Chapter 4

Product Design improvement Using QFD approach Part-2

This chapter will describe the process of product design improvement by
using the QFD approaches start from concept design. The detail of each concept design
is discussed and finally one of the four candidate concept designs is selected for detail
design.

41 ConceptDesign

Concept design is the first step that ineresearcher and design team develops
the visualized idea of AHU from the guidelines and requirements. The AHU guidelines
and requirements are thewresulis. from previous . chapter "Substituted Quality
Characteristics" , Porposed Function, and the result from QFD Matrix A3. Concept design
is one of the important processes in AHU design development.

The design contept generated is the vital information that works as the
controlled guideline andboundary of the AHU detail design. If the AHU concept is not
properly selected at the first time, the product will be designed in the wrong way. Final
design will not meet the customer demand and.the whole design process must restart
again.

The researcher and design team should bear in mind that good concept
design process must be guided with the boundary of the customer requirements. The
creativity of the designerif properly guided with the customer dermands will generate the
good-quality product design. If the researcher and design téam does not concem about
the customer expectation on AHU, the designed AHU tend to miss the customer's
expectation the product wili not success in business. Hence, the concept design is very
important, the researcher and design team should find the proper approach to guide the
concept generation-withautlimiting the creativity of the designer.

Quality Function Deployment. (QFD) is one of many approaches that
available‘imdesign technology and-toals: In this AHL designdevelopment QFD is already
selected and used to transform the “Customer Demands" into the'key "Substituted Quality
Charactenstics". Also the design references and guidelines that generated from the QFD
Matrix A1, A2 and A3 is prepared for further concept design generation. The AHU design
guidelines and boundary that generated from the previous QFD process will be the vital
information to the designer for AHU concept generation. Furthermore, QFD will be used
as the concept design selection tools. The selected concept design will be passed to
detailed design to produce the AHU prototype.
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4.2 Concept Generation for Air Handling Unit (AHU) design improvement
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The researcher is developing various concepts with the researcher and
design team and four key AHU design improvement concepts are generated. Each
concept is shown in next four sections along with the concept description. The four
toncepts were named “Concept-1", “Concept-2", “Concept-3" and “Concept-4". In design
concept development process, the design was written on the sketchbook and the copy of
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the concept was put on the presentation board for comments and adding features. We
will discuss the detail of each developed in following sections.

43 Concept1

From the QFD requirement the “*Concept 1" is developed by the researcher
and design team using the improvement of old double skin structure, changing material,
wall sandwich panel configuration and some panel locking procedure.

431 Construction

The main post of t \\\\ i sheet metal formed into the shape
by the rolled forming or shegl metal feiding. is serve as the vertical beam or
horizontal beam. Same seet e inm e number of parts requirement

and also can contral the stre of the post is shown in the
figure 4.2.
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Figpire 4.2 The Sketch of the “Concept-1" main post
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Figure 4.2 illustrate the sketch of the section of the post structure on the
SolidWork99™ screen. From figure the main post can be internally insulated, as
ilustrated to improve the thermal transmission resistance, which the thermal bridges will
be dramatically, reduced. The length of the post can be fixed to any length requirement to
meet the modular structure.

The structure is formed into the box by the special design comer pieces. The
corner pieces will hold each post together and will increase the strength of the structure at
the corner. The corner is formed by the cast aluminum piece as shown in the figure 4.3

The figure 4 3 illustrafe: piece.and the assembly of the
comer pieces to the poStE The post is bolted to the comer pisces by the self-tapered
philips screws. The po A

Phillips Screw
bolted the post to
corner pieces
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Figure 4.4; “Concept 1" Post + Comer Assembly
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Figure 4.4 illustrate the post + cormner pieces assembly of the “Concept-1".
This structure is the improved version of old AHU that used the aluminum profile post.

4.1.2 Base floor structure

The floor of the unit is constructed with the C —Frame galvanized steel sheet
or the cold rolled C-profile steel as shown in figure 4.5.

Figure 4.5

From figure 4. 5 he £ [he base frame structure beam is

welded together or boltad re-for supporting the whole

AHU weight. The base Tran 1ch ection and will be used
for each AHU section separately. M
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of insulatioh material, such as Polyurethane, polystyrene, mineral wool or the fiberglass.
The drawing of the wall panel is illustrated in figure 4.6.



Figure 4,6: | The wall and ficor panel of “Cancept 1"

The figure 4.6 ilustrates'the fulFpiece wall panél and cross-section-of the wai
panel. From the cross section of the pane!, there is no metal contact between intemat and
external sheet metal, The interior and exterior hold together with the adhesion force of the
adhesive that holds the insulation to the sheet metal. The gap between the edges of
external shell and the intemal sheet metal is wide enough so that the bolt that used to
secure the panel is not create the internal/ external metaf contact.
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4.1.4  Service Door, Service Panel

The researcher and design team has two options for the intemal AHU
access; service door and service panels as shown in figure 4.7.
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Figure 4.7: " 'Concept Access Panel and Access Door

Figure-4.7-illustrate-two options cof the AHU intemal access the senvice door
-and service panels. Atthe non-frequent service requirement area-or the service area of
small AHU, the quick access service panel is used. The service panel quick key-access
locks are used instead of the bolts for fast access. No service door is provided for small
unit. For large unit the service door is provided using the standard extemal bolt hinges
and the quick key-access panel lock as the door lock. The door opening at the pane! for
service door use the post as the doorframe insulated by the insulation sheets. The hinge
can be removed, by removing the strut of the hinge and the door is loosened.
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4.1.5 Module Assembly and Module Connection

To assembly the parts together, first the floor panel is placed to the lower
parts of the post and comer pieces, as shown in figure 4.8.
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vertical post is fitted and #
secured and the top roof
Is foxed to formn the box

4| panels and the Air

# Handling Unlt (AHU)
g8 saction is raady for
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Figure 487, «The asseibly of the “Concext 1" AU

Figure 4.2gillustrate the agssaembly of the “Concept-1" AHU. The floor of AHU
with the semi-assembly post structure is put over the base floor structure. Few bolts are
tightened to fix the base panels and frames together. The AHU components are put in
place and four vertical posts are assembled. Top roof is fixed on the top of four vertical
posts to form the box structure. The last step is to place the panels to close the AHU box.
This completed assembly is done for each Air Handling Unit (AHU) section. For the multi-
sections AHU assembly, additional section clamp is needed.




The section clamp is a simple c-profile with the bolt as shown in figure 4.9

C-Profile
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Air Handling
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Gasket is ‘ Handling Unit
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sealed the air

Figure 49:  C-Clamp for holding two “Concept 1" ARU fogeiher.

Figure 4.9 illustrate the clamp that used to hold two “Concept 1” AHU
together. The multiple clamps are applied along the edges of two AHU sections. The bolts
are tightened to secure the clamps and two AHU end flange together. Between the Air

Handling Unit (AHU) post the gasket is applied to seal the air. and, preventing the thermal
bridges.

4.1.6 Equipment Installation

In order to install AHU equipment such as..fan, filter, coil, and etc. all the
section shall be ‘piaced ‘on ‘the ‘AHU floor. Yhe'load-of the components is directly
transferred to the floor so the vertical posts and the roof do'not received any weight from
the components. The figure 4,10 shows the example of fan'installation on the base floor.
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Figure 4.10:  The section instaliation &f Fan o the base frame of "Concept 1~

From the figure 4.10, The fan base frame is mountad to the floor using the
drill-through bolts. The motor and fan sit on the sub-frams_in-which the fan vibration is
isolated by the damper sgring.

In installation of other component, same basis of installation is applied. The
components must bolted on the post of the base floor of “Concept 1" only.

4.1.7 Drain Pan, Coll

Therain pan at coil section,is raised,over-the-lower edge-of the post for slide
out. The standand cooling water coil i$) used, The coil size can be_varied:through all the
cross section size. The height of the coil is the height of the internal open cross section
less the height of the drain pan.

4.1.8 Miscellaneous

The power connection terminal is equipped at the fan section, and if the unit
have the heating section the control and power terminal will be provided. The intemal air
handling unit dimension is the modular of 305mm and the equipment section
arrangement can be varied according to the customer demands.
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42 Concept2

The “Concept 2" is newly designed based on the information and design
guideline from the QFD developed by the AHU researcher and design team.

This concept-2 Air Handling Unit (AHU structure is located externally so only
double skin panel's interior contact with the intemal environment, Thus this will generate
very smooth and very clean intemal Air Handling Unit (AHU) face area.

421 Construction

The C pose frame i8 the main structure of this Air Handling Unit (AHU) the
odd looking C-shape provide the strength and holding point to all vertical and horizontal
structure. This C-post frame'is digplayed in Figure 4.11

Figure 4:11 C-Structure: Concept-2

From the figure 4:11,the/C-channel/frame is made (of the galvanized sheet
metal, color coated sheet metal ‘or ‘stainless-steel. This rectangular structure'is the main
structure of the AHU. Ficor and Wall panels are bolted to the structure to form the box of
the AHU. This newly developed structure design increase the flexibility of the Air Handling
Unit (AHU) construction by minimizing the number of parts required to assembly the AHU.
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422 Foor& Wall Panel

Similar design is applied to the floor and wall panel. The sandwich panel
made of two identical steel sheets, which are inserted, with the insulation in the middle.
The intemal frames of floor and wall panel are the plastic profile, which are internally
inserted by square section of stee! pipe for strength. The sheet metal is hold to the
insulation with the adhesion force from the adhesive or from the polyurethane insulation
injection as shown in figure 4,12

Plastic Profile
inserted with the
sguare stesl pipe
Internal
Sheet Metal

External
Sheet Metal

Insulation
Material

Figure 4,12:  The cur section skefch of the wall and ffocr panels of “Concept 2" AHU

From figure 4.12, the intemal and extemal sheet metals are not contacted to
each other. The thérmal ‘bridge|free construction (provided the advantages and aim to
meet the customer requirement-from-the QFD ‘process. The plastic‘profile is insulate the
wall panel edges while the inserted square stesl pipe of folded steel sheet will increase
the wall and floor strength:, This "Concept 2" the wall and floor panel are Gsed-10 received
the forces from the components installed. The wall and panel also received the weight
load of the AHU which transfer through the wall panel to the floor panel via the “C-
channel”

In construction, the wall and the C-channel frame is assembied together as
presented in Figure 4,13
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From Figure 4.13 two images is displayed, the full size of the panel assembly
to the C-channel and the zoomed comner of the assembly. In the top images the triangle
hollow at the corner will be inserted by the neoprene gasket to prevent the air leakage
and improve the thermal insulation at the comer. C-channel and the panels is bolted
together by the self tapered screw as shown by arrows in Figure 4.13.
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423 Service Door Service Panel

The service panel is not used in this “Concept 2" construction but the access
door is provided instead. The panel is opened for the door assembly by using the piastic
frame with the steel pipe insert as the doorframe, Intemal Thick sheet metal is forming the
square flange and used as the door intemal support and sealing flange, as shown in
figure 4.14,

Hinge Handle and

Lock

Sheet metal

AHU wall panel Piastic Profile with door

gasket

Figure 4.14: Actess Door for ‘Concepl 27

Figure 4.4 illustrate the cut section of the door panel, look from the top view.
The hinge is externally bolted to the panel. And the door lock is located extemnally.

4.2.4 Equipment Installation

The AHU equipment such as Fan, coil, heater and other heavy equipment is
mounted on the floor at the edge. The components are bolted at the plastic profile intemal
frame of the floor panel.-Since reifforce stricture is provided the compenent can be held
rigidly. The example of fanrinstallation to the “Concept 2" is displayed in the figure 4.15

Fan

Fan, Wall Mount
Frame lis. bolted
into the panel to
the intemal steel
reinforced
plastic frame

Figurs 4.15:  The fan instailation exampie of the *Concept 2"




4.25 Drain Pan, Coil

The drain pan is located at the floor level, the coil holding slide-in frame is

mounted to the floor and ceiling edges for the rigidity, coil can be slide-infout for
maintenance.

426 Miscellaneous

Filter section, and other equipment can be installed in the internal modular
section. The lift hooks and the forklift accesses are at the base structure. The base

From ﬁguram'ﬂi the base frame shown is sin'mr to the base frame of the
Concept—f" This type of Air @dllng Unit (AHU) hase frame is commonly used without
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43 Concept3

*Concept 3" is the combination of the “Concept 1" and “Concept 2". This
“Concept 3" is developed by simplified the “Concept 1" post construction into the market
standard square section steel profile. The “Concept 3" wail panel is taken from the wall
and floor panel of concept 2. Figure 4.17 show the modified construction post section and
the comer piece from “Concept 1" to “Concapt 3".

"Concept 1" “Concept 3"
post struciure post structure
“Concept 1" “Concept 3"

comer pigce comer piece

Figure 4.17  “Concept 1" part modification to “Concept 3" Post-structure and comer piecs,

Figure 4.17 illustrate'the modification of the "Concept 12'parts to the “Concept
3" part. The “Concept 1" sheet metal processed post structure is replaced with the
industrial standard square steel profile. The aluminum cast “Concept 1" comer piece is
simplified to simple shape aluminum cast “Concept 3" comer pieces.

The reason that the "Concept 1" post structure is replaced with the “Concept
3" steel profile, is to reduce the manufacturing process time. The “Concept 3" steel profile
can be cut to size without any additional manufacturing process while the “Concept 1"
need to be rolled form or folded to shape. Thus, the parts tolerances and process time



requirement are reduced. The of "Concept 1" cast aluminum is filed to completed the

square since the corner of the “Concept 3" corner pieces is used to hold the wall and floor
panels.

431 Construction

To make the construction frame, square steel post are held to the aluminum
corner by bolts from inside, as shown in figure 4.18.
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Figure 4.19: "“Conceypt 3" completed box construction



From figure 4.19, the completed structure of the “Concept 3" is shown. The
external side of the frame is flat and smooth. The flat external side will be served as the
plane for the wall panels and floor panels to be installed on by the bolts. The insulation is
adhered on the outer side of the structure frame, which is used for air tight and thermal
insulation.

432 Wall Panel Floor Panel and service door

The “Concept 3" wall and floor panels are borrowed from the "Concept 2.
The panel, which served as the floor and roof, will have the thicker sheet metal. The

plastic profile in the floor and roof mw ”}lnfurced by the C-steel profile inside the

plastic profile as shown in figure
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plastic prof le is increasing the ability of:the floor and soof panel to be @ble to ::an"_n,;r the
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received ole fr panel and
then transferred to the base structure.

433 Base Structure.

The C-channel steel profile assemblies are used as the base structure. This
base structure is similar to the “Concept 1" and “Concept 2" structure. In installation floor
panel to the base structure, the floor panel is bolted to the top of base frame. Then the
structure frame is laid on the wall and then bolted to secure the structure to the floor
Panel.



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 53
"Substituted Quality Characteristics”. Researcher and design team has to work on the
relation between "Substituted Quality Cr‘FrT instlcs“ for 1378 times to complete the
relationship.

The relatmnshlp EH;et»is detegune:tﬁklng the team member a simple
question “If the Quality G‘I‘u_g;a;tensﬁc Alis 1msgu its value, what wil other
"Substituted Quality Characterisi a? Far example, if the thickness of the wall panel is
increased how it will e "Substituted Quality Characteristics”. The wall
thickness increased will fiect the AHU structure since the weight is higher
't&vﬂjﬁhg the wall panel thickness.

The completed trix a‘a u& & double skin AHU design improvement
is shown in next section Figura 2. enléxge 1e. is shawn in Appendix 6
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From Figure 4.21, two parts of the picture shown. Upper part is the illustration
of the modules connection and show the C-Clamp, which is installed to clamp two
modules together. The lower part is the cut section shows the installation of C-Clamp. The
C-Clamp is placed over two square steel profiles and one bolt is fasten to squeeze the
two modules together. The number of the C-Clamp required depends on the size of the
modules.

4.3.5 AHU components

The internally installed fan and drive system support structure are boited onto
the floor pane! edge as same as concspt 2. Drain Pan, Coil and other equipment can be
installed on the post or on the floor. Drain Pan is located above the lower frame of the
structure for sliding out. The Coil is the standard waier coil range from 4 to 8 rows with
vaniable tube heights and fin lengths.

4.3.6 Miscellaneous

The lift hook can be.installed on the roof due to the strength of the structure
and the forklit access is at ife base of the structure for moving in the plant. The filter
section, lighting and other'eguipment can be mounted on the structure directly, on any
position without putting all weight onthe floar.

44 Concept4d

The “Concept 4" is the diversification .design of the “Concept 3°. in the
“Concept 3" there is potential tharmai bridges at the edges of wall and floor panels. From
the QFD guideline, the thermal sheuld ba eliminated. The “Concept 4" is increased the
thermal bridge free feaiure as well as the assembly of the AHU_ Cost of production is also
taken for consideration-in'this “Concept 4" development. The extemnal appearancs is not a
major concern for the AHU so the “Concept 4" is designed to have rugged look. The
structure is fully knocked downcapaility and very flexible in component configuration.
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Figure 4.22:  The sketch of the saction of “Concapt 4

From figure 4.22, three section of drawing is shown. -The top\drawing is the
cut sectioncof the “Concept 4" which show the major components of the structure. The
main structure of the “Concept 4" is the L-shape equal leg stes| sheet metal profile. The
profiles is held together to form the AHU box by the corner piece. The comer pieces are
made with the thick sheet metal folded and welded, which is shown in the lower right of
the figure 4.22. The lower left part of the figure 4.22 is the top view cross-section of
“Concept 4". This drawing illustrate the connection method of two “Concept 4" module

together.




4.4.1 Construction

The square leg folded sheet metal is unit structure. The thick sheet metal
comer piece served as the comer holder to align and secure the structure. The structure
is color coated for clean look. The exterior is covered with the neoprene gasket. The
gasket served as the frame insulation and airtight seal for the panel installation as shown
in figure 4.23 '
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Figure 4.22;  The L-shapo equal isg post sniciure.

Figure 4.22 illustrate the main post of the “Cancept 4". The post end have
pre-drilled and dimpled holes for guiding the post to the guide dimple on the comer
pieces. The comer pieces of the ‘Concept 4" is shown in figure 4.24

Figure 4.23:  The “Concapt 4" comer plece

Figure 4.23 illustrate the “Concept 4" comer piece that has the pre-dnilled
dimpled holes, These holes serve as guide for the L-shape post to properly installed.
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44.2 Fioor& Panel

The floor and wall panels share same platform. The exterior shell is looked
like the rectangular tray with the folded in rim as shown in figure 4.24

Figure 4.24:  External sheil of the “Concept 4" wall and floor panal

The plastic or wood profile is‘ inserted into the im and the internal sheet metal
is riveted to the plastic or wood profile, This structure provides no metal contact of the
structure. The insulation can be made of any insulation material, without limitation. This
AHU design makes wall panel thickAess be able 1o extended or reduced to the required
thickness of the panel to meet the design specfication. Figure 4.25 shows the exploded
assembly of the “"Concept 4™ wali panel.
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Figure 4.25: Exploded assembly of “Concept 4" wall panel



The figure 4.25 illustrates the assembly of the wall panel. The extemal shel! is
inserted with the wood or plastic profiles, filled with insulation and closed with the inner
sheet metal to form the double skin construction. The insulation and gasket neoprene
material cover the gap between two sheet metals. The neoprene work as both thermal
insulation and the wall panel gasket.

To secure the panel to the structure, bolts are used to secure the panet to the
structure, through the gap between sheet metal, as shown in figure 4.26

— | Bolt with cap I
T Insulation
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Figure 4,26 Pane! Fastening, Concepi-<4

Figure 4.26 illustrates the method of holding the flodr.and wall panel to the L-
shape structure. The wall and floor pane! is boited to the insulated L-shape post structure.
The bolts are drilled trough the panel between the gap of extemal shell and intemal sheet
to prevent metal contact. The sealed neoprene gasket forms the airtight. The bokt ¢ap is
covered with the plastic cap to prevent the condensation

4.4.3 Service Door Service Panel

The service panel:is the standard option the self:taper bolt)is easily: removed
and re tightened so the access tolintemal parts is easy. For'the frequent ‘access, the
service door air tight is the option to choose for. Figure 4.27 ilustrate the new design
service door for “Concept 4"
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Flgure 4.27: 45 degree door panel

From the figure 4.27: The 45degree-sefvice door edges increase the airtight
capability of the service doorIntegrated with the half round double rows door gasket. The
door hinges is removable. Spécial‘plastic or wood profile is used to form the 45-degree
edges of the doorframe and the door panei.

4.4.4 Module Connection

To connect two concept-4 modules together, the simple fastening operation
is taken place. The module is aligned by the pre-drilled hole and the bolt and nut are used
to fasten two modules together. The end of the square leg works as the flange and the
insulation works as the gaskel. The tompression. forca of the bolt forms perfect seal
between two modules.

4.4.5 Fan Section

With the same approach as other concepts, the concept-4 fan mounting is
simple and can work with any onientation. The main fan structlire is secure to the square
leg sheet metal while the rubber and spring isolate the sub-frame vibration.

4.4.6 Drain Pan, Coil

The condensation drain pan and coil are placed in the split-level. The drain
pan locate.under the coil can be slid out for.the cleaning.-The coil structure is. secured to
the base frame and the, vertical structure and the coil can slide out or lift off the unit easily.

4.4.7 Miscellaneocus

The additional equipment such as heating coil, heat recovery unit can be
installed to the machine. The intemal modular size is expected to be the multiple size of
305 mm. The unit transporting lift hook is located on the base of the module. The forklift
access is also at the base of the module that has one side long enough for the forklift. The
unit is equipped with standard wire guide and power connecting terminal. The sight glass
at the access panel or access door is optional.



45 QFD Table E4: New Concept Selection Summary
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Figure 4.20, The Qually Function Depioyment (QFD) Matnx £4

The table E4'ls composed with four parts as shown in figure 4.29. The first
part (Part-1) is the column listed of "Customer Demands’, Proposed Functions and
"Substituted Quality Charactafistics’; Part-2 is the column contains New Concept Designs
of AHU, which generated by researcher-and design team. Part-3 is the comparison level
scoring area that the + “Plus” and = “Minus” indicator shall be filled by researcher and
design team. The comparison is made between the ‘Datum” and other concept designs.
Part-4 is the “Datum”, which is one of the concept designs that randomly selected to use
as reference.

In this AHU concept design selection, four concept designs are the
candidate; “Concept 1%, “Concept 2", “Concept 3" and “Concept4". The AHU researcher
and design team decided to give a chanca to all concept to be the “Datum”, so the matrix
E4 need to be completed four time. Each time different AHU concept design is used as
“Datum”.

This QFD'E4 matrix usé the-.comparison-valte of (+) and ( - ) as the score. in
Matrix E4 scoring process, the researcher and design-team has to pick one concept
design ag®)''Datum”. The comparison is made by researcher and design team, considering
the satisfaction level of each concept design on each row of "“Matrix E4 Part-1". The
comparison is made on the basis of comparing the concept design and “Datum”. If
concept design is better than datum on particular row of “Matrix E4 Part-1", the ( +) Plus
sign is given to that concept design. If compared concept design is worse than “Datum’ (-
) minus sign is given instead. If the compared concept design is perform at the equal level
to “Datum” no sign is given.

After the researcher and design team complete the task of concept design
comparison, the totat sum of the “Plus” and “Minus” obtained will indicate the strength and



weakness of each concept design. The score of each concept design is the number of the
Plus deducted by number of Minus.

From the repeating assessments of the Matrix E-4, the researcher and
design team will set the accumulated scores of each concept design and the highest
score shall be the best concept design. The researcher and design team also gets the
runner up concept designs, which can be further developed to be better concept design in
the future.

452 The Complete Matrix E4

Four trials are taken for comparing the “Goncept 1", “Concept 2", “Concept 3"
and “Concept 4" of Air Handling Unit (AHU). Tne-Matrix E4 Part-1 input are the list of
"Substituted Quality Characteristics”, "Customer Demands” and “Purposed Function” that
developed from the QFD Matrix'A1, A2, and A3. The detail list of Matrix E4 Part-1 is
shown in following table 4.1,

|0,20,180,270/ L-R degree blow ouitlet

180 Removable Pin Hinge for Access Door

305mm Base Dimension Modular {infernal)

rf_\ooess to the intemal components
Accurate Air Volume

Air Cleanliness Control

|Air Humidity Control

Air Mixer

Air Volume Control

Air Washer Section

Anti Trap-in

Appearance

Agsambly Fool Proof

Belt Guard
Build Close loop air circuit

Build Static Pressure

Centrifugal Fan installation

Clean Air

Clean intemal construction

Clean Intemal Structure

Coil Sliding

Caoil velocity up to 700f6m

Color Finished Exterior

Color Finished Interior

Connected to Air Distribution Systems
Control Connector, Terminal
Controlling equipment installable
Cooling Capacity
Delivary Air to Distribution System

| Dehumify

Door and Service Panel Removal in 1 min

r:.')oubla Skin Construction 2", Thermal fransmission insulation 1-1.4 W/im2/K

Droplet Eliminator after coll
Dry Drain Pan
Easy to remove & install wall panel
Fan Inlet Guard
|[Fan Set Vibration |soiator
|Fiexible Configuration
[Fool Proof For Connection
Table 4.1: List of QFD Matrix E4 Part-1




Continue from previous page

|Forkiift Access From Side

Guide Hole-Guide Pin for Installation

Heating

Height Variable Bage Structure 10gm-20cm

High Performance Fan & Drive

|High Static Operation
Humidifying

inlet Flange, Duct Bolt Connect

Insulated Drained Floor{ With Expanded metal cat walk, on large unt)

Insulated Sight Glass

intemal Inlet Damper @ Mixing Box

Intemal Lighting Switch

Knock Down Structure

Lift Hook

Lighting P55
|Loni Maintenance Life
Low Vibration

|Maintainability. Serviceabliity and Insialiation
Mixing Box

[Modular Equipment Section

[Modular Filter Section 305x305

[Monitoring equipment installable

[Multi-Choice Insulation (PU, PS, Rockwool, Fiberglass)

[Multi-Choice Internal Skin

Multi-Stages, selectable modular component

Multi-Type-Fan Configuration

No Thermal bridge and intemal-extamal condensation

Non-Cormosive

On Floor installation

On Hanging Plat Form Installation

|Out Let Flange

[Perfect Sealed Gasket
|Easy to meintenance

|Powder Coated Exterior

|Protection of Water Carry Over from Coil.

Quiet operation

Rigid-Tough Construction

Safety
Section Labeling Indicator

Service Door Air Tight 100%

Service Panel-Air Tight 100%

Shaft Guard

Side Access Pre Filter & Medium Filter Housing

Smaill Foot Print

Stackable Unit 2 level

Trap In alarm

V Grooved Elevated-Drain Pan

Walkable Unit Top: 400 kg

Water Pipe Header

Wire Guide-Wire Way

Wiring Temminal for Power Connector

Table 4.1 (Continus):  List of QFD Matrix E4 Parf-1
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The list of the double skin AHU "Substituted Quality Characteristics,
"Customer Demands" and “Purposed Function” in the table 8.1 will be used in QFD matrix
comparison. The researcher and design team will start working on the Matrix E4 by first
selecting the “Concept 1" as the “Datum”. The “Concept 2", “Concept 3" and “Concept 4"
are compared to the “Datum”. The result of the matrix is shown in figure 412

Second trial, researcher and design team select “Concept 2° as the “Datum”.
The “Concept 1", “Concept 3" and “Concept 4" are compared to the “Datum”. The result of
the comparison is shown in figure 4.13. Third frial, researcher and design team select
“Concept 3" as the “Datum”. The “Concept 1", ‘Concept 2" and “Concept 4" are compared
to the "Datum”. The result of the comparison/is‘shown in figure 4.14. Fourth trial,
researcher and design team select “Concept 4" as'the “Datum”. The “Concept 2,
“Concept 3" and “Concept 4".are compared fo the “Datum”. The result of the comparison
is shown in figure 4.15. Afterfour tiial, the total summary score of the four matrix E4 is
shown in the table 4.3.

In this AHU desian; the researcher and design team compares the concept
design over the “Datum” for almost 400 comparison on four trials of QFD Matrix E4.
Example of the comparison of the concept design over the “Datum” is shown in Table 4.2

Trial Number| 1
I Concept 1 2 ] 3 1 &

[Mult-Cholss Insulation (PU, PS. Rockwool, Flbergiass) ] L+« 1 =+ { -+ 1]

Table 4.2:  Sample of the Malrix £4 Companison

From table 4.1a, the sample of the comparison of the Matrix E4 is shown.
This sample is taken from the first trial of the Matrix E4. The “Concept 1" is selected as
the “Datum” and will be used as the companson reference for “Concept 2°, “Concept 3"
and “Concept 4.

The stibjeéi that the desigr concepi is compared in the-example is the ability
of the designed double skin wall panet to use variety of thermal insulation materials. In
concept design.'Concept 1" can use only the sheet PU, sheet PS, Rockwool and
Fiberglass., The “‘Con¢ept\2’, “Concept 3", and “Concept 4" ¢an use the injection PU,
injection PS; sheet PU, sheet PS, Rockwool and Fiberglass. In the companson score, the
“Concept 2", “Concept 3", and “Concept 4" is perform better so the score is ( +).

When each matrix E4 is completed the researcher and design team have to
count the number of each ( + ) and ( - ). The total sum of ( + ) and ( - ) is displayed at the
bottom of matrix and will be used for scoring.



453 Qualty Function Deployment (QFD) Matrix E4 First Trail: Concept-1=DATUM
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Figure 4.30: First Trial Matrix E4 for AHU Concept Selection

12 Plus, 7 Minus, Score 5;
22 Plus, 1 Minus, Score 21. The Best

The result.: Concept-1 = Datum; Concept-2

7 Plus, 4 Minus, Score 3; Concept-4

Concept-3

in Class for this trail is Concept-4.



454 Qualty Function Deployment (QFD) Matrix E4 Second Trail: Concept-2 = DATUM

GFD Metrx E-4 Chart New Cancept Selection Summary
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Figure 4.31: Second Trial Matrix E4 for AHU Concepl Selection

Rt

The result Concept-2 = Datum; Concept-1 = 7 Plus, 13 Minus, Score -6;
Concept-3 = 5 Plus, 10 Minus, Score -5; Concept-4 = 15 Plus, 2 Minus, Score 12. The
Best in Class for this trail is Concept-4.
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455 Quality Function Deployment (QFD) Matrix E4 Third Trail: Concept-3 = DATUM

i
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Figure 4.32: Third Trial Matrix E4 for AHU Concept Selection

The result: Concept-3 = Datum; Concept-1 = 4 Plus, 7 Minus, Score -3;
Concept-2 = 10 Plus, 5 Minus, Score 5; Concept-4 = 18 Plus, 5 Min, Score 13. The Best

in Class for this trail is Concept-4.



456  Quality Function Deployment (QFD) Matrix E4 Fourth Trail- Concept-4 = DATUM

Figure 4.33: Fourth Trial Matrix £4 for AHU Concept Selection

The result: Concept-4 = Datum; Concept-1 = 1 Pluses, 22 Minuses, Score -
21; Concept-2 = 2 Pluses, 14 Minuses, Score -12; Concept-3 = 5 Pluses, 18 Minus,
Score -13. The Best in Class for this trail is Concept-4.
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46 Quality Function Deployment (QFD) Matrix E4 Score Summary

The final scores from comparison between different concept design as
illustrated in the Figure 4.30-4.33 are summarized and shown in the table 4.3

Concept | Trial 1 2 3 4 Total
1 Plus 0 7 4 1 12}

Tabie 4.3 The Quality Function Deployment (QFD) Maltnix E4 Score Summary

The table 4.3 shows the summary of the four QFD Matrix E4 for AHU. The
four concept design are showing each “PLUS" and “MINUS” scores and the total scores.
The total scores are obtained from the number of “PLUS" deducted by “MINUS". In the
summary, the Concept-4 is considered as the “Bestin the Class” concept design with the
maximum score of 46. The runner-up is the Concept-2 with the total score of -2. Concept-
2 can be further developed and improved to meet more customer demands and can be
the candidate in the preductimprovemeant project.

“The Concept-4” is selected as core concept design for Air Handling Unit
(AHU) design improvement detail design.
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