CHAPTER 7

configuration Design
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INTRODUCTION
we finish the conce t design /
he parts thaf go intgo Elll]ra s;r‘owdii?%?:;noze or more feasible con-
f physical principles, working geom;trpts are merely ‘abstract

: ies, and materials. W

are eager 10 develop mathematical models, using our knowl d :
sciences and mathematics. We might also want to build a scalz %sogtltfh :
testing. But we can’t do that just yet, because we have no specific detau: 5.12{1
as critical sizes OT specific materials. Most likely, we have not even considered
which of the components should be standard and therefore purchased.

For example, let’s consider the design of a transmission, which trans-
forms rotational speed and torque. Assume that we selected a gear pair, shown
in Figure 7.1, as the leading concept for our design, rather than a chain drive or
belt-and pulley system. We would like to proceed with parametric design and
analyze gear tooth bending Stresses, shaft deflections, bearing loads, and so on.
But to set up the equations, or perform the computer analyses, Of build a scale

model we need some more information. In particular, we need to examine

configuration alternatives.
The gear-pair concept design 18 deliberately fuzzy. As W
unknown deals with

figure, we realize that much of what remains

tion, such as:
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ona part,
Q.ua.% Pprimary concern is architectural, that

. Pe of components (standard, special, part, or
e o, Yicy axc spatially arranged, ke
B L aics bl oo e conld choose O

. 28 .uaﬂmw_.* vﬂmwwﬂ%w“”ﬂy Wwﬂﬂ Mﬂ Mﬁ%ﬂ%%ﬂﬁmﬂ?aﬂﬁ of axes
ameters. We could choose standard roller mwvn_.on i cknesses and di-

1t the shaft. We could custom-desi . o ball hearmes 1o
supporte-s esign the shaft or specify a standard shaft
with machined keyway. Product configuration design helps us decide what we
buy versus what we design and manufacture as special-purpose parts. B
considering product architecture we can also examine integratin wwmn .ﬁﬂw
components into multifunction components. RSR

When configuring a special-purpose part, our goal is to determine the
type and number of geometric features, their arrangement or connectivity, and
the relative dimensions of selected features. For example, let's examine the
custom-designed bracket shown in Figure 7.2. We can create alternative
configurations by adding or removing features such as walls, holes, fillets, slots,
and chamfers. In addition, we can change their arrangements and relative
dimensions to generate additional configurations. We should also create a list
of unknown design variables such as hole diameter (D), wall thickness (w)s
fillet radius (R), width (W), and chamfer thickness (t). We will determine
values for these variables later. in parametric design.

When “configuring” a standard component (i.e., part Ot subassembly),
our goal is to select the type of component and its relative dimensions. For
example, in selecting a rolling element bearing, which is a standard subassem-
bly, we would select one of the following types: ball bearings, roller bearings,
needle bearings, and tapered roller bearings. Additionally, we would consid
the bearing width relative to its height, and prepare a list of unknown G
__ E variables, such as bore diameter and bearing width.

| Configuration design, therefore, is the phase of Ec&.woﬂ develop

when we determine the number and type of parts or geometric features
design, how they are spatially arranged ot interconnected, and approx ;
relative dimensions of the parts or features, and develop a list of design
variables, as summarized in Table T ) _ 3 : i
a gear-pair transmission. By generating a broad selection of alternative nczwwﬁmﬁﬂw %%
matically investigate different possibilities. Then, we can be selective,

Alternatiy o
e sy !
telative dimensions - wider gears. different diameters
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! unknown design variable(s)

of unknown design variable(s)

ik _oEnn.‘_nﬁu further. In other words, to be
o - We will spend time and energy preparing different

B“ﬂ«n“” be used. But, by proceeding in a systematic way,
develop more configurations that meet our requirements.

; e r To be selective, we need a selection, _

In the remainj
ming sectiony
Crate, analyze, angd evaluate glte

i ‘ i .
:_M_E_ P methods to systematically gens
Ive configurations as shown in Figure 7.3.

(oo J— (v
Weighted Rating Method

configuration(s)

FIGURE 7.3 Configuration design from product to part.

First. we will consider how the product architecture can be
will examine how parts can be configured, then analyzed and
and DFM guidelines. The refined configurations are then
mine their relative merit so that we can select one or two for
Product development is not a simple and/or linear
process. Product development is characteristically complex.
difficult problems and complicated by the multitude of
their say. The simplified models and diagrams nted k:
better understand and deploy

better design methods used in industry. We recognize that

give us a general framework to

use their own methods and procedures
tuned to meet their particular needs.

that have been d
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G nOz_u_mcxb.:Oz ALTERNATIVES

7.2 mmzmxb,:z .
. oint in the product development process we will have 3 o
AL EE vo_oo%r.. conceived as @ “product concept that fulfills s
concepts. Of course, the abstract embodiments are, by Nature,
_.353335 ey of hese. W nosd : ¢

configure e ure
w: w ﬂwmﬂ ,H:_” ww__mmsa the product when all you have is a.
_._. 55

.ﬂ
- ce GOanﬁ_Eﬁou_Q:nm. : NS
%?%nﬂanm_ﬁ a product W€ consider the number and

( 83@835. their arrangement. mn.a .na: w&wﬂ.ﬁo"
how would we configure m_a nmam.:zw,m_cu e
though we have a gear-pail transmission cor
fuzzy. For example:
= Will we select standard bearings or
= Will we purchase the pinion and gear

. its are the functions that a product
Hu..an m.”pmsﬁ ﬁnww.oﬂﬁn are: Eonzﬁarmmﬁm:n
.Jﬁo.mnahoﬂnz _...“___a.__mU architecture, chunks implement one or a
» Where should we loca : ns between chunks are well defined. Examples
: loca ce partitions, track lighting, personal computers, flashlights, and
« Howwill 8 . *nanc . The personal computer for exampl : ¢
. | ! ple has a number of physical
s .. lements including: motherboard, power supply, case, keyboard, mouse, and
- Wi ’ } display- The opposite of a modular architecture is an ..._,on-.-__nuﬂmﬁmulu.
where a single chunk implements many functional elements or many chunks
implement or share one function, and the interaction is ill-defined. An
example of integral architecture is the BMW model R1100RS motorcycle
(ransmission housing which serves as a structural element as well as driveline
component. By function sharing a component can fulfill more than one
function. The BMW transmission housing shares functions and eliminate the
redundant frame, saving weight and volume. A TV remote control housing
with integral snap fasteners is another example. Snap fasteners eliminate the

2 a rough layout of need for separate metal screws.
n -..E..Hmw_w to scale to The process of configuring a product’s architecture is to cluster physical
L .mum .:_cm:.mﬂn. their clements (components) and remaining functional elements into chunks, then
etches are not dimen- geometrically arrange the chunks. Ulrich and Eppinger recommen the

following procedure to develop a product architecture:

1. Create a schematic of the products elements, including physical

ve should review the engineering

with any other pertin i
i pertinent documen- that the team has agreed upon and those functional elements that have _
y : . not yet been reduced to a physical concept. Keep the number of elements f
0 overall width, height, and depth under 30. Separate the others to be worked on later. sk i

er physical objects or the user 3. Cluster elements into chunks. Start with a single element and ¢
another when it is beneficial to:
® share functions

® ¢nable standardization (use or create standard parts or m

and lubricating of specific components

er’ s desire to custom; : ; ;
wdrd parts or mmmmswﬂ_mn shaprodtiat, ppnfigprs ion * integrate geometry (i.e dimensional precision between fea
parts 1es et
. oany specific di i " i iliti injection molding ex|
Y specific dimensional or industry standards exploit vendor capabilities (e.g., such mmc ___h 5 oﬁwwm "
a

¢ Consumable materias, ® fully utilize manufacturing process cap

* accommodate consumer variety (options, customization)




20 VAC, air duet connectors,
or components e 2

FIGURE 7.4b Product architecture —clustered diagram. (K. T. Ulrich and S. D. Eppinger.
Product Design and Development, Copyright 1995, McGraw-Hill. Reproduced with permission of
The McGraw-Hill Companies.)

7.2.2 Part Configuration

A part is a single-piece component that is made out of one material
no assembly. A part has geometric features such as: walls, ribs, p
fillets, bosses, rounds, cylinders, tubes, cubes, cones, spheres, ho
notches, chamfers, and grooves. The arrangement of features ine
locations and orientations. When features are connected to each

they are contiguous features. Features, also, have different widths
of elements. (K. T. Ulri ; with respect to each other, which we call relative dimensions. A "t
‘ @u...io..oas-:m__. w%_w._u“””ounﬂw _N:MHMW om would be high relative to its width. A needle ,on»ﬁumaqﬁmriﬁ

diameter relative to its length, whereas a roller bearing has.

diameter and length.




permission of The

Ulrich and S. D.

e 0s about the types -
: WwﬂwWwWWNﬂnmw are m_._.mnw@.m_w w:M* MMM_mm_”n
ot those <m.nm§§ 4 ...:n e v iy
€5 during the parametric nom.@._
cl coy i
i _P_.gmﬁmmﬂwwﬁ_? We should reexamine the engi-
(o _omw__ other pertinent product design
e s and how does the part interact
y? Are there any constraints, such as

hould consider researchi 3
ds, to stimulate our Ew rching archives, people, the Internet,
R wmn”hw_nm. or to make sure that we are not
> e ar .mm_.ﬁ satisfy the requirements, if
: stan .mun oLl H~= able? Standard parts, in particular, are
e able from a aﬁ:.:vﬁ of suppliers. A little time
n . esearch ¢an sometimes pay off handsomely.
.,w m”ﬁ_.wéq. the pencil has to hit the paper and alternative
Mbeaw etches nmma to be prepared. A method proposed by
99 ) mmmﬂmﬂm:om:& generates a variety of part configurations.
qu oo_,.m__mﬁ.wsg requirements sketches. It is fairly simple
essential-part requirements.

.» ea no...nu..-.uzou requirements sketch for the part, which is a
approximate scale, of the essential surroundings of the part., in-

at or other energy)

s of mating parts

points or areas

t parts obstructions or forbidden areas

at the requirements sketch does not show any features of the part
nfigured, only its surroundings. We make a number of photoco-
the configuration requirements sketch. Let's assume we make two

are a few alternative noncontiguous part configurations. We
artial wall or boss to the configuration requirements sketch at
or coupling points or Surjaces. The partial wall or boss is not con-
to anything else, except the mating point or surface. Itis called a
ontiguous” feature. Set that noncontiguous configuration aside for
moment. Take a fresh configuration requirements sketch and add a
11 or boss to a different point or arca that is feasible. Set this al-
ive noncontiguous configuration sketch aside. And so on. Make a
¢ photocopies of each of the noncontiguous configurations. Let's
we drew two noncontiguous oketches and that we make three

of each.
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()

itive contiguous configuration sketches for a sponge holder.

.wﬁw_: (c) 4_6 see n.pm,n the back wall can be pierced to eliminate ma-
ive (d) provides a awm_u trough. These four feasible configurations can
, evaluated, and refined, as discussed later in this chapter,

art 8_.—:@.._ Tatiopn

L .. on the side of a
ration requiremen;s
2 upward suction cup
en add two chunks of
noncontiguous part b nanu

p - Tutactured) We use our knowle

wu&mﬁ&.._nm processes 10 logicall
be satisfactory. We typically do not, however, prepare engineering

such as comprehensive calculations, for any of the alternative
jons we have generated. We may sometimes, however, prepare some
envelope, first-order estimates. The reason we wait is because
nsive performance calculations are completed during parametric
d, since that will require a lot of work, we would, first, like 10 reduce
imber of alternative configurations, by screening out some of the less
otive candidates. Then, W¢ will evaluate the remaining successful
tions using(Pugh’s method jor the (weighted-rating u..mﬁﬁ_...mﬁam.ﬂ
one or two for Emfw..mwamﬁ_‘...ns%m".ms\mm.m_w,mb i .
ogically reason the likelihood,” we develop a configuration “check-
 three criterion categories: —
| for function (will the configuration |
for assembly (will it likely assemble?), and

n for manufacture (can it be likely fabricated?) |

ist is used Lo mww,maﬁ__nu:w review each confi Exrcs ﬁmw_,mwe.sm
the candidate is likely 0 perform the Emm:ﬂ function. wmm..wizn an

bricated, We use our “experience and knowledge of the basic sciences 1o

_YZING AND REFINING CONFIGURATION ALTERNATIVES

.__.nmﬁ.:&minno.m@.ﬂmﬂn_\dn _.__rn:_:aoa%.w.
_that/the parfs can be assembledand that'they
ge about working principles, mate-

y reason whether the configura-

”.mwuwa 7.6 (a-d). The
ow illustration. Con-
pin to the bottom of the
r hidden in configurs-

ikely work?),

(d)
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- fragilit ibili
d f hzwﬁwmwgm@umrz, Lemperature, slipperiness,
e a_u.o,__,.ﬁ =._m_ 25 ov:ﬁ.. magnification. And
i, at msertion and fastening are
£ wS.ﬁ._ouF «.a_.aw,w;smn (force) 1o insertion,
T 3 £, a.u:, of insertion, and the type
e mw__am,._ﬁcvnn an excellent method
S el dn.” € a product and evaluate the
g €Y. lhe method can be done manually
S. The method has also been incorporated into a

ge that automates many of the table “lookups” and

ufacturing Engineers
assembly E.Eo%l_mwuln._.mﬁhwﬂmm._.__”NWMM.MBEQQ =
count
dular assembly
ith self-fastening features (snap-fits, press-fits)

arts
yassemblies from the bottom up
parts with sell-locating features (e.g., chamfers, aligning recesses!
reorientation (i.e., insertion from two or more directions)
ng parts handling (grasp. orient, move)
ng levels of assembly (number of assemblies)

ting (electric) cables
ternatively, we can use graphical guidelines as shown in Figures 7.7a-d
d Wood, 2001).
s we reflect on the above design for assembly recommendations, we
that many of them deal with varying the product architecture and part
For example, reviewing the SME guidelines we vary
encouraging modular assembly, (2) using
p. and (4) minimizing the number
ns by (1) self-fastening

e configurations.
uct architecture by (1)
dard parts, (3) stacking from bottom u
irts. Similarly, we vary part interface configuratio
es, (2) self-locating features, and (3) eliminating reorientation.

" In summary, we develop a checklist of important DFA criteria from the
dlin g and insertion factors reported by Boothroyd et al,, the principles
d by the Society of Manufacturing Engineers, and the On.,o & Wood
ons. Also note that we will often make small revisions to our

configurations during the screening process.

e a set of practices _
on, and fastening.
, Or mate, and fasten
manually or automat-

 the part and fasten it.
dling is largely influ-



KoL dutomated assembly, design in weight polar
Properties across non-symmetries

by

2.4 mm 2.4 mm

Color code parts that are different but
shaped similarly.

(d)
Don’t Do

vent nesting of parts. Provide orienting features on non-symmetries.

) (0

7b Design for assembly examples continued. (Product Design: Techniques in Reverse
¢ and New Product Development, by Otto/Wood, © 2001, Prentice-Hall. Reprinted by
on of Pearson Education, Inc., Upper Saddle River, NJ.)



Ues in Revers,
Hall. Reprinieg by

naterials compatible
s likely be economical

Y
N
)

A,
A,

Place fasteners sway from obstract
i)

WO

DU N
T AR

272

N7

d be sufficently wide to
5 to fastening tools Providing flats for uniform fastenin; \
ccess to fa ; ats 2 \
channel is best, and fastening case

(dy If_
e /
Ry ,
02/ /

spacing insures allowance for a
fastening tool.

(e)

‘Design for assembly examples continued. (Product Design: Technigues in Reverse
i New Product Development. by Otto/Wood, © 2001, Prentice-Hall. Reprinted by
Pearson Education, Inc., Upper Saddle River, NJ.)

n alternative-part configurations for their manufacturability, we

set of design for manufacture guidelines or checklist. a..&__a 7314

- for parts made by molding/casting, sheet metalworking, m.sa
g. It was prepared by reviewing the capabilities of the manufacturing
sented earlier in the text.
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L voids
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R Sink marks
: Keep rib thickness less than 60% of the part
For i thickness Lo prevent voids and sinks.
& Beori,, G
* In Fig,
ey Don't
. Stepped thickness transition
oy desig,
2.-0% dre
£ B b
Standayy
manuyfy,
EG—O as a
nfiguration
. 7 Make all transitions smooth and avoid changes in
ness uniform around bosses, thickness when possible.
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he checkliss ; HMWWWSM (mm) .
dly find tha 4 L )
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e(s), and S| 28,
e % i Tt ity:
it may even d a.o_m..umum_.ou__w_ variation capability; Use standard ﬂw_..un_f%.aww .“uﬂm_wh,_““,nmﬂm ility: do
not tolerance.
3 _ @) ()
€-comparing
more expe- ) :
ed to make to esign for manufacture of injection-molded parts. (Product Design: Techniques in

ering and New Product Development, by Otto/Wood, © 2001, Prentice-Hall. Reprinted
of Pearson Education, Inc., Upper Saddle River, N1))
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What will happen

/

Bulge

sause bulging. Provide
include the hole as a

Offset bends.
(b)

Don't Do

sh uld have 5
s the blank

aight flanges when

Use separated str
needed to bend flange. possible.

a cutout is
()

(©)

manufacture of sheet metal parts continued. (Product Design: Techniques
d New Product Development, by OttoWood, © 2001, Prentice-Hall.

10 Design for
arson Education, Tne., Upper Saddle River, NJ.)

Engineering an
d by permission of P¢

Design: Techniques in Reverse
Prentice-Hall. Reprinted by

'Hs:l'_
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Don't
mﬁ. u. \

Use standard dimensions.
()

Avoid ..as@. narrow holes.

m Thin wall -

Avoid thin walls that q..avw when machining.

Use 1/4-112"
radius

b Dont Do

-3

Place holes away from corners and edges.

‘inclined faces.

(& (h)

esign for manufacture of machined parts. (Product Design: Techniques n
ing and New Product Development. by Otto/ [Wood, © 2001, Prentice-Hall.

permission of Pearson Education, Inc., Upper Saddle River, NJ )



configuration sketches of the
Eﬂaamga..-n.ﬁ-wmoﬂ for oeﬁzmﬂ.—owﬂ.ﬁgwo e

<2 ﬂn»umnni_._. in Figure 7.14, after carcful considera-
?.Bn manufacture guidelines. We see that the

; p.._uwa.gnn opened for air circulation, easy clean-
proving overall function. Sides have been tapered 10
material usage. Walls have been made uniform-

views of two sponge holder configurations. The left configuration
trates the body of the holder, possibly inhibiting sponge egress.
this problem.

B

; CONFIGURATION ALTERNATIVES

refinements to our configurations, we may need to reduce
alternatives. Using Pugh's method or the weighted-rating
t evaluation criteria for function, manufacture, and assembly.
establish importance weights, and then rate our alternatives.
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as .3&.&5353_ models. Similar 1o the classic

shic views of a three-dimensional object are created

. and ares. With this type of software three-dimensional

duced. .?npwuoq disadvantage of two-dimensional systems

length of a side we have 1o revise any lines, arcs, oF

i side. Wireframe packages model a part using a three-

o ““ 0 store and manipulate the edges of the part. Once the

o3 : . ase is gencrated, however, generation of the ortho-

b J ; lly automated. In some cases, complex wireframe parts
eWS all the “hidden” lines that are exposed. Surface

the faces of a part in terms of flat and curved

T—

0.2
m,,ww oresenting edges. This has the advantage of automati-

: lines and surfaces.
015 ges also represent the wireframe and surface geom™-
0.15 edges and faces of a part. A solid model contains
030 that defines the association of the geometrical entities
2.95 mmon edge which makes filleting a str aightforward

.0 capture interior versus exterior features so that
tomated. Most important is that parts can be confi-
»nal features such as Tibs, slots, holes, chamfers, and

is similar to a sequence of manufacturing PrOCESSes.
T could be modeled with a concentric hole, as if it
ther, these features are not stored as arcs, lines, OF

configurati .
rtance inm :m and j 1 packages, but rather as solid objects. Representing
0 was ;.8% s et solid has a number of advantages:
r choice for fy,y, Solid modeling captures the features the designet
lete the conf mEMq e geometry of each part is inevitably modified during
t phase. Some of product development process, each part will respond
holder width, heig), ding to how the designers have planned. For exam-
and specigi. . having a concentric hole through it, is moved, then
and remains concentric.
. The creation of parts is simplified by automating the
d manufacturing features such as bosses, cutouts, holes,
nd draft. Rather than drawing an arc connected by
the solid-modeling designer selects the “fillet” feature O
S hd the arc to the desired radius.
a ; e : ;
work _M:H ontrol of part geometry 1s maintained using constraints.
1. We use ected surfaces can be constrained to be parallel or per-
1y, we can es can be made concentric, rounds can be made tangent, Or
€ we are slot can be fixed.
wings or ‘modeling is also parametric, in that the parameters of a model
ate, ana- fied to change the geometry of that model. Instead of fixing the
efforts hole as 5 inches, solid modeling uses a variable for the oé:o«a...
d to as- e modified as the design evolves. Therefore, when a dimension
software is changed, the geometry of the part is automatically updated.
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undergo  significant revision  during

.@&....Ba..mc__ during configuration design as
‘and or manufacturing, .

i 1994, i

Sk 4. Product Design for Manufacture and

| ed. New York: MeGraw-Hil,

ring Design and Design for Manufacturing.

Functional element
Handling
Integral architecture
Layout sketches
Modular architecture
Noncontiguous part configurations
Part configuration
Physical element
Product architecture
Product configuration
Relative dimensions
Solid modeling
Wireframe model

e dimensions,
r of geometric

ng part type and ,
8 . the letter of the choice that best answers the question.

Sy rounds, cylin- When configuring a product, we need to decide: . geometric features
rs, and grooves. b. component types ¢ design variables m a.b,and ¢
' develop alternative ; 7 When configuring a special-purpose part, Our goal is to determine: 2. ..N_w_r
and number of features b. their arrangement ot connectivity €. thew

mensions relative to each other d.a,b, and ¢

ction, assembly and



e the types of input and oyt

2 ut inf i :
e our decisions in . ormation that we will

the various design phases.

ion Flow in the Design Phases

phases of design as shown in Figure 8.1, information about the
is processed in the formulation phase usually resulting in a
r requirements/product functions, the importance of each, a list
characteristics that quantitatively describe how well the
formed, a detailed engineering design specification, and

of Quality diagram.
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i S o e S 424
. 2 uUCl's architecture 1o decide
i ‘v wﬂ._ﬂ.vomn. Then we determine special-
. gement andlor connectivity, and

€ o&»wmmw. a list of attributes or variables that
E@ﬁ”w.ma parts, we select the specific type and
phase, we determine the values of those
‘design variables, These usually relate to specific

J Bwﬂmmmﬁ types, and manufacturing process
ﬁompm_— variable values is called a design candidate.

of alternative candidates using analytical methods
1f the performance of the candidates satisfies all
call them feasible designs. Then we evaluate the
ne which candidate is the best.
detail design phase. we complete the remaining deci-
rehensive product specifications, drawings, manufac-
erformance tests, and bills of materials. Next, we
design of a simple flange bolt.

Design: Pipe Flange Bolt Example

plant, eight bolts will be used to fasten a cooling water

nge of a high-pressure chemical reactor vessel. The piping

d to an operating pressure of 1,000 psi. The flanges will be

sratures up to 250°F. Each bolt will be required to withstand

design overload, which is four times the typical operating load
_The company has suggested a standard hex-head bolt, shown

Some of the design variables for bolts include: bolt diameter d,

b L. number of threads per inch, and type of material. Assume

; example. we have been asked to determine the bolt diameter only.

Uct specifications i principal function of a bolt is to fasten parts together so that they

ion drawings mbled later for maintenance or repair. As the bolt is tightened, a

il develops over its grip length. The greater the force, the better the
R e ic >_mw since the head of the bolt consequently develops higher
MIg, specifications : )

there is an improved resistance to loosening.

=N

FIGURE 8.2

¥
Hex-head bolt.

Rt

the concept design phase, wherein we
piples, abstract embodiment, primary

e —
TN

Shank Threads

.




(8.8)

(89)

(8.10)

¥, the caleulated proof

B e of load s constrained to be
wn as .ﬁo as a horizontal line. The
s o %—s& line at 0245 (in.) and,
ty of the ameter larger than 0.245 (in.)
design and could be considered

- .-.. b
i%& r_::rs simple, in that we have only one
-ﬁgﬂeagaoa% ﬂza be greater than 4,000 {1bs.])
i ey the area of a circular cross section.
> ¢ diameter that satisfies the constraint.
meEo engineers om& this type of problem inverse
gﬂﬂ? ange an analysis equation(s) to find the un-
e \tions are often derived from experiment as
By inverting the analysis equation we find

FIGURE 8.3 Flange bolt proof load versus diameter.

yrametric design of most mechanical parts is much more difficult.
ne the overall process to figure out how we can be more systemat-
complete better designs with less effort.

PS IN SYSTEMATIC PARAMETRIC DESIGN

parametric design has five major steps, as shown in Figure 8.4



nent that they
nhm:.@mzm im-
tal analyses, ang
vities relate to
em, we need to
plan ways com-
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| (SEPs). ny _

. Teviewing (he Wowse

Jg.riie!gih-
.nv%a.!!. We then select engineer-

. l.-ﬂ-ntﬁo oo Porformance of the functions.

oW el o neering characteristios that are

! \ candidare design “solves” the problem

depend aﬁ.vo: the product and part being

* Spoed, efficiency, safety, and reliabili-

the customer wants the hol

4 Polt 16 clamp the ph
: A flange. The clamping fores can be Eoﬂﬁ_.uu&
ge:o €. an example of a solwtion evaluation pa-
’. better the clamping force, and the more satis-

_”._ as its symbol and pounds-force us the

s also established. The bolt proof load is
._..n#g 4000 (Ibl). An analytical formula will be
of 1oad, although experimental tension tests could

‘DVs). Parameters under the control of the designer,
idate’s performance, are called design vanables.

g n.no to part dimensions, tolerances, and/or material
the design variable names, we establish appropriate
s and/or lower limits or bounds. For discrete variables
e values (e.g., 2 by 4, 2 by 6 lumber, % inch diameter

lected as the design variable in the flange bolt example.
esult in larger areas and consequently, improved per-
sible values are identified using handbook data.

nition Parameters (PDPs). Parameters that describe specif-

f use, such as operating conditions are called problem definition
n addition to their names, we establish appropriate symbols,
es

.m pressure of 1,000 psi and the limiting temperature of 250° F
lentified as PDPs for the flange bolt example.

iminary Plan for Solving the Problem. For small design problems, we
. ght in and start calculating things. For larger. more Eé_z.aa prob-
a@wa to make a preliminary plan based on considerations inclading:

we have analytical models/formulas for our problem? :
Are the assumptions used in our models the same as our problem?
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£ familiar with the causes
"physics” of the problem. ¥

lidates XISt we select new values for the design
& new design candidates. ‘These are
is the solid “redesign” i i b
. _ ESIENT iteration loop shown in
any feasible .Smn_awsu. We might ask whether we
ebﬁw oo restrictively. Perhaps one or more con-
» We are “respecify”-ing as shown in Figure 8 4.
ﬁsbmns_ €ross section (8.7) and the formu-
of & ol to its area and strength (8.1) were used
performance constraint considered in the bolt ex-
f load be larger than 4,000 (1bs.). Since the formu-
we were able to juggle the equations into a se-
ire iteration. More complicated problems will not
ition juggling.

u ts of the analyses. The feasible designs are evaluated
Usually one or more criteria are identified in the
to determine the “best” feasible design alternative.
shed during formulation as a rough measure of
‘We assume that the higher the proof load, the more
er would be. That would mean that a large bolt should
design. This, however, ignores other aspects of real
h as weight and cost limitations. Unfortunately, since
‘how the customer feels about these issues, we can only
be satisfied with the smallest bolt that meets the
we shall see in the next section, we should always try
mer satisfaction with respect to each solution evaluation

fine. Optimal design methods automatically regenerate
awn design variables to improve expected performance .&ﬁ
rora, 1989; Papalambros and Wilde, 1989; Rao, 1984; Reklaitis
dall, 1982; Vanderplaats, 1984). For single-attribute optimiza-
criterion is chosen, such as minimizing the weight of a part. d.pa
function of the design variables, and is called the objective
Design variable values are usually constrained to some upper ﬁua
its. The predicted performance of a part is also z.we.na to .&w design
. For example, the strength of a bolt 1s a ?.ﬂncos of p._,m a_mnmm:m._...ﬂ
i per .gwwwm functions and limits are called constraints. Equation (& fa A“o
le designs. I e is an inequality constraint. Excel's Solver feature can be .:moﬁp
ther alterna- ; gﬂ. typical design problems moE.a in mechanical engineenng. LIS
as the dashed regenerate loop in Figure 8.4.

A more detailed example using this systematic procedure is

etries, or

presented n

 the system of
| variable influ-
» can sometimes
(1995) call this




Chapler & para

clion of the pulley is
. 10 low speed. In the
. . © a larger torque., ac-
El”nr Also, the vn:.n_..._.,ucf_.%éuﬁn
o on if the bel slipped or if the belt
Finally, the Customer would be more

n ﬂo...n.n in the belt ig limited by the amount
€r pulley, up 1o the point of impending

At the belt can deliver 1o the pulley, T,
ue, .u,...__. that the motor can supply. Also,
It tension, F, | 1o make sure that it does

ution evaluation parameters in Table 8.1.

cters for Belt-Pulley System

Lower Limit  Upper Limit
Ten

as
small

ue of the center distance, c, directly affects
gn and is to be determined by the designer. Also,

, more of the belt wraps around the pulley
of the pulley), increasing the ability of the
ereby

satisfy the torque requirements of the
re summarized in Table 8.2.

Units Lower Limit

Upper Limit
small

Parameters Studying the design problem data, we mﬁa a
s” that define design problem conditions such as the friction

ength, motor power, and motor pulley diameter. Therefore,
s the problem definition parameters in Table 3.3.
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ficiem of friction I hat is in contact

WIAp By, has o maximum belt 1ension Fy.,on
related 1o the bel lension F, on the stack

o

Selt

2
agram, shown in Figure 8.6, we see that for
the moments about the bearing B 1o obtain the
1t 1o the driver pulley of radius r,, as:

L Ty=(F - R,

(8.15)
show how the angle of wrap affects the torque
nding slip, by substituting equation (8.14) into

ting equation (8.16), we see that as the angle of
increases.

B[ F 1 16
:..vw "hﬁﬂ'%ﬂ*ﬂ "m.—ﬁﬂlrmm i Pmﬁ J

(B.14)

delivered by the motor, Tm can be determined by

05(252) _ 1 46kt ty=17.52 Gn.WbE)  RAT)




nputing
we can

(R25)

the EXpecied s
St
e Yslem performance as a

elop 4 spreadsheet as shown in

Units Value

none 03

Ibs. 35

hp 0.5

e 1800

inches 2

Units Lower  Value  Upper

inches  — 6 =

inches 40 10 17

> Constraint
Units  Value  Type  Value Condition
1b-in 17.51

pm 600 = 600  Satisfied
degrees 1200

Ibs 315 < 35 Unsatisfied
lbs 200

1bs 288

1b-in 1751 = 1751  Satsfied

g Feasible Values Since the belt tension is constrained 10
35 1bs., the initial value chosen for ¢ is infeasible. We aﬁwﬂ.&oﬂo
ater distance and recalculate the belt tensions. Using the
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among those fea-
er. Often gur company will
E8 We muy want yq maximize an as-
LES, OF the lightesy. or the most fuel-
& could, therefore, setect one of these
e our (ing) Tecommendation,
Ve multiple attribyges OF eriteria that
€ belt-pulley s¥stem, for example, we
N center distance and belt tension (e,

1gs according Lo importance,

d ratings 1o caleulate an overall weighted Tating.
valuation criteria, imp
‘maintain high

of the customer”
> list of solutio

ortance weights, and satistac-
standards of qu

ality we need to
Therefore, evaluation criteria are

N evaluation Parameters, or from
quality, andlor

(1) functional
engineering characteristics (that meas-

ons are performed), and (3) the importance of each

system, let's assume that the product development
t as long as the motor horsepower was fully wilized,
-engineering characteristics were el tension and
ctness). We identified these carlier during the pa-
tion step as solution evaluation parameters,
that the team was also able to determine that the
DSION as “Very important” and center distance as
We interpret “very important” with a weight of
th a weight of 0.4. Note that we can certainly use
for importance levels. The very act of choosing
N leads to lots of discussion among design team
t may be time-consuming and fruste ating, team dis-
ctive in that it leads 1o a better understanding of the

sible designs for each criterion. We can use the weighted
e rating scale of 0-4 (unsatisfactory to very good), as we




®27)

for y, and solui i
> @ on evaluation parameter for
value of S 151, and the minimam value of §is 0.

satisfaction curve we fing the satisfaction as

s n.mE
““lam Sy

satisfaction curve, we find the satisfaction as

muf = ﬁ.xlu k_.u
G s ik

d (8.29) are only valid between x;and x,.

ions in ecquations (8.30) and (B3

P s B, (8230)

-~ (35-30)
_@0-c)
Se Mrlmc 35 (B31)

ing according to importance. In this step we multiply
the respective importance weight.

ratings to calenlate an overall weighted rating, We
overall satisfaction Q as the sum of the \mpor-

i levels. Specifically, et S, be the level of the
i-th solution evaluation parameter and w, be equal
for that parameter. Then the overall customer

o] 5
OIM. WS, =w 5 + W, S, +.. (8.32)

ce equal to 6 in. we can calculate the overall satisfaction as

OI.I.M\ ...c_.m. = Em.m_. T 5.__._.V.H r@.@.ﬂra

B35-F) , o420-¢) (834)
(35-30) ~ (0-5)

Q=06
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HIRYersus Conter Disturice

A

10 15 20 28
Center Distance ¢ (in.)

=:B-- Compactness  —a— Weighted Overall

- belt-pulley system.

feature and the overall satisfaction formula as an

1, an optimal value of ¢ = 113R in. resulted in an

. whereas ¢ = 10 in. results in an overall satisfaction

jign variable values that satisfies all the constramts
and maximizes the customer’s satisfaction is there-

B O<n_.m=
e _ ETRIC DESIGN: STORAGE TANK EXAMPLE
0 : problem that continues the use of spreadsheets ut
s t0s the necessary and sufficient conditions for finding the

0.68 I 1
(= variable.

0.71
0.65 :
0.60 n Formulation

] meer 1o design an
adian office has asked our engineenng team
wwbnwma tank. The tank should hold a mmmum ot 5.,,”.2
they would be very happy if they could atford a tank holding,



E——— .

-~

105500y

T >

Wolume, V (liters) 1S 006

ction of storage tank volume. Mote that satisfaction is largest

10,000 -C) €Lo89
035 !
0,000 —5500)" > 5 500 - 10.000) (B38)

ﬁﬁaﬁ with a@.&b? The linear interpolation formwa
¢ end points. This can be handled with an appro-
or each term, for example:

0000.0,,65* (10000-cost)/(10000-5000)Y).

two rolled hali-shells are shown in Figure 3.\2.

disks are not shown. The radius r, thickness, t and

stermine the cost of the tank. Local codes resinct

‘mm. Therefore the controllable variables are 595
therefore defined as the design variables as ShOWR 0
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and Evaluating

& with a system of equations una W
I erok
iaet Of design variable vatuos, which we “..:s.“”"u ..”..“ﬂ_..r

p, We KNOW thnt the musteriny volum,
V. the product of aren A ang SRRy

Whickness
of the volume and the weight densivy y (o

€IY<2l1->

. (B39
k walls, top and botom can be foung {rom
e A=At Aiop * Aboam (B.A0Y
; ‘w.. A=h(2zry+ 2 4 ne? (B.41)
A=2r (hr+r'y (8.42)
: uently modeled as
8 W=yV, =2nyi(hr+r¥) (B.43)
per C=cyW (8.A4)

/LI
D C=c, 2aytlhr+r?) (B.A5)

calculated from the formula for the volume of 4

V= ruﬂ ﬁw Fﬁ.P@J

id (B.46) we see that cost and volume are directly
the height. We note that this design problem
d two unknowns. For a tank of constant volume., we

substituting equation (8.46) into (8.45) obtaiming
C=cy2ayt((VIm*)r+rty ®4T)

C=cpy2myt /H * _.p/ (3.4%)
Tr

‘equation (8.48) are constants except for radius, 1t is
le. Using the necessary condition from calculus for
oint we can take the first dervative of the cost
dius and set it to zero 1o obtain

d Vv
MM n.zpni /ﬁﬁf_.,« «w//n \]

18 &Emﬂan‘
@ \..H_ua. .ﬂ—um




Upper
5
15

Upper
10,000

none

()
6035.75
6431 .70

681582
239647 718941

2517.84 755350
263635 7909.06
215226 825678
286578 859733

297709 893126
89 308635 925905
94 319372 958115

final decision solely based on a single attribute,
tank size. To maximize total satisfaction we
tion Q, which is a sum of the two weighted satisfac-
S n reaches a maximum of 0.62 at a tank size of
increase in volume for a marginal increase in
(liter), however, does not improve satisfaction

ferent (no change in satisfaction) for tanks largex

e select a 15,000 (liter) tank with radius ww.k
cost of $7.090. These trends are illustrated n

check that constraints are not violated. The Ewnf.
The cost is less than $10.000. The .&sf. volume 18
er). And the footprint is mrr=m(1.34Y=5.6 ().

| maximizes satisfaction and does not violate constraints.




. methods
(Fowlkes

C
Fahen B arasraarn Casgn 08

e i) NP he e
the SOAYIYY of produets

M TOCE ey

) 4&.5.4 ...... computer soltware and hard
..vn ah._ﬂﬁao”iw designs 1o validate Tunetional
; (CAD) s often used mierchange ably

2d Into four mamn categories % |
B eTe) parpone. ssﬂ,p...,__.,_,.w.” .,_2_.5::9 anal
the kinematics and Kinetics of bodies. that s
torgues that cause moton. We find 9,..: .Srw.‘
e, will mate pats into an assembly, and hat we
1w _N—..-..—:..m__n their relative movion. Yowever. in a
b as Working Model, ADAMS, or DADS. we
parts and the package will caleulate thetr resultant
_\gﬂnﬁoﬂw of physics and a vanewy of numerical
ulate behavior based on physics, whereas CAD

ed packapes are based on the physies of the
umber of behaviors inchuding:

clerations,

A) is & method that essentially divides a part

1o analyze the functional performance of a part.

ds. the process begins with the creation of A geo-

pware. Solid-modeling packages can export fies
communicate divectly with FEA packages.
y 2 mesh of smaller finite elements connected
ily applied 10 e part. Using fundamental

sngineering, an FEA package can analyze a
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