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Human Factors and Evaluation methods of Refrigerator Design
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Abstract

Designers often hesitate to decide the shape, size, and layout of a product. Though ergonomic principles
anddata are absolutely needed in this process, they donthave enough guidelines to refer. For the
refrigerator designers, they also are not convinced of their decision: the vertical position of the freezing and
refrigerating rooms, the height of shelves, the shape of door-handle, and etc. To support the refrigerator
design, we applied several ergonomic methods to the evaluation of a refrigerator. EMG measurement was
usedto evaluate the load of user's lumbar muscle. Based upon the experimental EMG data, we developed a
model to predict the relative load according to the height of refrigerator shelves. Two different layouts of a
refrigerator, R/F and F/R style, were compared with the model. A three-dimensional motion analysis method
was used to evaluate the user's motion of using a refrigerator. Ten door-handles with the different shapes and
positions were evaluated by tracking the rotations of the user's arm. Video protocol analysis was used to
evaluate the user interface of a control panel in a refrigerator. Finally, we made several ergonomic design
guidelines based on the facts found in this researchand the anthropometric data of the Korean adults. The
results of this study can be applied to the ergonomic design of a refrigerator.

1. ME

Haeluge AF ojw AFe Ay e, #olot2(layout) S& 23 9 FAsA Hct. o))
ol AAEY HH g =HF AT LHo|Y yolEE Was sy B39 tAQ Ao A g
AL 322 ¥4 @ BE AR tdAolUse 949 dukdoln EEHQ AFY gAd stel=zkel
(design guideline)2 1= A= &%=o] U} (Woodson 1981, Pheasants 1986, Panero 1990, ¥
= 1990]. 22y ZHAAIF34 Zo] A AEL Ao dtx YE gapel 7tolEgle A9 gtk W
A HRAES U WA AL E 4B naiAoa HAlolugo] A¢g & m B ojzgiee
A3 Yot

HEHoS Yhmel YAds YR st 9XE A BAs B ARIAAEH ol E
°| 73 nRdte A AW shdoltt. AFAA WAm AR FRE YAHT Y= 2de PB4y
(freezing room)o] Atchel] iz 3734 (refrigerating room)e] stgte] gl Beje Hsin UTHF/R 8).
Y ]2 Fehe AF Alsdte BAYSS So] By 4& 2o AR Ao Frie AR HA L3
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g goly, dato]yEL olag WA AFT & vl QA Bk 2 olfE 2l 715 S alolFA " A
g0l oo Mz o HF/R 83 R/F ¥)& ATA, A FH o2 Friste w3 dol8 & 7HA 3 A
23}7] o Zojrt.

o] B4 2= Y@z Zoi(door)st Tol&to] (door-handle) & 1@ B2 ol X F& A
2 zZ 34 (control panel)d] AL&AAE H o] = (user interface) & 1% A AAZ AUX, 28jx &=
o AA 272 nAH YAR Z B A7) ANE AFA F A zo] FAE YAe|YEY =¥
oz A YE A & £ Y. oY AL BF ANFHAY TASE tzol o} Qi zhE- &t
o YE AP o3 a2 € & A& Aot

B d7e olg e AA A Uo|USe] YARE AT i uWNA He HEAQ Azt2 4 (human
factor) 58 223w old e FrH S U, HFH oz A2 dAL Al 44 248 F Ue
gAel stelEgele WEZ 8 ol FolH. ol& HAM 2 ATE 3ALTH/EY, 23x
(EMG :electromyography) ¥4, ZZsde]l A}8-4%7H(usability test), F2Q A=A doH T
A7 By s s Agsdch. zZtzte] 7 F8 Lol FrhEH AFEL 7124 g AFED
A 228 Yes7 ¢ tA stojEgddE e AHEHAT
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243 HAE 4@ A2 slolmade FAes] A B AFE ¢4 ¥3ne A28 L (human
factor) S8 2280 olg] 84 7hed 713 $HA o Mutel golst oloby, 2ojel &3tel, 24
del AgAclE oA, WARe A5 B F2egon olAF Bolel ATE FYA] A% 3AAFAE
N adTEd ALARs), AASFUolE RS YA e, oA 7 FRAA Lol 2R
g sl=e] AZERA gAdste| s B& FFete] A slol=aAg AR 1 A2). A%
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BALE A8 W ALgRY] A 28 or|SE REE ] Yo HETo) 2L B Ty
B 452 ¥AY Ad We) 28EFEE AN PUE PR MTE™ L o] &8 ZHstdct Wx
3 AdRke] Eole 20 cmolA 160 cm7HA] 20 cm HF o8 7 dAZ Az lZlen, 2]38Fo2 TS E
ANN 5 AABFAE 2 Aol 4ula Rats Brlstd QAPA2E 20 el o 39 WAt 4
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BHLE AHEE de AUFERE S467] A8 SALEXEAER ] 89 Elite™A| 28 A}gatg
o.oged 74z 3 B AP AA 19 /) F8 FPo) BB ulA (marker) & AP T ol g A
A FHER olg FAT A ALgAY AL BAsYT gAY e WRAd Wsa Z A (pocket room)
S 2 Awtel] A AES ¥ Ade AYE FYIFEE Y. S8 YA 2012 4B TFL Hola
71 84 Fastrack™ Al2gl& A2l e ole AN AN E o] 83la] olz), WX, &g o] E3
HALES Y & UES & Ao,

2.3 z2de AHeAH 7}

2ol ALgALEA 28 Botey] A8 eE2A, HEPF, AAZR So #F A 1A FYA
Y28 AYSATHEAR 1996). o 2 8 He| HAYANA AU UL E T ABAZ 5 B
el 225 RIS Pt ZE AYSFY FFL Smm ML E VB on, 3o vy BHL =
8 Aol ¢ dFe 2229 Y& 5L Fotatgdt

2.4 JAASH A8EA

¥3ne ABH A5 4 FEY 94X F& BHste 492 A A8 92U ANEYAEE B
Row ol & ol &3 WAI Zt ¥ HA HAH LA, AU EX, AFX 59 71F e WFHAYL. @2
A9 AAMSH dlojE Mol 2 ADaM™ (FAE 1994)2 o] &3] YA} Bl 2L Ax 9 A%
oA thal, 4A(25~504) o2 938 &, FA 950 9] WolH & F&ato] Al gaATH WIS 1992).

3. kSN Hotdat

3.1 W3 AdwtEolst gojolx B}

THZ(EMG) &89 <3 1 zt dubgold }32d) dele R3te] HIENE g, 82 17 34
YEith 223 o] HolEl & o) g Mut golo) e H32e et HLE A2 5 Y 44 =Y
€ ALttt o] 2¥E o888 ¥AT R/FS F/R 3o tid Auld Rate B8 Bris} sbssio,
°] 2¥¥ o83 F/R ¥YZ2(DWR-5130)¢} ©|& R/F o2 wide A% g ung 278 ®
Lo Geiiidch. ALSRIE dolBle #3374 vule BAAE (RPN 1996)8 ol §8tg ol o)
AE H3do ad2 3 dEAH B AT AAs s Aoz AU vz 23 e F/R
BM R/F Bo2 vt A9 o 12.3 %(=(182.4-160.0)/182.4)8] A147} 285 AR 4 Ye Ao
2 Uepgth. B8 ok B&3] A9 Rt 15202 ¥R Aolng A4 AAL ATsE gow s
A= (visibility) $¢ % th& Azte s} wlolAY 24T o] 712 a@isolof & Rolg},



(28 2) Metzold HFEZ 2 F3t
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F/RE R/F¥
= E0|| wx | B3t |YXE| P2 F0| | gl | F3} | gIXF
W=l 1| 146} 4.3/136.3] 5.9 11 160| 14.0/145.4] 20.4
21 116{10.8/134.2| 14 .4|4F4)| 2| 140 23.7/134.4] 31.9
1| 100]14.01141.3] 19.8 3| 120} 15.1/133.1 20.1
XAl 2| 80| 23.7/169.1] 37.6 4 100 24.7{141.3] 34.9
3| 60{16.1/186.6| 28.1|dS4l1| 70] 4.3171.7 7.4
4| 40| 24.7)223.6| 55.3 2| 40|/ 10.8/223.6| 24.2
ofxlid 16| 7.5{283.4} 21.3okxlidl 16| 7.56/283.4] 21.3
182.4 160.0

3.2 B3z zol&Fole b

39 ERRAPEL o gatd A2 T 2T AR 10 /| ¥FI 2ol &3l & FARAT. 2
3 sred AT 2R 22 Bol e WAD Zol&els Fhd A2 ¥ e =0 &z
o] 2 /hel ARuE Ul Aotk RN E &Fole £ $UF2 2 FA Hoj 3ol =olE Ze 9
Be| A HAT BUE AAE FLAAA Bk F, Aol 120 =9 pitch, 809 rolizh yawsh @
o 25 A2 &3t vla 1 HALFo] A vehlE AL ¢ F Yo 28 °l A= &5 3
AeEo] Ao}t o] A4S BRYLIAE FAAT A SolAE BT &l dol BT BA
Adsel-E Bo AAE FESE £Fol2 fAstE Zo] uigA T Rojoh.
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AT B A A8 4P B Yo (g 87.5%. A& 37.5%). &9l A Solz 582 oy
e EFgov T2 ANYFE Fo] A Rom HERtTH ol& olRa ©ed J%u sa xaty
delgt StgE AHeARd S D Fe gage AL A olal g 4wt Qi AE BdZ3 g
o d¥e dige] @ 2AMYe 59 AAzA 5T TE2A7)%0) & 27 HE Yo 28] Qo] A}
Al TEE FE Aoz Yeyr. 1 oz Az Aol AR REES $F8o HHGE A
Alstd ot

(28 3) ZoltFolo| 2 229 SNMSE b|:

\ e ‘\'. s TN
-40.0" \\3-\ :,-,.:-I’I{l 40 o"' WMMMMM
-80.04] ] ‘"= g0.04
_120_0J- -120.01 [f
e ol —— piteh e yaw |

3.4 AMEHAR BY7 Yy x4

T=A 4 F.od9 ANEH AEE ADaM™ (YA 5 T 1993) & ol &3, WA MA9} B H
AAFAE 9 7HE 23U}, o] o] 88 Yyn Z FHE AANE( AU LR, J28 85 HAAA)E
BHSAT ALY BF Y2 2Avde] kols AR3e 71EY A58 A9 ven gy

2AREL £ %08 7|F2 2 sto] g AA L ¥t 28 2AWdo) ME 59 2B =aaw

£ol F ¥e EAT msok st D 2alndel BF oHH7AA AL RISt @A) 947 g o =
°|%E 71Fo 2 Prh. Weston & HAMA] oknx BRAM2RE 15 shgoz gain), Mads ztxe
30°, 3 8ZA=E 45° 2 A4+t Pheasant 1986). Weston®] 7]&& Al43ln, WHne zagye
50 cm ol XM He g MPoz sH yzyy =AML A3 &1, 235 8x, AR E e
3 Zol A = U}

o HUHEA = Fxo 5%(0{) = 137.4 cm
o HAFH LR = Fio 95%('e) ~ 50 X tan 45 = 164.9 cm - 50 X tan 45 = 114.9 cm
o ARFAA = F¥o 50%(0f) ~ 50 X tan 15 = 145.8 cm - 50 X tan 15 = 132 4 cm

T F1E A3 2 Aol ) B dmel 249G L Hohe A3} o AR o7t 2ol
AT WA ANt o et ol g Mad BUL o8 BRnel o], Qo] £qole] 2]
FEE B 4A 437 A 52 AN 0N o8 ¥ 20 okt
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(F 2) oot BT HA x5

[ AR Pl ZEHx

g = EXx 2| 2% x| 2 T |
wan| wEme g0l of7i=ol, BZol - 170.6+17 | 186.0
2| A M EHEO] 3| - - 170.1
Ayt Zlo] op=uZ o}, 7tEFH - 47.8+4.8 53.1
&50]| HEAEFO| EO| {7tz 0l - - 136.0

WA ol &0l | ool Bdol | 87.9 - -

£70| Uy L] 8.6 - -

&%tol 2o £712foic| 2ol 2.0 - -
&xo| E 5 1.6 - ~
W4 | deE371E0l olmi=ol, ®zol | 72.70 - 89.4
g =Ztujd =0l %0 114.9 132.4 137.4

4. &8

2 d7e $8ATEA AFeA Brhiyel AFel gaeld dBA B8Y & Yt de e @
dE Rejzgd. B A7 e B3neA, 44 ARAE Bop e olA7A AT HA HALL 44
o} Ftolugteloz FF Aol & FhoTh e 2 dFE 28T Ags @ /1224 A&7t Lk
7 AZYG. B 74N A48 3344 TATA, 2ATRA, AERE7 ANSHAREH S BEEES
AEF N AF ASHE FREEN B ATAINE sgdA AeERTE. FARZE oA BHES °
g3 Brt ool AW ¥R FHelokx, sojege], 24Hd $9 AdLE 2EIANH FF R gt
gael Al 33 & 4 AES WA A5 2 4R stel=gtel & A3aAh.

gzl Zele] gloj Azkasd Y nE BrH2 ol 2ol Aok 1 2T FAHE 2HAe &F T
Gt @4 B gusa ok mE ge g bAelvst ozt eatel 11U Yol WA a7HAA, ©]
g Peje] Aol WHmBTe] opiz B AR Z = FAAAUZ BaIt I

AngE s

Cushman, W.H. and Rosenberg, D.J. (1991), Human factors in product design, , Elsevier.

Panero, J. and Zelnik, M. (1990), Human design & interior space, , The Architectual Press.

Pheasants, S. (1986), Body space,, Taylor & Francis.

Woodson, W.E. (1981), Human factors design handbook, McGraw-Hill.

HEEE, (1990), =3 d2uxys (g=8) , FFTHEREAH.

29A 5(1996), A ¥F3 garel L fe 71E EF gz er|ed.

AR5 5 (1994), A F HA 82 g3 #7Y AANRY HY, gAY,

232 5 (1992), FUREAH ZAIE A, FFEEATATY.

ub AR v 8, 398 (1996) Y2 ool ged Azt 2A g Aa2dE dZRERAAT
4.



