P=
CITY UNIVERSITY
AU/ tonD

Mechanical Analysis and Design
ME 2104

:'é‘: CITY UNIVERSITY
Plan for today

Lecture 12

Detailed design

Prof Ahmed Kovacevic

School of Engineering and Mathematical Sciences
Room CG25, Phone: 8780, E-Mail: a.kovacevic@city.ac.uk
www.staff.city.ac.uk/~ra600/intro.htm

Ahmed Kovacevic, City University London

e Lecture — Detail design (35 min)

e Team meeting (60 min)
» Function carriers
» 18t Layout

e Summary (5 min)

2 Ahmed Kovacevic, City University London

CITY UNIVERSITY
LONDON

Engineering design process

Problem Definition

1. clarify objectives
2. establish user requirements
3. identify constraints
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Stage 1

5. establish design specifications Conceptual
x 6. generate alternatives Desngn
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& Documentation),
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" Derailed design
N e Engineering Design Process 2nd
Edition, Chapter 10
> » Understand the detailed design stage
| » ldentify and select engineering materials that
suit a product
N » Construct a bill of materials
» Use techniques introduced in this chapter to
™ evaluate and analyze design cost
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What is the detail design stage?

& wwSteps in detailed design
(analysis)

e Final step before prototyping
e Analysis and simulation

e Material selection

e Dimensions and tolerances
e 3D CAD model
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1. Check design safety -calculate forces on each component

2. Select materials — make a list of materials that satisfy
stress requirements and using decision matrix select the best

3. 3D CAD model & manufacturing drawings
(Solidworks)

4. Check manufacturability with available manufacturing
methods — use rapid prototyping when possible

5. Cost analysis for a prototype and production unit
6. Aesthetics
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QFD 3 (Embodiments)
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Chair Example - Stage 3 Chart

esign Embodiments

Assemblies

Sketch
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Relationship Matrix

Design
Relative Importance Ratings

Absolute Importance Ratings of Embodiments
Relative Importance Ratings of Embodiments
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e An essential characteristic of the finished design is its easiness and
cost effectiveness for manufacture. Therefore materials and associated
manufacturing process selection is an essential consideration that has
to be undertaken before any decisions on the detail design can be
taken.

e Material and Manufacturing process selection involves:

» The identification of design functions related to materials and manufacturing processes.
» The material and manufacturing related functions are translated into quantitative,

and material and process
» These form the basis to select the appropriate materials and manufacturing processes.
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e The Production Plans greatly depend on the Manufacturing
facilities available and the quantity to be produced.

e For example, if every new motor car has to be supplied with a
hydraulic jack (instead of the scissors jack), which consists of a
cast body, then each major motor manufacturer should have a
huge foundry to produce jacks. This is a typical case where the
quantity to be produced dictates the design.
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TABLE 10.1 Material Properties

CITY UNIVERSITY
LONDON

Mechanical Vegetable Harvesting Machine Example

v Melting The
Density Poissons E 0y Our  Temperature Con

laterial Kgm' rato  MPa MPa MPa °C WimK
pure Metals

Beryllium 1827 3033 3792 6205 1282 218
opper B8SS 033 LI72 0689 2206 1082 40
ead 139 043 0138 0138 0172 w7 3
ickel s858 200 1379 4826 1440 o1
Tungsten 19376 3447 068 3367 0
Aluminum 68 033 0689 0241 078 649 235
Alloys.

Aluminum

202414 265 033 0731 303 4137 59 21

Brass SSSI 035 10M 4136 SI02 9% 109
nQST) 7197 02 0896 L6ss 8214 07 55

11021 C
o Rolled W02 206 20 4 1si6 5
Cod Roled W02 206 442 ssi6 15l ®
14 W6 03 19 6ws o6 1413 b
w02 ose 13 1249 1
24 on om 1582 I
Pastics
o Acce 1301 04 0017 0345 1379 on
slon 13504 008 05%2 om0 02
pony 107 0015 0483 2008 03
TABLE 10.2 Bill of Materials
em  Part Quaniity  Name Material Source
| G211 Goemerboty  Cotalminm  Lowes
GBI | Gowmerflnge  Castaluminm  Lowe's
u X-1784 4 Gowmerbot  Plwdseel  Frod's Fine Foundry ANMed Kovacevic, City University London
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Figure 10.4 Function analysis for vegetable harvesting machine.
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Figure 105 Morphological chart for vegetable harvesting machine.
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re 10.41  Displacement and stresses on rear shaft.
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igure 1010 Loading on the rear shat

igure 10.43  Displacement and stresses on large wheel,
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Figure 10.14 Break-even chart.

17 Ahmed Kovacevic, City University London

18

ToZ e

01 tool steel
Gray cast iron

2024 aluminum

B003 or 5005 aluminum

6061 aluminum

7075 aluminum
0730 brass
#1.10 Copper alloy

um 64 B

Magnesium AZ63A
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Polycarbonate (PC)

Nylon 66
Polypropyler
Polystyres

Alumina ceramic

Douglas fir/pine

Oak
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Graphite/epoxy e
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Dollar/Kilogram
Figure 10.17 Material cost. Range of costs for common engineering materials. Price ranges
hown correspond to various grades and forms of each material, purchased in bulk quanti-
es (1994 prices). (Adapted from David G. Ullman, The Mechanical Design Process, McGraw-
Hil, New York, 1992)

Ahmed Kovacevic, City University London




5 CITY UNIVERSITY
| 7. tonpoN

TABLE 103 The Make-Buy Decision

Reason to Make Reason to Buy

eaper to make Cheaper to buy
“ompany has. e making it Production faciltes are unavailable

s in production line
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Wish t0 avid supplir

art f King Higher relability and qualiy

TABLE 10.4 Sample Production/Operation Cost Table of a Simple Fitting
from a Steel Forging

Dperations Material Labor Overhead Total

forging 700 700

p on milling machine 02 08 100
065 26 325
et-up on dril press 035 156 191
il § holes 09 405 495
Tean and paint 03 09 12
Total 700 240 991 4931
TABLE 105 Stapler Models
Manual Automatic
elling price 3125 s
ofit 52 ss

power supply 200 per day
18 person-minutes
3 person-minutes
1 person-minute

19

Ahmed Kovacevic, City University London

e This chapter discussed Detailed Design

» Described QFD Stages 1 to 5 and their related charts
through a simple case study

» Explored Cost Analysis as related to product design
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Tasks for this week
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Finalise function carrier analysis
3 QFD

3D SW models

Meeting on Thursday...

22 Ahmed Kovacevic, City University London




