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O Goods and Service Design

LEARNING OBJECTIVES

After studying this chapter,
you should be able to:

@ Describ the iteps
involved in designing
goods and servicas.

@ Explain the concem
and applicavon of
quality function
deployment.

@ Describe bow the
Taguchi loss tunction,
rediability, design for
manufacturability, and
design for sustainabiity
are used for designing
manufactuted goods
Define the five ele-
ments of service-
deflivery syitem design.
Describe the four
elements of service-
encaunter design.

@ Explain how goods and
service design con-
cepts are inegrated at
LensCrafters.
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51 Designing Goods and Services

Tordesiza and bsprove s andiservices most compaiies ose some tope ol stonctpred”

oS The- !}111('4] gnnulx anc seniers tlru‘|u|nm-nl provesses s show li\hibj} 5.1
I wenerul, the desizus of both yoods and sersiees follow asimikar path The criticad diller-

enees he i the dedailed prodict and process design phises

Steps 1 and 2—Strategic Mission, Analysis, and Competitive Priorities Str-
tegic directions and @mnpetitive priovitics shontdd b consistent with and suppert the finm's
nvission ankd vistom e steps respaire s agnilicant asonnt al fegearch and innosation insols.
i warketing, cngineenne, operations, and sales tinctiong, ad shoukd svolve castomers
snppliers. jand cnplovees throwght the valine chan. The data and inforation that resalt
romithisclore provide the key inpaot i desiining ther i customner benelit package

Step 3—Customer Benefit Package Design and Configuration Clealy, firus
hinve a ].n;j;' variety of |l~.|\~‘i|l[l' chaives in contiguiring a customer benetit pm'k;liw CBPY. Fuog
exanmple, when huving a new vehicleamaiitomobile deader migdd incide sucl oplions s
beasing. free oal chianges andior marulelance. a performnce driving school, [ree anto w asbies,
service pickop and deliven, loaner caes, il so on

Essentiolly, CBIY deign and sontiguration chvaces vevobee aomd asolid vudeestanding
ol cistonmer needs and tarcet markets, and the vidue that enstoiners place onsuch attribmtes

as the tollowing:

Time— Ny grocery stores now ol fer sell-semice checkont to rediee enstoner wint-
g tine. Manafacturers such ws Bellwse the Enternet to aonguire customer mforniation
lor e pesponsive pm(llul desigan

o Place—UPS has UPS Slores strategically locatead for costomer convemence that also
provide packiging services. many companies ofter dav-care conters onssite to provide

convenienoe t their emplivees
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108 =ApT WS Desion ng Dperetion: and Suppiy Chains

EXHIBIT 5.1 Anintegrated Framework far Goods and Service e Information—Bank
of Amenica provides

Guods Seorvines
— an Internet search
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for chiddren while

Step 4

other fumily members
shop. A piaist ser-
Sp e < emades shoppers
Nordstrom's depart-

went stores. Soine
nnivans have hinle-in

DVD plavers.

' Stog A +  Exchange-— Retail
: stores such as Best

Stap 4b

Buy allow austomers
to trivel ta the stone
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aned by thee gonxds

L < ;:
S'f"j Step 5 purchase gouds on
' their websites and

ave them dedivered,

or purchase goods

Step 6 Swp 6 om their websites and

have thern vedy to be

v picked up at the store.

v Form-<For mannfacinred gomds, fonm is aosociated with the phavsical chanaeteristios of

the good and addresses the siportant customer weed ol aesthetics. An intedior designer

might use: methixls such as sketches. photographs. physical samples, or even computer-
simubated renderings to show how a kitehen might e tanstonmed

A jub-sceking service such as Monster.com provides pire information vidue, whereas baving
an attomohile or going on i vacation involves all six types.
Step 4—Detailed Goods, Services, and Process Design I i proposal survives the

concept stage—nd many do not—euch good or service in the CBP. is well as the process that
ercates i, st be designed in more detail, This is where the designs of goods and services
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differ. as snggested by the altente paths o Exhibit 3.1 The tiest three steps in Exhibit 5.1
e more strategic and conceptial in vature. whereas step 4 foenses ondetailed design and
unplemenlation

Thie sz of amsmntactured souds focnses o its phvsical chavacteristios—linensions,
materiads, eolor and so o Muoch of this work is dote by antists awnd engineers to trimshate
custosner reguirernents uito phvsical speatications. Thas s the focus of stepdain the eslabar
The process [)} which the mood is manmbwctared Tie, e vnutigum(iuu of iachines and lalveo
can b designed s a sepuate activity (step A1, with, ol conmsee. Proper commnication and
cooridnation with the destgriers of thie goml

The alesiva of @ service in steps e and 4l in Exhibit 5.0, heavever, cannot be doe
illlll'!l'llllt'il”\ fromn the “provess™ In which the serdec i delivered. The process Iy which
the seeviee is ceeated and diclivensd (i 'pnufnu-ll' Vs, i essence, the semace itsell! Fua
t-x;nnplt-. e steps thiat a desk
clerk tolliws 1o clusck i gnest
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desien must Tee ackdressed o financial service, e@ven a
two perspectives—the servioe new pizza—is a saries of
lediven sestem M"lld“- servioe trade-offs: between tech-
Cnconiter-—s noled i steps 4o =
- o R nology and functional-
and 4d ne Fahibice 5.1, . . o )
IFor lHl'II L:mi(l\ .uul SCVites it y J t etween amt 1 t’ lLon an a
this ])ln.m' naadly includes proto- affordab 1llty ., between

tepe testing Prototype testing tlhhe degires of the p@oplp
s the rss by which a model (real
SHINEpropess Dy Wi a e creatimy the object and

or simwiated) Is constricted to test the
products performance under actual the needs of the peop le

operating conditons, as well as con (g3 lng it.
sumer reactions to the prototypes

For exaple. ot Ceneral Mutors '
CGAE parts are desigrstand digits |n\ wnalvzed nsing special sltware: one-third v,.llp lmuh Is
are prodneed. asseimbled. andgested iniowand tanet o e vitluate thie acrodvuamies of aatomo-
bile e SIS, l_u\!.n 1Ny Uvmp.llm s s alvancesd h‘l'illlb]ﬂ{_"\ to ’
prerdom apad prototy ping - the process of bailidisg protifspues - - —

-l'“ A >
H Sl * il

|luil'Ll} 10 redince pm(]m't len'luj'nm-nl cost el time to ket
AL has o Taboratoiy where 15 speciadists take part orders Loy
CM design conters all awver the world, badd themn watkion Lo
and then expross ship them lmc k. allowing designers .nud -
neersae ruicklv evaluate the,

Step 5-—Market Introduction/Deployment [u this
skes P- the finad bundle ol and\ and s l“u‘&-—d:(‘ custamer Iwen-
it package s advertisesd acketed, lmdnlh el tocnstonniens
For manulactured goods, this includes wiaking the item i the
factory and shipping it to warelionses or wholesale amd retail

il

stores, o services, 1 mighCinelade hiving aod traiming cinplay.
s or siving open an extra hour i the evening. For LAY Set- Engmes Jike this are desgn&d and dlgnally malyzedas
vices it means building sites snch as lraneli bunks or hotels o part of the prototype testing process.

vebail stores
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110 pARTTWO Oeugnmg Opetations and Supsty Chair

LaRosa's Pizzeria, a regional chain of informal Italian restaurants in the greater Cincinnati area, real-

ized that customers know what they want. To gather information to help design a new restau-

rant configuration, LaRosa’s went out to current and potential customers and noncustomers in
nonmarket areas to acquire the voice of the customer. Here are some real exampies of custom-
ers’ experiences at other restaurants that LaRosa's clearly wanted to avold:

o

- "So there | was, like herded cattle, standing on the hard concrete floor, cold wind blasting
my ankles every time the door opened, wailing and waiting for our name to be called”

« "And then | saw a dirty rag being slopped around a dirty table.

Fawepa a o ST erey

« " swear! The salad looked like the server ran down to the river bank and picked weeds and
grass—I'm never going back|”

» "When they're that age, gaing to the bathroom is a full-contact sport—they're reaching and grabbing at everythmg and you're
trying to keep them from touching anything because the bathroom is so dirty”

In the last example, what the customer really was saying is “The bathroom tells me what the kheh'l'ﬁ might be like, Do | really
want to eat here?” Clean bathrooms turned out to be the most important customer requnrement tﬁat the campany learned from
listening to the voice of the customer.

What are the implications of the other customer comments? Interestingly, none of these comments revolves totally around the
physical good (food} itself; service-facility and service-encounter quality are clearfy.\ important customer requirements}

Step 6—Marketplace Evalua-

m o e Al b o) Sl e d " 3 3

= he Z recess Dy W}‘J‘Lh tion The ln.-u'nt-lplut‘(‘ Is a griney ard ol
the service is created missed opportesitios: pemarly desimed

and delivered (i.e., wooacls andd serices dod Loled execution

resnlting trow metlective operations.
The tingd Step i designing and deliv
crng wehstomer benelil ||.'|<'L.luv is to

“produced”) is, in
egssence, the service
itgelf!

constuntly evaluate liow well tie voods

and sendces are selling, wnd costonners’

reactians todlen

52 Customer-Focused Design

The clesion of w ool or serdee $hovbkd rellodt onstomer wants snd needss which we alten
lermed Custerer 1 quirengents, Customet requirements, as expressed in the customer's own words, are
called the voice of the customer. The desivu process st trushiute the voice of the customer
into specific teclmicalfeatnres that caracterize o design and provide e “hlaepeint”™ fo
1. uull et 'nr SevIce delivery T lml( dlcatures ane senen t”\ ' \pn ENVE |] mn llu |.u. cnag

u! |L\lt.\ stnm,th PRI DTS, SeTVive: puxulmu sty In]hm. ansd e lnplmu e lwlu avior (l-nmu
service interactions. An eftective approach T ot this s called quality funcrion deployment

Quality function deployment |QFD; is an approach ta guide the design, creation. and marketing of
goods and senvices by integrating the voice of the customer into all decisions. QF 1Y cau bee appliced to a
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listing thew v the approprte places in ing from ineffeet Vv e

the diccsrann, As shoson in Exbiabit 3.2,

_ operations.
the vaiee of the costonmer wnd the tech-
meal featires create o mad iy stroctune
in e conter of the dicream. By evalu-
ating b each techiical featnre relates o each costomer reguircaiment (asing a scale sncl
as Svery shrome.” Sstrong.” wieak o o cekadinship T designers canibetormine lerw sl
atlesign retleas the actaad costower nequitemaents, This wight be bused on expest experi-
ence. costomer sovevs ov other experinsents. The Lick of 4 relicnship hetween aens.
tonser reguienient and any of te teeladeal Toatupes wonld sogaest that the Gl o or
service will v ditficatte i meeting eostomer needs. Similody il techuical featnre does
nat rekate toany enstamer requirement @ may he nuneeessan in thee desizn. The roof of
e Vhonise of Quality dsas the mteggelatioms hips Betweon auy padr ot technead featires
anel these relationsbips belpin @stwering questicss such & “How does o change i o
rrowdeet charactecstic altect othiaes 77 This cson help vedine u deesign and evaluate trade-ofts
o s ddevisions \

Toy the ll““_’lll ol the u'l.lliun_\lnii yal i s anassessoient ot the bnportano: of cacli cus-

tomer requirement and s’ Gapetitors” products compare with the proposed desipy in

EXHIBIT 5.2  The House of Quality
L% e
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Usin at he House of House of Quality Example for o Pizza

Quality: Building a
Better Pizza

A restaurant wants to develop a *signature” pizza. The voice of

the customer in this case consists of four altributes. The pizza o
should be tasty, healthy, and visually appealing, and should pro- " = :
vide good value. The “technical features” that can be designed s|2|2| & Camoatilion
into this particular product are price, size, amount of cheese, E’ a 2 5| ove iy
type of addiional toppings, and amount of additional toppings. § -; =|E
The symboks in the matrix in the exhibit at the right show the 3§ 3 § 2 ? ‘E
relationships between each customer requirement and techni- - P ey el [y R BN
cal feature. For example, taste bears a moderate relationship asin AG®AT] |00
with amount of cheese and a strong relationship with type of CLER 173 () N N I
additional toppings. In the roof, the price and size area seem to g LML S
be strongly related (as size increases, the price must increase!. e v;: : ? e s o
The competitive evaluation shows that competitors are cur- C on:;mlc: A ; 51512 : -
rently weak on nutrition and value, so those attributes can Carmpetitor 8 AR BERE o’
become key selling points in a marketing plan if the restaurants, - Daptoyaent . .
can capitalize on them. Finally, at the bottom of the house are.>” b
targets for the technical features based onan analqu( cus- Lagund 1w, 6= tigh .
tomer-importance ratings and competitive mtmgs Tu‘fealmes @ Very stong resationship
with asterisks are the ones to be “deployed.” Otéimﬂlamzed in @ Sirong relatiorsig q
subsequent design and production actMﬂq A Woak ralationstig, | )

Y % ]

terms ol meeting the voice of the custoner: s he: Aps adentily key Sselling points” and fea-
tnres that wonld help to differentiatbe the g Npod or service from competibns” produets,

The hnval step hottom of the Jlanese:? is to rchentife those techaieal festnres that s
the: stromeest re h!mu\lul)x 10 Custinger re quln ments, have ponr cotmpe litive- P slorisnes,
or will he strong selling points. This helps prioritize those teclmical featnres that shovld be

lll ‘l!l)\l ‘I (313 !].Illl l]ll oSt d'["“lﬂ”l '|]'lll|l|l>_' \llli\l (ill( H |ll ‘\|‘r|b l“ll l“‘)llll( 'Il)l] 01 S ll(
delivery wctivities. This \'.'ll! eesure that the voics of the customer will be maintained in sub-
sequent detailed desien; shanmtuctnring oy sernvice, and control activitios,

QR D hus been (el stuecesdnllv Iy omany comnpies, such s Mitsihislo, Tovota, Motorola,
Neras, TBM, l’_rn(:hlil & Gamble, and AT&T Tovota, for cxample. reduced start-up costs In
over 61 percent and product developient time by one-third using QFI.

53 Designing Manufactured Goods

For i manmfactired vood such as an antomobite, computer. o testhook, desigac involves
deterasining technical specifications sich as dimensions. tobmanees, materials. and purchised
connponents; or chiosce of fonts ek page Lovout Toractextbook. This step also rrgquires coor
dination with OpHATAIIONS LTS 1o cnsure thaa nuutacturing Processes can [)lmluw e
design (step 4h of Exhibit 310 Many different tools and teclniques are used to support

li]n(ltl(! |||'\lg|| ACTIVEERES W TV e Senee ol e st ilnlu»rl,ull vinaes i tlos sectim

U ammiertd Y200 U etears Lasirsds Al R ophie Evertid Mar ad N cgherl wommd oo dujdicaos b ahaed o i pant Sna (2 owibiimas Sptas wmes il jlads sLniel iy b ompyesenad 1de B dBcoh ki ol agtane
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HAFTEE 5 Qoo end Serwos Deuan 113

s-3a Tolerance Design and the Taguchi Loss Function

For most wionadatured goends, destzn hlueprings specaty aowrget divnension fealled e pon
sl 1. o with a vane of periissible vanation tcalled the ferenec): Tor exsionple. 05060 =
0020 con. The wominal dissension is 0,500 ¢ but may vary amvwhere in the range froon 0450
to 0320 con Thaos somoetuses called the goal-post model Tsev Exhilit 330 Tolenace distgm
avolves detesmining the acarptabile tokecmee, Narrow telerances improve prisduct function-
ity and performance. bot end o mise imanufictaring costs becaise they usoally: reguire
higherprecision technology Wide tolesoces o the ethee hand, vediee costs, balimay liave
i negative jipact ot lu(-lllcl prdlonnance Thus, desigiers umst consicher these trade-nlts
il shonld nse sonnd sdentific and ungim-wing;lpl\rn;u:how L oplisnidng Iulg’r;m('vs vither
thun shuply settineg thens pdgmentally '

Geniehi Taguchic a Japauese cogineer, siaintained that the traditional practice of
setting desiun spuecifications is inhierently flawed. The goal-post nedel assiwmes thit am
vihue wathin the toleranee range s aeceptable, bot those omsidefire not, fu the previoas
Fnanple, what is the real dilference hetween 00479 and 045T2 Not mach, the nnpact of
cither vidue i the perfonnance characteristic of the priduct wonld he abont the sanme
vart o pant lewing e disnension of G481 wonld bg aceeptable, swhereas the ather woulil
not b o readis, wcithier valine is close 1o the agaiinal specilication. Taguchi argoed
that the smaller the variation from the nominal specification, the better the guality. In
tarn, praduets are more comsistent and Gad Fess frequently and thas e less eostlvan
the lony run ; :

Taztehi mewsired ruality s the variation fron e tuget value of o designspeciticationand
then trnshided Hiat vanation intoameconomic “loss funetion” that expresses Hie cost of variaton
b e tuey terins, This approact can be '

applied to hoth goods aned servives.

EXHIBIT 5.3 Traditional Goal-Post View of Conforming to Specifications

Taucin pmpﬂh‘ul meinnnng the

loss resulting from the deyviation from
the target by a quadratic fnnction so /
thiat Langeee deadations canse isnencasingy 3 Low P /
Lwger losses. The loss hunetion is / /
l 7/
Liv: = kiv =T [5.1] 1 480 4500 0520

wlhiene

l-(—— Teerance ——bl

Liveis the monctny value of Qe loss

assowtutec] with deviuting fromiiQy EXHIBIT 5.4 Nominal-ls-Best Taguchi Lass Function

tanget, T

vis the aetaad value of the dimension; i

Gillll

Koisacconstant that tanshites the
desition into dollars
klx=Ty
Exhibit 5.0 illastrates this Tagnehi loss
nncoon, The consbant. & is estimated
by determining the cost of repais or
replacenient il a certain deviation from

the tanget teenes. Sulved problens 5.

and 3.2 show an t-.\;unp!r of the Tugu-
chi loss function aned how it can be Quanty charamianste valuy

used to sel desgn tuleranees,

U igaream 2020 Usmoars oty All Kot Bowsvonl Rar mia to oqaerd wmmd 1o Riflied w emib ot foil Dhe b cavbiinte uhis wads il pase oAbab iy b cappsuion) 1ode B <Mha b J0ovin A dafbaits;
Fabtiasal besaa e 1o ded S suh i ol <AL By Bk Sy AT I seuud Ry SOus s UOWE b |58 MR MO C B QB B A ) ARER ASH 1 EID1 e RN ] 0L T PRl K R NARM
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 SOLVED PROBLEM 5.1: FINDING THE TAGUCHI LOSS FUNCTION

O oS i EXHIBIT 5.5 Portion of Excel Taguchi Template
recording devices and in less expensive portable

-

musical instrument recording devices. The desirec I - b ¢ o

speed of a cassette tape 15 1.875 inches per second. Taguchi Loss Fundtion i

Any deviation from this value causes a change in Bate? dula ealyii yollow 2els
pitch and tempo and thus poor sound quality. Sup- |

pose that adjusting the tape speed under warranty

Cokulation of & for Lhe Loss Functian

Daviation froet tatget. Dolﬂ

[V W

when a customer complains and returns a device 0 106 evgiuted wtts ""‘"‘“": 5::: ol
costs a manufacturer $20 Based on past informa 2 > —
tian, the company knows the average customer will 6 Loss Calculation for @ Specific ¥
return a device if the tape speed is off the target by iy o Target spedification, T 1873
. ‘ B 1 ; Dimerons| valum, &, 1.92%
alleast 0.15 inch per second: in other words. when T
the speed Is either 2.025 or 1.725. find the Taguchli |13 Loss; s2.22|
{oss function.
Solution: For example, if the actual speed is 1.925 inches persecond,

The loss associated with a deviation of (x — T) = 0.15from the the Taguchi loss function estimates that the economic loss
target is L{x ] = $20. To find the loss function for any value of wilt be L{1.9) = B8B.BY1.925 ~ 1875) = $2.22. Some, but

X, we substitute these values into Equation 5. 1'and solve for k. not all, customers might perceive peor sound quality for
this small of a deviation and return the product for adjust-

s klo.-lS)‘ ment, so the average loss is smaller. Exhibit 5.5 shows a
fBRED % portion of the Excel Jaguchitemplai= in MindTap that can
and thus the loss'function is be used to perform these calculations.

Lix) = 8BB.9(x -~ 1.875¥

P

SOLVED PROBLEM 5.2: USING THE TAGUCHI LOSS FUNCTION TO SET

ECONOMIC SPECIFICATIONS ]

For the scenano in Solved Problem 5.1, suppose that a techni- computes these economuc specifications using 2
cian tests the tape speed pnor to packaging and can adjust the break-even analysis approach in rows 15-19, as shown
speed ta the target of 1.875 at a cost of 55. What should the in Exhibit 5.6.

i lirmi ?
economic specification limits be " N
Solution: 1725 $2006
The accompanying table shows the loss assouated with :;;50 z:f:g
tape speeds from 1725 to 2.025. Note that if the tape speed e S
is less than 1.800 or greater than 1.950, the loss incurred by 1785 57.20
not adjusting the tape s greater than $5, Therelore, it is more 1400 §5.00
economical toinspect and adjust the tape if the actual speed is 1318 $ax
outside of these limits. If the speed is greater than 1.800 or less :‘Ef; gclzé
than 1950 {shown in red), then clearly it costs mare to inspect IBGQ- e
and adjust than to simply ship the unit as is. Therefore, 1.800 1875 50
and 1.950 represent the economical design specifications that 1.890 50.%0
the company should try (o achieve. The Excel Taguchi template 1205 5087

Canminst S0 Congars §2ainng Al Rt Boouned Mer oo % qhed wssnd oo odipliaod o vtub o )i jun (he s et fudn vaes D (i comatel o b rgyy=sad 7rae bs iBad asion i lyiat
Faaiisl rmace han heiiand Bl sy wifiyacncns soma i bae mn maarcdiy shlet ita soizal hoasg cunnesss (nipsps Lo B oy Icods (s Bu AZRL B RoTibi s 2AT 10 L OIRTI M Sy EOW ) o LAl P40 Dabi Looka Ngdls ik
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EXHIBIT 6.6 Ecanomic Design Specifications Using the Excel Taguchs

R w AL

1920 $EA0
1935 ]

3, u

i | TaguchiLoss Function

{ 3500
1965 STI0 ‘ Entes tata ondy in woltow cadia !
1960 980 4 Cabestation of & for the Loss Function
1995 31230 5 Deiation from target]. 038
200 S0 20 4 Loss dsted with deviath 2. O
2095 PR D) v gem- B N DHERAG
S
4 Loss Calculation for a Specificn
) Target specttication, 1| 1475
| Ddmentonsl value, x. 1 833
LU w & SHAR A
| i3 4 Loss $2.23
i g
1 Leonomic Dasign Spadifications
% Tatge! apacification, T 1.87Y)
1 W 588889
i@ ___ Kowol inspection snd adjustment $5.00 |
1% CGraak:Lven Tolwrance 0078
a0 lowsr wpecfication imit| 1,800
§ a3 _Upper spacificatian limit 19504
M- m—— b g et — = .
~ 4 ™

s-3b Design for Reliability

Fyvenvone expects their car to start each imoming and their computer towork withont crashing.
Reliability is the probability that a manufactored gead, piece of equipment, ot system performs its intended
function for a stated period of 1ime under specified operating conditions Boltululity applics to seraces
as well asmifictiring. a system condd be aservice process where cach stage (work activin
o station ik aralogons to a component part in a mansitactired good
Reliability is a probability, thal B
is. a0 wmlue betwern O wnd 10 For
exvample o relinbility of Q4T indi Autormotive Gremilins

vides thal, an average. 97 out of

100 times the item will perform its i Have you even encountered mysterious noises and rattles in your engine or
finction Tora mven period ol e ™ trancmission? White some might attribute such mischievous behavior ta gremlins,
wnder speciticd operating caudi- there is usually an engineering explanation. In transmissions, for example, which
tioms. Olten. seliability is expressed consist of many gears and other parts in a*stack-up” assembly, the lack of preci-
av o pereentaze simply o b imare sion tolerances can lead to problems in performance such as gear clashes upon
deseriptive (97 percent reliable) shifting and, eventually, premature failure. When the parts in the assembly are at
Reliahility canhe improved by nsing the high end of the tolerance range, the stack-up becomes too tight; if they are at
hetter components or by adibng the low end of the tolerance range, the stack-up is too loose. In either case, drivers
redundint ¢ omponents. oo het will notice the difference. This is why Taguchi advocated producing parts on the
case. costs increase: thus. trade-otts nominal specification with minimal variation.

st e e

Ciqntiate D20 Uenpans 3 matiing Al Kot £l Mo mia tm cogenil oot o chiploiaiess wuBuk s igar S ke s biane fulie, risos ol fas) ssdszad iieas by ey armsal 1iah B cBa b dinilos oA Lainaste
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Many manbactired touxds consist of severid compouents thidt are arrnged moseries bat ey
assnoned 1o e in(il.'ln‘m Jend of e anothier, as illastrated i Exhibit 37 10 one component o
[resiess steg bails, thes entiee svsten Lails 1w knenw ts ihvichiad reliability, g lor cacli con-
pronent, jowe G comypuity the totud J'(‘[l.tllilit_\ of an n+ onmpraent series svatern 8. 1 the inddi-

vichudh reliabilities are devated by py e p, and the sosten reliabiity s deoted by R then
Ho=p e 1! AL

Ol desinss consist of <overal |)al|.|”t‘| cotgprorents tlt tanetion i|1<1<'|k redenth of each
other as illosteated o Exdalar 55 Fhe entore svstene will ol oulyat all components Lal this
is an exanple of redundimey. The svatem reliability ob an n-component lmmllvl sy tenn s

uunpul:'t] i
Ry =1 = (1 = pN1 = poid = ja -k = ) (5.3

Many other systevs e cotalimations of seres and parallel congponents. Tocompute the
reliahiliey of suel systes, vau have 1o .m‘.l]'\y.v thie structure and e Tornodas 5.2 o 3.3 to
replace series subsssterns or pacatle] subsvstens with equisalent singe components until the
final strocture is either o simphe series or parallel svaten These formulis can belp design
ers ] vresineens sosess The n-h;ahihl} ol propuse oA uh',\'igns anel oplimize ther pet torigance,
Solved Prablems 5.3-5.6 Mndeate the use of these funaulas and an Fxeel [l-lnl)];ill' for reli-

abubity by

EXHIBIT 5.7 Structure of a Serial Systea

s-3c Design for Manufacturébility

My wsprects o product desgmy can adversely alteet anabinetorabibity
wiel, hence, qualite. Suae parts nias be duesigned with features diffiondt
1o Lahricte vepeatedifar with mmecessarily tight toleranees, s Sonue
pasrts vy Lack ddetaly for selt-aligrnnent or leatures fov correet insertion,
L other cases, purts so frigile or so susceptible to corrosion or contami-
nation inay e Qanaged i dapping or b intemal haadling, Sometines
4 (lv,\‘igu :.imp]} L o peuts than ate needed ta l]l‘lll.i(lll the desived
funetions. whicl increases the chance of wssetably error. Thos. probleins
of poie desian toas show up s erns. poor viekd daveage or T ttial
tailuee i fbrication, assenblv test tansport, amlend use

Design for manufacturability {DFM) is the process of designing a prod-
uct for efficient prduction at the highest level of quitity. O way ol doing tlns
is tirongl produet sivaplification. Product simplificaticn is the process of

trying to simplify designs ta reduce complexity and costs and thus imprave productiv-
ity, quality, flexibility. and customer satisfaction, Fli xunplu the desien, te

Vqasats M enear i aints Al Rt o asine) M @ g pierd wsemd or Siphisind o abin p [ jen S0 b o ibises Sptas v Had st caioed i Ve vyy s nad Shar e Lok siasld i naa
Fabd wal 16nn Fas oariond S 4o dfpass wi ohats b A Zumorsd by slhecl 112 ae arall bgimr cUacass (mran 1o aaims ite o B TARE AL akRacasl G s s R il siheas ratie Bl Bl At
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Consider a new laboratory blood analysis machtne consisting EXHIBIT 5.9 Suhassemhly Reliabilities
of three major subassemblies: A, B. and C. The manufacturer is .
evaluating the preliminary design of this prece of equipment,

The reliabilities of each subassembly are shown in Exhibit 5.9. }_.H
What is the system reliability? 2

Solution:

Because this is a senes system, we use Equation 5.2:

R, = (098;(0.91)(0.99) ~ 0.B83 or BB.3 percent

SOLVED PROBLEM 5.4: COMPUTING RELIABILITY OF A P RALLEL SYSTEM

The reliability of an electronic camponent in anautomated EXHIBIT6.10  Parallel Svstem
machine tool is 0.91. The design engineerisconsidenng - .

creating a parallel (backugpi system as shown in Exhibit 5.10. .
(Assume equipment software switches to the warking compo- :

nent if one fails } Howe much isteliskulity improved? 09
Solutinn:

Using Equation 6.3, the’lehability of the parallel system is
R = ¥ (V=091)(1 - 0.91) = 1 - 0.0081 = 0.9919 e -

The rehability has increased from 91 percent to over 99 percent
by adding the redundant component.

SOLVED PROBLEM 5.5: COMPUTING THE RELIABILITY OF A SERIES SYSTEM

WITH A PARALLEL SUBSYSTEM 4t =it

Exhibit 5.11 shows as series system with parallel redundancy for component B. What is the rehiabulity of this system?

Solution:

First, compute the reliability of the parallel subsystem for component 8 using formuta 5.3: 8, = 1 - [1 - 0.97 = 0.999. We use the
Excel template System Reliabidity available on MindTap to facilitate the calculations as shown in Exhibit 5.12. Replace this parallel
system with a single component having this reliabllity, sesulting in a series system shown (n Exhibit 5.13. Next, compute the rehabil-
ity of this equivalent series system using formula 5.2 or the Excel template as shown in €xhibit 5.14. R, = 10.991(0.999)(0.96)(0.98! =
0.93. The relabilnty of the onginal system is therefore 0.93

bopnwan S Langar dsaimnsd Al Reic donamal ks spmeil woeaa apllaen e efusd e b e DR ey e Sk s el jads caaitel faee Ie sgas aal Diav e B b et o Ciana
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118 eaRTTWO: Desigrang Dperations and Supply Chains

EXHIBIT &N & Serlez=Paratial

e A,=099 Ry=0.98 |jossm

EXHIBIT 502 Ustng tha Sysfer i or Comnonant B

A B c (8] " 3

AuiSyrtem Relisbility Mhi“ ARF Cangage Laarning.

2 'Entur dete only in yellow cells Not for confifmiecial use.

3

t _Sories Systerm_]
4l 3

& Component Reliability Component Reliability

? __ Componanti] | | Componenti] 04|
(8 [ Componentdl _ . Component2l =~ 09
|9 Components, ___Component3| 09

10 Componentd . Lomponent 4| St

11, Component s o & | —Sempeneatd

12 Component & Component 6

13 Component 7| Component 7

14|  Components] | __ Component 8]

15 Component 5. Component 9|

16 Component 10| Component 10

17 System Rellablityl o System Reliablity|  0.95900000¢

Coapyaght M2 Congaps Laumisg, All lyghts Bruwver! Moy o 2y agied, sqmad, @ duphicatot, @ shals 0 i5 pan Py s uiscimms aghis, wayg tynd pamy o) mpy by aqyeesa) frm du disad e fQugasia)
Ecdsrmd sovarw s iacard th sy gy el somcm s et ammcamdty offac fie sl batainy snpmacsss Comgage Losamy mosven Sn nghi 62 movarve adftmmmi ot @ any san if subepams myfon 2ssrisce axine 4.
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PAPTEF 4 Service Devign 119

EXHIBIT 6.13  Equivalent Series System

w—— ,=-099 820090 pmnl £,2096 |———— f,e088  ju—

e 1
A ] < 0 f
‘ I System Reliabliity Copyripba £ 2080 gnn,‘.nw- | sder I
| 2 Enterdatz only in yellow cediz Mot o commercisliuse
) ,
+ T
{ &
.I & Component Reitability Component Reliability
J i Component 1] 0,99 L Component 1)
8 Companent 2, oy [l - Component 2
| o Componant 3] 0.9 | Component §
| 10 Component 4| “ﬁ | Componentd
] Component 3 ya Componant §/
{12 Componeni & : _ Camponant 6
g 18 Companant 7| I Component 7.
|16 Componem8 ol | Companent 8]
15 Componenty s, , | Component3,
|16 Component 10, Component 10 b
|17 System Ralisblity _ 041i0608] [ System Reliablity] 0000000000
- T S —— — - S ———

SOLVED PROBLEM 5.6: COMPUTING THE RELIABILITY OF A PARALLEL

SYSTEM WITH SERIES SUBSYSTEMS . >

Exhibit 5.15 shows a parallel system that consists of two seriés subsystems. What is the reliability of this system?

Salution:

Conver: 2ach series subsystem to an individual component. Using the System Reliabifity template or formula 5.2, we see that
R,, = (0.95H0.9810.99) = 0.92169 and R, ={D.9910.97} = D.9603. This results in the equivalent paraliel systern shown in Exhibit 5.16,
The refiability of this parallel system s R = {1 - G 92169){} - 09603} = 0.9969
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o R =097

EXHIBIT 5.16  Equivalent Parallel System

fesvee pppurtinitics for error the faster the flow tine, e better die chance of high process
effwiency. and the more rehable the v tnsd good or service process. For eanple,
the: veddesim of the Cadillae Sevillis reactonnpén assenbh redneed the rmaler of purts In
Tl ek cut assemibdy tioie I 57 percent; to less thao cight aninates. saving the company
over SAB000 nally i Tabor cost€d Becanse inany of the elimiated parts wene squeaks
andd ratile-cansing Jasteners. nnts. bolts. and serews. the change also improsed die guality

of thes car

Toyota: Simple Design Simplifies Dperations

Manufacturing complexity is driven by choices and options. For the Toyota Yenza, simplicity is key. In effect, there is one model
that is avallable in four versions: a four-cylinder engine with front-wheel drive ar all-wheel drive, or a six-cylinder engine with the
same. Not only does this design strategy give consumers a nicely equipped vehicle right from the get-go, but it also makes things
comparatively easier at the Toyota Georgetown assembly pfant by reducing the complexity of assembling a much larger variety of
different models and options.*
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s-3d Design for Sustainability

Ervteomuental comeems are placimg inereased pressure on design, Pressures rong envines
miented gronps closonng tor “sociadly resposible” designs, sttes and maoncipalities thal e
rhhning ont of pace o Londtills, aned conasuners sl wint the maost for their woney hase
cansed desivnees and nanagers 1o ok covchdlyv gt the coneept o) Dresian loeEavigonmnenat

Design for Environment (DE; is the explicit consideration of envitonmental coneerns during the design
afgoods, services, and processes, and includes such practices as designing for recycling and disassembly. For
exanple Energe St dishwasdiers vse advanecd tecnology o gervons dishes chean whils
using bess wider andenerey A dislsviasher Bralt o 1954 uses considerabily soove weater per ol
than todaw’s Euergy Star—enified iedels and costs anestia 840 vear in electieal ntilin
Bille. T audihition: an Foeeey Star dishsvashes tesndts irgdVicton ol ELA0 prads of sardwn
divsacde that 15 reteased o the wie due v less demand on' clectioal prser and water plaits
O siepreet of designing for sastainsbility & dosignines products that can easih he u']'l.\iwll

andd retirbishied ar otheneise sidvaged Tor rese,

5-4 __ngvi_ceﬂelilery Syste_m Design

Axowe illestrated i Fahibit 5.1, the desigi ol semices revolves aromnd desiiming the senvice-
deliveny systenm and serace cnconnters. Servita-delivary systen design ncludes faciity locabe:
and loyout, the servicescape, service process and job design, and technology and informetion support systens
Prtegrating alf of these clement<ds pecessan to desian asenice that plu\i-ﬁlr'i valee to cnstonn -
s aned e encate weotpetitive whanlags A poae chinice on o ane of these conpone s

arch s el or olvdesien, coodegrade serice svstism efficieny ad ellectnenss

s-4a Facility'Location and Layout

Location aflects i enstomer's travel timie and is an nnportant cump-titine prionity in e seniace
bnsiness. Meatth elinies, rental car firms, post alfices healts clibs, brancli Tanks, Bhraries
hastels emeraenoy sence etlities retail stores, and nany e tvpes ol service Lwilities
depl-ml on gocd location decisions. Starbucks Coftee §.|m|1.\. lor l'.\‘;uulllr.'. e n!-i«{uihm,\ 1
many cities, arports, and slhopping alle The koot ofa faciline alleas process llow, costs,

andd creslonies v plive otd satishi lion

5-4b Servicescape

The servicescape is alf the physical evidence o customer nmught use o form an inpression,” The services-

cape aso pravides the behavioral setting where servsce encounters take place. P lplt' arntndd the world

Pepsi: From Plastic- to Plant-Based Bottles

Pepsiintroduced new soft-drink bottles made entirely from plant material such as
switch grass, pine bark, and corn husks instead of oil-based plastic. The new
bottles look, feel, and protect the drink inside exactly the same as Pepsi's cus-

rent bottles. Pepsi is conducting tests of the bottles, and after it can be sure

that it can successfully produce them on a large scale, Peps will begin to

convert all of its products—billions of bottles each year—to the new design.
Pepsi noted that the cost to research and design the new bottle was in the mil-
lions of dollars.”
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