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1. W&

2. AC Fan Motor 1!
»  Fan Motor 11
+ Field 2ZE 24
+ Blade & Clip B¢ Il& RolgH
s Locked-Rotor 0lgA

3. ADT (Accelerated Degradation Test)
+ FANS =Z0&
+ 2-Stage QFD
« ADT €}
« AIE GOl 24
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1. AC Fan Motor
CHNIY SH(EIN &8 L B3, U S HA/HAS, NS, B 29

2. Shaded Pole Motor 22|

- .-shaft
* Shading Coil0ll 213 3/ & XIHZ0| 84, Torque L M3t S HE bosting / ) T‘lx\»,«oil
* XA S HEH: shaft= SIS S0 Q81 HOR S OHE VE WE B oy
FE0 EON AL SR 222 HUHEA 2B o HFL0 US \(i;@ﬁa, iz
« BIFAIS ALEH: -

(1) shafte HIOIZOl Q& HNOZ BRES
(2) pump 82 HHLSH 8 SRS cans ous 88—
3. Shaded Pole Motor 2 beaing ~{3i3
CIDISRER, SRR ZAYN 2, UBEAMEA S0 Fego gz T
« 5SS UBOI XOD IS EQ NS LN
C DI ACHD ADE re=E Ruaso
DB OB 2B S B [2% 222 pump Z&2 HHUE]
* SXAl Blade® PHEH PAl 8IS0 S E 50 Field D WA

Quality & Reliability Research Center 2 DAEWOO Electronics Corp.

JOTOR 1% HIHUS

1. ?=%5(Locked-rotor)
: shaft & bearing 2t2] D&H0f 2|8t FANS| 3|8 &

2. RPM X 6H(Reduction in rotational speed)
1 7EY & HIHZ 2H 3 S0 24

3. & S(Excessive vibration or noise)
:FANS| 3|82 HAHOIL 48 L4

4. Blade Zt4J(Rubbing or hitting of the blade)
: 28 3 M™Al blade2t T J1 PS8 2A4H22 0Ift 0|2

5. J| = E(Failure to start)
Z2H DFO QB OIS g0}

Quality & Reliability Research Center ©O¢  DAEWOOQ Electronics Corp.
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1. Field 2 E +=F

s DEANZ B 630 U~ (MXYM: A B,C,D)
» 72 1 AC 220V, 60Hz
* RPM : Blade 32|01l (2t CtE

. [DEAR A
2. Field &5 24

ANE % 41 22(15) 63

=8 65% 35% 100%

Quality & Reliability Research Center 5¢  DAEWOO Electronics Corp.

FAN MOTOR 74 291 24

1.75 Az 28 24

[Fg AB AR

EDS 4= ¥4 Data

i i -Cu,8n, O, CEEE
[Shaft B2 HIHE D $= =240

Olg D&y]

(2% E B 901 0/ L0l EX]
S WS DHEE ® 229 838
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2.RPM X6t AR

(22 BEN 8RE 220/ 2250 §01B]  [shatt ZHO YLD BE S0 M
OISE EX)

P AEASU U OIS X UBER HOUL 2 HE(oil felt)0]l B#RE QY0 ADTH SO
> PEARS SE HAHUSOILI D S0t M6HK %S

Quality & Reliability Research Center O& DAEWOO Electronics Corp.

ricating bearing S

W Visual Inspection (Hi~Scope)

[DZB(Fan Motor 2%) HIOIY BR 24 4] . pugEe 3
03B F2

DA =

1 T T T
x
Enwor )

T T
o
Evav e

* DIAH8B: Cu-10%Sn - DEE: Cu-SnX HNZCRA SAE ASB(0, Ol 2E)

(M8XH £ &2 HIOY, Grade Ill)
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F¢ tor A% %l By
&y A
- =X 2 Sound Pressure Level (SPL)
- &% X2 : Semi-anechoic Chamber, free-free condition, AI2 22 H2l 50cm
2
[dB(A)/20.0u Pa] Autospectrum(Signat 1) - Input [dB(A)/20.0u Pa] Autospectrum(Signal 1) - Input
Working : Input : fnput : crB Analy;er :Wod(ing H !!\ptx : Input : CPB Analyzer
YE o -3 S N S
0 P
[}

-20

OIANEBE 23.7dB - -
N Blade &0l 2ASH B L >
NEE ~blade Wi L& 63.2dB 42.2d8 WOHE O > A28 §M
DNERE - center It 36.5dB 22.7d8 HOE 29 014 88
(£& 73! 40d8 0I8t)

> AEEFTAD T AZ RN Blade IH= 0|, Blade & 0fl 28 HA Y22 &
> BHAO B WO O ot R 22BN FY

80l Wy
Quality & Reliability Research Center

OC  DAEWOO Electronics Corp

‘Material

Environment

Design

GPC 24

graphs}

ESPI & LDV

' Degradation

ce i
Resonan Concentration
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W ABSS| 72 FahEA
» FT-IR (Fourier transform Intrared Spectroscopy)
- ABS blade Tt (10 AlEE) SYZ 3 0[AlB 20l |3t R E2| a7} 2EE
- 1760cm=! (-C=0) , 966cm™' (PU ¥ &)
X3 B} (by Gel Permeation Chromatography)
- Mac + 0.05MIiBr solvent, Calibrated PMMA
P Blade H B0l 13 A AXIQ M=o HFFQ KA Ot

ABS BLADE

(Unused) (GPC EHZT )
No. Mn Mw Mn/MW(PI)
T [ fmm\g l{)‘;:;zd 62,379 142,405 23
i
ABS BLADE | f 10 years
( Field crack, 10 years) * used blade 38,448 142,678 24 |
[FT-IR Spectra : Unused/Cracked sample ]
Quality & Reliability Research Center O¢  DAEWOO Electronics Corp.

154 (Fractography)

W A8 7Y (ESC: Environmental Stress Cracking)
- ESCE #t2fgtgof 2/ Z30] ob| 1 S24(stress) 2} &2t} Ml (chemical medium)oll 21 &+ Tha| 3 4
- ohHE & A4 E (brittle fracture) @ LIEHY T Craze Aol ofsf &3
- Crazet Bf2oia(2e ¥ £8)0f 28] Y& (swollen) 40| YoiLtD TFYMEiolAM 9l etaje
Tx[(north)2 2830 330 F(crazing) Y4 ¥ HSUEE LU2AIA & Yo
M FAN Blade Tt& 84
~ O&E9| 23%7} Blade edge ¥ Blade Center Clip 28 59| ol& g
B Cliip DY R ESC D&
- ~Clip2Z UFI0 U= Blade Center FA(AEH A HE)S A2 S0 HINHY 88 2Y
(Bt OHH)O| Shaft 8 €t B2ILIS Blade HRHO0 HIAED, SEHTHMM 20 =58
~ =4 E D ESCS EF 0Ol smooth surface (brittle fracture) 2t rough surface SAI0 2&H S

[Blade center clip £ & blade DH&) [SEM image: (a) Chemical (b} Mechanical crack]

Quality & Reliability Research Center B2&  DAEWOO Electronics Corp.
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- 25

- 84 TOOL : ALGCR

- Material Property
Ha: ABS =X

B2y 2X ¥ 8 4@
~ Blade W7l ARSI 2 HES S (maximum principle stress)0l YA5tD SHTY S0l L&

- T2 Y S YOS Ia0l WS 012U W e S4B YN
- Von Mises 22101 17 MPa BE & QB2 Z(32 ~ 45 MPa)0l = 0IXIX &2L, S &0l 28

HENOZ BER0| HHX2R TR0 A8 Crack0] H4E

»
i
il

(=8

Blade SIQAHAL (FEM)

=2
FAN BT Al SHEZSE 2= SR) 2 Bladed SHZE 84

Y 1.1506 g/em®

ZOr&HI: 0.31

Quality & Reliability Research Center

QI FAE: 32~45 MPa

EH&d H 41 2496 MPa
- Boundary Conditions : Blade 2 S0l z& Y&#2Z 0.1MPa 2, %2 g 0

CBAEO SEYUBOR Crack0l Y]
oc DAEWOO Electronics Corp.

8 FANO] XIS JHAIS} (Modal Analysis)

| =

EBENS

B ¢8R5 =
WES Ot =020 (2 SE=L4& LOVSH Puls ESPI (Electronic Speckie Pattern Interferometry) 8
ASEN EHE o & YE((Z8) ZE0g DHE

[1st Natural mode at133Hz]
It DR XS4 (2 130HZ) M ALl 2% AT B9 24(5.34m)0] 2BY
st ood DRDTOA YEEH AINEE AH(OIE FH4) 0 B 2 bladeS! ST(BIH ) 22X

DYUSHK WS
> 229 blade® YT YL BRY0| o8 2
YR SN0 AN BY HB R OIY DRVSHI T VS YR VAR W,

1t 20d DR XS 20 M Fan0l HE® ZL, z& B 240 ItE 2 blade= #2222 M&F e

A8 UEIHE I+ NR3ESY 2E8MS 32 S

[27d Natural mode at 210Hz]

[3 Natural mode at 246Hz]

2
> D TSSOt & H FANS RPMI} XIS D1 HR0 320 28 Il= ot
Mode | 15t Natural frequency | 2" Natural frequency | 39 Natural frequency
ESPI 133Hz 210Hz 246Hz
FEM 168Hz 244Hz 270Hz
Quality & Reliability Research Center .O<  DAEWOO Electronics Corp.
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Quality & Reliability Research Center 5<G DAEWOO Electronics Corp.

bricating bearing Tl 37}

W 42 2T (impregnated density) B &S E(oil content)
(B4 g/em®) (& 9: vol %)
N8 1 2 3 4 5 R Ag 1 2 3 4 5 - Fd
alAI S =& 7.0427  7.2113 | 7.1038 | 7.0713 | 7.0427 | 7.0844 OlAl® & 1,8287 | 1.3265 | 2.1553 1.2353 | 1.6138 16319
Ny 6.8481 6.8421 6.8899 | 6.8626 | 6.8431 6.8572 EE 0.4334 | 0.5865 0 0.2188 0 0.2477
. 2 F2A: ASTM B 438, KS B 2003, KS D 0033 . 2 72 ASTM B 438, KS B 2003, KS D 0034
+ ASTM B 43801 °/8+% &S GRADE Ill0f {8 « X9 : Archimedes principle P=G£-Zﬁx100
~-C)x
(GRADE IIi: 6.8 ~ 7.2) « SPEC: 12 0|4 (ASTM B 438 21 =) [Porosity:19%]
- DIMBEO HIS DHBY AY WED 28 <0IAB B #RB0 SPECH 2 0
CED M2 9H0 UR 4 USU BRE COEE UP 2 REN A BRB0 HA oY
= =4 2
BUME 22 aism =E R0 &= CEHOYE AN SUE ERN O WE U0,
D= (gfom) ARMN QUE B2 L= XS HOY KM

BRESSE IS AN IS UK A4S

» AC FAN MOTOR FIELD DZE(P£)2| HIHY WAL AN ¥SH 22 EL HNYSEZA &#RES
e 22 BOIM, 2FZ| Z2 WO 20 A8
D HIOYE S IISEHY AR LY UWENAN B2 LM, 28 YES 20| B3 A28 ZL S8
JE M2 AR 20 A% A RA0 wy

Quality & Reliability Research Center L& DAEWOO Electronics Corp.
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B2 BHAE 2
~FAN 2F 229 Fo B4 T, 43, G242 AS 52 SR 2860 #E
-XNE Y NS, NS YIANE & FZ/Y (40C, 100C SHE R BZX %), AOL, 4-ball wear B4 £F
> D2 UX ¥ 08 BX A8 S0 BA B
S 2o Had: QYUSH TEE M4dLE ¥ 20 43 SR NIIAEE JIE0 8
> 298 &t3E Oil Sludge® 4438t0 HH22 OlEE FUE

A2 A (-40 C) A &9 =(0 C) LA (150 T) |82 (60 T.95%RH]
sS4 =7

200h. | 500h. {1000h.| 200h | 500h | 1000h.{ 200h. | 500h. | 1000h | 200h | 50Ch | 1000h.
SHz 33.2! 30.65) 3
(40°C) ost 3.29] 31.31|] 30.62 . 31.1f 31.08 . 31.1| 31.67| - 0. 0.07
SHE 6.25] & 23| 5
{(100°C) cst . .14 6.25l . 6.16 6.31 . 6.19 6.34 . 6.23 5.91
HEX| 5 140 148 160 . 153 159 . 153 156 . 158 90|
st 0.04 0.05 0.05] 4 Q.51 05 0.19] 51.57]
mgKOH/g 5 3 3 0.08 0.05 Q.06 0.08] 0.05 0.0 . 0.05 5 .
OIS A mm
(4—ball wear) 0.89 0.87 0.85] . 0.86 0.9 . 0.86 0.92] 0.87 0.83]

Quality & Reliability Research Center OG DAEWOO Electronics Corp.

=3 9y
- AI® =2 HE SE o
- &3X 2'¥: Thermocouple® 0|88 2% Recorder2 =%
-2 2% 29 o B0 9 88),
B R 29 BE(118) X HE ()

= iy
- W B 2= -6TOHA -2T AOI0IA B 5t8
- FHHA KBL SAMEHUM HOES OIE8E T=F
20 2B A3 A SA2 YOURX A8
- HE S=A RYE 222 &337| & £(Psychrometric
chart) Ol 23 & =FJ|J} €0l 2L A8 2 HIHESY

SA0 dE= 018

[2% &2 data]

Quality & Reliability Research Center O¢  DAEWOO Electronics Corp.
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unbalance) 3

33
124 0.010 ~|
83.8 0 w4
.2
65.0
49
28 0.005 -
50.5
2.7
20
108
87 T T T J T 7 T T
212.5 200 400 O 400 200 300 400 500 600
193.3
106.8

745 B AMZ2OIH
715 - 0%% AELH A
1825 - NEE: AXYH B
%5 - BAE B AEEN FFUS HAS
1108 I ECR It
2148 | 17541
1.7 m3

n3
8 - DN®Oo PP Shaft HAE = A eS8
257 > BATI 252 MBI LI H2 A2
oo TENE
- NBEO HIN BAEY BASI 20 O 2

D&
(FAIL)

AlH &
(TEST)

1.4 r2

0.000 —

olo|v|o|o|sjoln]|<]o]|s]w]|n]- Er

3

BAUE
(UNBALANCE)

olo|v|o|onla]o|n]-

§

(8% Zol: somm)
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[ESPI 24 2T

» Fan2 82X = FEM 84 2 1} Blade edge £ 9 0l ZSTILI 402 H0| HARCE X

» BB MK FANS DtXI1] ESPI & LDVE Ol 88 ME JHAIZ FIE 8 2 FANO S0l HEE.
Ol Bladedt &AM DHE €2l AR Lot¥2 Y0 ST Y801 VA =0 Y 5E0 2
5t 2& Il L(lubricant film)Ol WX Oil Leakagelt AHEE SEUHE

» Shaft2 Bearing 2+2| Clearance T Oil Leakagelll Z2 & FactorO|L} Blade2l 2% EZZ QI8
Unbalanacing0l 4 Dominant &

Quality & Reliability Research Center 0% DAEWOO Electronics Corp.
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rated Degradation Test)

B FANS +=2Z0&
« Reliability Standpoint: How to evaluate fan lifetime?

- So many variables involved; bearing type, lubricant type, percentage of oil fill,
operating conditions, .....

- No industry standard for life test procedures: It may not be meaningfui to
compare life expectancy information obtained from different vendors

- Different vendors use different acceleration factors and probability distribution
functions for statistical calculation

+ Reliability Concepts
- Weibull distribution provides a good fit to fan life data, because it accurately
represents wear—out phenomena

+ Fan Lifetime Estimation
- E. R. Booser(1976) & Sidarth(2004) Grease Life Equation (for ball bearing)
LogL=—2.3+%5§t——0.301(S‘,+SN+SW)
~ Ball Bearing Load Rating Life: ISO 281, KS B 2019
L, =aa,a 1—06-(2)’
» T 6o RPM P
» Fan Lifetime Experiments
- Zero Failure Test Strategy n2 (/1) x 2 2e+2/2x/in(t-0.1)"}

- Accelerated Life Test (on/off cycles, temperature, etc.)

Quality & Reliability Research Center D& DAEWOO Electronics Corp.

uality Functlon Deployment)

ode

Mechanisms .
Noise

Locked-rotor (blade fracture)

Requirements & Stress

Performance 2000 = 150RPM O
Life 10 years ©
Temperature & -25~40C/ o o
Humidity 0 ~ 95%RH
Score 8 4

al¢

Test Contents Accelerated T
f : ; degradation test On/Off Test
No. | Failure mechanism | Weight 9

1 Locked-rotor 8 © O

2 Noise 4 © O
Total score 60 36 O:3
Rank 1 2 ©:5

Quality & Reliability Research Center D& DAEWOO Electronics Corp.
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1. A8 XS &3
*6ILXIS ALY QIXHE HOIQIX/ ROUNE LILO 8 F
* MOl QIX: &4 B0 Dbt eI
CHB AR ABAIS BH TA WA FA

2. M& Xl
CL(2°) % HID HYE A 160 AB EA

Quality & Reliability Research Center

: Shaft 2 0l o2z
8 : Blade 37Ji E: g
C:oilg F : Unbalance

0

70 | 1.2g (g";’;) 242v
70 | 150 | ©0 | 264v
70 | 159 ('gi)’g) 242V
w0 | 15s | o | 2eav | °F
o | 150 ('g;’g) 242y
90 | 120 | o 264V
0 | 120 | @ | 2e2v

O&  DAEWOO Electronics Corp.

S o4
1.RPM 2 &
» ANOVA Table
Source DF SS MS F p-value
Temperature 1 385354 385954 2.30 0.130
Shaft length 1 52160 52160 0.31 0.577
Oil amount 1 35656 35656 0.21 0.645
Unbalance 1 23173 23173 014 0.710
Measurement Time 15 948584 63239 0.38 0.985
Error 795 | 133407455 167808
Total 815
* Main Effect Plot
Temperature  Shafl length Off amount Unbalance Volage  Meagurementtime
220 4
2690
F s | e
3 S Pz <yt ] -
2830
800 -
& R P R A S

P RPMZ 20| Y8 2oL A2 Y8 2T IS

Quality & Reliability Research Center
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2.0il g 2 ’4.*
* ANOVA Table

Source DF S8 MS F p-value
Temperature 1 0.00000 { 0.00000 1.000
Length 1 0.09600 0.09600

Unbalance 1 0.00566 | 0.00566
0.227

S b o
Error 815 4475288 | 0.05629
Total 815
* Main Effect PIOt Temperature  Shalsngth  ONaMOUM  Unbalance _ VORsge  Wassuramentime

:

& RS ® R &
> Oil BiStEE2 YD Ol BB SVE LU Al M2 Z48s ZAR 2
» Regression Analysis Ol 2 &t Oil B12}2¢
Y =-0.095~0274.X, +0.00153X, ~0.000428X, (Y: Ol B2& X;: Ol BRE, X;: Y, X, Al2)
D@Sm DAEWOO Electronics Corp.

Quality & Reliability Research Center

1. AC Fan Motor® D& =24 20t =

2. Fan Motor RPM X5t & &9 2
P HIKES 2 BRE0 RA0
gt E0Z S8II% M2 Of Leakage &

P RS ZLUSE AEH0A HI 220 +20 2ol &3t LE2Z Debris LA

o
LIHHUS: 2 BEQ BRE 0l D22 28 Mt ‘3—: SZ20 28 QAo AEtE
Oil Siudge 44 - Bearing2 £4! % 0IZ - Shaft2 Bearing AOI 0l D &

3. Fan Motor 288 2= {0l
P Blade 2t 2 27Y2 U5 o]
P Blade edge FA M SHIFOZ 1|
» Blade Center Clip D220 20| EEX&
DEUMHLE: Blade TH=0f oI5 B &
4. Fan Motor@ 7= (Locked-rotor)oll Cli &
> RPM S Oil Bi3l& =X Z 10 RPMS| X 5t
AZHOIl (et 2t

Y =-0.095-0.274X, + 0.00153.X, — 0.000428X,

(Y: Oil H2tg, X;: Ol &R, X,: MY, X0 AlZH

[!
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 ENTENYNREL ‘REAT AL IS HAAY"Y XR22
=8 A20 0|0 ZA ERILICH

Quality & Reliability Research Center L& DAEWOO Electronics Corp.

A

- 344—




