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What Is Design?

* Engineering design is a systematic process by
which solutions to the needs of humankind are
obtained

— Examples
— Lightweight,compact wireless communication devices

— High-temperature resistance material for reentry
vehicle
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What Is Empathic Design

user-centered design approach that pays attention to the
user's feelings toward a product.

Empathic design caters to real user needs,



Graphic design

Graphic design uses visual compositions to
solve problems and communicate ideas through
typography, imagery, color and form



Which 3D Design Software should you use

-Auto CAD

-ALIAS by Auto desk

-CREO PARAMETRIC

-FUSION 360 from Auto desk cloud base
-AUTODESK INVENTOR

-CATIA Dby Dassault Systems

-SOLID WORK by Dassault Systems
-SketchUp

-Tinkercad



Machine Design

Machine Design is a process of selecting the
proper machine components for a predetermined

function.

To clarify this definition, machine is defined as a
system of machine elements selected or
designed for a specific function.

Machine
Contains mechanism which are designed to
provide significant forces and transmit power



Machine Elements

MACHINE ELEMENTS

Gears, Springs, Bolts, ...

Electric motors, Electric switches, ...
Optical sensors, Sonic sensors, ...
Control circuits, ...
Microprocessors, ...




Machine Element
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Power transmission
System-=> Gears,
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Seals.




Yield Factor of Safety
n

Often is

between
G yield 1.2and 4
G working — -

*There will always be uncertainties when determining exactly how a material
will behaves.
-Imperfections, stress concentrators and other flaws can be introduced during
the manufacturing process
*Therefore when designing a part, the unexpected must be taken into account




Variation in Material Strength (MPa)

Material Range Mean St. Deviation
(AISI, rolled)

1080 865 - 975 920 18.33
1095 865 - 1070 967.5 34.17
1030 495 - 610 SFe S
1040 565 - 690 627.5 20.83
1050 650 - 800 a1l 25.00
1060 /725 - 900 812.5 29.17




“Factor of Safety”

[0 FOS is a ratio of two quantities that
have same units:
B Strength/stress
Critical load/applied load
Load to fail part/expected service load
Maximum cycles/applied cycles

Maximum safe speed/operating speed.

NOTE: FOS is deterministic. Often data are statistical and
there is a need to use Probabilistic approach.
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Factor of Safety Method

Two distinct and separate approaches

1. The deterministic, or factor-of-safety approach. In this
method, the maximum stress or stresses in a part are kept
below the minimum strength by a suitable design factor or
margin of safety, to ensure that the part will not fail.

2. The stochastic, or reliability approach. This method involves
the selection of materials, processing and dimensions such that
the probability of failure is always less than a pre selected value



Stress-Strength Analysis is a tool used in

Reliability engineering

-If the distributions for both the stress and the strength both follow a Normal

distribution then:

Working stresses o have a mean [l ; and a standard deviation O,

strengths S have a normal distribution with a mean [J, and a standard deviation O,
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Interference Theory

probability density
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It is evident that while the mean strength is greater than the mean stress, there exists

a region where the distributions overlap and the stress can actually exceed the
strength and lead to part or material failure.

-This region is referred to as the “Interference Region”.

- From a “qualitative perspective”, the existence of this interference region implies
there is a probability of failure for the design.
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The overlap of these distributions is the probability of failure . This overlap is
also referred to stress-strength interference

If the distributions for both the stress and the strength both follow a Normal distribution
then the reliability (R) of a component can be determined by the following equation

R=1-P(Z,)

Where P(Z,) is the probability of interference region



e
ZD = A
|O'$' +0'G"

P(Z,) can be determined from a Z table or a statistical software package



Probability-Based Design

**The stochastic method doesnot use a design factor at all
rather attention is focused on the probability of survival —

Reliability.

Probability Density Function
1
flz;p,0°) = 2%

For any Normally distributed variable:

68.3% of all values will lie between y-candy+o (i.e.px0o)
95.45% of all values will lie withinpy 2o

99.73% of all values will lie withiny+ 3 0



Reliability Method of Design

Reliability R

Reliability is probability that machine element will
perform intended function satisfactorily.

O0<R<I]
R=1-P,

P; Probability of Fail '
¢ Probability of Failure Let normal variable

O - Ho

o~

Margin O =S5S—-0 =
0

The area where the margin Q =S — ¢ 1s positive is the set of situation
where the system is reliable (S > o).



Example: suppose that the stress on a component is 2500psi and its

strength is 4000psi.
-the stress and strength were normally distributed about the means of

2500psi and 4000psi with standard deviations of 500psi and 400psi,

respectively.
Calculate the probabilistic factor of safety

The safety factor n=4000psi/2500psi = 1.6

L 4000—2500 o 1500
J(400)? + (500)2 V410000
— 7 34

Using the Z-value table for a standard Normal distribution, the area above a Z value of
-2.34 is 0.0096.

Therefore, the probability of failure is 0.96%.

the reliability is 1-0.0096 = 0.9904 or 99.04%.



Using the Z-value table for a standard Normal distribution, the area above a Z value of
-2.34 0.0096. Therefore, the probability of failure is 0.96%. Likewise, the reliability is 1-
0.0096 = 0.9904 or 99.04%.
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Ex: Consider a structural member( i, = 40 .o )
subjected to a static load that develops a stress
s( H, =30,0, ). Find the reliability of member.

NOTE: Reliability is probability that machine element will
perform intended function satisfactorily 100% reliability.

Deterministic FOS = 40/30=1.33

4, =40-30=10

Mj‘i‘/ 6o =6 +8 =10

‘SA‘# i se 1 =] QO'Q = ,u, =30 H, =40y dffﬁ
urnknown o/ — B B
WEA tomntina Y



Margin = -0

Shess raisers o= 0%

Lk nown - e
WeaL, tonosion

Probability of failure P, = P(O < {})
Reliability R =1- P,

Let normal wariable
= Ho

o3

e
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ﬂtQ:{]
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»R(z) is the integral of the standardized normal
distribution from -« to z, (in other words, the
area under the curve to the left of z;)

»P«(z) =1-R
( the area under the curve to the right of z,)
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Probability of failure is 0.1587 reliability is

0.8413




Answer:

FOS is equivalent to 1.33 gives a reliability of
84.13%.

Which is lower than 100% Reliability needed so it
Is insufficient for the present design, therefore
there is a need to increase this factor



Ex:A round 1018 steel rod having yield strength (540,
40) Mpa is subjected to tensile load (220, 18) kN.

Determine the diameter of rod that results in a
reliability of 0.999 (z = -3.09). Table A10 0.001

Given . =540MPa. o, =40MPa

=2 000
= i MPa: o_ = = MPa
widd? 7 l4d*
Q- g ———> 880000
Z = =R s =540 —
O, N2 E*,[F Ho Td>

=
where 2, =—— 72000
o 40° +
xd’

2
S 72000 880000
200 oo T30 ~su0- 200
s \/ (;rd* ==t d =26 mm

A




If stress and strength are not normally distributed, other techniques (such as
Monte Carlo simulation) may be used to determine the probability of failure.



Readings:
1-11
1-12
2-2
20-3



