross-section with sides ‘B> & ‘H’ is BHY/12.

Solution:

Step 1: 7 %/} = _Q
HI | 4 ) F §
1 12 ’ B —
Radius of Gyration = k=.l—=
, . A (;, 0
Using the value that gives least value, B=1 hlch gives k—3 46 mm & tjéf 7 ;}f,f;
Slenderness ratio: Sr=leff/k= (0.8)*1/k=(0.8)(280)/3.46=64.7 N (2 /52}}( \

Step 2:
Calculate (St)p=mV(2E/S,)=HE:T 953

Since slenderness ratio is less than the transition value use Johnson’s formula

Step 3:

P =As =533 kN
E\ 27

1(8,8 T 47
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4 Sf 4 Sy

SOLUTION

M, =+3000” +22500° = 22,700 Ib—in
in— fb!sﬂe_c]

hp

s - 27 rad [sec
60

ZOkp[ﬁﬁﬂﬂ

=8400/b—in

rpm

| o=

3
1

W

-

S, =0.55,, = 0.5(65000) = 32,500 psi
S =0 Gl Co C 8, ;

size ~ surf " temp " reliab™ ¢

S. = (1)(1)(0.84)(1)(1)(32,500) = 27,300 psi

- - 1)
32(2.5)[[ 59 22700]2 .8 [ 8400 ]T

T 27300 4\ 38000

=2 = Sg—

e

A
"

d:?:.63 in 8 (AJ)
_TL _ (8400)(60)(32)
GJ (12X10°)(x3.63%)

=0.002 rad (B)
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A simply supported shaft is shown below. The following parameters are provided:

Shaft Diameter d=1.188 in; Shaft speed n=1500 rpm ; Clearance ratio =0.0015
Concentrated load P=1000 Ibf ; Ocvirk number =20
a=16 in, b=18in, l/d ratio=1.25

« . »
< b »
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MACHINE DESIGN - An Integrated Approach e L 10-1(a)a-1

PROBLEM 10-1(a)a

Statement: The shaft shown in Figure P10-1 was designed in Problem 9-1. For the data in row a from Table
P10-1, design suitable bearings to support theload for at least 7E7 cycles at 1500 rpm using
hydrodynamically lubricated bronze slecve berings with the data given below.

= - e =1
Units: preyn=10 6~ﬂ!ﬁ"~u¢~m 4 revi=1 rpm = rev-min
Given: Shaft dismeter d:= 1.188in Bearing ld loverd ;= 1.25
Shaft speed n:= 1500rpm  Clearance ratio cdpgpin = 0.0015
Concentrated load P:= 1000/6f  Ocvirk mmber Op=20
Distance to load b= 18in Distance between bearings a:= 16in

Assumptions: The US units for the data shown in Table P10-1 are consistent with those stated in Problem 9-1.

Solution: See Figure P10-1 and Mathcad file P1001aa.

1. Thclundiugoumisdmﬂisthnmnathﬂmmﬁgmﬂﬂ—ﬂa}hhppﬂkﬁlgﬂ(m?teth_atinﬂmﬁgnre;:is
the distance to the load and b is the distance between bearings). Using the equations given in the figure
(transposing & and b), calculate the reactions, which are the bearing loads.

Left bearing Rigfi= |p{" "5)] Rigfy=1251bf
o
Right bearing .Rl,.-@[,-g::Ji"""-E Ryight= 1123bf
a
Left-hand bearing
in
(3> 2. Find the tangential velocity U. U= rdn U:ﬂ.mﬁ;‘:
@3, The diametral and radial clearances are found from the given diemeter and the assumed clearance ratio:
cd = edpggiord &g =00018in
cp = 05-¢c4 cp = 0.00089 in
@4_ The bearing length is found from the given Vd ratio of Joverd = 1.25 1:= loverd-d ! = 1.485in
@ S. Find the experimental eccentricily ratio from equation 10.13b.
£x = 0.21394 + 0.38517-log(Op) — 0.0008-(O — 60) &= 0.747
(5 6. Find the dimensionlcss parsmeter K, from equation 10.125.
O,
Kp= g Kg=1592
d.-x
£ 7. The viscosity n of lubricant required to support the design load can now be found by rearranging equation
10.8b.
2
Rpefive
7= T 77 = 0.204 yreyn
K UL
@ 8. The average pressure in the oil film is found from equation 10.64.
R
Pavg = e Pavg = 10.9psi
id
P10 aamed 728
© 2006 Pearson Education, Inc., Upper Saddle Ri ights reserved. This material is protected under all copyright laws as

they currently exist. No portion of this material may be reproduced, in any form or by any means,
without permission in writing from the publisher.
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@9. lemglcﬂmuuﬁchﬂmp:wueismaximmimbefmmdﬁihw&nmequaumlﬂ.?c:usi.ngthcc:q:ﬂ'immtai
value of &= 0.747 ,

Oy = 1592 deg

or it can be read from the experimental curve in Figure 10-12 for Oy =20 as 159 deg.
@ 10. The maximum pressure can be found by substituting 8, in equation 10.7b with z = 0-insince it is maximum at

the center o the bearing length /.
o U (? e 21} 3-sfmf[i?m) . -
05-d-c,” (1 + &xco5(Gmas))

OF the T8O OF Py /P gy 81 be read from the experimental curve in Figure 10-11 for O =20 as 4.16 and multiplicc
hypwﬁwﬂcpﬁabovetngﬁﬂnmermﬂk

@ I1. Find the angle ¢, which locates the ® = 0 to x axis with respect to the applicd load from equation 10.8a.

# = 34.95deg

(.LT'- 12. The stationary and rotating torques can now be found from equations 10.95 (substituting 0 for U/}) and 10.9a

using the angle .
T,= - dz'f'U_ x T, = 0.106 lbf-in
cd 2
“I - By
T, = Ty + Rigf-cy ey sin(d) Ty = 0.153 Ibf-in
@ 13. The power loss in the bearing is found from equation 10.10.
@:=2-xTpn P = 0.00365 hp
14. The coefficient of friction in the bearing can be found from the ratio of the shear force to the normal force using
equation 10.11.
2-T,
..  =0.0021
Riefrd
: " . =& _
15. The minimum film thickness is found from equation 10.45. Defining pin =10 “-in
By = Cr‘(l - EJ hmin = 225 pin
Right-hand bearing
16. The viscosity n of lubricant required to support the design load can now be found by rearranging equation
10.85.
Reighre 3
7= —t— i = 1.84 reyn
K UL
P10013a.med 729

i 2006 Pearson Education, Inc., Upper Saddle River, MJ. All rights reserved. This material is protected under all copyright laws as
they currently exist. No portion of this material masheragepduced, in any form or by any means,
without permission in writing from the publisher,



MACHINE DESIGN - An Integrated Approach 10-1(a)a-3
17. The average pressure in the oil film is found from equation 10.64.

Rright
PM = -ﬁ'— Pavg = 63769 pﬁl‘f

18. The stationary and rotating torques can now be found from equations 10.95 (substituting 0 for Uy) and 10.9a
using the angle ¢.

Ty=1 dz.f,[{ £ Ty =09521bf-in
Cd‘ 2
1 — &
Ty:= Ty + Ryigh¢r excsind ) T, = 1.381lbf-in
19. The power loss in the bearing is found from equation 10.10,
@=2-2Tpn @ = 0.0329 hp

20. mmﬁmdmw&mmmm&mmﬁﬁm{mmmememmmms
equation 10.11.
2-T,

Rrighed

g = 0.00207

H=

P1001 aa.mcd T30

i 2006 Pearson Education, Inc., Upper Saddle River, MJ. All rights reserved. This material is protected under all copyright laws as

they currently exist. Mo portion of Fhis Snaterial Inay be reproduced, in any form or by any means,
without permission in writing from the publisher.
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A 57-tooth spur gear is in mesh with a 23 tooth pinion. The ps=6 and ¢=25". The gearset
tansmits 125 hp at 1000 pinion rpm. Find the following:

Circular Pitch: P = ‘—% - 'l'_'t — ICJ.!.{ o \/

Base Pitch: ‘P_'u"'?t (e ¢ = ‘{Z'Li.f‘ﬂ"j.LQ_,Q = S04 -

Pinion Pitch Dimeter: \/ _
ﬁr\;" Ng 1'11 _ ‘5?}“‘ (= IR TSREN

“‘Fﬂ (g . \/
Gear Pitch Diameter:

ﬁ(:}:: JEE C;_‘t q\c: i r-E‘*-_’ u'--.—lg i
ST A |

Addendum: \/
0= 0 = W0 = i h= 8 - 8

- o — —

T C

Center Distance: \/

Coopreg= W0 Linr TS in™ bbb A

Length of Action: (
oo s (P S PP

o d[%, PP |y \,.x m, in .b}?ﬁ} 4\]'7(” g\ — (AR (55 1’\2}“ b.LC cﬁjﬁ;f_i”f

",

Torque on each shaft 7=4712in \,{(//’f,

. fn, = t”J : ‘31
=P - st = 1315 lb-in T d

¢ |
: !UIT 11 l] ‘-'l



A 57-tooth spur gear is in mesh with a 23 tooth pinion. The ps=6 and =25". The gearset
tansmits 125 hp at 1000 pinion rpm. Find the following:

Circular Pitch:

Ve =
@
Base Pitch:
G) ?\p -
Pinion Pitch Dimeter:
dp
Gear Pitch Diameter:
© A
Addendum:
@ a
Center Distance:
el

Length of Action:

i s - S 248 e
fa
—\DAT‘; L
?;-_ r:t:‘-:-%
' f
We ey g'a’i-, => Fe= AT
Ya
I
_ N 2 quﬁh @ }-%_ A .75
R
¥ o.\g7
fa

— (-3—1_% A-F-3 q:'\i

- 2 F z
@ Z = j (.}? _.t,ﬂ_\ _ (}? C.bﬁ-‘:Pw - J(a._%-rm\ ®
- o70% "
Torque on each shaft o
- \25 _, &30 0 = 7B75 {5 T (-g“‘"“’“ﬁ
© nmapne= =L
57 7%
™ S S

e o s
Tetel WO - \ 5\ S \
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A spring is known to be made from ASTM A228 steel (G=11.85E6 psi). You are able to
measure the following features using simple measurement tools:

Free length =Lf=175in

Outside diam. = OD = 0.561 in

Wirediam =d=0.0551in

The ends are squared and ground. The total number of coils is 10.0.

This spring will be used in an application where the normal operating load is 14 1b. Find
the following for the spring:

Mean coil diameter

Inside diameter

Spring Index

Wahl Factor  \{_

Expected stress at operating load of 14 Ib.
Deflection of spring under the operating load
Operating length

- L . 3 ’
Sokid lencth P

Spring rate L\

LR Mo B0k
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