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Fan Case Design using Energy Conversion Ideal Function Based
Taguchi Dynamic Characteristics

Soo Yoon Ji - Joong Soon Jang
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An electric-motor which uses electric energy to dry laundry in a dryer generates wind by rotating a fan. The
roles of electric motor and fan are crucial for drying. To reduce the noises or vibration, their performances
should be improved. However, it requires a relatively high cost to redesign them. In this case, redesigning the
fan case rather than the motor or the fan would be easier and cheaper. This paper is to apply Taguchi dynamic
characteristic concept with the ideal function of energy conversion to redesign the fan case. Not only the
increase of the wind power but also the decrease of noise, vibration and the other side effects are resulted.

Keywords: Taguchi Method, Dynamic Characteristics, Taguchi Dynamic SN ratio, Generic Function, Ideal
Function, Control Factor, Noise Factor, Transformability
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Figure 1. Ideal function and Improvement strategy
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Table 2. Signal M
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Table 4. Control Factor and Level
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Table 3. Noise Factor

Noise Factor : A& N1 N2

Level(mmAq) 6 9
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Factor Orifice Impeller CUTOFF | CUT OFF
Suction Dia. gap Angle Gap
Level A B C D
1 150 Bl Cl 15
2 170 B2 C2 20
3 190 B3 C3 25
Table 5. Lo(3") Experimental Design
column 1 2 3 4
Orifice Impeller CUT OFF | CUT OFF
Factor |Suction Dia. gap Angle Gap
A B C D
1 150 Bl Cl 15
2 150 B2 C2 20
3 150 B3 C3 25
4 170 Bl C2 25
5 170 B2 C3 15
6 170 B3 Cl 20
7 190 Bl C3 20
8 190 B2 Cl 25
9 190 B3 C2 15

3449 AA R oy &7

A Z+ol t3led Al &9} 650, 700, 750 RPM 9] 2
e wo)z OW—E— Hgste] AgS 6}04 HolHE 453
3

Table 6. Measured Data

OUTPUT

Run N1 N2

yl y2 y3 yl y2 y3

—_—

1.23 1.40 1.56 0.99 1.19 1.38

1.80 2.05 228 1.48 1.76 2.03

SECTION A-A’

Figure 2. Product Structure and Control Factor

1.61 1.79 1.99 1.31 1.54 1.77

O | 0| Q| N || B W

2.26 2.55 2.83 1.87 2.20 2.52




Fan Case Design using Energy Conversion Ideal Function Based Taguchi Dynamic Characteristics

3.5 437 dlolg £4

Ei;qim T},

Step 1 : 74714 EXE (Improvement Robustness)
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n=10 log[
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PEELEN
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A= 2r
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Sy = (L, +L,)*/2r=10.1093, d.f.=1
Syy = (L{+L3) /r— 8, =0.0650,d.f. = 1
S, =87—8;—8y; =0.0327, d.f.=4
=5./4=0.008175
Vy=(Sy;+9,)/5=0.01954

A8 9 19 SNH| = 5= —37.57db7} E T},

A5,

L+ L,

S = —54.654514dbo] 5

i, oy 71&7] e B =

0.0018 5127} ® ¢},
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Table 8. Response table of SN ratio

L S,— V) Orifice | Impeller (CUT OFF|CUT OFF
=10log| "o V ] Suction Dia.| gap Angle Gap
v 1 3716 | -37.88 | -36.87 | -36.99
S;=1.23"4+1.40"+1.56 4 - +1.19° +1.38 2 -37.14 -36.85 | -37.22 | -37.06
=10.2071, d.f.=6 3 -37.03 -36.61 -37.24 -37.29
L, =650 1.234700 < 1.40 + 750 X 1.56 = 2,949.50 avg -37.11 3711 | 3711 | -37.11 total
Ly =650%0.99+ 700 < 1.19 + 750 X 1.38 = 2,511.50 max-min|  0.0184 12639 | 03709 | 0.2941 | 1.9474
r=650%+ 700+ 750% = 1,475,000 portion 0.95% 64.91% | 19.05% | 15.10% | 100.00%
Table 7. SN ratio, S, 3 for Each Run
1 2 3 4
Factor O.rifice . Impeller CUT OFF CUT OFF SN ratio Sensitivity s
Suction Dia. gap Angle Gap
A B C D
1 1 1 1 1 -37.57 -54.6545 0.001851
2 1 2 2 2 -36.96 -51.3036 0.002723
3 1 3 3 3 -36.97 -49.2097 0.003465
4 2 1 2 3 -38.19 -54.2586 0.001938
5 2 2 3 1 -36.89 -50.3323 0.003045
6 2 3 1 2 -36.36 -50.0657 0.003139
7 3 1 2 -37.88 -52.9864 0.002243
8 3 2 1 3 -36.70 -52.4362 0.002389
9 3 3 2 1 -36.52 -49.3798 0.003397
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Table 9. Response table of Sensitivity

Orifice Impeller |CUT OFF|CUT OFF
Suction Dia.| gap Angle Gap
1 -51.7226 | -53.9665 | -52.3855 | -51.4555
2 -51.5522 | -51.3574 | -51.6473 | -51.4519
3 -51.6008 | -49.5517 | -50.8428 | -51.9682
avg -51.6252 | -51.6252 | -51.6252 | -51.6252 | total
max-min 0.1704 | 4.4147| 1.5427| 0.5163| 6.6441
portion 2.56% | 66.45% | 23.22% | 7.77% | 100.00%
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Figure 3. Main Effects Plot for SN ratio WA s E2 Zeko] Zolx|A Btk B AHGAE A
A2 E SNH 9} 7 9] A 3Fo] uigAl g ko B X5k
4800 b i 1725 34 2102 AA3A T
Ez‘gg » 495 o ZUEL HAZANOE HF AAHZ o] F= SNH &
o SLOO R LIS T . FTAA T FA O AT FAHQ oA MEe EEE =0
0 7 o AR S 28] fEolth metA SNHIE et A
5400 Lo SA AR ST wol= 21 & AAsAT
%0 170 190 BL B2 B3 a @ a 15 20 25 A zAY HAZA 3 QA e A Ads
Figure 4. Main Effects Plot for Sensitivity <Table 10>3} 2t} o474 AL el 24 9 EX&4A &
2 AL AN2" 9y A& o475 Hugsle Aol
5 = = = o|A7)50 2 AZlyE A e g A7) 4o H) =
AR AL A 2 =S 11 0% AR e GAAUAH ol A3 @
< et AS H48 ¢ v 4 F2Y o 7%
s g =s Fofl JAAERE Ve s st 4 & gRQy] o) o] =89 BYAL HA 24 g3
A9 HA E2 AT £ APdAE vl o] Bol  AFA 29 2 70 YT g E(ANHE £2)S HIt)
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Table 10. Optimal Condition and Confirm Test Data
Signal factor, Noise factor
Control Factor
650rpm 700rpm 750rpm
Orifi I 11 CUT OFF A| CUT OFF
r.1 1ce7- mpetier -~ - | Good Bad Good Bad Good Bad
Suction_Dia. gap ngle Gap
A B C D 6mmAq | ImmAq | 6mmAq | 9mmAq | 6mmAq | ImmAq
Base 170 B2 C2 20 1.8 1.48 2.05 1.76 2.28 2.03
Optimum 190 B3 C3 15 2.62 2.15 2.95 2.53 3.26 2.88
Increasing Rate 46% 45% 44% 44% 43% 42%




Table 11. Confirm of Reproducibility
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Estimation Confirm
SN ratio Sensitivity B SN ratio Sensitivity [§]

Base -36.96 -51.1332 0.002750 -36.96 -51.3036 0.002723

Optimum -36.66 -48.5267 0.003659 -36.70 -48.1534 0.003912

Gain 0.30 2.6065 0.000909 0.26 3.1502 0.001190
37 AEA &9 Ay formability, Quality Engineering Application Series. Tokyo : Japanese
Standards Association, 61-82 : Genichi Taguchi, Subir Chowdhury,
A zdd HAH 2z taf) 22 21002 AT S & Yuin Wu (2005), TAGUCHI'S Quality Engineering HANDBOOK,

A= <Table 10>7 2om AAA el
71-1:}

A Brhe BAAA P 43
SNHI &= dbT9| & o] ] 7h A o] 9l WH
< &3 BAH Y4 ASste R
Ng AEAd WS Z83AT S 9

AA 0ol 7V7hE5E APl £
SNH] 0] 5(gain)oll thet A3 &2l A, 011%
fﬂéﬁﬂomﬁigphJHdﬂ%ﬂhﬂﬂﬂ%dﬁlﬁﬂ
13%E A@Ae] Aot ¥d
g A7 o= QM2w%iwﬁHlaﬂ11%ﬂ%w

ARA R &S Yehl = pe 71 S B 4% 34
Hlow Jof whel 7t Ao A AA FEFol 42~45% F
ﬂd%LSNMKO%%ﬂ“ﬂmq‘”ﬂqﬂH Ast At
P FA EA F UL ASE X, Y EE 3-5db A
ATt

FJr% <Table 11>3}

M
=
E
H-
8
2
o
=

A
ol

F A 2B o A & vkekA] g el e
Hohs Al 2Ele Befe 75&
Aste] A shE Zlo] +49 &
a7 d%i"’ﬁ‘ii%}—?%‘\q. o] =¥l&
off wet o] 7] 5ol Fobxl AT vhetA o
E949 oA 7t AA = o 7] dEol

il

(o

N

oxl
riot ol ot
o 9 S

N
& o{N
° rr ko

N

so o )
o
l
mi

%
2,
o

w2
©

T

e _”

ofy I
R

= s Mo

A
o

s
&
rok
i
i)
i
J2
o
o
>
>
R
g:3
—
i
i)
jus)
=
kg
aly
o
ox
N,

Fefo] 42~45%7} F7HEEA BB (SNH)E A H 1
of 7] A9 %3 £4 54
ZtX, YZ HE 3~5db7F 201 2T o] & T3k oy A
ol d7s A& FELEA

oL
o

F1Ed

Asakawa, A. and Ueno, K. (1992), Technology Development for Trans-

WILEY, 957-964.

Cha, K. J. and Chin, C. U. (2002), The Optimal Design of Low Noise
Intake System Using Taguchi Method with Non-controllable Factors,
Journal of the Korean Society for Quality Management, 28(1), 41-
56.

Ji, C. M. and Ree, S. B. (2005), The Study of Measure of Company
Quality Competitive by using MTS Method, Journal of the Korean
Society for Quality Management, 33(2), 41-56.

Kim, S. J. (2013), A Review on the Taguchi Method and Its Alternatives
for Dynamic Robust Design, Journal of the Korean Institute of
Industrial Engineers, 39(5), 351-360.

Koyama, Y., Sakurai, K., and Kato, A. (2000), Optimization of Adhesion
Condition of Resin Board and Copper Plate, Proceedings of the 8th
Quality Engineering Symposium, 262-265 : Taguchi, G., Subir, C. H.,
Wu, Y. L. (2005), TAGUCHI'S Quality Engineering HANDBOOK,
WILEY, 890-894.

Kwon, H. M. and Jang, H. A. (2013), Case Studies on Strengths and
Weaknesses of Taguchi Method, Journal of the Korean Institute of
Industrial Engineers, 39(5), 383-392.

Lee, S. H., Byun, J. H. and Kwon, H. K. (1995), Optimization of a Plastic
Injection Moulding Operation Using Taguchi Methods, Proceedings
of the Korean Institute of Industrial Engineers, 277-282.

Lee, S. H., Min, B. H., and Kim, B. G. (2002), Optimizing the Injection
Molding Process for Cooling Filter Using Computer Simulation and
Taguchi Methods, IE Interfaces, 15(3), 263-269.

Mori, T. (1995), Taguchi Techniques for Image and Pattern Developing
Technology, Prentice Hall PTR, Englewood Cliffs, New Jersey
07632, 60.

Taguchi, G. (1993), Quality Engineering Series 1, Research and Development,
KSA Translation, Seoul, Korea.

Taguchi, G. (1993), Quality Engineering Series 3, Signal-to-Noise Ratio
for Quality Evaluation, KSA Translation, Seoul, Korea.

Taguchi, G. (1993), Quality Engineering Series 4, Design of Experiments,
KSA Translation, Seoul, Korea.

Taguchi, G. (1996), ASI, 2nd Total Product Development Symposium
QFD/TRIZ(TIPS)/TAGUCHI), California, Pomona.

Taguchi, G. Subir, C. H., Wu, Y. L. (2005), TAGUCHI'S Quality Engi-
neering HANDBOOK, WILEY, 8, 236, 229, 355.

Takahashi, K., Kousaka, S., Hoshiya, K. Yano, K., Nishiuchi, N. and Yano
H. (2000), Optimization of machining condition through observation
of electric power consumption, Quality Engineering, 8(1), 24-30.
Genichi Taguchi, Subir Chowdhury, Yuin Wu (2005), TAGUCHI'S
Quality Engineering HANDBOOK, WILEY, 806-818.

Ueno, K. (1993), “Machining technology development for high per-
formance steel to which concept of transformability is applied, Quality
Engineering, 1(1), 26-30 : Genichi Taguchi, Subir Chowdhury, Yuin



104

Wu (2005), TAGUCHI’S Quality Engineering HANDBOOK, WILEY,
819-826.

Yum, B. J., Ko, S. W., and Kim, J. H. (1990), The Taguchi Method for
Product and Process Design, Journal of The Korean Operations
Research and Management Science Society, 1(2), 3-21.

Yum, B. J., Kim, S. J., Seo, S. K., Byun, J. H., and Lee, S. H. (2013),

gy

>

The Taguchi Robust Design Method : Current Status and Future
Directions, Journal of the Korean Institute of Industrial Engineers,
39(5), 325-341.

Yum, B. J.,, Lee, B. Y., Ko, S. W., and Kim, J. H. (1991), Principle for
Constructing Taguchi Experimental Designs, The Korean journal of
applied statistics, 4(1), 47-63.



