Chapter 3

AHU Design Inprovicment Using QFD Approach Part-1

The Quality Function Deployment (QFD) is the quality approach design
process, which is first used dy the Mitsubishi Heavy Industries in the shipyard for large
vessel construction. Later, (his process is further developed and expanded throughout the
world class Japanese companies for dasigning the products, services and process. In the
success histories of using the Quality “urction” Deployment (QFD) in the Japanese
Automobile Industrics, TOYOTA, HONDA and others Japanese carmaker can compete
with the competicois i e vt mueicl Ly ihe stale-of the arts products which meet the
demands of the cusiomers.

Further morey thestvastern’ cauntry industnes are adapting the Quality
Function Deplovment (QIFDY aparoach in iheir design processes. QFD process integrated
with other design tools such 2¢ cahgurent.chgineering, robust design and etc. shall make
the design of products, serviges fzpd urfocess more effective, The strength of Quality
Function Deployment (GFD¥ erocess is its ability to work with any design processes that
involve the voice of custnmers dinlamally and externally, in any industries.

The Quality Functieri Deployment {QFD) methodology is the process that
bridging the gap beiween customer demands and the designer. The customers could be
the end-users, peovle who use the poauct, the person who maintenanca the product or
the person who selecling ihe nroduct. The designer can. bé the concept designer,
engineering designer and-E€te Tie tricged gap iead to the state of the art end product or
process design that mesisthe cusiomer demands and expectations.

First inroduced Quany Function Deployment (QFD) table/Matrix is the
Japanese version ':luuse of Quality”~wiich Hustratéd in_Figure 3.1, which work on
translating the custamer demnand quality to/the engineering specification, benchmarking
technical quality ard herchmarking compaeritors. In further.expanding usage of the Quality
Function Deployriemn /43 i thaindosti=s, tables and matrix are added\tathe Quality
Function Depleyme:it (30 process Swiniélh help to create the dynamic. flexible design
process. The expanding of tablgs, ima'ricns also generate the confusion in implementing
the Quality Function Depicyment {(2=D).
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In figure &1 the Jooiee o “House of Quality” is illustrated. The
‘House of Quality” corppr s iiaio-pais-Gustomer-Bemand on the left side and
the quality characteri< /it on tise: midle-ton of the matrix are Used as the in put of the
matrix. At the middie the correlztion matd 1 Used to show the correlation of demands
and quality, The benciimarking on the risizi ard on the bottom, as well as the comelation
among the quality characieristios is exdis the references.

In furthier dovalapec TR niziices from original "House of Quality”, there are
two downstreamnaporoacis. ot 2 sl Funetion,.Deployment (QFD), processes one is
the American Stpplesiniies (2 SH four Phase Approaches and anotheris GOALAQPC
Research Committee Melri: of Matrices Anproach. Also upstream development from the
original “House of Quality” is e Vowe of Customers Table (VOCT). The VOCT is the
expanded table that increasus the Ciuadite Function Deployment (QFD) process capability
to translate and arrznds the voice of e il stamers,



The American Suppier insiluls's "Four Phase Approaches”, shown in Figure
3.2, is the four levels of the Guality Funciion Deployment (QFD) implementation in the
product design (o marufactiring orotos..
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3 h.ur Pﬁese Approach start from the Phase-1
LG r‘avﬁ ro#ré‘ment and the substitute quality
characteristic are the apui of tha s u.ui“ Ne tra‘dfﬁonal house of quality). The output of
this matrix is the “ow ks is D@ttt uuaMaractenstlcs" The qualitative and
quantitative values cf ihe qu.ﬂhtﬁfrmq. uny:sharactenstlcs are derived from the
correlation of the cusic m.i require; .ﬁ. ars he :.u stitute charajatenstlc The researcher
and researcher and 'L::r ESTATET
output. -

Product Planning wheie {he

il

The phasz-1 output then worics as the input 0? the phase-2 the Parts

Depioyment where: t: "Suizst:Sef! Quetitv Characteristics" and the part characteristics

are addressed. Finush.j el <k Dik{idddiogy! ds the phase-1 the detail and
specification of the parts war b (e ived freir: phase-Z '

Phas& {hh 1—*:‘0:'( 45 dnn'ng IS the” matrlx that use the Manufacturlng
Operation and the Pans horactisiics e :out from phase 2 for the phase-s matrix input,
the researcher and revearchar zi desiyn 'eam will manage and assess the matrix to get
the proper manutaciuring aporalion 1= 1.+ mant for the parts. This phase will provide the
researcher and researcher and design team the idea of the workflow and the process
requirement.

Final phzie s e cicducton planning where the manufacturing requirement
is work as the input Alaug wilt e ziodustion requirement of the manufacturing facility



this phase will ident’y manufaciaing |

production planing, |
product. The compli:te

abor,

Mmateric am

fuaitity, the proper production steps, work load,
chnlity control for the production of the design

appicact o the ASH four phases Quality Function Deployment

(QFD) will provide the compzny to wark systernatically on design to production.

Anather approceir of QD piocess is the GOAL/QPC approach, which the

“Matrix of Matrices”
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Figuwe 3.5:  Glhal 00 Besaed Cormiiee, Quality Function Deployment (QFD) Approach: Matrix of

Wiaiiaes

Figure DI nugle@oathe 39 matrices that-put into one large matrix, the
matrices referencel urg 4 Herik Gl Cadidinate ahd 14 Vettical coordinate. At the last
row of the matrices' the’ 1 to ‘Gt ialrt“are the-additiorial matrices that not put into the
coordinate. Each mairix serves individuz™ask in QFD ‘approach and will be discussed
later.

The GOALIE Fesczay Committee Quality Function Deployment (QFD)
approach composes of 30 muairicas caled “Matrix of Matrices” (Figure 3.3) by King
Robert, in Better Cesing in !-l:nh" toe Tirse oublished by GOAL/QPC'. Figure 3.3, 3.4, 3.5
and tables 3.1 reprasent ot GOAL/PT Anproaches from the book “From Concept to
Customers”?, The Maiix of Matines 15 the: aarivalive of the ranges of QFD matrices that

2, Methuen, MA; GOAL/QPC, 1987

- K. dazksen Jdr., Erom Concept to Customer; The Practical Guide o
anntard Business Process Reengineering, USA, Van Nostrand

i) | Qs o e ime,
“.J B Ru‘/c.lr= N U Freen




used in the design process. These 30 matrices are flexible and can be rearrange to fit
each specific design objective. This nnuvative Quality Function Deployment (QFD) to
complete the processes of the complax design lask that large number of stakeholder and
constrain being imvcived. The nxzbonstp between GOAL/QPC matrices is in the
flowchart Figure 3.4,
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Figuro 3.4;  GQAL/L-C Coallr etz Seployment{QFD) Approach: Matrix of Matnices Relationship.

In figure 3.4 thevel2 técﬁ‘ns;hps wi the matrices are represented into groups.
The matrices zre lzithin the conciaie o oo input, the arrows show the path of the
output on one matriy Lival il servied as ha Ingit to others.

From ‘e malicas relaticashio. various flows are indicated and each flow
path is serving the ditferent QFDEbIestve. Table 3.1 is the description of the GOAL/QPC
matrices required 1 Gk thictighor tha different abjective’ of QFD-process. And Figure
3.5 is the matrices owpitig use:i 1 the LOAL/QPC Approaches.

Matrices to-be.used
A1)B1D1E1
| A2,C2,D2,E2

Set Quiaility 12 A1,A2,A3,A4,B3,B4,C3,D3,E3
Tdér{n.. h,rm"él';b:.ﬁ-'m T A4.B4CAE4
R T TCTEE PR
: v T | D1,D2,D3,D4
'§Eé&i"ﬁieél&i('i}jme;, - 1E1E2E3E4
Tcié?l;s., Sigalir, u'.'..m.uuc, ~ D4F1FZF3
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[Ideniify Maruizcuring Method | G1,G2,G3,G4,G5,G6

Tabie 3.1, GOALIET G “nraticn Deployment (QFD) Approach, Matrix of Matrices Relationship:
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Figure 3.5 GUOALQRC QouiteF el Deployment (QFD) Approach, Matrix Flow

From the figie 55 ke GOLUQPC CED Appreach process is shown. Each
box indicate the funictiosdibet nesd W wark through while the amows show the matrices
that needed to complete fne T T roness,

The GOALJCPT Quuy Function Deployment (QFD) approach is complex
but yet systematicand-tpril'e Wi matiez#icanl te selected and<an be adjusted to fit
the individual requirare s oilitet 2951 §wluct-and-process. This approach can be very
useful for improving the roduct chisgn androcess development methodology.

The" maor "orcerr ¥ €Xists” in the inexperienced’ researcher and
researcher and design taunis whioo g to use the ASH and GOAL/QPC Quality Function
Deployment (QFD) approaciws w die complexity. Selecting the proper matrices and the
proper sequences to raach the noal are vey confusing. By the help of a software program
QFD/Pathway ™, developed ny | @ ReVsie and Alan Kemerling in 1997, the program
output will give the resaarcher snd researcher and design team adequate details for
Quality Functior Deployaer (QF T srasesz. The QFD/Pathway™ outputs are:

v’ Malrices racuired 10 aeconlish the design objective



v Sequeancs: of idatreos
v Concurrert Enginesring Opportunity
v Procedures of eadh Batnix

31  QFDPathway tor dosign i Hundting Unit (AHU) in Thailand

Sirca the Quality Furctine Deployment (QFD) is a new design process to the
Thailand air conciitioning industras o the nrocesses, methods and the interpretation of
the Quality Function Oepicymert hiztices will be further described. All steps are
displayed in th: Qurticy Funesicn Uepldyment (QFD) Process Flow flowchart that
generates from the cutout of the CFEPaway ™, '

When stadirg the Sefmeais, e QFD/IPathway will show the weicome screen
as illustrated in figure 3.6
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Figure 3.6 is the wallong sct=an of QFDPathway ™. After start the program
this welcome screan will aeesr r s conis ang then it move to the selection screen,

0

which is illustrated infigur2'& 7
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The selection gtreah d ngure 5.7 1s the main screen of input the requirement
of QFD process to the GIF Di#athiay ™. There are two sections of the screen; top section
is the input part by seheatihng 4l possizie @FD output’ that the item need for QFD
process requiremert. Lover gecianr show s the selected QFD process output. When the
selection is cornpletar v ar canie! ok a4 search button as shown in figure 5.7 and the
software is begin to work and oo dtsat the proper QFD output base on selected QFD
possible output.

The List o B —aleeptens myailable in the software QFD/Pathway™ is

as follow:

e {000 st cinends of cenmandad quality, functions, and reiliability

o Ifay sl byttt calncteristics related to customer demands
o Kay desgroiatlies.ass ted to custamer.demands
02 e pnond ot ut vetyic: nehiors

w (runctnrs Wl ilTe of na customer need
C Vante ol mew Zhndass 1eiativedte funetions
" P. -., tc n.‘ i '*

vy e nctonictic interrelationships
» ~Besigh wepcienties and challenges {quality characteristics)
« (Quality Systeon Suppsdior better parts

O PR et Yelny odes and catises at all process levels

“ achon infarmation

. 1ot S ppher {internal or external)

" irts

" chattrals

s W o nuslity characteristics

» sintie to clistomer demands, functions and quality
N I S Vi = = shallenges. (functions)

ey nortg inn il gonlrels 2nd optimization

e Sanchions laeeesad o0 et radustion



The List of Ui design abizares available in the software QFD/Pathway,
continue from previous page:

o Tegorzd merdtactun g 068
o Tongeeed zennna delivenr sost

w o Dreahdnroug fargets asd projects

e Waiue of aew sancenic relative to customer demands
o Nissing gaka cn ke g pais

v Gpoormnibes o espros arent on key parts

o Powertial new lacmaolcges o introduce

o Fatental new materas 1o ntroduce

e« Ricat rsi«-rw w,*on u“ilu; for cost reduction

» . Oresakibifough

v e '.'u: e uu;nvenng

= P unt rat i alyss (valtie' engineering) projects

ro e R e s ndt 2o by Customer dermand)

' y . ~atd by product functions)

. ont. n=rf hy substitute quality characteristics}
" o ":..,,\ Qs oricrtized by key parts)

a s ols (based an reliabity needs)

. pneeele (hased on failure analysis)

et proiects and considerations

In improving @l o Hiandina Unit (AHU) design the following design
objective shall be chosen

o  (Beten omnlatog. o wn adediquelity, functions and reliability

o Desgn onpalan el vhaienges {guallty characteristics)

o Koy dezwp phioriuoaadions W customer demands

o Key subsitibs quedty Srsractedstio interrelationship, and

o Valle 3 EE soanebe e o customer demands, function and quality

anaractorafics

This (hesis i iLC0T uei, 20 e Ar handling Unit {AHU) application design
and equipment sZigcicis o brhve LA LEHLL Tha! design of detail design and
manufacturing process shall 1ot ne sansiceied, Thus, design objective shalt focus only on
retrieving-custornar-dem: i wad et sLsionevaluation,

The auiput aoveseaded from 71ED/Pathway™ has two parts. First part is the
“Planning Summa:y’ anc sholh - put oo fhe “Detailed of each matrix”. The Planning
Summary will dispiay ine mzivices Ina! regiired for completing the selected QFD output in
selection screen. Flunn oS oo w7 ahiow researcher and researcher and design
team which matrices car civectly “us (e result and which step can concumently work to
reduce process timc.

T1a29H614



Additticinal repory penoroied s onr QFDIPathway™ is “Detail of each matrix’.
All of the matrices (hat toies v tns “Plzaring Summary” will be detailed in each process,
procedure to compladz the ratniy

For thiss Air [anding il aelli) design improvement, the QFD/Pathway ™
generates following oulput:

PEnIting, surina e -
You selzcnd vie fhilowing OF 0 autputs for your project:
R L T s N R | sern-a04d quality, functions, and refiability
Grcarugres Ata ndeal angrafaually characteristics)
<y design printties rasted B coslomer demands
~ Hazy subatiine gquanity chamstonslics relateddo customer demands
CSULLEN e Ly el fRachi G interralationships
Nl e af e no S sk et o custorner demands, functions and quality characteristics

gl sor ot follawing QFD matrices:
W Sran 2L Gisterr e Toblg
AL Jeaeicle oLl e Tanstitute Quality Characteristics

2 gartions winilute Duglity Characteristics
FIRR i
| B 3 LS gy

Pl b Sy A ndinste 3 that you directly sslectad its output. No asterisk
pe e 2 bl sveling i gt it s reqidred to provide an input to another chart.

S DRI G om N g b abges for imers information on these charts,

hy M 00Tt e e Caqlapnnrunity for coneurrent QFD activity, This may reduce
ot nd e st oy e e Ba e oy indroduces a combination with commeon inputs.

Al i
Celettos Unlals crtisiesie coenbeabove for information on each QFD chart above.

Fromi tha outpu the Tolidwiiia-vatrices need to work through:

VOCT* - Mddee ¢ine Calstomer Table

A1~ e Gt et Sohotitute Quality Characteristics
A2 Tiochone ana Darsitule Quality Characteristics

A3"* Sarstrtee Qs Uharactenstics Compared

E4* My Corent Seliaton Summary

The delgiles xia b sty e oo advrasare ghown inthe-Appendix 1.

The QFDIaheay ™ shiows e five steps that needed to work through for
achieving-theoAlr Aandtin, dia =ttt ' irprovement the floweharted is developed

to represent th flov ot . Wty 0 00 2 0G0 1h Finore 3.8
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Figie 25 - I Fgw for Air Handiing Unit (AHLU) design

o |7 /4 (OFDpprocess Step-1 for the design
improvement of culn ¢ : N ANAE v uu:tim in Thailand will start at

finding the custorie: \. fvey. The customers verbatim is
put into the Voize o @ and arranging. The result
of the VOCT wi! b uality, function, reliability and
unacceptable failure e &5 £ ,-,ﬁ (f

Step? =it #F & 4“ atﬂxm'sr-hmhthalnptdare

Q‘lla
..n%"
R & i ; e Qualﬂ'yr Function, Reliability and

T T
: _ J}t}

YA
"RONULINYUINTT
o e S e i g enstics pelated to custom@rBlemands

RSN IULRNNENRE

o ldettiicoor o7 ey Sr1nhilty expectation

Step-J o toe T e ent Matrix A2-A3 . The A2 Chart will use the
proposed funct -~ - - 0 oeaeches and design team and the output of
the "House of Os'0 - 0 oo the rzation of the function and “Substitute
Quality Characie: 5. o+ Caca Ad s ine interrelationship between the
“Substitute Quaiiy, o o e T e A3 provides the relationship and effect of
one “Substitute Cloovy v ccino e 0 her “Substitute Quality Characteristics”. The



output of the Matrix AZ wili e ihen usad &5 the input of the Matrix E4 for the concept
selection phase. The owinut of the Mt A3 will set aside and use for design reference.

The Step-5: the Concept Saiection Summary, which works by using the
Customer Demana of Cually, Foncior and Reliability in Matrix A1, the Key Product
Functions in Matrix AZ and iwe concenst generated by the researcher and researcher and
design team as inputs. T Matrin B4 will compare the concepts generated by researcher
and researcher ana desion eam and the outpat will be the selected “best in the class”
design concept for {urthei product desion. The selected concept from the Matrix E4 is
used as the mastar voduent cencepi fardetail design in ongoing sections.




3.2 QFD Team Setup

In implementing the QFD 10 the design process the researcher and
researcher and design team st he seis. QFD appreach is the team process that the
number of expertisa in various tields 2.0 product designer, marketing, manufacturing
engineers, and finance sizifs are inveived in the process. To successfully implementing
the QFD to the praduct daveicpmant process foliowing field of expertise is required for the
team.

The tearm mamber should hava ilawing qualification:

1. Urdersiong hepaztess of OFE

2. Have be ool Traniiega of thefcused product or relevant filed
3. Abiliy o vochditErenat neivicbalist
4

Innovatiae =g

in this AHU degdh capreuencnis following is the list of the team members:

—

QP proqaciden e Sesineeengineer ( the researcher)

2. EVAD ealinegr
3. Production Encss: gr

»

Marceting Stafy

o

Service Eroinest
Addilion roamane o f iy invobved indhe QFD process are:
v SULpLET

v Custorrs s

TN (s s e
v Finamoe i

The e rolneprarevs e dinzetly involved in the project in full-time basis,
the vorizly of b ewnertize broaden the ideas of the researcher and
r@seareie: o dsn teamt angd increasecthe effectiveness of the design
imoroyement of die HL, Ten working 2180 extended the team member
knewledge end nol of view i product development process. Additional part-
timeeribers srs-nitadAc provide specific-opinions from_specific point of
viev, e s luen el elthasdemall expertise increase the design
improvesmeris {0 be Belias and roht te the objective.



3.3 Refrieving t: cvsineames deer 2 e inomarket
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M&chamca Engine .-1 ¥ e pwrice broad range and actual demand of the
Air Handling . Cotm o desion 2ol anuinment selection.

lomers, proper marketing survey
ozrs in the focus group will be
“ e demand obtained will be the
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The secconan cn woers oo e largest customers of the double skin air
handling unit, whic= e 5o srune o A volume, high static pressure and the
endurance ooaratiy fanct e pecenss eV raland are operated on twenty-four hours,



and three-shift bazi:. The Al Handiing Urn (AHU) is operated almost whole year with the
minimum shutd =~ L makraenance, Crginzers, lechnicians and the staffs who involved
in using the Air Hanling Unit (AU} in this ‘type of facility will be the great source and
good representalive o tha g ugars of e alr Handling Unit (AHU). '

o Pharmacedlical & Health Care Product Factory

Same as the semicenduen: ndusiries, the Pharmaceutical Factory is
another segment of Air Handiing ‘Unit {4HU)'s customers that have a high selection
criteria. The air e liness mouirement Ard the endurance usage of the Air Handling Unit
(AHU) in the fociaty il oo another ivipoant fetopeflect the design. The information
from this segment sl ke soailier goad source forte AHU requirements.

o Al Handling Rl sy vl anuiacturer

The i Hanslingddnidfely manufacturer is a very good source to verifying
the design arc rciicvinly i peosiains of fhe current design for production. The
involvement of i nwfa@ury v i e design process js vital. The designer can
share the manuinziiing iy e e s oouaticiesion,

. il T R IC TR TR RS L TUR 1

The cordraciirs cralns gmanse nstalling the Air Handling Unit (AHU) on the
customer sites, Sincs they nra instidling raany brand of AHU, the engineering contractor
perceived a ict of produ s i ol psnast The experiences and the knowledge
on the product: (at thew usec o we wih are the vital information for the AHU
researcher and ra:eo 5 GG GNE @G e, They are good solrces of information for the
serviceability, it iy mclgs ety ol vagious brands of the Air Handling Unit
(AHU) in the mart«t,

3.3.2 Conducling the CusiomesEiney

in tha cusiome” STREy process, Me résedrcher successfully arrange the
meeting with 7" iy soiin 5 ';.'] s he tosused giclp,, three from the engineering
consultant'coimpiry BELANTS, 170 LS RGO LTD and W & ASSCQCIATE, one from
the semicohicuzi.- -ir,.-::i;;:.',r SML Thesnd) Co, JTD, one from AHU manufacturer
(reference conipiiy, anic v oo e e malning coniactor: Electrowatt Co., Ltd., Thao
Obayashi Cc. LIT.". Ty pnpantin ol e nferview s interpreted and concludes into the
English Languaga ‘or refereres o tsed in the VOCT as shown in the Appendix 2.
Unfortunately, ine sazearsho. carnod arange the meeting with the facility manager of
pharmaceutical ©zoivent Fu e elerewlon oblain o those seven contributors is
enough to stari "« /OCT

41



This small groun of t-e mferview meeting is very vital to the research, since
all the contributors are the key angineers in Thailand HVAC industries and have strong
influence in th= v . coro o0 o cohing the Arr Handling Unit (AHU) for their
projects and facite. T oo o n s fram the contributors, many are the new
ideas and the hidus de s o002 Laasion that existing designs of the Air Handling
Unit (AHU) do not contair.

34 VOCT: Gencrating The Voice of customer Table

i A (2
Bk
PN o)
Figune 2.2: Quatly “Meo A scess fiow: VOCT
FIMYIN IS
Figure . 84iilusk Te el % design improvement. Shaded

VOCT block indlicatefiiisorme =t e At eetmmaregiidaved will be input of this

step. The customer's w St ‘ sed in QFD matrix A1.

.. I

341 Voiceof Ui

MO 30 HCY P LT TLN o v b

the designer understandabi= lznguage. othe custorner verbatim will begre-arranged, re-

“”“W”Iﬁ\‘l‘ﬂ “Em'ﬂfl‘?'i“t’l Venag

Tha Stateands of Customar Demand Quality
o  The iatenents of Cusion s Damand Function
o The dlate oo of Coswn Demand Reliability and

o The Statensn's of Urzeceplablz Failure Modes



Thees four categories ars the cutputs of the VOCT and will be used in the
Matrix A1 “Hous: o7 Juzdy I e nees sinp,

Also inciuded in the VACT & (e marketing data that related to the source of
information that usa: o verily the importance of the customer's verbatim. The data will be
stated in the custorner demograghics. I general the customers demographic will be the
sex, age, occupation, income and ate. For Air Handling Unit (AHU) design improvement,
the customer demicaraphic will 92 fosused on the job position of the customers, their
usage of the Air Hanclling Lrit {AHLUY, and their experience background.

Tha coomple of the @O0 or this Air Handling Unit (AHU) design
improvement is siiown it laddo TR sooaplateVICT of seven contributors are shown
in the Appendix 2 for refe izrnes.

342 How The Voo Twyxs

Thiz arcdion will czeling pocpomd of VOCT. First Column of the VOCT is
the customer verhotim, Tha r*: O phedlc e undisterled customer verbatim that the
customer discucs o phowd Uodi Bandling Uit (AHU), their requirement, experience on
working with e o0 Hon dlig 0l sl el comments and ideas. The necessary
customer demograLiics S gl rlniecne sutondd colurnn where the job function, the
usage of the A Handivyg dne GAHU L endthe gxperience about the Air Handling Unit
(AHU) are descrize:

The designer nas to reestae tha varkatin into the usable form of the data and
categorized intc zricther pva columas:

L IO ANt R S T LTS IR RISV E T

The susirmner Landid lunoioh s e bagic function of the Air Handling Unit
(AHU) that he cuawme o efgecting= e funcicn & ot the special feature or the
expectation oi cuaing of e St HEading L kL))

TP S S 1 P LR TR 00
. Lo BTN L)tli'_ ST “%.’E?mrh'li‘\,'

The customar oamrd rewasdity s the point that the customer addresses on
the reliability i o A cianding et AHU). The demand reliability can be both
quantitative ancdl cualizative vaives,

“Ign e Iegae Luk..HL.J AN rpsedltner and L-e |gn 1eam iS responSible tO re-
address the Ve Laliin, Deirand Foocic 1z Demand Quality into the usable format that
the designer can parfectly urdersland.

The resilten aoaieianis i then catzgarized in four columns on the right:



* The Statements of Customer Demand Quality

* The Statements of Customer Demand Function

* The Statements of Customer Demand Reliability and
* The Statements of unacceptable failure modes

The result of each custemer UDCT then put together for further used. The

; And re-arrange for use in other Quality
Function Deployment (QFD} m : %the completed VOCT is shown in

‘Saternent of
Customer
Cernanded
Fusdiability
Woskmanihio

1lhThrrr-
i
T
= ArTignt

Sacwiton Door
*  Low'tvstion

fga;sjsigj gs .

|

In this Air Handgnj Unit (AHU) prn:luct design improvement, the seven

VOCTs are co JtI pleted VOCTs are
shown in Appenm:f ﬁﬁ ﬁm surveys, the output
of each AHU customer’s VDE:T tabﬁ-f |5aput together~all customer démanded quality,

AT Tt



ek

:

Tabie 3.3: The VOCT outnut of the Air Handling Unit (AHU) design improvement

-




34.3 Managing the Statements of Demanded Quality, Function and Reliabilty

The output of the VOCT is not yet ready to be used in the “House of Quality”
the Matrix A1. The Customer Demanded Quality, Function and Reliability should be
weighed to identify the importance level of each demand. in order to obtain the voice of
the customer on the importance level of each demand, customer survey is a good
methodology to complete the weighing. The researcher decided to use two phases of the
survey to obtain the better feedback from the customers.

The first phase, researcher use the output of the VOCT as the start deg'land
and include five blank demand for fill in, the customer is given the important of each
demand in weight scale range of 0 to © from the least importance demand to the most
importance demand. The custorers are allowed to fill-in additional demand, which they
think it should be added and giveweight. The first stages score is then calculated and
averaged each demand weightand rounded the decimal to the nearest integer. The
additional demands form the customer are grouped, stratified and selected for use in the
second phase survey.

The second phase survey, same selécted demand from first phase is used in '
the questionnaires. Customers who already completed the first phase surveys are the
survey focused group without allowing the customers to add any further demands. The
completed weighting scores will retum fo researcher and averaged demand weights are
calculated, rounded to the nearest.intéger. The completed weight scores will be used in
other Quality Function Deployment (QFD) matrices, especially Matrix A1 for Air Handling
Unit (AHU) design improvement.

34.4 Final Survey Result ;

From the 100 surveys taken, first phase 50 surveys and second phase 50
surveys, the table 3.4 shows thefinal resuit and the weight of the Customer Demanded
Quality, Functions; Reliabilities ahd Unaccaptable FailureModes: The detail scoring and
weight calculation is'shown in the Appendix 3 forreferences.

From ‘now.on the "Customer Demanded Quality, Functions, Reliabilities and
Unacceptable Failure Modes” will be called as “Customer Demands”.

Errorl Not a valid link.
Table 3.4: The final result and weight of the customer demands

The table 3.4 shows the unsorted list of the weighted customer demands that
gathered from the customer surveys.
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35 QFD Matrix A1: Demanded Quality and Substitute Quality

- f— . o - "
b Cuitaster * : :
F Propaned ]
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Design i
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-------------

' Dapiloyiyrent (QFD) Process Flow. Matrix A1

: thl current step of AHU design improvement. At
need—‘to be dona for completing the QFD matrix A1.

Those three major w he Tec%glqyl Benchmarking of competitors over the

“Substitute Quality Char
“Customer Demands " an
the “Substitute Quality C

" 2) Competitive Benchmarking of competitors over the
@Cnfmiatimi Seoring uf the “Customer Demands” and
ristics? 2 A gy,

e = -, 4
7 3

e ek

The Quality Func’unrr@ﬁym ) Matrix A1 or the “"House of Quality”

is the origin of the Quality Funstion’ /Depiwdj,éﬁuﬂFD} process. This key matrix begin
with the input from thh VOCT: the Customer Demanded Q@ty Customer Demanded

Functions and Gustbmﬁﬁﬁmﬁyelr weighting and p:-n-:;-rrt';.r

The A1 Matrix is compjojed with six important areas as shoLwF in Figure 3.12

QFD MATRIX A1

~ . Legend of Matrix A1

1 = Part-1: Customer DPemands
_ with weighted score
- 2= Part 2. Substitute Quality
0 Characteristics) | |
3 = Competitive Benchmarking
4 = Technical Benchmarking
5 = Correlation Matrix Score
& = Weighted and Ranked Scored
from Correlation Score

Figure 3.12: The Qualily Function Deployment (QFD) Malnx A1



. . »
The figure 3.12 illustrates the split section of the QFD Matrix A1, each section
definition is shown in the legend and the usage of each split section will be discussed in
next thesis section.

3.5.1 How the QFD Matrix A1 Works

The Part-1 is the list of “Customer Demands” and their weighted score, which
can be obtained from the customers via the VOCT and customer survey. This section
represents the customer demands of the AHU products

The Part-2 is the “Substitute Quality Characteristics’. The substitute
characteristics are obtained from the researcher and researcher and design team idea,
brainstorming and group discussion on the focus product or process design. The
Substitute Quality Characteristics are measurable design target for the focus product,
service and process. This Substituie’ Quality Characteristics can be adjusted to meet the
“Customer Demands”.

Part-3 is the compelitive benchmarking diagram. The key competitors p the
market are benchmarked againet theé “Customer Demands’. The detail of the
benchmarking process will be 'discussed in section 3.5.1.2. The competitive
benchmarking provide the status of the focus brand compared to competitors.

Part-4 is the technical banchmarking diagram. The key competitors in the
market are benchmarked against the “Substitute Quality Charactenistic”. The detail of the
benchmarking process will discussed in section 3.5.1.2. The technical benchmarking
provide the status of the focused brand compare to the competiiérs in technical side.

Part-5 is the correlation matrix, the customer dermards and the "Substituted
Quality Characteristics" are given the comelation score which are 9, 3, 1 and 0 (In
traditional Quality Function Deployment (QFD), symbols are used instead of number).
The correlation score are as follow:

9 = High Correlation
3 = Medium Correlation
1 = Low Correlation and
0 = No Correlatlon,

Part-6 is the Weight and Ranked of the correlated "Substituted Quality
Characteristics” , which will be discussed in section 3.5.1.1



3.5.1.1 The Correlation Score

The 9, 3, 1 and 0 score are working as the important number in this A1
Matrix. AHU researcher and researcher and design team members have tc determine the
effect of the "Substituted Quality Characteristics” to the "Customer Demands" and put the
score in each coordinate of "Substituted Quality Characteristics” and "Customer
Demands", After completed the correlation scoring, the researcher and researcher and
design team must calculate the total score of each "Substituted Quality Characterigtics”
by multiplying each correlation score with the "Customer Demands" weight on same row.
The sum of multiplied corelation score in each "Substituted Quality Characteristics"
column indicates the important value of each "Substituted Quality Characteristics”. The
sum of each column is the waight of the substituts charactaristic, which is very useful for
further analysis. In practical, the "Substituted Quality Characteristics” weight will be sorted
into the ordered to determins.the_ importance of each developed "Substituted Quality
Characteristics".

3.51.2 The Benchmarking Process

There are two Benchmarking processes in the Matrix A1, the Competitive
Benchmarking and the Techniga! Benchmarking. The Competitive Benchmarking is the
process that compares the fecused brand with the competitors in term of satisfaction
levels to the "Customer Demands”. This benchmarking is done across the rows of Matnx
A1. The Technical Benchmarking is the process that compares the focused brand with
the competitors in term of satisfaction fevels to "Substituted Quality Characteristics”. This

benchmarking is done across the columns of Matrix A1, .

The benchimarking will grade the competitors and the focused brand with the
five satisfaction levels: Poor, Moderate-Poor, Moderate, Moderate-Good, and Good.
Symbols represented the focused brand and the compeiitors are used to avoid
benchmarking bias on the brafid’in this.thesis. In the Benchmarking Diagrams in each
benchmarking subject ine symbols will be put in to'the different levels of satisfactory and
will be used to indicate focused brand compare to the competitors. It alsc suggest the
important area that need tc improve or already outstanding. ‘

In this Air Handling Unit (AHU) design improvement the researcher and
researcher and design team is responsible to work on the Technical Benchmarking by
selecting the major AHU brands in to the benchmarking process. The technical
benchmarking result is based on the judgement of the researcher and researcher and
design team. For the Competitor Benchmarking, the AHU customer is asked in the
surveys to compare each AHU brand on their demands. Those survey data is used to be
the input for the Competitor Benchmarking.



3.52 Analyzing the result

There are three major areas of the Quality Function Deployment (QFD)
Matrix A1 output, which is the important information for researcher and researcher and
design team:;

s Weight of the Substitute Quality Characteristic

The "Substituted Quality Characteristics” weights that obtained from each
substitute column are ranked from the highest to the lowest. The high "Substituted Quality
Characteristics" are the Key Deslgn Prioritles that the researcher and researcher and
design team needs to focus on design and improvement. This high ranked "Substituted
Quality Characteristics” is also represent the Key "Substituted Quality Characteristics"
that related to customer demand.

s The Competitive ‘Benchmarking reiated to Weight of "Customer
Demands" ’

The competitive benchmarking will show the opportunity to improve the
product. In comparing with the competitors, the designer can focus to improve the product
in some specific areas to devalop the competitive edges over the competitors to meet the
"Customer Demands". On the other hand, the poor product quality from the customer's
point of view can be noticed and the opportunities of product improvement on specific
"Customer Demands" areas can be addressed.,

* The Technical Benchmarking related to the Weight of "Substituted
~ Quality Characteristics”

The technical benchmarking will show the opportunity "Substituted Quality
Characteristics" that the researcher and researcher and design team can focus in design
and improvement, especially for'the highranked "Substituted Quality Characteristics".

353 The Complefed QFD Matrix A1

In this Air Handling Unit (AHU) design improvement, The Part-1 of the Iglatn'x
A1 is the'\"Customer. Demands" that sorted by "Customer) Demands" weight. The
important issue is the development of "Substituted Quality Characteristics” for this new
AHU. Researcher and researcher and design team innovative is needed to generate the
new paradigm of the AHU design and improving the current identified problems.

The researcher and researcher and design team meeting is arranged for
brainstorming the possible "Substituted Quality Characteristics”. Cycles of brainstorming
generate the tentative "Substituted Quality Characteristics” for AHU. The final list of the
"Substituted Quality Characteristics" is shown in Table 3.5. This is the input to Part-2 of
Quality Function Deployment (QFD) Matrix A-1.
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Substitute Quality Characteristic

Double Skin Construction 2", Theimal transmission insulation 1-1.4 W/m2/K

Door and Service Panel Removal in 1 min

Rigid-Tough Construction

Centrifugal Fan Installation

Insuiated Drained Floor{ With Expanded metal cat walk, on large unit)

Knoeck Down Structure

\High Performance Fan & Drive
Stackable Unit 2 level

4,6,8,10,12 roll Cooling Coil with various fin type

Internat Inlet Damper @ Mixing Box
Height Variable Base Structure 10cm-20cm

V Groved Elevated Drain Pan

Fan Set Vibration Isclator

Service Door Air Tight 100%

Service Panel-Air Tight 100%

Heating Element

Multi-Choise Internal Skin

Fool Proof For Conenection

Perfect Sealed Gasket

180 Removable Pin Hinge for Access Door

Modular Filter Section 305x305

Section Lebeling Indicator

305mm Base Dimension.Modular {Intarnal)

Colour Coated Interior

Qut Let Flange

Walkabie Unit Top: 400 kg

Insuiated Sight Glass

Water Pipe Header

Guide Hole-Guide Pin for Instaliation

Air Washer Section

Forklift Access From Side

Lift Hook

Coil velocity up to 700 fom

Wiring Terminal for Power Connector

Multi-Choise Insulation (PU, PS, Rockwool, Fiberglass)

Powder Coated Exterior

Inlet Flange, Duct Bolt Coniiect

Side Access Pra Filter& Medium Fitter)Housing

Mutti-Ty pe-Fan, Configuration

Wire Guide-Wire Way

Assembly Fool Proof

|Droplet Eliminator after coil

Coil Sliding

Control'Connector Terminal

Air Mixer

Mixing Box

internal Lighting Switch

0,80,180,270/ L-R degree blow outlet

Fan Inlet Guard

Lighting IP55

Shaft Guard

Belt Guard

Trap In alarm

Table 3.5 Substitite Quality Characteristic of the Air Handiing Unit (AHU)



The list of "Substituted Quality Characteristics" in the table 3.5 is put in the
part-2 of the QFD Matrix A1. This "Substituted Quality Characteristics" will be used for
Technical Benchmarking for AHU product in Thailand market.

Another part that the researcher and researcher and design team used for
QFD matrix A1 inputs is the competitive benchmarking. As mentioned, the competitive
benchmarking is done by the customers in the customer surveys. The researcher and
researcher and design team re-arranged the data from the surveys. The symbols
represent focused brands and c:ompetlturs are plotted on the competitive benchmarking

chart. In this benchmarking the fo represented by the “Star” symbols and
the competitors are represe (1 to 5) The completed plotted
competitive benchmarking %ﬂ fmmt rsuweyrs are shown in Table 3.6
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Table 36: Compelifive benchmarking for the AHU



The completed competitive benchmarking will be placed in the Part-3 of the
QFD Matrix A1. The analysis of the result of the competitive benchmarking will be
discussed later.

The researcher and researcher and design team must complete the
correlation scores of the “Customer Demands” and the “Substituted Quality
Characteristics”. Brainstorming among the researcher and design team generated the
correlation score of each "Customer Demands" and "Substituted Quality Characteristics”
coordinate. Then the total score is calculated by sum over the column of each
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Yruight ariabie Base Struciure 10ametatl /4 2/ §
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357 a7
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|Guidie Hole-Guidi Fin for Installation 351 ] =
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Tabla 3.7a: Complated Ranked Scored "Substituted Quality Characteristics” for Double Skin AHU rank 1-30



Substitute Characteristics ____|Rank
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Fan Inlel Guard
Lighting IP55

Table 3.7b:Completed Ra acterstics” for Double Skin AHL rank 37-53

> r and design team is moved forward
to working on the Part:4 'Temrﬁﬁm étichi 2 QFD.Matrix A1. The technical
benchmarking processis-based on the work Eementaithe researcher and design
team on each brandde rapked "Substituted Quality
Characteristics". To m@l is tec arkingmhe researcher and design
team used the space for meeting at the warehouse where all competitors AHU that
purchased for competitor's prétidct stady are kept sudc:h}.r slde All of the researcher and

e o ot W AT B
TANAI03E WYANENRY

Large te ing chart is set on the wall. Brainstorming and
dlscussmns on each competitor AHU performances related to the developed "Substituted
Quality Characteristics" generate the scoring level. The score and the symbols used are
based on the same criteria of the competitor benchmarking. The focused brand is
represented by the “Star” symbols and the numbers (1 to 5) represents the competitors.
The symbols are plotted on the chart for each brand satisfactory level upon each

"Substituted Quality Characteristics". The completed technical benchmarking is shown in
Table 3.7.
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Table 3.8

The completed technical benchmarking will be placed into the Part-4 of QFD
Matrix A1. The result of the technical benchmarking will be discussed later.

Completed technical Benchmarking for AHU




From the work of researcher and design team on the Quality Function
Deployment (QFD) Matrix A1, the completed Matrix is shown in Appendix 4. Figure 3.12
is the minimized version of the A1.
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Figure 3 1%&.\ yment rrﬁ» Matrix A1 for Air Handling Unit

{AHU) design improvement
354  The Result of QFD Mélrix A1 =
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« Key Substitute Quality Characteristic & Key Design Priority

followi

The top ranked "Substituted Quality Characteristics" is considered as the key
"Substituted Quality Characteristics" and key design priority. The 53 "Substituted Quality
Characteristics" must be filtered to get the key design priority group. Researcher and
design team decided to focus on the top 80% of the accumulated score on the
"Substituted Quality Characteristics". The stratified weight scored and the focused



"Substituted Quality Characteristics" that selected as key design priority is shown in Table
38

Substihte Quelity Cheractesistic
DoHe SinCoreindion 2, Treind trarenissicninaudion 114 Wni2K
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Table 3.8 The Key Substitute Quelity Characteristics and Design Priorities for the Air Handling Unit
{AHL) design improvemnent
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From the table 3.8 the most important feature with weight score of 885is
Double Skin Construction that provide the range of thermal conductivity of 1-1.4 Wim“K
This quality characteristic is the first priority that the designer should focus on designing.
Other key qualities are the removable access door and access panels of the Air Handling
Unit (AHU) (858) and the Rigid-Tough construction (843). This is the top three rank
"Substituted Quality Characteristics" that weight score gap are narrow.

For further assessment of the Matrix A1 to get the design references, The
Technical Benchmarking and the Competiti nchmarking results will be discussed.

" &
In competitive ben design team found that some

areas of the key "Customer _ nce and unsatisfied range.
llustrated in the table 3.9 the dark shaded :1-“- ow the design opportunities that the
AHU should be designed 1o
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Tahle 39:  Key design opportunity from AHU competitive benchmarking



From the table 3.9 following points are the design opportunities: Air tight, No
thermal Bridge, Hanging Plat Form installation, Small foot print, Accurate air volume, Air
tight service door, Clean internal construction, Fan performance, Lighting, Low noise, Low
vibration, Dry drain pan, Flexible equipment configuration and Multi-insulation material.
The listed "Customer Demands" should be taken for account in AHU design impravement
for increasing the customer satisfactory level.

For technical benchmarking, the key design priority is focused for the
penchmarking assessment. The key "Substituted Quality Characteristics" that the
researcher and design team should focls © increase the AHU competitive edge Is

shaded in the table 3.10. /f/,
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From the table 3.10 the current focused brand AHU design should be
improved in following areas to increase the AHU competitive edge over competitors:
Double skin panel thermal transmission resistance, Service door and service panels,
Strength of construction, Fan performance, Drain floor, Air tight, Fool proof assembly,
Door and wall panel gasket.

After combining the competitive benchmarking and the technical
benchmarking, there are some repeated design-opportunities. This repeated design



opportunities are key design competitive edges for double skin AHU, which the designer
should focus in design improvement.

The QFD matrix A1 for AHU design improvement is completed. The outputs
of this matrix will be directly used in other matrices A2, A3 and E4. In concept designs
generation the outputs from this QFD Matrix A1 are used as the design guidelines.

36 QFD Matrix A2: Functions and Substitute Quality Characteristics

seene®

A
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Dark shaded block irgfeated that in this step the r and design team is proposing
functions of AHU. The proposed funictions are then put into/the QFD matrix A2 to find the
correlation between the proposed function and the key "Substituted Quality
Characteristics"

BN ANHUI03 e oo
S A T o

Matrix A1) The result of the matrix is the function weight score that will identify which area

of the function needed to focus and put afford on design. Also the result will show the
oppartunity function that can be the candidates for cost reduction in future.

36.1 How QFD Matrix A2 Works

The Quality Function Deployment (QFD) Matrix A2 is very simple and easier
to assess than the Quality Function Deployment (QFD) Matrix A1. The matrix has four
parts, the Substitute Quality Characteristics and its Weight on the vertical axis, the
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proposed for the new product or services is then listed in the horizontal axis. The
correlation scoring part is in the middle. The accumulated weight of function and the
functions ranking are on the bottom of the matrix as shown in the Figure 3.15.

Legend of Matrix A2

1 = Part-1: Substitute Quality
Characteristics

2 = Part 2: Purposed Functions

3 = Part 3: Cometation Matrix
Score

4= Part 4: Welghted and Ranked
Scored from Correlation Score

Figure 3.15  Quality Function Deployment (QFD} Malrix A2

The Substitute Quality Characteristic and its weight are taken from the result
of the Quality Function Deployment (QFD) matrix A1 which the researcher and design
team already assessed in prévicus section. The Pari=2 the proposed function is the new
product function that developed by the researcher and design team, during the meeting,
brainstorming and ideas generation. This function will be the second guide for researcher
and design team to generate the concepts of new product.

In thePart-3: The correlation scores 9, 3, 1.and 0 are used to identify the
correlation of the new proposed function to the substitute quality characteristic, which will
then multiply o the-weightcof-each respective; substitute quality characteristic land sum
over the column to the'Part 4. The Part'4 will.contain the sim 'over-column’weight of each
new proposed function that developed by the researcher and design team. The weight of
the proposed function will be ranked from the highest weight to the least weight.

The ranked proposed AHU function is the key indicator on the important of
the function on new AHU design improvement. The high ranked functions are important
for marketing focus and key subjects for design improvement. The proper AHU functions
focus will generate the effective product designs that meet customer expectation,




The low ranked function or no-comrelation functions are representing the
functions that do not relate to the customer needs, which will be latter candidate for cost
reduction. On the other hand, it may show that the substitute quality characteristics are
not yet identified, and the researcher and design team should carefully considered on the
customer demand survey process. |

In generating the new proposed function, the researcher and design team
has to study the current function of each competitor in the market for references. Then the
list of the new AHU functions is developed in the researcher and design team meeting.

The new purposed function are listed in the table 3.11
NEW AHLI PROPOSED FUNCTION

[ TTTEITTIAT IS OaToTy
Bulld Static Pressure

Clean Air

Clean internal Structure
Controlilng squipment instaliable
Cooling

Deliver Constant Alr

Delivery Alr to Distributicin System
Demunifuing
Dry Drain Pan

Heating

[High Static Operation

Humidifying

Knock-Down system

Lighting Equlpment

Malintainablillty, Servic abllity and Installation
Minimum Vibration

Modular Equipment Sectlon

Moduiar Cross Seciion Size

Monitoring equipment installable

No Thermal bridge and Internal-external condensation
Quilet operation

Safty

Table 3.11 , New purposed function of double skin AHL

From the table 3,11 _preposed function will be used as the input of the Part-2
QFD Matrix A2. These functions will be- weighted and ranked. Result’ will be the
importance fungtion of AHU

The researcher and design team is working on scoring the comelation
between the proposed function and the "Substituted Quality Characteristics" from the
QFD Matrix A1. The 9, 3, 1 and 0 scores are used. After the correlation is scored, the
researcher and design team has to fine the weight of each function by multiplying the
"Substituted Quality Characteristics” weight to each correlation score and sum over the

column. The sum of each proposed function is ranked and displayed in the completed
QFD Matrix A2.




36.2 The Complete QFD Matrix A2

QFD METRIX AZ: Customer Demand Function and the
Subslilule Characleristic fram A1
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Table 3.12: The Quality Function Deployment (QFD) Matrix A2 for Air Handling Unit (AHU) @esign improvernent
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table 3.124s the minimized version. The enlarged version is in the Appendix 5 for further
reference. Please refer to the appendix 5 for easy reading the table.




3.6.3 The Result of QFD Matlrix A2

From the assessment of the Quality Function Deployment (QFD) Matrix A2
we obtain following:

A NI NN

Key product functions are the high ranked functions. The task of the
researcher and design team is to find the key design functions, which will
be used as the scope of AHU design improvement. For this Air Handling
Unit (AHU) design improvement, following functions are needed to be
carefully focused:;

v

A N A T N U U L NN

<

Knock Down System

Easy Maintainability, Serviceability and Installation
Safety

High-Static Operation
Madular Equipment Saction
ModulapCross Section Size
Cooling Capacity

Delivery High Static Pressure
Quiet and Low Vibration
Clean Intemal Structure

No ThermaiBndge

Air Cleaning

Humidify and De-Humidifying

The funictions with little customer need are the low rank function from the
matrix A2-The-low-rani-function-is-listed-to-rémind the researcher and
design t6am that these functions can be put as the last priority for design.

Lighting equipment

Meating

Drain Floor
Control and Monitoring Equipment

Thecoutput-of QFD-Matrix-A2 is aiso used as the, further, reference for the
researcher and design team ta develop the concept design'in next.chapter, This guideline
will help the-designer focus on proper functions.




3.7 QFD Matrix A3: Substitute Characteristics
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Matrix A3 is showing the latioh betwest “Stibs Quality Characteristics". The
output of this matrix will =d | ‘Conhcept i eration and used in the QFD
Matrix E4, / 75

The lnten‘elahnnship‘.béfw’éély/ Sub d
necessary information that the researcher an esign team néeds to be acquainted with.

In generating the d ; Jme specification trade-off
or changing the value ugwe nd design team should know
the effect of changing "Substrtuted Quality Characterislics" to another. This QFD

Matrix A3 is design to generate_the relationship. between "Substituted Quality

Characteristics". %w ‘Ll,’) CV] E_l U jﬂ ’]i

371  HowQFD

AW IRNBT RV VI A b

(QFD) Matfix A1 is taken and put into both vertical and horizontal axis. This coordinate of
the quality characteristic will generate duplicated correlation, so one correlation is block
out to prevent confusion.

The interrelationship of the "Substituted Quality Characteristics” are
representd by the, strong positive (++), Positive (+), no relationship ( ), negative (-) and
strong negative (- -) effect to another "Substituted Quality Characteristics". The correlation
between two-substitute characteristics are represented by those symbols and the



researcher and design team will be able to understand effect of the changing of each
substitute quality characteristic to another.

In generating the relationship effect, the researcher and design team needs
to understand all "Substituted Quality Characteristics” of the AHU. Each "Substituted
Quality Characteristics" will be discussed on its effect over the other 52 "Substituted
Quality Characteristics”. The relationship effects discussions are done on all 33
"Substituted Quality Charactenistics". Researcher and design team has to work on the
relation between "Substituted Quality Charactenistics" for 1378 times to complete the
relationship.

The relationship effect is determined by-asking the team member a simple
question “If the Quality Characteristic A“is increased in its value, what will other
"Substituted Quality Characteristics be?’ For example, if the thickness of the wall panel is
increased how it will effectthe rest of the “Substituted Quality Characteristics”. The wall
thickness increased will negatively (<) effect the AHU structure since the weight is higher
while strong positively (+ +) tathe ability to varying the wall panel thickness.

The completed QFD Matrix A3 of the doubls skin AHU design improvement
is shown in next section Figlire 3.17, enlarged table is shown in Appendix 6
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Figure 3.17: Completed Matrix A3.



Figure 3.17 illustrates the completed QFD matrix A3, which is done by the AHU
researcher and design team. Both vertical and horizontal axes of the matrix are the
"Substituted Quality Characteristics”. The correlation between each pair of "Substituted
Quality Characteristics" is displayed in the center of the matrix. The shaded color shows
the blinded correlation area, which is repeated and not used.

3.7.2 The Resuft of QFD Matrix A3

We found that the developed "Substituted Quality Characteristics” in the Air
Handling Unit (AHU) are related to each other. The changing in one "Substituted Quality
Characteristics" value will effect the other “Substituted Quality Characteristics”, both
positively and negatively, If the adjustment of the "Substituted Quality Characteristics" is
needed in AHU design process, researcher.and design team need to carefully adjust the
"Substituted Quality Charactenstics” so there will be minimum effect to other "Substituted
Quality Characteristics". Lagkof gonsidering to the effect of each "Substituted Quality
Characteristics" on the other. QFD Matrix A3 can create problems in AHU design. This
Quality Function Deployment (QFD) Matrix A3 will be used as the guideline for the
researcher and researcher.and design team in generating the concepts for Air Handling
Unit (AHU) design improvemeant.
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