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Abstract

During a design process of a protective equipment for sports activities, minimizing movement restrictions is important
for enhancing its functions particularly for protection. This study presents a three-dimensional(3D) modeling methodology
for designing baseball catcher’s leg guards that will allow maximum possible performance, while providing necessary
protection. 3D scanning is performed on three positions frequently used by a catcher during the course of a game
by putting markings on the subject's legs at 3cm intervals : a standing, a half squat with knees bent to 90 degrees
and 120 degrees of knee flexion. Using data obtained from the 3D scan, we analyzed the changes in skin length,
radii of curvatures, and cross-sectional shapes, depending on the degree of knee flexion. The results of the analysis
were used to decide an on the ideal segmentation of the leg guards by modeling posture. Knee flexions to 90 degrees
and to 120° induced lengthwise extensions than a standing. In particular, the vertical length from the center of the
leg increases to a substantially higher degree when compared to those increased from the inner and the outer side
of the leg. The degree of extension is varied by positions. Therefore, the leg guards are segmented at points where
the rate of increase changed. It resulted in a three-part segmentation of the leg guards at the thigh, the knee, and
the shin. Since the 120 degree knee-flexion posture can accommodate other positions as well, the related 3D data
are used for modeling Leg Guard (A) with the loft method. At the same time, Leg Guard (B) was modeled with
two-part segmentation without separating the knee and the shin as in existing products. A biomechanical analysis of
the new design is performed by simulating a 3D dynamic analysis. The analysis revealed that the three-part type (A)
leg guards required less energy from the human body than the two-part type (B).
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(Table 1) Characteristics of the subject
(unit: cm)

Size Korea(2010)

Item Subject D
Thigh Circumference 58.0 56.7 4.6
Knee Circumference 39.0 37.6 23
Shin Circumference 38.5 38.4 2.9
Ankle Circumference 27.8 26.1 1.3

2, S50 W dEH Zo| Hat 24

271 dlo]El= Geomagic Design X(3D Systems,
USA) Z2a3of|x] Aelatdtt. 2ol W& Fx4o|
WS FA38H7] flal Al 7R ARAle] A masde] dent
a5 dAste] Az FEE [Figure 1]3 2o] =A8)
ok 22]ar [Figure 1(a)]3 2ol A2 €2 alfH h=,
[Figure 1(b)]e} 2ol 712 I iFE y= s, 7
drjet AlZZe|(H1, H2, -+ HI5, H16)$} 724 o|(W1,
W2 == W6, WIS S48t -5 =3 524 A9k =
Al Ale] AlgAo] Wstks A(DE ARtetdth 2+ A=
wka F A FAo] WSS 2R te|Eae sH A,

AlzAolet HA| 7tz ole] HalFS

[Figure 1] (a)Vertical rows from 'a' to 'h' and the vertical length between landmarks(H1, H2

(b) Horizontal rows from

AFdo] Wl = w2 A AxwAe] -

A Al AmAe] A1)
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telEae] mdge 2703 33 Q1A tlolHE
7Iko 2 ATk Al 71| F2R1 FAA, F5 90°
=3, 75 120° =5 7 ojd Ho|HE 7yte g mdlF
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o] TENHY 9 dhEEE BAsh 38 v 24
2 [Figure 2]¢} o] 7}2 F&& 9| F H(a, o)
7hed H(b) ol8ste] AXARI g AlketaL, A=
&5 53 v HejFe] T H(d, o)} 7hdl A
(b2 o] g3t} w3 whaw BAle vt Zo| Wy 2
A Aitbol] A3t Lozl R Al 7HA] FEF Al
of 32+ <A HlolHE HA & FAdw T IS
ARttt Al 3 diolelE F88hs WL [Figure
3]} Ao JATHER AmHskFo] 30%mRHeF 1em)
S7khE A 7o g 7F SRR Fdst YAE 7]
Z7 02 47s}le](Picked Point) 7|ZHS0] AAFoZ
A 7} 52 diolel7E 2 =S Eltk ols 2A
2 7 9 teliad) 2dy 53-8 AAE theln
S d=(hard shell)e] & (loft)S ZA3}Art

Outside

(b)

, - H15, H16)

'i' to 'y' and the horizontal length between landmarks(W1, W2, --- W6, W7)
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Radius of curvature of vertical

Radius of curvature of horizontal

[Figure 2] Three points for the radius of curvature measurement

(Example of knee)

Picked Point

@ Picked Point 1 ) Picked Point 5
@ ricked Point 2 ) Picked Point 6
| @ Picked Point3 @  Picked Point 7
. @ rFicked Point4 @  Picked Point 8

Combine postures

[Figure 3] Examples of the merge method for the standing and 90° knee flexion postures of the front shin
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(Table 2) Changes in vertical length of the standing and knee flexion postures (unit: cm)
a b
S 90° 120° 90°-S  120°-S S 90° 120° 90°-S  120°-S
HI 292 308 289 016 -0.03 HI 309 319 328 01 0.19
H2 282 335 3.09 0.53 0.27 H2 336 378 333 0.42 0.03
H3 35 318 342 0.32 0.08 H3 299 2.9 3.11 0.09 0.12
H4 348 343 322 -005  -0.26 H4 275 377 38 102 11
H5 49 38 306 -103  -18 H5 324 373 334 049 01
H6 298 324 332 0.26 0.34 H6 265 296 322 0.31 0.57
Inside H7 267 244 255 -0.23 -0.12 H7 3.6 347 347 -0.13 -0.13
H8 308 331 326 023 0.18 H8 301 379 4 078 0.99
HO 44 403 449 037 0.09 H9 291 262 296 029 0.05
HI0 HI0O 326 341 329 015 0.03
HI1 HIl 369 354 381 -015 0.15
HI12 HI12 372 375 369 0.03 -0.03
HI13 HI13 332 3.2 3.26 -0.12 -0.06
H14 HI4 322 284 312 -038 -0.1
HI5 HI5 268 301 33 033 0.62
HI16 H16 318 314 312 0.04 0.06
c d e
S 90° 120° 90°-S  120°-S S 90° 120° 90°-S  120°-S S 90° 120° 90°-S  120°-S
HI 262 29 305 033 043 HI 262 281 259 019 003 | HI 22 3 253 08 0.33
HZ 28 344 299 056 0.11 H2 303 373 375 070 0.72 HZ 327 3 353 -027 0.26
H3 32 336 377 016 057 H3 306 398 387 092 081 H3 332 393 41 061 0.78
H4 338 423 412 0.85 0.74 H4 414 489 575 0.75 1.61 H4 355 513 524 1.58 1.69
H5 383 579 612 1.96 2.29 H5 313 4.3 459 1.17 1.46 H5 3.89 533 496 1.44 1.07
H6 304 406 392 102 0.88 H6 338 301 435 037 097 H6 371 372 476 001 1.05
Front H7 364 45 511 091 147 H7 452 642 537 190 085 H7 4 578 531 178 131
H8 389 414 448 0.25 0.59 H8 333 419 445 0.86 1.12 H8 349 382 417 0.33 0.68
H9 308 347 356 0.39 0.48 H9 311 316 327 0.05 0.16 H9 31 353 37 043 0.6
HIO 329 337 326 008 -003 | HI0 28 331 337 046 052 | HIO 361 345 347 -016  -014
HIl 368 322 354 046 014 | HIl 403 38 404 014 0.01 HI1 31 342 332 032 0.22
HI12 304 354 346 0.5 0.42 HI12 328 315 346 -0.13 0.18 HI12 353 339 347 -0.14 -0.06
H13 365 351 3.6 -0.14 -0.05 H13 315 317 323 0.02 0.08 H13 3.05 304 325 -0.01 0.2
HI4 291 28 28 -005  -004 | H14 321 332 319 011 002 | HI4 32 311 3 009 -02
HI5 31 28 271 -025 039 | HI5 289 294 277 005 -012 | HI5 306 301 293 -005  -0.I3
HI6 302 28 298 -0.19 -004 | HI6 307 294 28 -003  -027 | HI6 285 286 294 001 0.09
f g h
S 90° 120° 90°-S 120°-S S 90°  120°  90°-S 120°-S S 90°  120°  90°-S 120°-S
H1 2.39 2.9 2.5 0.51 0.11 H1 284 248 246 -0.36 -0.38 H1 302 28 307 -017 0.05
H2 295 374 33 079 0.35 H2 317 318 333 001 0.16 H2 303 29 282 -007  -021
H3 368 38 387 019 0.19 H3 288 307 293 019 0.1 H3 245 25 234 01 -0.11
H4 326 397 411 0.71 0.85 H4 2.9 291 283 0.01 0.07 H4 2.46 217 0.29
H5 329 355 352 0.26 0.23 H5 253 293 269 0.4 0.16 H5 2.98 1.88 1.1
H6 34 444 461 104 121 H6 332 303 294 -029  -0.38 H6 293 285 -0.08
Ouside | H7 3% 321 331 031 021 H7 311 23 25 075 06l H7 274 221 053
H8 328 329 342 0.01 0.14 H8 3.04 307 318 0.03 0.14 H8 1.99 2.72 0.73
H9 331 365 354 034 0.23 H9 344 342 34 -002 004 | H9 332 293 -0.39
HIO 337 349 367 012 03 HI0O 378 354 353 024 025 | HIO 301 279 -0.22
HI1 316 313 301 -0.03 -0.15 HIl 318 3.01 3 -0.17 -0.18 H11 3.21 3.04 -0.17
HI2 38 39 38 006 0.02 HI2 345 323 309 -022  -036 | HI2 313 2.89 -0.24
HI3 334 33 349 -004 0.15 HI3 356 346 359 0.1 003 | HI3 28 2.86 0.01
H14 3.26 32 3.08 -0.06 -0.18 Hi14 334 355 372 0.21 0.38 H14 3.18 3.09 -0.09
HI5 2.58 2.6 2.67 0.02 0.09 HI5 283 274 255 -0.14 -0.33 HI15 3.34 3.17 -0.17
HI6 316 335 323 019 0.07 HI6 339 317 36 022 021 HI6 284 3.29 0.45
S=Standing Posture

Blank= Missing area
9t} LifeMOD 2005 &4
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AZ1 F(soft tissues) AR Al np7] ARE TS B
ofatlrh(maker). mRAEfo R T o] &ej=g wghd
97 AR S Fo] RS ehstal & dTtelA AAIg
GEEIHE AT F F2 AlEdle]dS sk
ARbell 2 eHA] 259 FHS AHESIT o] RHlo

A 2ol e DBYE, B8 dol, 55 Sl uf
o) gebig] ol 440w e the 2(2)9h Lek

F' = fifal')) + fl") 42)

1, Clg| S=of w2 HEH Zo| #Hel 2AMz il
2o gy 2&

F2to w2 AmHe] A2 Zo| W3} Au<Table 2>,
AAFAeA] 90° FEg TFHH AAE FHsHE A9
D2 Hol(HI~H9)e AW(c, d, e )X Z7l8l= 3

T= T

o] Yehdth. 53] 7= F-91o] AHelA lem o) A=

dob} el 120° R 9 A A2 A
90°¢} frAke Z3polgich. et vhele] vz} 91

e e el o) AL AoVl B Bl
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A AFE o7k Fastele. webA AlEHe] Az el
WH3kE 272 veEatfe] £ 9os v 2ol A
gkt &2 Al lem o A= Aol7t 7= 74
= vl AW F ¢, d, e & HaollA H8oll FHZF5o] 9)o]
old] wel HA-H8S & d9o= AHAst 1 9
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[Figure 4] The modeling process for the leg guards

Marker

Soft tissues

Attach makers Segments Jaints Skin
(@) (b)
[Figure 5] (a)Maker location of motion capture (b) The modeling process of the lower body for

biomechanical analysis
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(Table 3) Changes in horizontal length of the standing and knee flexion postures (unit: cm)
i ] k 1
S 90°  120° 90°-s 120°-s S 90°  120° 90°-s 120°-s S 90°  120° 90°-s 120°-s S 90°  120° 90°-s 120°-s
WI 403 364 38 -039 -019| W1 339 344 368 005 029 |Wl 343 327 359 -0.16 016 |Wl 354 384 404 03 05
W2 475 411 452 -064 -023| W2 36 38 423 02 063 |W2 391 37 377 -016 -014|W2 391 382 4.03 -0.09 0.12
Thigh |W3 336 539 383 203 047 |W3 34 416 359 076 019 |W3 324 38 379 062 055 |W3 28 372 348 087 063
W4 384 353 369 -031 -0.15|W4 42 399 387 -021 -033|W4 38 374 388 -0.11 003 |W4 39 36 39 -03 005
W5 462 543 531 081 069 |W5 419 467 451 048 032 |W5 41 413 389 003 -021|W5 356 372 322 016 -034
W6 503 492 535 -0.01 032 |W6 498 496 481 -002 -0.7|W6 416 433 427 017 011 |W6 37 417 427 047 057
W7 403 427 44 024 037 |W7 401 408 413 007 012 |W7 345 376 357 031 012 |W7 354 378 3.65 024 0.11
m n o p
S 90°  120° 90°-s 120°-s S 90°  120° 90°-s 120°-s S 90%=  120° 90°-s 120°-s S 90°  120° 90°-s 120°-s
W1 28 536 497 248 209 |Wl1 33 -3.3 W1 277 =2.77 W1 277 251 243 -026 -0.34
W2 368 345 38 -023 02 [W2 319 387 372 068 053 |W2 279 341 329 062 05 [W2 263 259 255 -0.04 -0.08
Knee |W3 26 394 394 134 134 |W3 274 363 374 089 1 |W3 28 365 305 082 022 |W3 25 278 259 028 009
W4 368 363 399 -005 031 |W4 344 304 371 -04 027 |W4 29 315 315 025 025 |W4 225 245 21 02 -0.15
W5 367 38 39 017 023 |W5 422 412 384 -0.1 -038|W5 363 35 384 -0.07 021 W5 358 317 397 -041 0.39
W6 316 39 401 08 08 |[W6 247 324 319 077 072 |W6 322 314 31 008 -012|W6 291 314 27 023 -0.21
W7 383 334 -049| W7 358 329 -358 -0.29| W7 273 -2.73 W7 251 331 08
q T S t
S 90°  120° 90°-s 120°-s S 90°  120° 90°-s 120°-s S 90°  120° 90°-s 120°-s S 90°  120° 90°-s 120°-s
W1 276 263 255 -013 -0.21|W1 311 239 233 -072 -078| W1 282 28 283 004 001 |W1 297 243 235 -054 -0.62
W2 269 254 258 -0.15 -0.011|W2 25 245 249 -005 -001|W2 272 222 231 -05 -041|W2 264 265 307 001 043
Shin |W3 251 227 239 -024 -0.12|W3 233 252 263 019 03 |W3 25 259 272 009 022 |W3 22 228 22 008 0
W4 206 274 194 068 -012|W4 3 251 239 -049 -061|W4 258 235 237 -0.23 -021|W4 241 225 224 -016 -0.17
W5 375 29 39 -085 021 |W5 35 357 426 007 076 |W5 413 4.09 457 -0.04 044 |W5 334 344 397 01 063
W6 356 352 283 -004 -068|W6 38 351 307 -029 -073|W6 36 318 254 -042 -053|W6 358 332 295 -026 -0.63
W7 276 36 084 | W7 259 365 1.06 | W7 245 422 062 |W7 297 3.84 087
u v w X
S 90°  120° 90°-s 120°-s S 90°  120° 90°-s 120°-s S 90°  120° 90°-s 120°-s S 90°  120° 90°-s 120°-s
W1 376 W1 39 Wl 21 W1 268
W2 274 28 261 006 -0.13|W2 265 254 233 011 -032|W2 282 261 247 021 -035|W2 24 234 224 -006 -016
Shin |W3 192 223 237 031 045 |W3 223 217 228 -006 005 |W3 166 172 205 006 039 |W3 176 167 198 -0.09 022
W4 265 196 183 -069 -0.82|W4 228 203 178 -025 -05|W4 216 1.8 159 -0.28 -057|W4 177 176 143 -0.01 -0.34
W5 273 277 321 004 048 |W5 234 24 29 006 056 |W5 292 291 301 -001 009 |W5 254 246 28 -0.08 0.26
W6 318 315 302 -003 -016| W6 313 29 291 -023 -022|W6 205 238 243 033 038 |W6 243 25 27 007 027
W7 376 3.96 02 |W7 326 347 021 |W7 268 3.33 065 | W7 299 3.05 0.06
v
S 90°  120° 90°-s 120°-s
w1 2.99
W2 205 238 231 -033 -0.07
Shin |W3 161 172 175 -0.11 0.03
W4 161 164 193 -003 029
W5 28 3 277 -02 -023
W6 253 206 223 047 0.17
W7 284 3.08 0.24
S=Standing Posture
Blank= Missing area
ARk Ao} -5 °§9%-8— AzEHo| F7ketrt. A 2, S50l wE & 2Mn ce|Esr] 2Ed A}
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(Table 4) Total change in vertical length of the lower body according th the sectional view method (unit: cm)

S 90° 120° 90°-S 120°-S
Iside a 9.24 961 9.4 0.37 0.16
b 9.44 9.87 9.72 0.43 0.28
c 8.7 9.75 9.81 1.05 111
Thigh Front d 8.71 10.52 10.21 1.81 15
(H1+H2+H3) e 8.79 9.93 10.16 1.14 1.37
f 9.02 10.51 9.67 1.49 0.65
Outside | g 8.89 8.73 8.77 -0.16 0.12
h 8.5 836 8.23 0.14 0.27
Iside a 17.11 16.29 154 -0.82 171
b 15.25 17.72 17.89 2.47 2.64
Knee c 10.57 12.75 13.51 2.18 2.94
Front d 11.23 13.62 14.17 2.39 2.94
(H5+H6+HT+ e 11.2 13.32 14.24 2.12 3.04
H8) f 10.23 10.97 11.37 0.74 1.14
Outside | g 9.47 8.46 8.62 -1.01 -0.85
h 7.66 § 778 ; 0.12
Iside a 44 4.03 449 -0.37 0.09
_ b 25.98 25.51 26.58 -0.47 0.6
Shin ¢l 2577 25.65 25.98 0.12 021
(H9+H10+HI |  Front d 25.59 25.88 26.13 0.29 0.54
1--+H16) e 255 25.81 26.08 0.31 0.58
f 26.02 26.62 26.55 0.6 0.53
Outside | g 27.02 26.12 26.48 0.9 -0.54
h 24.88 § 24.06 ; -0.82

(Table 5) Total change in horizontal length of the lower body according to the sectional view method (unit: cm)

S 90° 120° 90°-S 120°-S

i 29.15 31.31 30.94 2.17 1.80

. j 27.82 29.12 28.83 1.30 1.00

Thigh | 26.02 26.84 26.77 0.82 0.74

1 24.59 26.67 26.66 2.08 2.07

m 23.51 28.08 28.13 4.57 4.62

n 22.95 25.28 25.61 2.33 2.66

Knee

N 18.17 20.22 19.46 2.05 1.29

(WI+W2 p 19.39 19.56 19.66 0.17 0.26
+ o q 19.85 19.43 19.90 -0.42 0.05
WEEWT) r 20.86 19.05 20.84 -1.81 -0.02
s 21.10 19.73 21.60 -1.36 0.50

t 19.97 18.64 20.62 -1.33 0.65

Shin u 16.72 15.09 16.99 -1.63 0.27

v 15.55 14.28 15.66 127 0.12

w 14.31 13.61 14.87 -0.70 0.56

X 13.80 12.92 14.20 -0.88 0.41

y 13.60 12.48 14.06 -1.12 0.46
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A& & % gk [Figure 6@el Al 7H4 54 41 49 e $ol wle A2 3§ JeiS Aulum<Table 7>,
W F0AA A k0, ud A FUD AT A Qole dippe] P, $5 doe BE 9
e @4e wul AR Gdojo) kg 1Kok B B Aol Fage] Aolgln 4ol dole Aoluzt A
51 ele] ned SIAelA 120° #% TR A L W B o] FEseh. 1 [Figure 60b)]e] Al A 54 A
Ao S o) o AT g Pl ek e F091A] sFeks dd AR B8 BRE

st 7o) 3] dele] ud g 1200 W 5 Aol whe) 2 FURE @A unw, skl v
Zog o AAE AT B F YTk W RES TR 8 AzE Wb} 24 e AL AT 5 IAS &

o

(Table 6) Results of the horizontal radius of curvature measurements (unit: cm)

S 90° 120° D D’ D~
i 7.49 7.65 791 0.16 0.42 0.27
Thigh j 7.22 741 7.78 0.19 0.56 0.37
k 6.79 711 7.67 0.32 0.88 0.56
1 6.54 6.95 7.55 0.41 1.01 0.60
m 6.41 6.59 7.28 0.18 0.87 0.69
Knee n 6.22 6.36 6.75 0.14 0.53 0.39
0 581 6.40 6.51 0.59 0.71 0.12
P 5.50 5.80 6.36 0.30 0.85 0.55
a 5.62 5.90 6.93 0.27 1.31 1.03
r 5.82 6.05 7.14 0.22 1.32 1.10
S 6.02 6.24 7.09 0.21 1.07 0.85
t 591 6.09 6.77 0.17 0.86 0.69
Shin u 541 5.34 5.98 -0.06 0.57 0.64
v 4.47 4.67 4.79 0.21 0.32 0.11
w 3.99 4.18 4.19 0.19 0.21 0.01
X 3.53 3.75 3.72 0.23 0.20 -0.03
y 3.37 3.28 3.57 -0.09 0.20 0.29

S=Standing Posture / D=90°-S / D"=120°-S / D""=120°-90°

(b)

[Figure 6] (a) Horizontal section view
(b) Vertical section view during knee flexion
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(Table 7) Results of the vertical radius of curvature measurements (unit: cm)

S 90° 120° D D D
a 6047 9.13 8.66 -51.35 -51.81 -0.47
b 111.54 24.72 20.24 -86.82 -91.30 -4.48
c 9362 30.02 3743 -63.60 -56.19 7.41
Thigh d 6195 72.99 48.28 11.04 -13.67 -24.71
e 6588 121.48 94.01 55.60 28.13 -27.47
f 6563 51.69 36.95 -13.93 -28.68 -14.74
g 5018 51.52 26.46 1.34 -23.72 -25.06
h 108.01 22.75 54.03 -85.26 -53.97 31.28
a 3479 743 6.84 -27.35 -27.94 -0.59
b 19.10 7.38 5.52 -11.72 -13.58 -1.86
c 4543 3.73 2.81 -41.71 -42.62 -0.91
Knee d 11.02 9.02 9.10 -2.00 -1.92 0.08
e 2019 8.87 9.12 -11.32 -11.07 0.25
f 2982 7.54 6.83 -22.28 -22.99 -0.71
g 2296 423 3.75 -18.73 -19.21 -0.48
h 2849 1.80 1.61 -26.70 -26.88 -0.19
a
b 153.95 106.08 92.44 -47.87 -61.51 -13.64
c 27223 215.25 205.57 -56.98 -66.66 -9.68
Shin d 125.82 106.91 170.31 -1891 44.49 63.40
e 893 194.17 166.78 105.23 77.84 -27.39
f 113.69 104.43 105.99 -9.26 -7.69 1.57
g 5953 71.55 69.92 12.02 10.39 -1.63
h 5456 67.44 68.49 12.88 13.93 1.05

S=Standing Posture / D=90°-S / D*=120°-S / D**=120°-90°

=5 374 23, AAs= A= Bk Al A 3140l 7=
=25 T2l o3l EolewM AEIERS FolAAw
o]Ao] A ] o= RS || A= s o
A, Ao w Fgo] pReA =4 7} =&
AL AR S5 AR Holxl= FEe] 3l
ool nja) el Wshrh 27 vepgd 120° =
=50] 33k HlolEE &8sl telEed ndys é
AlatQlct. ol A THEE JEE AEd viE HA
do] 54 A¥<Table 5>, &2} A Folv= 242 1Y
sfokeitiar AFAE AS AARHA 7Afsl= &t
T .

D N

s}
=

3. Cl|ESy 3XI =

120° -5 =3 AAE 7INbe R 33ke] BHlgd 3-
o theREt(A)= [Figure 7(a)]ot Zom, o]S AAHA
HlOlEi o] ZFg-A|AKH [Figure 7(b)]2} 2t} 120° 7=
TFH Aol trelRadr) bgHe s WA EE
glgt = Ak e AAA Aol 753 4

l

PR

o
=

gk thElRs 33k m53(mock-up)£
P& AFI Pol FE} BPolE
A1) 2-949 telRS(B)% 120°
2 A elA] Rl gekdey 2y FE5E 76]7]'0177}11
Rdey = A A 28 A vl FAPsIGonR
[Figure 8(3)] SHA- TS0l 2 o] Zhzh mdly
g &, 753 AAelE aAskelcFigure 8(b)]. o] w,
59 offe} 7ol -47} BAAARE FiEs sl
7] Sl #5999 ot B HARlE WIS
S AAAE 7Nt e R HdeEstE RdYd] olF
A A ARSI Figure 9]. 120° 7585 77
A Aol ZHGAIAR A, AFdort AEHEe s 5
7Vehe Ae e ESir dH o= AWt Kake A
= eI Ut ol2jgt mdly] AiEe Ho| 7]
R I e A I )

sol B/ A2 BEolal
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(a) (b)

[Figure 7] (a) Modeling the knee leg guard at a 120° knee flexion posture
(b) The model, while standing, is wearing the leg guard shown from a 120° knee flexion posture

(a

[Figure 8] The two-part leg guard(thigh, knee+shin) from the 120° knee flexion
posture

(b)

[Figure 9] (a) The three-part leg guard is modeled from the standing posture
(b) The model, while the 120° knee flexion, is wearing the leg guard shown from the standing
porture
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2 o] LifeMODE &3 27](import)s} o o]
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M= SHA|(upper leg)oll 1AZE ZQIE(fixed joint)=
AL ol Ftol| afFeh vl 27l Aol
(lower leg)ol] TAE ZIEZ AZ3Ic} © 2 5%

H@Ae] AR EE d=sl 718 SA(body segments)
2 Ao 7)1EAA(oint)o} S(soft tissue)>
LifeMODol|A  AlFslE 9% 7]E  FZ(inverse
dynamics base set)= 2 A5}5it). LifeMODe] 213 el
2 AR 15 F552 wE 9ife] S e

SkinModel 1

Upper Leg [ Skin Model 2

ee — SklnModelS

Skin Model4
Low Leg |;

Skm Model !

(b)

Upper Leg 2

|

Low Leg

A Modeling

* \ :Sprng-damper * ! Spherncal

[Figure 10] (a) Skin segments modeling process (b) Spring connection positions
and boundary conditions
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[Figure 11] Motion simulation of a model wearing the leg guard
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[Figure 12] Muscle tension of full motion
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[Figure 13] Muscle tension in comparison with leg guards

- 568 -



njFzo|#sE nst 3x}2 Cle|esol e 15

=
N il

S BXste] ge|Raiol] g3t oo 2 A}
AE =&31d] 3-9do g 7FAH teRadE 2as)
F5 ndiy geRsts 331y Zdglog A

4 VA WANY S 9 Aow . £ AT

= ohelustel A A Go £ A nejstel
A8 24 SR F A= A B,
WA W75 ke Asleln el A%E Fal Ao
chelnsty Aol ofoldel & Aolth

FAlo: e, 3abd A, YA A 24

REFERENCES

Bellingar, T. A., & Slocum, A. C. (1993). Effect of

protective gloves on hand movement: an

exploratory study. Applied Ergonomics, 24(4),
244-250.

Benson, B., Hamilton, G., Meeuwisse, W., Mccrory, P., &
Dvorak, J.(2009) Is protective equipment useful in
preventing concussion? A systematic review of the
literature. British Journal of Sports Medicine, 43
(Suppl. 1), 156 -i67.

Choi, J. Y. & Hong, K. H. (2015). 3D skin length
deformation of lower body during knee joint
flexion for the practical application of functional
sportswear, Applied Ergonomics, 48, p186-201.

Han, J. Y.(2013). A study on the prototype modeling
method using 3D printing. Research Bulletin of
Package Culture Design, 34, 97-109.

Huck, J., Maganga, O., & Kim, Y. (1997). Protective
overalls: evaluation of garment design and fit.

International Journal of Clothing Science and

Technology, 9(1), 45-61.

Jo, Y. N., Chae, J. W., & Hong, H. Y. (2014). Estimation
of lower extremity muscle force and metabolic
energy consumption by using LifeMOD during gait,
Autumn  Conference of Journal of the Korean
Society of Mechanical
1426-1428.

Lee, H. J,, Kim, N. Y., Hong, K., & Lee, Y.(2015).

Selection and design of functional

Engineers  fall, 11.

area of
compression garment for improvement in knee
protection. Korean Journal of Human Ecology,
24(1), 97-109.

Lee, H, Eom, R. I, & Lee, Y. J. (2015). Analysis of
Wearing Propensities, Wearing Comfort, Mobility
of Movement, and 3D Shape for Advanced
Baseball Leg Guards Design. Journal of the Korean
Society of Clothing and Textiles, 39(1), 63-76.

Lee, H., Hong, K., & Lee, Y. (2013). Ergonomic mapping
of skin deformation in dynamic postures to provide
fundamental data for functional design lines of
outdoor pants. Fibers and Polymers, 14(12),
2197-2201.

Marshall, S., Waller, A., Dick, R., Pugh, C., Loomis, D.,
& Loomis, D. (2002) An ecologic study of
protective equipment and injury in two contact
sports, International Journal of Epidemiology,
31(3), pp. 587 - 592.

McIntosh, A., McCrory, P., & Finch, C. (2004).
Performance enhanced headgear: a scientific
approach to the development of protective
headgear. Br J Sports Med, 34(1), 46-49.

Watkins. S. M. (1998). Clothing: The
Environment. Hei-Sun Choi
Ewha womans university press. (Original work

published 1995)

portable

Translated. Seoul:

Received 13 July 2015;
Ist Revised 17 August 2015;
Accepted 25 August 2015

- 569 -



	피부길이변화를 고려한 3차원 다리보호대 모델링
	Abstract
	Ⅰ. 서론
	Ⅱ. 연구방법 및 절차
	Ⅲ. 연구결과
	Ⅳ. 결론
	REFERENCES


