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Problem 1

The outer diameter of a solid aluminum shaft is in the range of 2.003-2.006 inch. Its mating hub is made
of 18-8 stainless steel and has the inner diameter in the range of 2.000-2.002 inch and 3-inch outer
diameter. Elastic constants of the two materials can be found in Table A-5 in the textbook.

a.
b.
C.

Identify the range of radial interference 9, then
find the maximum interference pressure P, and the

radial and hoop stresses on both parts at the fit surface under the given P.

Solution:

a. For this question, we are asked to identify the range of radial interference §&.
E; =10.4 Mpsi
v; = 0.333
E, = 27.6 Mpsi
v, = 0.305
2.003 inch 2.002 inch
omin — Diroy = > — > = 5.00 X 10™* inch
2.006 inch 2.000 inch
omax ~ Pimin = > - > = 3.00 x 1073 inch
Therefore, the range of radial interference § is [5.00 x 107%,3.00 x 1073] inch.

b. For this question, we are asked to find the maximum interference pressure P.

Orin) —

Onaer =D

3 inch
C= = 1.5 inch
2
a=20
2 inch _
R = > =1 inch
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o)
g D EN AT L |
E,\cZ—Rz2 " Vo) TE\RZ—qz Vi
(3.00x 107 inch)
- 1 (1.5 inch)? + (1 inch)Z ] 1 (1 inch)2 + 0% _ ]}
L ek X{(27.6 MpsD) L(15 nch)Z = (1 inch)Z T 9393 | + (70.4 Mpsp) |(T menyz =0z — 9333
= 17.71 Kksi
c. For this question, we are asked to find the radial and hoop stresses on both parts at the
fit surface under the given P.
Radial stresses:
(O-T')bi = (O-T)bo = —P =—-17.71 ksi
Hoop stresses:
R? + a? (1 inch)? + 0?
0g)p. = —P———=—(17.71 ksi) X ———— = —17.71 ksi
CO R? — g2 ( ) (1 inch)? — 0?
c? + R? (1.5 inch)? + (1 inch)?
=P———=—(17.71 ksi) X = 46.04 ksi
(@9, ¢z — R? ( s) (1.5 inch)? — (1 inch)? .
Problem 2|

Following Question 01 and calculate the followings at the interference-fit interface:
a. safety factor of the hub ID per MSS failure criteria,
b. safety factor of the hub ID per DET failure criteria, and
c. the guaranteed torque capacity limit of the fit assuming 1.25 in fit length and COF of 0.2.

Also make an assessment whether the parts will fail or not.
Yield strength of the 18-8 steel is 50 ksi.

Solution:
a. For this question, we are asked to calculate the safety factor of the hub ID per MSS
failure criteria.

Sy _ (50 ksi)
(07 — 03)design  (46.04 ksi) — (—17.71 ksi)

n= = (0.7842

b. For this question, we are asked to calculate the safety factor of the hub ID per DET
failure criteria.
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C.

d.

S S S
n=_ y y
0-6

1 1= 1
ﬁ[(ol —03)% + (07 — 03)* + (03 — 01)?]2 [02 — 0,09 + 0}]?

(50 ksi)

[(46.04 ksi)? — (46.04 ksi) x (—17.71 ksi) + (—17.71 ksi)z]%
= 0.8771
For this question, we are asked to calculate the guaranteed torque capacity limit of the
fit assuming 1.25 in fit length and COF of 0.2.
Torque = u(mdL)PR
= 0.2 X [ X (2 inch) X (1.25 inch)] X (17.71 ksi) X (1 inch)
= 2.782 % 10* 1b-in
For this question, we are asked to make an assessment whether the parts will fail or not.

Because the safety factors of the hub ID by two criteria are both less than 1, the parts
will fail.

Problem 3

Your mission is to make a force-fit design of a 150-mm-diameter steel shaft with a 300-mm-outside-

diameter hub. The hub is 25 mm long. The designed system is intended to operate under 150degC
environment.

Both hub and shaft are made of 1050 CD steel. Moduli of elasticity is 207 GPa and Poisson’s ratio is 0.3.
Coefficient of friction of steel-on-steel is 0.20.

Design the fit per ANSI B4-2-1978.

ST oD Qo0 oW

Specify the range of the shaft outer diameter.

Specify the range of the hub inner diameter.

Calculate max and min interference.

How will you mark the dimensions of shaft OD and hub ID on the drawing?
Safety factor of the hub ID surface per DET failure criteria.

Guaranteed capacity for torque transmission.

Solution:

a.

For this question, we are asked to specify the range of the shaft outer diameter.
According to Table 7-20, the symbol for force-fit is H7/u6.

The basic size of the system is equal to 150 mm. According to Table A-11, the

tolerance grade of H7 is AD = 0.040 mm and the tolerance grade of u6 is Ad =

0.025 mm.

And according to Table A-12, the fundamental deviation for u6 is 6 = +0.190 mm.
Therefore, the minimum shaft outer diameter is equal to

dmin = D + 6 = 150 mm + 0.190 mm = 150.190 mm

And the maximum shaft outer diameter is equal to

Amax =D + 0p + Ad = 150 mm + 0.190 mm + 0.025 mm = 150.215 mm

Therefore, the range of the shaft outer diameter is [150.190,150.215] mm.
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b. For this question, we are asked to specify the range of the hub inner diameter.

The minimum hub inner diameter is equal to
Dypin =D = 150 mm
And the maximum hub inner diameter is equal to
Dpax =D +AD = 150 mm + 0.040 mm = 150.040 mm
Therefore, the range of the shaft outer diameter is [150, 150.040] mm.
For this question, we are asked to calculate max and min interference.
The maximum interference is equal to
20max = Amax — Dmin = 150.215 mm — 150 mm = 0.215 mm
The minimum interference is equal to
20min = Amin — Dmax = 150.190 mm — 150.040 mm = 0.150 mm
For this question, we are asked to mark the dimensions of shaft OD and hub ID on the
drawing.
The way to mark the dimensions of shaft OD and hub ID on the drawing is shown in
figure below:

( ppet | > | M >
Lowel 10N > < M >
nternation
, > <
| e, Ad (IT num
Fundamer jon, —> |<
(el
- D >
I (101 > |-
( (101 > -
> | 1¢
[nt ) I ¢
> <

For this question, we are asked to determine the safety factor of the hub ID surface per

DET failure criteria.

0.215 mm
max = T
E; = 207 GPa
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v; = 0.3
E, =207 GPa
v, = 0.3
300 x 1073 m
‘= 2
150 x 1073 m

2
a=20

6

Ple(c2+R2+ )+l(R2+a2_ )
E,\c2—Rz " Yo) TE\RZ—qz " Vi

(0.2152 mm)

(300 X 1073 m)z N (150 X 10-3 m)? (150 x 1073 m)z +02
(150><10‘3 m)x 1 2 2 waale - 2 e
2 (207 x 10° Pa) (300 x 1073 m)z _ (150 X 1073 m)z “| " (207 x 107 Pa) (150 X103 m)2 —0z
2 2 2

=111.26 MPa

Radial stresses:
(6:)p; = (0,)p, = —P = —111.26 MPa

Hoop stresses:
2

-3
P2y o (150 X %o m) 02
(09)p, = —P = —(111.26 MPa) X
o7bi R? — a? (150 x 10~3 m)z ,
- —0
=—111.26 MPa
300 x 1073 m\° . (150 x 1073 m\’
o)y =Pt (11126 MPa) x 2 " 2
o, = —_— . d
#%0 T 2 — R2 (300 X 10~3 m)z _ (150 X 10~3 m)z
2 2
= 185.44 MPa
From Table A-20, I can know that the yield strength of 1050 CD steel is equal to
580 MPa
S S Y
n=t= - i~ - 1
€ 72 [(01 — 02)% + (02 — 03)% + (03 — 01)?]2 [62 — 6,09 + 0]

(580 MPa)

= 1
[(185.44 MPa)Z — (185.44 MPa) x (—111.26 MPa) + (—111.26 MPa)2]2
=2.234

f. For this question, we are asked to determine the guaranteed capacity for torque

transmission.
0.150 mm

min — 2
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E; =207 GPa
v; = 0.3
E, =207 GPa
v, = 0.3
300 x 1073 m
€ 2
_ 150 x 1073 m

2
a=20

)

N RN LB
E,\cZ—R2 Vo E\RZ— a2 Vi

(0.15(; mm)

300 X 10-3 m 2+ 150 x 10-3 m\’ 150 X 103 m 2+02
(150><10*3 m)x 1 2 2 P 1 - 2 e
2 (207 x 10° Pa) (300 x 1073 m 150 x 10=3 m\*> (207 X 10° Pa) (150 x 1073 m ’

2 )2‘( ) 2 )2‘02

=77.63 MPa
Torque = u(mdL)PR
=0.2X [rx (150 x 1073 m) x (25 x 1072 m)] x (77.63 MPa)

(150 % 10~% m
X 2

) = 13717 x 10* N-m
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