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Development of Headforms for the Labor Population in Selection,
Use and Maintenance of Respirators in Korea

Jung-Keun Park” * Se-Dong Kim' * Eun-Ji Lee'

Institute for Scientific Technology, Taewon Sibata Litd.,
"Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency

ABSTRACT

Objective: This was to develop headforms for the labor population, based on a three-dimensional(3D) face
dimensions data base(DB) and a principal component analysis(PCA) fit test panel, in selection, use and
maintenance of respirators in Korea.

Methods: This study was part of a two—year—project initiated in 2021. The study was designed and conducted in
line with ISO 16976-2 while subjects were those employed in the development of the PCA fit test panel. The
approaches included literature review; examination on conformity of the 3D face dimensions DB; and development
of headforms representing the labor population. The mean data were used in order to construct each model of
the headforms through a way of 3D modeling and 3D printing technology.

Results: A total of 2,752 subjects were determined. Five models of headforms(small, medium, large, long-narrow,
short-wide) were completely constructed for the labor population. For example, means of the 10 face dimensions
for medium headform model were: minimum frontal breadth 106 mm, face width 136 mm, jaw width 127 mm,
face length 111 mm, interpupillary distance 69 mm, head breadth 164 mm, nose protrusion 12 mm, nose breadth
34 mm, nasal root breadth 35 mm, and nose length 50 mm.

Conclusions: Five models of headforms were newly constructed using the study data. It is likely desirable that the
constructed headforms, together with the 3D face dimensions DB as well as the PCA fit test panel, can be utilized
more effectively in selection, use and maintenance of respirators for users including the labor population.

Key words: headform, respirator, fit testing, 3D face dimensions, PCA fit test panel
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= 20234 89T AA & AFFATE 35,605780]
3, FH AT 3,457 2ASHATHKDCA,
2024). SERTFO ARE FHE AX] g9ktt 2021
W 7l SRt sgRETe) A7 AT Al
o b2t oF 40%7) W 7397 olHCKBS. 2021;
MFDS, 2021a).

SEESFO A4, AR E Ao gk #ilo] F
7FE AL Qi) AldEAoA SER SO A, ARE E
we7F AdshA] g2 A HAEA A A8 7t

= SAFEH AT AS AF7HA] olojd 4= Qlth
A R #AYoA HAFS TFEHSAE HF
Stes FAstAY g A= olfolth ARdFd
BAH(oloF AP olgt gith Ald® Al222(HE A3
2] JF 5)of WEH HABRE BeE 1Y
o AAES AFotes 85t JI(KOSHA,
2022), 1SO/TS 16975-1= SHET49 A4 AXE
85| AAIskaL ATHISO, 2016a).

SHH, S5H S| AREAP}F WolA A SEH T
AR a4l LAE FHAKLit testing) o TIF A+
H37} 712 Q191K (Han, 1999; Zhuang et al.,
2007; Chen et al., 2009; Han et al., 2017; Phee
et al., 2019; Seo et al., 2020; Park et al., 2023;
Seo et al., 2023), ‘TEHITTL AA' 9 FQ40] LAt
AL = ARARGONA A2 HAIEAY Tt
= Aol Slth. AT HARE $9517] Aol HAE
SFEOTE AASHES dfof & Ao, AF E=
ARE o] Fof| = {A] IE|7F A= o]Fofxof & Aol
o AFdEolA AFAES A, R, 5l - A A
9] =&5E, Y 5A & 5ol Wt 2FES9
A, AHE 9 Y AR gt S FESAE 2
&ofoF & A i 76l - AFAARE sEEET
T AT . o7, Ao A fE S 52 9
stofop i, 55| 28A =9 FEjlform; B4
(shape) @ Alo]Z(size)2] BH &o1Y)7l vidd &
AE SFERSFE AT olF AT HARE AAlst
£ o] vlASItHZhuang et al., 2010: 1SO,
2016a). YT AHAR] A4S 1Y 23 HEol
Uttt b2y f2udhs H5t 5 oY Aol
Y= AolEE A =Y ftt HA 4A A= vt
Ho] dgsity. UL HA] Bt =7hE A4 &
of, I 7|&A¥ Ei= MY A, Al =Y 2
874 5ol #3t A+ A9 FH7F BRFE o]foltt.

1o

www.kiha.kr

WAL HAF did(fit test panel)¥ AF(human
headform)9] 7f&= SEZHTFO It HoloA t}
FolA thHan, 1999; Kim et al., 2003; Zhuang
et al., 2007 & 2010; Chen et al., 2009; Yu et al.,
2012; Seo et al., 2020; Park et al., 2021b; Park
et al., 2022b; Park et al., 2023; Seo et al.,
2023). AAF Hd2 SEHTAY A E= YRE
A GEolA I Q3 7]EZQ] ot FAHAE o]
&ols SFEIT AIEE YT o D= FAoIH A
0]29] ¥old(variation)< JLB5tHA] TAPX7} &
ot QIFEHRE 7 U= WIRE AHsk= T
283 £ Q7] ot vt A ksl

TR E Qe 9T A HEY A
SEEST A Bofol o &Y A F skt
o=t 2021d0] AMAPHEAATHo] NSO
o, AdAide] A i, B4, €84 2 TE &
HAolA HAE Y} (Park et al., 2021b; Park et al.,
2023).

Atz o Z QlFE= AlPQAF(test headform) E+=
HZ9A%(standard headform)Z 7J&=o] thofst §
Ej o] 7|Q1X S H(personal protection equipment)E
AFstAY AT of o E349] As(efficacy)<
Z275t7] fIsto] AFEE o] gitHZhuang et al., 2010;
Yu et al., 2012). SEZH T ARE 9 Ay}t
sto] ZidE QlF= =W - QoA ofy] AR Bl
7} 1%it}. Zhuang et al.(2010)2 20034 ©|= =%
QI 3,997< W& AARL JIAISAHARAL ARE
olgst 5F RFH(4Y, TF, P, 21 529, &1
H2%)9 dAd 3DIFE /e, Yu et al
(2012)2 20064 &= 224 3,0009 S oz A
AlgE AASHZRAL ARE 085t Zhuang et al.
(2010)3 FARGH o2 5% 599 HXE 3D QUF
£ JJLSETE Seo et al.(2020 & 2023)2 F 714
A+ FAE & 4 3T A3(EE, %, W)Y
3D QIFE 713t IA 242 ehel 4,583780] &
ogt A6} Size Korea 3DH P SPXAF DBLE
el 11,4297g0] gt Al72F 9 4|83} Size Korea
JAASPAE AHESFAT

SRS I AF= I KAEA EofolA =
Al =9l%]R] oo} Xt SEHT O] A ¢ ==k
T HAN] #et A7t vhgskA BarE|a dAE FAL
g o] 7ol 3t A7 HAlEHA TAlo] AXA

Tt
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HAY TFHIAY QT B E507F A GFOl
Al RIF7E bstA &85 ok SFHS = AR
o F8A1717] Aol /15 E+= 517F AlHS AAlstoof
Sttt AME SEH B9 A HoA QHARIS A4
(A8 =FHIA A2023-642)00 w2t JASAIES A
AlsfioF shH, o4 Hoqhs WRIntAS, HEupAd,
&710tAT, AEA TR FOtHMOEL, 2023). &
SHS O] E5o "t gd=u HRIntAT o] F8- 14
7ol ASAIA ol tis Algds AAIsiof shw, 1
% UAFE 8ot P2 Q3H ol& HA, kA
5 E71A%, QHHE Hi7|AY, HEE REE, Aok
FAIFO YEAA, 181 QAR YR ojikslgta
oty HAE ¥ o8& viAAE #5 5715 s o
2 7HA] Al@E AAlSfof ottt HAE upAT = 7714
AAFE(ERE HAF EE)o] 9lom, 11 F AFE A
&ote FE2 AHE F7IAYFOITHNIFDSE, 2022).
988 mtAIE= 97HA] AlERE(URE FAF 23]
Ao, QIFE AMSStE AlETES SEAHE &
£ Hij7] A)o|tHMFDS, 2021b). u|==HArAerd
BAATL(National Institute for Occupational
Safety and Health, NIOSH) S&EI+ AJAH
713 F stuold, IFE ARESH= AlEE AAlstY
Atk JAFE o] 8ot AP TE-2 AP (resistance),
371 air flow), Ak 9 o]AISerA 5, ARG Al
ZHe(rated service time), ¥, 7tA-0(gas flow),
Zrod AR AJ7F A4(remaining service life indicator),
AloK(field of view)e]tHZhuang et al., 2010).

FHA TFHIF A58 A7 oA &
I oyt o 74A] =30l ot SFETA| gt
A, 5 = AT oA LF =9l JAFY 2
A e AF BPES ARESt Q7] "iEelth 2%
Hoo] AA, AY, 5 9 a3 33718, Al
A7, Hish, ARUA 52 o= SFHES+
A QT &8 AHE AR 23 ojdo: g=Ql &
CIF7F gidcH(Park et al., 2022a). A&7 =4
YE AFA o] QIF I AFEHE HAslon
(Seo et al., 2020; Park et al., 2021b; Park et al.,
2022b), oF4] #E QF7F /= Aol =l EE
Q159 7ido] Qs

mEbA] o] At EA-L2 =l w9 3D ¢
=Ao| = HolEHo]A(data base, DB) ¥ =4 F
AR 4T HAF fdE e E SFHT 9

¢

EN
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A, AR B ] fdRelA E28E = A==

B9 QIFg st} shgict.

o] A= 20219URE FAH 27id AFZZAHE
9] dFojn, =Rl km5RIT2] 3DHYFLSHRAL
DBERE 7IdH 3DYZAC|= DB ¥ =g A=
=4 &L GAF sjdo] et Ay A-EAAE Higo
2 $Y=E 9K Park et al., 2021b & 2023).

AFRARL A|6A}F 2l AR 42 AKSize Korea)
% 3DHYFYSH A Fofgt Zolglom, A7)
F(selection criteria) T3 Z9th 1)A6GA} Size
Korea 3DHEFYSH AR Zofgt 2h=<l; 2)A6
2} Size Korea 3DHBFAASAHZRAL A7 £ o]u|R|
tlolg YAEE o]&sto] 3DYEAIR & ThsAh
ARME A =RE Algste A B THSA oY
BAALERAT. 3DHYFGEA oln|A] HolE YRR
7F SIAY HolE 9] F4 oo ® <Is 3DY=2] B
g 4 Alo]2 HlolHE 8 5 Qe oA A+
oA ALlE AKPark et al., 2023).

2. A+ L
1) EHZA}

SFESFO A, AR B B FFelM A A
AEAY BAEE ‘SFEIFY AA o] ZAHoR
ofgA THRIAIAL QA=A meshr] sl dig TAIE
T2 ARSIt B SEESF A 5 AFolA
Z-&5= AT A HE AAkE, B, 71EA
A& AR,

2) 3DY=a= 2 H0|HY Mty dE

o] A-toflA AREH TlolE= T2l k5T 3D
d=ZAo|=2 DB € o=y FAEEA DAL HAF o
do] 7ol AFEE 21714 59 3DE=ET= HlolH
ojgltt. =Rl k5Rl+ 3DY=EAC|ZR DBE Ao}
Size Korea 3DHE|FAZAH XA DB H|oJEHE o]&
sto FEEeH, el a5l 3DIEEARIR
DB ¥ =1 AEEA d&E HAF ide) i
4, B, A2 52 o2 EoA ou] BiE Q]
tHPark et al., 2021a; Park et al., 2023).
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T, 2021-20224 §EQl B0l 3DYBALO|=
DB ¥ =g 4w U2t AHAF igo] /e
oA AREE 217HA] FEZ FAHeE APA
(conformity)ol]l st AEZ} AR (Park et al.,
2021a & 2023), Blw7t 7Fse o DBl A5}
(2003-20044), A6xH2010-2014) E A82H2020-
20219) Size Korea 3DHFYZH XA DB 5 A8
2} DB= A7 4EEA] oot H|wE 4= QIich
mebA o] AFLoflA] ISO 16976-28 7|22 3D+
T dlolg 9] AP HAl(recency)= AT TR
7} A}t HE A2 21714 =2 A6l 3DL=T
2 flo]gE A|8% Size Korea 3DHIFAZAHFRAL
DB % o9 3DE=+ HlolEle} vlwskeitt

3) 3291 L5070 9IS et

Qo] e QIEmde] AAE 9% Yol £4,
3DRWY, 3DLAY HYL AH A=Y, 4]
(3DEYY % 3DIUY)S ARLE R WE/BS 5
o st ATHS $EY FYRE T 4
A S Aol A8 Hlolele] Ay Bk 2 A%
29§38 ABMol29 g YA 9%
AR\ ATYOREE AFLL FREDAZoIY]
A YAE EHE PO JYL SRkt

7h JIFEY HAE 93t HlojE A=

JAFEEZ o7 7HA] £33 A FE ISO
16976-20] wet 3= FAEEA U2t HAF g
7] AR L2 Hlo|8E ol&sto] Ndstelth
(Zhung et al., 2010; Yu et al., 2012; Park et al.,
2021a & 2023; 1SO, 2022). EARAS B3] FHE
24 AAF iidE ok 87 99 HA dEFE
bolE I1%& 5% 799 52T Holg 1Fe=
ATttt 58 7399 QAFEE Holy IFes
7 AL offd FATE] FFA7IHA A &
A Ao g G714} Folqlth. TEHT Y
A, AHE 9 B JFolAN SEEAY & - A -
A+E&o R &84 AR vnY €@ B8E&AHS 16t
ot SAEAN oA A E Ao E AFRE
o] §FE ou|A] A& kel Al 5 wiEel Al
sttt AA dIFFE Uloly F FAEEA A
g o] AREE 107HA 3DYEdE(F]Aolvh
H], =], ofgigAtolqn], da42Zo], =AMt

www.kiha.kr

ojyH], MEyH]|, Fzo|, IUH|, = AAtolHHE] A
Zo]) HloJg & o|8oto QTR 5F 5F4E 107H
GFAo|R Z}ZE9] HHAO|RE AMESIYoH, olF
uig o g2 AGA} Size Korea 3DYZEFE7 olulx] YA}
225 AFEY [P HAo|=o) 7 -8 5
A Aot 183 JIFEE Fgof wet AXE
599 3DE=EFE Hol"HE ol&st 10714 =3
B 7] HiAlo|2E AMEStolt

) QIFRHEe] 371 9 AHE

QIFHHS] PH H7|= 42FP(18x18x28 cm),
Z3(19%19%29 cm), P (20%x20x31 cm), 21FH
28(20%20%30 cm), ZIH2F(19x19%30 cm)©
2 FESIT AL JF YS FEY FS E9a
€] ABS(acrylonitrile butadiene styrene)& A&5F%
ot QIF 9F HE2 AfE(HE 20~30 shore A;
FA: 4 mm)E& AESHRIIL(ISO, 2016b), 22 Q1A
oA aEste] A5kt

o) 3DEEF 5 IF Al dA

AFEde 3DEEY, AF WSS SEaE B
A, QI 59 SupaE FE 3 AR F& A4
TP QIR FE AA AR

(1) 3p2E

AFEY {o] ot AYH 5789 3DY=ESH ©f
u|Z] dAt=e} o|2HE AMEH 3DI=ETE H 3
TA|ZE o2 QIFHY o|n|z]9] 5% {5 717t
S AASH] st 3DREHS AASFTE nEFe
3DEEFH ATEO|(Rhino, Robert McNeel &
Associate, USA)E o]835l3 1, 2y ZAJHAE &
of JIFEE oju|AE A5t AFEE oJn|x]g]
55 78 442 HtEHQl AEL; HULE AAoHA
AR QIF9 30% 72 S4H AAE AR, 181
+34E 30719 Heg&54 7|8 (landmark) ¥A] 5 2
FE ol HE AFEE ou|A7t 2 E 7] vhE

sto 7HAdsAH.

o

(2) 3p=dY ¢ A% &4
ol%+= 3DEHE|(Fortus 450MC, Stratasys, USA)S
ol-gsto] QI YWESHE FFARL, QT JSHE S3A

Z, A=IE B 342 1A doitkTable 1). W
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Table 1. Three dimensional printing processes to construct headforms

Process Description
For constructing a headform, an internal mold is built based on face
Internal 3D printin dimensions data, as 3D modeling outputs, by a 3D printer to which those data
plastic part P 9 are transferred. Acrylonitrile butadiene styrene(ABS), a plastic material, is used
for buiding the internal mold using a way of fused deposition modeling(FDM).
Mold In a similar way, an external mold is constructed based on the face
production dimensions data by a 3D printer to which those data are transferred. ABS is
(8D printing) used for building the external mold using a FDM way.
Grindin The external mold is grinded using a grinding material until its surface is
External 9 sufficiently smoothened.
plastic part p Small h hat i i f ith ABS
(including silicon utty mall scratches are removed by putty that is not interfere wit )
part) For the mold transferred after grinding and putty processes, primer or surfacer
Primer is coated to ensure whether or not its surface is clean. The mold is repeatedly
sent to grinding and putty processes until its surface is sufficiently clean.
Silicon inout Silicon is put into a gap between internal mold(positive human headform) and
P external mold(negative headform) by assembling both molds.
Headf Mold removal Silicon headform is produced by disassembling the both molds.
eadform
completion Top coating Headform is completed by coating the surface of silicon headform using a

human-skin color paint.

BEe 3pudy AR ojn|x] W) 3pme
gl A5AA Bekag 429 FHY AT TS AR
k. 912 FEE 3DIALES B Sepae 429 &

Zpo] B Wy 7k 52.9%, 47.1%°|al, Yo] B
3 EEHEAR= G 24 36.2+£17.44), 38.3+£17.2
Alel9lem, 7] 170.1+66.4cm, 158.1+56.3cm, =

4 A% FYES A T AW, We|, Lol BHS  HA 67.6+10.8kg, 56.2+8.2kgol%irt. EFE Ay
AR ool U2 2 9 39S 2T T Y 1 AR Uo|1E, AWF A%, AL upel B
BlEo] APEe Folslel Ael RS ARG 3 9Y o] gRon], A A SEHI

slol g3 BYS AH BHSAC.

4) Az e R FARA

Table 2. General characteristics of subjects in this study
(N= 2,752 persons)’

o] AFoA] QEL slay ZHEEA WAL A} Variable Subject(%) Remarks
g 7o AME 3DY=EFE HlolE(Park et al., Gender Male 52.9
2023)2 A6 Size Korea 3DH 2 @A=AZALS] < T
FolnA] YARE o]gsto] AESit. HAE 3 Age group 5 4, 21.8
She WgelH Qo AR A7HY AAgsAgy (e T T
F5 50Tt EABYO F|AEA A :
PCOﬂ xi;(o o]—O?] %HO}ME} oﬁ]?’:}‘\—n_ 71507‘—", -4 (185 6.8 Underweight
A, AEEA ‘%‘l FAEEA(principal component B 18.5-24.9 65.6 Normal
analysis)& XEgsto] AASt. BAEALS SAS (ka/m)t  25-(30 218 Overweight
Windows 9.4(SAS Institute Inc., Cary, USAJE ©] 30-35 2.8 Moderately obese
8ot om, FoeE2 0.05°]19- 2010 30.7 Age: 20-39
S;’;fy 2012 441 Age: 40-69
. H2zat 201.3 25.2 Age: 15-18
|Surv'ey Capital 100.0
ocation area
OlHIALEE .
1.2 Adopted from Park et al.(2023)
AFV A= F 2,752 (Table 2). A7 TSource: WHO(2024)
Journal of Korean Society of Occupational and Environmental Hygiene, 2024: 34(3): 279-291 www.kiha.kr
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2. AR AAE HjO[H M=
1) QF2E 448 HolH

=g FAEEA A4 HE Ao AR EE
£ HolHe 87z FEE0] 3ler(Figure 1), 2
Tl wet AAEd 107 2235 Z449] Bkl
2= Table 33 2%k

2) QIS THUO| Q3

=
Sk FAHEEA HAL id o] 871 #+<9(Figure 1)

‘

=]
o

Second principal component (mm)
{X3
(=]

-

250 260 270 280 290 X

i
o

First principal component (mm)

Figure 1. Korean principal component analysis fit test panel
based on two principal components(N=2,037
persons, Missing value= 715, X= first principal
component, Y= second principal component).
Adopted from Park et al.(2023).

=
=

250 260 270 280 20 X

w0
=1

Large

<"}
=

é

Second principal component (mm)

=y
=

First principal component (mm)

Figure 2. Distribution of the five model headforms for Korean
labor population(N= 2,037 persons)

= SF QIFRY 5% 739 Ei= Figure 29+
itk 429 AFEd(Figure 19] 179), Zy2d
B+9), 41F52F67Y), HIBFY), 11 53
@, 4, 5, 779).

2

jm
il

e

3) QIS0 Qa A= ClOJEIS] BAO|X A

Qe o] uteh AEPE Yolee] HAlol
ZE A7 AA9 A9 Table 49} Bgtor, @
FohgAe] 3RS olulx| ARy AYE 5
o] 79 Table 59 29kth. Table 5ol vehd vio}

2ol 2= dolge] BRAolxt ATHY §3

Table 3. Mean of each of ten face dimensions, by cell, in Korean principal component analysis test panel (Unit: mm)

Cell(N=2,752 persons)*

Face dimension 1 2 3 4 5 6 7 8
(N=108) (N=880) (N=513) (N=170) (N=199) (N=502) (N=135) (N=122)
Minimum frontal breadth 98.2 106.31" 103.1 104.7 104.8 105.5 107.6 112.6
Face width 127.7 136.2 133.8 135.4 134.5 135.3 138.8 1443
Jaw width 119.1 128.212 111.9 119.3 127.6 134.2 126.1 130.7
Face length 102.8 111.0™ 114.1 113.4 111.6 110.9 118.5 122.7
Interpupillary distance 61.7 70.6"° 69.2 68.1 65.7 64.9 69.4 72.9
Head breadth 153.8 167.412 153.1 157.0 161.4 166.2 161.4 165.0
Nose protrusion 11.5 12.314 12.3 12.3 13.1 13.5 13.6 14.0
Nose breadth 30.9 33.97° 35.8 35.7 34.1 34.6 37.8 39.5
Nasal root breadth 29.9 42212 32,5 31.8 30.9 30.0 32.2 33.4
Nose length 46.9 53.072 51.7 51.2 50.7 50.3 53.8 55.3

*123 persons fallen out of the outer ellipse in the Korean principal component analysis test panel. 11= 879 persons,

2= 860, t3= 859, 4= 168, and 5= 858.

www.kiha.kr
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Table 4. Mean of each face dimension of headforms, by model, in the selected subjects (Unit: mm)

Headform model(N=2,752 persons)’

Face dimension Small Medium Large Long—narrow Short-wide
(N=108) (N=1,384) (N=122) (N=502) (N=513)
Minimum frontal breadth 98.2 106.0"" 112.6 105.5 103.1
Face width 127.7 136.1 144.3 135.3 133.8
Jaw width 119.1 126.812 130.7 134.2 111.9
Face length 102.8 112113 122.7 110.9 1141
Interpupillary distance 61.7 69.5"° 72.9 64.9 69.2
Head breadth 153.8 164.612 165.0 166.2 153.1
Nose protrusion 11.5 12.8M 14.0 13.5 12.3
Nose breadth 30.9 346" 39.5 34.6 35.8
Nasal root breadth 29.9 38.31 334 30.0 32.5
Nose length 46.9 525" 55.3 50.3 51.7

*123 persons fallen out of the outer ellipse.
11=1,383 persons, 1t2=1,364, 13=1,363, t4=672, and 15=1,362.

Table 5. Mean of each face dimension of headforms, by model, in the five selected subjects (Unit: mm)

Headform model

Face dimension* Small Medium Large Long—narrow Short-wide
(N=5) (N=5) (N=5) (N=5) (N=5)
Minimum frontal breadth 98 106 114 106 103
Face width 128 136 145 134 133
Jaw width 120 127 131 134 110
Face length 101 111 122 117 113
Interpupillary distance 62 69 74 65 68
Head breadth 156 164 166 167 152
Nose protrusion 11 12 14 13 12
Nose breadth 30 34 39 39 36
Nasal root breadth 30 35 31 30 33
Nose length 47 50 b4 52 51

*Lip width added: Small 40 mm, Medium 49, Large 57, Long—narrow 49, and Short-wide 49.

4 A==o] w2t =24 Yeov, 9 AFRE HHQM om, 5% f3° wet AFRE FHY &
9] 7% FAo|upEiH]|9] FHFA]ZRE= 106 mmOI A oluX|of tfsl P Z717F GEA VTR,
, @=49H] 136 mm, oFEfigAte||H] 127 mm, ¥ Figure 4). &3k ZF f-3° tis 30709 #H=&E5H 7]
Z240] 111 mm, =aAAeIHH| 69 mm, HZH ZZH(landmarks)S HAISH & HZ QTR oju|x]
H] 164 mm, F*=°] 12 mm, ZYH] 34 mm, =4 £ 245t tHFigure 5).

Atel|H] 35 mm @ FZo] 50 mm= YEFETH

lzl

4. 32 -S0I70| 2
3.3p2¢y 3DRGYA 2HE 5% R4 S AT of
1) Q2 O] 0/0|X] 2% UAE HFOE AFY wFATY AFE 3DIAY

3DEEY HYoA AFREY ojuAls WHEAoR IS B AR UK Figure 6).
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16400
12700

Figure 4. Front and side view images of medium headform in 3D modeling (example), showing that head—face landmarks are
in place in red in the images

PeEee

Small Medium Large Long—narrow Short-wide

Figure 5. Final images in 3D modeling for each model of five headforms

Small Medium Large Long—narrow Short-wide

Figure 6. Five models of Korean headforms constructed finally for labor population
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V.o #H

1. 3DY == H|0|E 9| XMetd

o] AtoA AREE I=FE HlolE= A6} Size
Korea 3DHEZAEHRAL DB 5 217H4] &5<] 3D
AZYE dlolg o]l oH(Park et al., 2023), 20214
FyE g AFHAoA TRl Bl 3DYEA]
2 DB 753 3= FAAEEA A g o] A
L&A Park et al., 2021b).

AdZE glojElE 2010~2014¥0 AAIHE A6A
Size Korea®lX SHEU7] wizoll 7H3 2ol AA
H A8A} Size Korea(2020~20214) 3DHZFAZA
XA+ DBY sl =5 dlolEet oA A E =
A& HESIAE. AEZAA, A8%}F Size Korea 3D
DB & 4F d=5(d, =02 AN &7
o] F&o] Hw 4= ot I=H-19 HRPe=
Qe m&AA=0] vkAIE &3 AEolA JAAISH
< AAISioF 7] mjEol AT}, AH AI8AF Size Kroea
3DHYFASHRARE 507HA] FES2 SFPIE A
g5ty oy F2U-19 73 w2ol 14714 ==
S 4= QITHKATS, 2021). ZRAIA 54 14
7HA @& F o] AolA AME 37 FE(E=E0],
F7Zo], Fu)o] ZF=Qt}. gHH, 507HA] &5 =4
AL AGoflA FEE 17HA] FE(F]AolnpE | H])o
i3t dEFE dojgH= FET 5= gt thAEstd,
A8} Size Korea 3DHZ @IS £AF DBOl= ©] &
TollA ARERE 4714 3DY = HlolE 7t it o
A A|6A} Size Korea 3DHE /S RAF DBOJA]
SH7F 7Rs3E 21704 2] 3DY = TlolE 7t
Rl leE Rl 3DYEA| 2R DB} =g FAAEE
A A g9 Zidof o A9tstH, Size Korea 3DH
HPIESHRAY AA| DB, A52k Aoy, A8t
DB) % 7 24l A4=2l A o& YeRFTHKATS, 2004,
2010 & 2021).

2. QIFEHE HZAO| X2 EF

1= el Jjdto] AREEH 107H4] 3DE=2TEEL S
=3 FAEEA HAF g o] ARREIE EER
EEolt;. olg2 SZHST URH(respiratory
finoll ZFH o= HHo] a1, IF4 IA &40l 7+
oM, e dEdEs ASHAo] = AL

[¢)
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UERE7] wl&o]ti(Zhuang et al., 2007 & 2010). 5
T 73 5 39 959 1074 == HolE9 ¥
T2 FaoupH|9] F9- 106 mm °|%A, E=
YH| 136 mm, °FEAelHH] 127 mm, d=44
o] 111 mm, =&AAteIHH] 69 mm, M 4] 164
mm, #%°] 21 mm, Y] 34 mm, F=T4AM|HH]
35 mm, 283 FZ°] 50 mm ©|UTt.

nl= NIOSH= 20039 QIAISAHRAIA 3D A7
YUE Z43% 1,013 Z3bste] $3,99799 A=
4 HolHE Bl E 5% §3Y M= HAE QT
£ N5t oM (Zhuang et al., 2010), Zhuang et
al.(2010) 9+ZA7= SO 16976-22 A& =Ack
(ISO, 2022). Zhuang et al.(2010)9] A+27 5 &
Y AT 107 €=+ Hlo|H Y] Batgh F4ao]
o H| 9] 79 105 mm ©|l, d=HH]| 141 mm,
olffigAte]HH] 118 mm, E=ZF3Zo] 120 mm, &
A HH] 62 mm, MZUHH] 152 mm, F=o] 21
mm, ZH] 37 mm, F=7+4ARIHE] 17 mm, 18il
FZ0o] 52 mm ©°]tk Yu et al.(2012)2 20069 QA
A&7d 2APIA 3D A7 WAl o= ST 3502 £
shoto] = B4 £3,000H9 QIAESH dolHE
HFo = 5% 739 HAE JIFE /L8t 5%
138 T T3 UFY 10714 2= dlole Y Hdak
£ FAouEE]9] AL 106 mm °]Y1, dZFYH|
146 mm, ofgAte|HH] 116 mm, F=ZFZ4o]
114 mm, =&AHAeIHE] 61 mm, #HH] 150
mm, #3=°] 19 mm, ZY¥H] 39 mm, =F4AM|HH]
18 mm, 18|21 FZ0o] 51 mm °|ct.

g5 NIOSH QIF, F= QIF % o] A79] =3
JIFE o s Ui == Afo|= EALS H|n
statt dlE S0, = A5 EZHH(136 mm)
= 1= 5141 mm) 9 S AF(146 mm)Ect 2
UTE d=5A Aol AE- =HF AFY d=2dd
°](111 mm)%= "= QIF(120 mm) ¥ 5= Q1F(114
mm)Ert 22 A0 & YEyith o]d w7PE At Edy
9] HlI= TE AFoME Yergth Park et al.
(20212 & 2023)2 A|6#} Size Korea 3DHE=H 3
5 5 d9y dI253dole HHAE AR v ¢
T =AY dE5Adolet HwFl=d BluEdt,
Rl Wy A=A ol e 9 kAt
A do|Hr} 22 ZAoE Yyt QRN A
TFolA A 1] HEIEFE Ato| 2= T E
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N

88 X - NS - /2%

= AFRHo] dZFAfo|zo] HIYGElE= Zlo] vigEZ|sh
o} o] A olX % AH6A} Size Korea 3DHESYRAL
ZofZ=9] dFAte|= EAo] idH W=HF QAT
dZFAto| =0 HtgE ity & 4= Qlth. SHH, Q%9
dFAto|2 EAZ FAIZoRE vHuY off d=2PE F
d=ZYH|et dE5AdolE FAHORE BT o]f+= ©f
= FE=0] oWy AHAF Hdivon gt FAdEEA
ArL HdS IS o AREEE Z5 FEo|gleH,
HW B 7P SHST AR QIS I 4T
Aol EAS UEtd= S4 FEolztar waslr] of
ol 3t

w

3128 =01 ol

SEvE SRS A4, AR D 3] Hopol|A
dFrHog FgET QE =l EEQJUFE obF ¢l
o} 4E SEES1O] IFVIH, AIFE7H, A+,
|2GA4] SolM SEFESTY AE dFE FHot=
Qb 2=l QI%F, AAAR QIF Ei= IRE AIFollA

He 18 Sol E&FHI UAUHPark et al,
2022a). =Rl JIFLATHE g H71e] HEQIF2
A et A ERIF Q1A off= ERIEA] it HE
SRl /IS 7dst A7 B9l oK (Seo et al.,
2020; Seo et al., 2023), =7} = =A| E3of wet
A2+ QA%F7) ofytt. Size Korea DBE TSt L
£ (AT=AFAIEATY Ato]=zF ot Al <l
F71 AA=]o] Stk A d AT wheh ARE
o] A= AT A& LA SOl Bt JEE mpet
o 4 Qi) o] A9l AFE2 1SO 16976-2¢1
2t 107H4] 2 HolElE ol&sto] f-2uvdt
A5 t#Esk= 58 7389 =HF AFE /st
o} FY SRS A%, ARE 9 ] HopojlA] 1
S A - AFE AFEHN sk AREY] PHEAS
Ao AHE & AeE AFESeH, o F E =
A ;o] wEr ARG ol $Ql BT
HEQIFE &80l 7hsoit.

JAF7RE Aol A 7ol A9t g2 1Ek# o]0
of s, A9l WPt Aol dfsf AWHoZ Hlw
g 4 Qlojof HIF A5t} BE FE EEY AFE
g Qo] wE 9 IZ9] FAT} Afo]=of tigh tii
/Jo] grE|ojof ot AA 9} A& 3ol =7 =
A F2o| HEEE Q5= offolt} o] dAtolA]
A =9 5= =7 2 FA4 EZE(ISO 16976-2

1

oft >,
_>d‘4

3

rr

www.kiha.kr

2 SO 16900-5 EFHo] w2t A|6Z} Size Koreal)
3DHHPAIESHZRAL DBE HIECE 39l k5l
9] 3DY=ALC|Z DB -5, =3 FAAEEA HAF o
d g, JAFRE 5% f3E d=FF HolH AE,
3DEEE, 3DEHY 5 YA HHS AX A=
t} (ISO, 2016b; Park et al., 2021a; Park et al.,
2023). 4= WHo|A(facial variation) FHdl=2 &
ke AEPEY ¥ 23S UIotR FAHERA
BAZIHES &0 FEEEA FAF dido] AEE<Ie
o, o]& HIg & QIFRdo| 5% {go] A= U,
ol AFIFL vl F=r AFAREC] Bk A+
g3 vwgt A3 FARE A= YERtHZhuang
et al., 2010; Yu et al., 2012). 184 Seo et al.
(2020 & 2023)°] Hargk JAF9] A4 AHEH =T
= Hlojg, 1F9] AA ¢ AlF 279 Apo] wfiZo] H
wot7] oYLt Seo et al.(2023)9] AFolA AREH
A=Y= dole= A7AF 2 A8} Size Koread 2|
HAEZAZAF DBO|ROH(KATS, 2015 & 2021), 4
24 AAF oid A 2 1 o]% QIFRY BN
2 o]ojZ|= F8 HIWAZ ISO 16976-2004 A&
H H4o] ofySl7] wiZolth. &3], AT AA € A
2 g F B AR FAEEA AL side] Bgk
FE7L glgleH, 5% 13 & g0 # 8 4
HE BYEXZ] ettt Seo et al.(2023) Aol ARE
H 12714 d=TE ¥ 5 67FA (2], ofEAr
o], =LA o], =sAAteIHH], MEUH], =
Ao H]) o]9)= SO 16976-2014 AR&HE 10714
W0 SiFE| x| oo} FAAEEA HAF mid € 1T
S f1gt ARRE HeRIR|] R TEar A9
AL Il sl =& T 5 Ut FEo] &
d=FE #1577 FEE Fx v Seo et
al.(2020)°] B3t Q1+ A6A}F Size Koreal A
£%4 24t DBE ok 43@E 5 447071 AREE]
AL, JAFRE AN SHAH B4 (cluster
analysis) BA71H< ©]-&sto 3F {39 3DIF ©]
njZ7F 249 & 3DZAYHE Aol

o] AtofA I I=HF LwllT AF= TZH
ST A, ARE 9 ] JRoA 8 4 e,
o Yoprl i - A - A48 o2E E8E 4 ok
Ad& E0], ARG o wet 2R o BATERt
= A SARRE AAIY mE] 2 d=9] 4T Aol
2 HRE 5% {FPO=E FEoA, 7 {30 wet &
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oA AFE 4 k. o] v WEY TFERTFY 4%,
A SERETA 3 DHT PA YA, BF A
4% SEHET 24 L AF 5 IS 59 580
579 4%, A8 2 Bel 9o aeAol T4 A
ot A7 SENETY AY U AFS B AR

7t 2A#E 1SO 16976-29] Aol wet Azt
HA7] mizel "AE AAF B RISt HY ws
oA me] B A=) AT Afol=o]
E4S vE 1 458 =7& §-8F Zolt. 53], o]
= UFe EEUAFY EA4E 7171 Slste] HE
Ee Iz J40 "2t Aol 7sd &9 oYzt
dEF=E Atol=o disf 2 S740] 7hsdste® 5%
+F a4l d=54 7IEdo] BAEW] ol
JUFE LS| A%t AAS] 2AA% 37 SHA &
g SAEES A4 o 3" o] A9 A
A2 FAF R g &Rl skeAd] i =
I S AT FARE & ofdE SiolA 72
T Ao® YEgoH, 4254 7IEde] #AE AT
t I3y ¢ FAHeR Hx BuH AoF yepyrth
Cl%o] AFZIE AT on|A] B GAZA A
et vl B F=9] A7 2 o] AFollde AR
zd ojmjx|o] d=54 7IEHE EAISKL 3D2HH
A Ao 2 Az 1] BE 547 E84
o] FHUEE AARIT

4. Ao Mot

o] AFofA F=F QIF JRdo] ARgH HolE+=
3DABESHHE S5 A 10714 F=9] 3DLE=T
& dolgoltt. HEH AHFZP2DEA) dlolEHet
g, 3DEA HlojHe AFE /dske B4 &
254 718 Afel9] FA4dat Alo]zof s Ru 9
S (contour)oll T3H HEE HgoZ 33 7t
A A EAo] ®EYG=ES AoltZhuang et al,
2010; Yu et al., 2012). 184 3DAAIZA dlojgl=
AW7|&9 B4 2DIAISA dHolHET BEY
(inflation)°] YL & QUth. A2 &9, HYH|E =
4 3% IDAASHHL2 7P EAKwig cap)E & T
AR Aziolu]z] W] Q= S5 (euryon)it
HHlE Z7gok=t 2DXESHHS A H X (callipers)
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£ olgste] MErlere FEWA U= ng Hxo] 9
L E5azt Uu|g 243 3054 meuule A

v
Hr}. o] AoA AREE 107H] E=F5E 5 =9
50| AAE FE2 HPHH[EC|QIH. UHA] d=
FESZ g7 EH s A AEQ] o] F
Ed] &g 129 diido] ol FAER(ISO
20685-1)°] WEH Z4gE w2t 24 3DEH
glo]El= 2DZ4 Hlo|H 2R E X582 A maximum
allowable error) °oJW7} HEE A&t Jout
(ISO, 2018), A6} Size Korea DBO= 107H4] A+
HE(D=T5)ol dish 3D € 2DSA HlolEt @A
& v 4= U= dlolgrt glol BUKE 4= (It
SHH, Aol BlAAZ AT, 7)Y £
StojRof] wet iAol wX= FFo] tEH A6}
Size Korea 3DHE|FAZAH XA} DBOJA old ARE
mjetbet &= gldth SYUst A=FE dlolE et stete
3DRYEY E= 3DZUFYE o83t A H Ve
20 wEt JIF7F o2A B4E 5 Uk old FE
> F7HAQl A7 R8st d=dRY & HY,
AxAR] 7|3 9 Al7], 2D 2 3D £47]& 5ol &
AL o2 FHoA ol tHHtKPark et al.,
2021a; Park et al., 2023).

o e gl

V.2 &

o] AT Tl BT 3DYZEAIZ DB 75
9§ FAREA 9hw A4 e L Ane
o §99 wEAT AFE Asiath. A% A
o A8 3DYEFE Hlolele] A4l e s
IR EES 7|02 ARt AT, WA HZWA Size
Korea 3D DB % of 7ol4 A8 A6% Size
Korea 3DYZAfol= dolel7t Agstn], 7hg 24l
29l Ao teprh

Q1F+= ISO 16976-201 w2t 217H4] & & 107}
A 3DYFHEE AHE T 87 FAos F4E 24
B84 74 g o] A8E dolEg 5% $3(&
3, 39, 99, 47 $29, 47 WeRow Jun
AL, 5% 4% A= ol BEAel=
A%, 3DEY 9 3DIAUY PP AH 5% 9Fo
2 77} AEEQL. 5% §80] et s 107}
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A gEAol delelel Bade x4 qn
Wol 79 HolukELH 106 mmel 9Ly, A

136 mm, oFfgAtelHd] 127 mm, FEFZEZ0]
111 mm, =&AHAeldH] 69 mm, HIUH] 164
mm, Z%°]| 21 mm, ZYH| 34 mm, F=TAAM|HH]
35 mm, 12]al F4°] 50 mm °|tt.

[°oFshH, 5% o= MEE I=F QAF= 2171
A FEor FHE =9 =ERAF 3DLEAR|=
DB 5% =9 424 AA oig 7ol o]of
A AFEHoINY. T=F 5T AFe TFEL
7 o YAE PAF T ofYE ws - Al - A
T AFoIA &8 5 U2 Aot olg A7t
?l 5Ql+ 3DYEA|Z DB ¥ 3=y FAHAREA
L2 A Wyt oA SFHo Y AF, AR H
U diol &82 A% =5dFE ETT o FHT
T AREARS] QbdF AE B Ao R Hod 4
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