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 design is either to formulate a plan for the satisfaction of a
specified need or to solve a specific problem.

« Design is an innovative and highly iterative process.

* Design is also decision-making process.
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« engineering designer has to be personally comfortable with
a decision-making, problem-solving role.

« Engineers have to communicate effectively and work with
people of many disciplines.
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« A designer’s personal resources of creativeness,
communicative ability, and problem solving skill are

Intertwined with the knowledge of technology and first
principles.
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Engineering tools (such as mathematics, statistics, computers, graphics,
and languages) are combined to produce a plan that, when carried out,

produces a product that is functional, safe, reliable, competitive, usable,
manufacturable, and marketable, regardless of who builds it or who uses

It.

9 Sudl 55 ¢ i gunolS jlol (ludly y wiilo) (qwigo slayll ¢
A aS wldgi |y (b U wigh oo waS 5 oo b (gl
JB (poa] (60,2, &5 WS (o0 W9 (Jgpaxme 2l 90
ol 9958 1 g udgi o8 coslisiw! JulB (s, colose!

O 3 S 4z b 05l oo 1) o] (oS a4yl 31 5 B o

A.»Sé.o oo law!

Dr. Nikoobin, Semnan University 12



Design

w

Identification of need

6.‘>|)Ja J.'>|).o 40 20

1

Definition of problem

1

Synthesis

F

‘;Jl.

1

Analysis and optimization

1

Evaluation

1

Presentation

Iteration

W ol

o9e (b b guis cus )
S ilw a9 Judod

=53]

431,

Dr. Nikoobin, Semnan University 13



il (b gl B 0y90 £ b 4 by po Slasiin plod Jolds wob albowo 2y y23
s o5 L& slul g L SThg (29,5 9 6999 LS Jold wlasiv (i

Lol oS (] 4 by o (sCySgazm0 plad g w5 Jlail b
Sbod 0dgumo UG 0590 joe Job ould Wdgi Slowi A (Olaxdico oy
Wlgi oo oul ai G TRy S o0 o ) plaebl cobl g (JSlles
HURG! 8590 Ol juudd s0guzxe S los (S lod s dguxe (A oy (i ol

bl ;590 9,80 9 (F39 9 GOl s dguze (b piio o

Dr. Nikoobin, Semnan University

L 44

14



PR b b gass oS ) PRV P

concept design
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2 Strength/stress i | S Y
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6 Safety o3| =5
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14 Noise
15 Styling
16 Shape
17 Size

18 Control

19 Thermal properties
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CATIA, AutoCAD, NX, MicroStation, SolidWorks,
and Creo

mathematical solvers by b suiis >

Maple, MathCad, MATLAB, Mathematica, TKsolver, etc.
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computer-aided engineering 3 guroS oS Ay wiipe

finite-element analysis (FEA) programs for analysis of
stress and deflection, vibration, and heat transfer:
ALGOR, ANSYS, MSC/NASTRAN, etc.

computational fluid dynamics (CFD) programs
for fluid-flow analysis and simulation: CFD++, Star-
CCMH+, Fluent, etc.

programs for simulation of dynamic force and motion
In mechanisms: ADAMS, LMS Virtual.Lab Motion,
Working Model, etc.
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Aluminum Association (AA)

American Bearing Manufacturers Association (ABMA)
American Gear Manufacturers Association (AGMA)
American Institute of Steel Construction (AISC)
American Iron and Steel Institute (AISI)

American National Standards Institute (ANSI)
American Society of Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE)

American Society of Mechanical Engineers (ASME)
American Society of Testing and Materials (ASTM)
American Welding Society (AWS)
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ASM International

British Standards Institution (BSI)

Industrial Fasteners Institute (IFI)

Institute of Transportation Engineers (ITE)

Institution of Mechanical Engineers (IMechE)
International Bureau of Weights and Measures (BIPM)
International Federation of Robotics (IFR)
International Standards Organization (1SO)

National Association of Power Engineers (NAPE)

National Institute for Standards and Technology (NIST)
Society of Automotive Engineers (SAE)

Deutsches Institut fiilr Normung (DIN)
Military Standard (MIL)
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Table 8-1 Diameters and Areas of Coarse-Pitch and Fine-Pitch Metric Threads*

Coarse-Pitch Series

Fine-Pitch Series

Nominal Tensile- Minor- Tensile- Minor-
Major Pitch Stress Diameter | Pitch Stress Diameter
Diameter P Area A, Area A, P Area A, Area A,
d mm mm mm? mm? mm mm? mm?

1.6 0.35 1.27 1.07

2 0.40 2.07 1.79

25 0.45 3.39 2.98

3 0.5 5.03 447

35 0.6 6.78 6.00

4 0.7 8.78 1.75

5 0.8 14.2 12.7

6 1 20.1 17.9

8 1.25 36.6 32.8 1 39.2 36.0
10 1.5 58.0 52.3 1.25 61.2 56.3
12 1.75 84.3 76.3 1.25 92.1 86.0
14 2 115 104 1.5 125 116
16 2 157 144 1.5 167 157
20 2.5 245 225 1.5 272 259
24 3 353 324 2 384 365
30 3.5 561 519 2 621 596
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SCH
80

241
3.02
3.20
3.73
3.91
4.55
4.85
5.08
5.54
7.01
7.62
8.08
8.56
9.53

SCH

241
3.02
3.20
3.73
3500
4.55
4.85
5.08
5.54
7.01
71.62
8.08
8.56
9,53

SCH
80s

2.41
3.02
3.20
3.73
3.91
4.55
4.85
5.08
5.54
7.01
1.62
3.08
8.56
9.53

SCH
60

SCH

1.73
2.24
231
.77
2.87
3.38
3,56
3.68
3.01
5.16
5.49
5.74
6.02
6.25

SCH
S5TD

1.73
2.24
2,31
2.77
2.87
3.38
3.56
3.68
3.01
5.16
5.49
3.74
6.02
6.535

SCH
A0s

1.73
2.24
2.31
2.77
2.87
3.38
3.56
3.68
3.9
5.16
5.49
5.74
6.02
6.55

SCH
30

SCH
20

SCH SCH

10

10s
1.24
1.65
1.65
2.11
2.11
2.77
2.77
2.77
2.77
3.05
3.05
3.05
3.05
3.40
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5s

1.65
1.65
1.65
1.65
1.65
1.65
2.11
2.11
2.11
2.11
2.77

oD

10.3
13.7
171
213
26.7
334
42.2
48.3
60.3
13
88.9
101.6
114.3
141.3

DN

10
15
20
25
32

50
65

90
100
125

NPS

1/8
1/4
3/8
1/2
3/4

11/4
11/2

2172
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Costs, %

400 —
380 —
Jod —
340 —
i
300 —
280 —
260 —
240 —
22 -
200 —
180 —
lad —
140 —
120

Material: steel

100 F——m e e

80 |
60 |
40
20 —

)

’o:

|t{}.{}3{} +0.015 | 20010 | £0.005

=0.003

H0.0005

+0.00025 |

Nominal tolerances (inches)

lt{}.?j £0.50 | £0.50 | +0.125

Nominal tolerance (mm)

|
|
[
|
|
|

0063

=0.012

|
|
]
1
|
|

+0.006

Rough turn

Semi-
fimish
turn

Finish
turn

Grind

Hone

Machining operations

Dr. Nikoobin, Semnan University

ol i doddio

A slausulyd il b
b o o & o CS 10 5 g
» ol ol 3l g s
S Jpaxo vy calils

'“)":\55‘ )*’L

Pl ldile @ 5l awn byl b
SLol bl g 385 b (o)l
Syl Ay e

29



"

140

120

100

80

Cost, $

40

20

o 4

Breakeven point

\

Automatic screw
machine
Hand screw machine
I I I I I
20 40 60 80 100

Production
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Thus, Sy Is a yield strength, Su an ultimate strength, Ssy
a shear yield strength, and Se an endurance strength.
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Factor of Safety

loss-of-function strength S
ng = = ,
! allowable stress c(or 1)
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EXAMPLE 1-2

A rod with a cross-sectional area of A and loaded in tension with an axial force of P = 8900 N undergoes a
stress of 6 = P/A. Using a material strength of 165 MPa and a design factor of 3.0, determine the minimum
diameter of a solid circular rod. Using Table A-17, select a preferred fractional diameter and determine the
rod’s factor of safety.

Solution
Since A = nd*/4, 6 = P/A, and from Equation (1-3), 6 = S/n,, then

Solving for d yields

4Pn,\ /? 4(8900)3 \'/?
Answer d = = = 14.35 mm
7S 7(165000000)

From Table A—17, the next higher preferred size is 16 mm. Thus, when n; is replaced with n in the equation
developed above, the factor of safety n is

2Sd*>  m(165)16
4P 4(8900)

Thus, rounding the diameter has increased the actual design factor.

Answer n

Dr. Nikoobin, Semnan University 37
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EXAMPLE 1-3
Loss-of-Function Estimated Accuracy n;
Geometry dimensions Good tolerances 1.05
Stress calculation
Dynamic load Not gradual loading 2.0%
Bending Slight possibility 1.1
Strength data Well known 1.05
*Minimum

Each term directly affects the results. Therefore, for an estimate, we evaluate the product of each term

ng=[]n: = 1.05(2.0)(1.1)(1.05) = 2.43

Dr. Nikoobin, Semnan University 38
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Reliability and Probability of Failure
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R — HRt
i=1

For example, consider a shaft with two bearings having reliabilities of 95 percent and
98 percent. From Equation (1-9), the overall reliability of the shaft system is then

or 93 percent.
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Dimensions and Tolerances L gl i g olal
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Types of Fits
Clearance Transition Interference
Fit Fit Fit
. Max. Min.
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Dimensions and Tolerances L il y b 9 ol

tADmp = deviation of mean
bearing outside diameter (in
accordance with 1ISO 492)

D = nominal bearing
outside diameter

Zero line (1)

tAdmp = deviation of mean
bearing bore diameter (in
accordance with ISO 492)

Interference

d = nominal bearing @( TR Transition
bore diameter fit fit fit
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Geometric Tolerances
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Figure 20-2

Exaggerated view of imperfections of a manufactured part.
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Table 20-1 Geometric Characteristic Controls and Symbols
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W ISR ‘SLQUJUJJ

Type of Geometric Geometric Attribute Datum Material Condition
Tolerance Characteristic Symbol Controlled Referencing? Modifier Allowed
Straightness — M (@ or RFS
Flatness /7 M) @© or RFS
Form Circularity O Form No RFS
Cylindricity Jel RFS
Profile :z:::: z: : if;ace 2 I;}?g?;‘:r’; orientation, size, | ptional @ © or RFS
Angularity e
Orientation Perpendicularity 1 Orientation Required M) (L or RFS
Parallelism /
T ®O oS
Location Concentricity @ Location of derived Required RFS
Symmetry == median points or planes RES
Circular runout A RFS
Runout Total runout 1/‘ Location of cylinder Required RES
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