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Configuration Design (referencBahl & Beitz Chap.y

By now, in the design processhould have:
1 Concept
o Final picks on working principles for each subfunction
o Functional structure
0 Some O{fuipdmi(mag ant icrited featuee sedectian) ng or
1 Logic behind the concept (this logic could be amended, adjusted, or rearranged as
more design catalog information is discovered in the embodiment phase, and so
the logical path to the design needs to be clean and clear)
o Customerequirements
o0 Engineering characteristics
o Engineering Design Specification
o Functional decomposition

Next step is configuration desigwhich is kind of like agpersized version of overall
concept development

Note that Configuratiobesign and Paramét Design to follow, ar@ot Detail Design

Detail Design:
1 Final blueprints (rarely actually blieCAD drawings of parts, assemblies;
surface dimensioning and tolerancing)
Detail manufacturing and parts purchase plan
Precise material selection
Documentabn for manufacturing, operation, maintenance
Regulatory filings

= =4 =4 =4

Embodimen{Configuration and ParametriDesign is:
1 Initial Sizing
1 Layout (with sub assemblies and critical components)
1 Engineering analysis
1 Final sizing

Note:

The concept, while selected,still open. Embodiment brings new ideas, constraints, and
means for assessment. When these come to light, work back through the concept logic to
support the new path.

Also:
Some detail design topics aeimportant (i.e., design drivers) that thayould be
covered in embodiment

Outline for the Pahl & Beitz process of Embodiment Design
1 Steps and Rules



1 Principles
1 Guidelines

StepsProgression of design logicprogression of events will iterate and run back an
forth up and down this ligt.
1. Identify those requirements that drive physical form

a. ThoseE6s that drive the physical form of
b. Less formcritical elements can be added on later, or covered by form
modification

2. ldentify spatial constraints
a. Like where it has to go
b. Or side that it isdaded on
c. Or center of gravity limitations
3. Size main function carriers
4. Make a scaled layout
a. Maybe hanellrawn (to scale, with a straightige)
b. Maybe CAD (can be simplified CAD blocks and blobs instead of
detailed components)
5. Make several possible layouts
a. Different embodimentto meet same concept
b. Different ways to give physical form to the same concept
c. Significantly differenti idea is to find new arrangements (and maybe
better), not just do the exercise
d. Try TRIZ to generate different ideas
e. Keep trackof the logic behind each embodimettiternative (i.e., write it
down)
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Fill in means for functions so far neglected
Fill in means for auxiliary functions
Make a more detailed layout with the above sort of filledhien adjust as
necessary
9. Make a really mee detailed layout (by now it really has to be in CAD)
a. Note that you still have several concept alternatives!
b. Check back up the chain of steps
I. Does everything still look good?
ii. Could anything be better?
10.Now evaluate
a. Embodiment alternatives EC6 sn dlay si s) (lagcal v. CROS
11.And choose
a. Quantitative decision (matrix, or matrices)
12.Deeper evaluation of chosen embodiment
a. What bothers you? Y fix it.
b. Be critical
c. Gather outside input
d. Maybe a formal review
13. Examine possible failure modes (what if ___happens?) Thenimprove the
embodimen{make sure improvement does not inhibit some other function!)
14.Parts list (generic, but try to specify what is most important, and address the
build/buy question)
15. Final embodiment
a. Layout (arrangement) drawings
b. Definefunctions of each module and critical component (with drawings as
necessary)
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Rules(things to keep to while following each step; i.e., applying disciplined design
methodologyit ry t o avoid too much 6édseems righto)
1. Clarity
a. Of function, working principle,dyout, safety, ergonomics,
manufacturability, assembly/transporteogtion, maintenance, recycling
b. Of sequence of actions (mechanically, what happens next, and why does it
have to be that?)
Repeatable
Of locationixing
Of stati@l determinacy
Each parts constrained in six degrees of freedom
If rigid, do not overconstrain
h. If flexible, do not undeattach
2. Simplicity
a ASimplificate T hRMAOHbinemand | i ghtnesso
b. Similar to clarityi directness of action
c. Least complex
d. Tried and true
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e. Make the design atumb as it can possibly be and still function (KISS;
also information axiom in axiomatic design methodology)
f. Check function, working principle, layout, safety, ergonomics,
manufacturability, assembly/transport, operation, maintenance, recycling
3. Safety
a. Direct safety
I. Keep accident from happening
ii. Fail safe
iii. Redundant
iv. Visible condition
v. Evaluate risk, reliability, availability, cost
vi. Safety of operator, society, environment
b. Indirect safety
i. What if {breaks, loosens, slips, rusts, &tc.}
ii. What is the next saty barrier item?
iii. Warnings are not legally sufficient defense against claims of
negligent product design
iv. Testable failure chain strategy
c. Of function, working principle, layout, safety, ergonomics,
manufacturability, assembly/transport, operation, maintsnaecycling

Principles(procedure$ subject to which Rules are applied while following each Step
1. Force tansmission (flow of force through module; transfer of force between
modules; sufficient material to carry force)
a. Principle of uniformstrength (along entire force path)
i. Stress strain =Dl/I
ii. Chain breaks at weakest link = greatest stress = greatest strain
iii. Less stress (strain) in one part/feature means Blq@nd stress)
somewhere else
iv. Strength uniformity in all of the stress modes:
1. Axial
2. Transverse
3. Bending
4. Twisting (torsion)
b. Principle of direct transmission (minimize change in direction of force)
I. Shortest path for constanstrain, les$l, less material, less
weight, less misalignment, less vibration
li. No (abrupt) changes in forakrection
iii. Avoid bending stres@enerally less than tensile/compressive
strength, as long as compressive stress does not lead to buckling)
c. Principle of matchedeformation (matched flexibility)
I. Avoid stress concentration
ii. Avoid fatigue
iii. Examplei torque ster
d. Principle of lancel forces(stability)



I. Reduce reaction loads with symmetric and opposing force
elements
ii. Reduce friction loads with symmetric and opposing motions
2. Principle of division of tasks
a. Some components/features carry multiple functions/sulbtursct
i. Different functions may push component/feature design in
different directions
ii. Might be better to use separate components/features for each
subfunction instead
iii. One design feature for every functional requirement satisfies the
independence axiom akiomatic design methodology
b. Some components/features cannot meet a function (say strength) without
exceeding a constraint (say size)
i. Function may be divided between multiple identical
components/features
ii. Requires either equivalent stiffness or automatiomation
adjustment
iii. Multiple identical design features satisfies the least information
axiom of axiomatic design methodology
c. Division of tasks increasesanufacturig and assembly cost, and reduces
reliability i performance gain must be worth it.
3. Principe of selfhelp
a. Operating forces push structure together (instead of pull it apart)
b. Reaction to operating forces is fatfe
c. Leads to improved contact area
i. More heat transfer, friction, sealing
li. Less stress concentration
d. Parameter range of operating foes
I. Normal loads
ii. Emergency loads
e. Self-protectingi alternate load path engages an overload (hopefully,
engagement is gradual)
4. Principle of stability (disturbances se#duce)
a. Stressstrain
b. Thermal deformation
c. Wear
5. Principle of bistability (disturbanceauses excursion td%stable state)
6. Principles for faulfree design
a. Simple manufacture and assembly, with loose tolerances
b. Design out faults
c. Clarityi working principles are insensitive to disturbance
d. Balance disturbances trigger balanced reactions

Guidelines( checkl i st of things te@enwatnelk rgdtd fders, g
Known as fADesign for X0, where X i s:
1. Thermal &pansion



a. Often caused by frictionAvoid letting more expansion lead to more
friction
b. Overconstrained case
I. Expansion = sess
li. Stress = deformation
c. Sufficiently-constrained case
I. Sliding constraint on general pdttslider must pivot
ii. Sliding constraint on line of part symmeiryeed not pivot
d. Relative expansion
i. Static
ii. Transient
2. Creep and relaxation
a. Creep at high temperatuaed/or load
i. Reduction in modulus of elasticity
1. Steel >300°C
2. Polymer > 100°C
ii. Plastic strain (lattice deformation over timie> 0.7%leiq)
iii. Surface creep
1. Like scraping off material
2. Pins should always be shorter than the holes they go in
b. Relaxation (creem response to priwad)
I. Loss of spring coefficient
ii. Loosening of bolted joints (bolt clamping pressure)
c. Design considerations
I. Allow excess strength in joints
ii. Provide cooling
iii. Direction of creep should not lead to jamming mechanism
3. Corrosion
a. Types
i. Atmosphert i exposure to electrolyte (usually water)
ii. Transitioni region of gas/liquid interface
iii. Bimetallici galvanic current through electrolyte
Ilv. Stress accelerated by static or fluctuating stress
V. MotionT accelerated by electrolyte motion
b. Effects
I. Local pitting
ii. Stress concentration
iii. Uniform reduction in thickness
iv. Sludge deposit
c. Design
i. Prevention
Drain moisture traps
Low surface area
Insulate (against condensation)
Low liquid flow rates (< 2 m/s)
Less susceptible material
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4. Wear

a. Types

Resistance
1. Surface coating (i.e., paint)
2. Suface treating (shotblasting, nitriding)
3. Sacrificial anodes
Tolerance
1. Thicken
2. Design for uniform life
3. Inspectability

Adhesivei self-forming particles
Abrasivei micromachining by particles
Sanding/polishing/ningi a little wear is good

b. Design

Vi.
5. Ergonomics

Stress reduction

1. Less normal force

2. More interfacing area
Choose resistant materials
Lubricate wear surfaces
Replaceable wear surfaces
Inspectability
Graceful failure of mechanism

a. Anthropomorphy

Human variability range:"5percentile fema e ¥ pegcéntile
male (see data tables on course website)
Accommodate whole range
Accommodation may require machine adjustment
Static: stowage of human body (fit, comfort, safety, vision)
1. Seat &ze
2. Seat suppoffpoints, stiffness, capacity)
3. Body contanment
4. Sightlines to environment
5. Sightlines to displays & controls (& readability)
Dynamic: reach envelop, body part arcs, passage planes, grip and
support points, tactile cues
Control actions (definitions of tasks)
Control reach
Access to stowage
Controlvisual and tactile cues
Ingress/egress (entire path)
Delethalizationremoval of injury sites)
Hazard egress (from degraded structure)
Maintenance actions

ONOUAWNE

b. Blomechanlcs anthropometry plus:

Comfort (of action)



6. Aesthetics

Strength (@ machine interface)
Speed (@ machainterface)
Accuracy (reliability)
Endurance (repeatability)
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Fig. 5.4 Arm strength for the 5th percentile man. Note: 90° is straight
down from the shoulder; 180° position is straight forward from the
shoulder. [5.14]

a. Variables
i. Structure
ii. Form
iii. Color
iv. Graphics
b. Metrics

i.
ii.
iii.
Iv.

Identifiable function
Suited to function
Usability

Perceived value

c. Process

iv.

Overall shape related to function

Harmony of sukshapes

Consider design from outside to in (as opposed to functional
design from inside to out)

Bring Industrial Design in early



Embodiment Guidelines

Wrong

Right

Select an expression

Provide a recognisable and
uniform expression

Vertical three-phase AC motor
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Light, easy to handle

Structure the overall form

Structure in a identifiable way

Divide into clearly distinguishable
areas

Vacuum pump
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Unidentifiable

ring device§

Unidentifiable

Z

Box shape

C

Clear arrangement
L-shape

Figure 7.101. Embodiment guidelines for aesthetics: expression and structure




Embodiment Guidelines Wrong Right
Unify the form

Minimise the number Generator

of different forms @

Rope winch

Aim for similar forms
and contours

Bearing

Adjust lines

Air conditioner

g ==

Confusing,
inhomogeneous

Block form

Layer form

Figure 7.102. Embodiment guidelines for aesthetics: form




Embodiment Guidelines Wrong Right

Support using colour

Match colour to form

\/

Functional
surface

Reduce colours and
material differences
3

L'.'.J
Choose one main colour
supported by complementary
colours : %

Complement with graphics

Use uniform styles for fonts
and graphic symbols

Unity expression ,
a2

All characters

raised
Adjust size, form and colour -
of the graphics to the other ELA
forms and colours ei&QJOO » ano

Figure 7.103. Embodiment guidelines for aesthetics: colour and graphics




7. Production(Manufacturingof parts and small assemblies
a. Metrics

Part/subassembly is feproof to produce successfully
Quality control measures are measureable
Clarity of part allows for reconfiguring

b. Issues

Design of the production process (material flow through machines
and stations)

Subdivision (modularization) for production

Assembly sequence

c. Construction categories

I.

ii.
iii.
V.

Differential construction (many pieces)

Integral construction (one big part)

Composite construction (permanent assembly)

Building block construction (interchangeable parts with other
subassemblies)

d. Design for production guidelines

I.

ii.
ili.
V.
V.
Vi.
Vil.

viii.

iX.
X.
Xi.

Castingi Fig.7.110

Sintaing1 Fig.7.111

Forgingi Fig.7.112

Extrudingi Fig.7.113

Bendingi Fig.7.114
Machiningi turningi Fig.7.115
Machiningi boringi Fig.7.116
Machiningi milling i Fig.7.117
Machiningi grindingi Fig.7.118
Stamping or lasecutiing i Fig.7.119
Weldingi Fig.7.120

e. Material selection

iv.

Applicability of production procedures & tools
Ability to handle, store

Measureable quality control

Commercial availability

f. The big questionbuild or buy?

Buy if you can
Build if you must

8. Assembly
a. Actions

I. Storage

ii. Handling
1. Identify
2. Orient
3. Pick up
4. Move

iii. Positioning

1. Place



2. Align
iv. Joining
v. Adjusting
vi. Securing
vii. Inspecting
b. Assembly environment
I. Run size
1. Oneoff
2. Batch
3. Continuous
ii. Responsibility
1. In-house
2. Farmedout
iii. Labor
1. Unskilled
2. Skilled
c. Automation
i. Handmade
li. Semtautomatic
iii. Fully automatic
d. Guidelines
i. Layout for assembly Fig.7.124
ii. Assembly interfaces Fig.7.125
iii. Elements of assembly interfade&ig.7.126
9. Maintenance
a. Measures
I. Monitor
ii. Assess
iii. Service (fill, clean)
iv. Inspection
v. Repair
1. Failure repair
2. Preventative repair
a. Interval
b. Condition
b. Guidelines
I. Identical part lives
ii. Selfbalancing
iii. Selftadjusting
Ilv. Standard components
v. Easy access & disassembly
vi. Low part count, simplicity
vii. Low tool count, simplicity
viii. Clear manual, maintenance points labeled
iX. Maintenance procedures safe angonomic
10.Recycling(recover and reuse raw material)



a. Green design
I. Less material
li. Less exotic materials
iii. Prefer repurposed parts and materials
b. Green manufacturing
I. Less raw material wastage
ii. Repurposing of wastage
iii. Less process material
Iv. Less contamination of pcess material
c. Processing the waste stream
I. Crush
ii. Cut
iii. Separate
1. Mechanical
2. Chemical
3. Magnetic
4. Buoyant
d. Guidelines
I. Ease of disassembly (like maintenance)
ii. Ease of removal
iii. Ease of transport
iv. Separability of material
v. Objective of recycled material
vi. Inhibit corrosionand decay
vii. Provide recycling guide
11.Risk of accident or failure
a. Risk of uncertain analysis
b. Risk of uncertain environment (or loads, or conditions)
c. Risk cannot be entirely removed or even minimizesme level of risk
must be accepted
d. Generally technical sk is inversely proportional to commercial risk
e. Guidelines
. Design for fAwhat 1f0
li. P&B recommend start with the cheapest solution, leading to
market acceptance and compilation of service history, and then
adjust to more robust solution if necessary
12.Industial standard$ definitive solution to repetitive probleini c at al o g
engineeringo
Process standards (ISO 9000, test standards)
Design standards (ASME Boiler Code)
Part standards (ANS screw thread)
Most are voluntary (though certification is offered)
Someare statutory (FAA)
Alf the rul esiomnohbhe fdamnbsiEkdh& Yeumbr e
Heinemann
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PS | Guidelines

Objec-
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Pa Choose simple shapes for C
patterns and cores (straight lines,
rectangles).

Pa Aim at undivided patterns, if C

3
8 " 7 e w777, IS & gz P & & K23
possible without cores (e.g. by T b @ %'./f @

i a1
means of open cross sections). 1z

Pa | Provide tapers from the split-line. Q % i ;

Pa Arrange ribs so that pattern can be Q
removed; avoid undercuts. % ﬁ

Pa Ensure accurate location of cores. Q e M ey
Z 2187 %
(a Avoid vertical sections (bubbles, Q
blowholes) and reduced cross-
sections to the risers.
Ca Aim at uniform wall thicknesses Q

and cross-sections and gradual
changes of cross-section; select
material allowing adequate wall
thicknesses and component sizes.

Ma | Set split-lines to avoid C
misalignment and to permit easy Q
removal of the flash.

Ma | Arrange castings to ease (@
machining. Q

Ma | Provide adequate support Q
surfaces. C
Ma | Avoid sloping machining and C
boring surfaces. Q
Ma | Combine machining processes by C Eii = Ziﬁ
appropriate arrangement of 6} i
machining and boring surfaces. & 7777777 7777
= S
V227727 V7722227722777
Ma | Avoid unnecessary machining by @

breaking up large surfaces.

Figure 7.110. Design guidelines with examples for cast components, after [7.123,7.180, 7.198, 7.230, 7.331, 7.332]



v
Guidelines 1 Wrong Right
o5
Avoid rounded edges and C e 4 ——
sharp angles. Q Ej | ) b 3
i L__L J__l L.
45 -60° =
Si Avoid sharp edges, sharp angles 4
and tangential transitions.
Si Observe dimensional limits and @
relations: g
Height H/Width W < 2.5 [}] [E]
Wall thicknesses t > 2 mm
Holes d > 2mm. ; 7
Si Avoid small-toothed profiles. é’BU"; %
Si | Avoid excessively small =1L

tolerances.

=117

Figure 7.111. Design guidelines with examples for sintered components, after [7.106]







