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ABSTRACT
A Development of Device for Measurement of Vertical Ground Reaction Force(II)

Jin Park*(Seoul Women's University)

J. Park, A Development of Device for Measurement of Vertical Ground Reaction Force(Il).
Korean Journal of Sport Biomechanics, Vol. 13, No. 3, pp. 341-354, 2003. The purpose of this
study was to develop the uniaxial force plate system which is measured by the vertical force. The
VGREF(vertical ground reaction force) 1.0 was composed of 2 bath digital scales, 2 indicators, and
analyzing software. This system was newly renovated to VGRF 2,0 which are 2 industrial digital
scales, 2 adjustable indicators, and enforced analyzing software. Changes of the new system were
as follows. First, the height of the plate was 75% lower than before. Second, sensing ability of
the load cell was changed from 90 - 0.05kg to 300 - O.1kg. Third, the speed of data processing
was changed from 17 per second to 60 per second. Fourth, analyzing software was enforced to
develop and calculate the data. For the test of the system, two different types(bare foot,
high-heeled shoes) gait was adopted. highly skilled female walker(23yrs, height 165cm, body
mass 468kg) participated for the experimental study. During the dynamic performance(gait
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analysis), the data of each load cell were very similar to the previous studies. Specifically, bare
foot walking had less vertical force than high-heeled shoes. Consequently, VGRF 2.0 can sense the
general dynamic movements as well as static load conditions.

KEY WORDS : VERTICAL GROUND REACTION FORCE, TRANSDUCER, STRAIN GAGE,
LOAD CELL, INDICATOR
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B3 #7)(load transducer)®] 71RAQ Hde wE7)7} 9o Pag wolA wae s 4
e AAolg. oy AdS ezt YANBAA HA HT 5 e Ao 21301 Age ¢
AR 2715 2a Yt BAY AFAE JepliEd ol ALe] YehF %k—- 75121—‘%3}
(static load)olc}. 7lgo] WAdte] FAQ FA(dynamic movement)d] F&E FAY 4 Y= ¥
717} ks g, $598 FoplA F2 AMEEHE AL 2EH I Ao)A|(strain gage)QJr
HozYAEY =) A (piezoelectric crystal)o|tHCraik & Oatis, 1995).

~EHQ] AolAe ¥y 4% (transducer element)o] H-250jr o] Ao gJEe] HEo0F WY
A S9 @7 WsHAM A7) A3 electrical resistance)2 FAAIZTE o]FA AALE FHE =4
ol7] fBo] FHAE Bg|x|(Wheatstone bridge)E o|&3le] WalE 7A3}3(Shrive, 199), FF
(amplification)3te] ¥ ¢} 271§ FAdh Holth

2EHQ Ao)Aol B3 AFE 193030 v]F9 MIT9} Cal Techol | 247 EAHoz £
FHo) gke AME Rt Fud % z2R3h= WAooz gl 195090 A71Ek 3
29 BAJlEo) EUHEAN Y 2EHUACIA(foll strain gage)7t ALHIUL, I FA=
0.02-0.05 mm7}A] SFo}RtHCraik & Qatis, 1995). 19763 AMTI 3JAle M 7168 HigeE &
E#Q AoIAE o4 Hzo 4U4 w4 &4 AX|(forceplate form)E A2t} HAEL
ojgo] HeojA RAFARM TRIATHNigg 1994).

593 BoldA dg AHRET gl 2EHQ Ao|A wEy FAPHE JexUYEY 3
gagd Ha) 717o] wimd AFHAY, M3 wrKe|s F 100008)A(Hull, Brewer, &
Hawkins, 1995) 44 7481717} ol AAeleh wetx) AFsta A9 d7Z4d gL
A48y 24 X E w57 A8 dgF 4¥x Q77 A= HTappin, Poliard, & Beckett, 1980;
Lord, Hosein, & Williams, 1992, Hull, Brewer, & Hawkins, 1995; Davis, Perry, Neth, & Waters,
199%). 2y g giaedy 24 AX9 A¢de g 98 S35 dEo Bz A7)
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LAY 3oy, rAHeRE Ad Aazty 744, W 3719 A8, 2719 24,
4719 RS HEde So] #4171 H71% @cHCraik & Oatis, 1995).

83 Bosco(1999) THe] 24 Aulel A tehbe A4S AR Aalel BozgEe 2
LR 15 B8 24 AX|(1-component force plate system)E 7184t Quattro Jump 2}
1 g E 71E8(Kistler)Ate] o3 FH8 o2 AR o] AFE 27 A5 sHo] 5007 714
7hesty, ol 71ReE 4 Y3 &k, JLo xo|, }Y T& FHY o YrkKistler, 2000).
Rzt 0 E 2EFQ ACAE o8t FH(15) wHAHEY Z7(Vertical Ground Reaction
Force, VGRF 1.0) 2215 7¢atget o] BAE 27 A8FHsH] 177A7AA Y 152 F¢ A
AH oz BOARAAN, ZAE FFHol} T2 Hlwd =g $2ojlg 2X2FZA &4o] 7}
s BEEH F F4YU 23Y A5E Ashke dHee Fezt ¥tk EF 2= A 943
(300 x 410 x 120 mm)o] FAUA HdEAHoZ ALgsher BE EAMS ¢ A wehA &
d7E VORF 100] 23 Qle #AHE Bgste, A543 F8E A7 22 49 93&
Fadtel dAHog Axx FRN ALE ¢ Ae £33 HALY 33 FAE skl 2 &
Zo] Aok
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T3 R4 24 A FAAL <Y Y 2o FA0E Agdte P9 A7E SHA)
dste] FhA H8T)AY AL (Carpet-300L, Curiosity Technology) 5 & o] &3tgct. o] A%
9 A7) 380 x 380 x 30mm o], ZH] Fko] 16kgo|, 2= Ao] HHZ L& F e BFY
A7)E 300kg 23 HAE BE 5 glE AFY A7lE Olkgolth. W 2= AL J)AHoz
HESY GUE B AF=E 01%0], gzt vebd & e ulg 94 01%0th FAE =4
(£5)8 sy 2% 2718 Jehd 99 AFxE 001%0ch

UAE Ao yie 2EHQ AojAd 2= Aload cel)2 FAHA Aow, e 449 4
TH ZAZM AdFe AATTY. Z= Ao] 7R3l ofdz 1 JEe IWelA AZd ddA ol
H(AL-100, DNE)Z {1g =, ol Qu7clele n&og A AFo] /Fsates 27 50039
O AsE AAgd. AL-100 QYACHE 435 B3dhe £58 23T 5 de 7159 3
7) o] B drelMe 27 6039 37t ANHEE PR
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MT20(Samsung) o]31o0, QeiAolelsh Z4zte] LES e} £4400] 7hg3lAt. AGA | EolA
FAE OAE A3E Lol AYsFe AE Z2aPe uhxlz oEs 20017} SRS VGRF
10(Visual C++ 6.0, MS)& 4=33}0t). &, VGRF 1.0 A% %<9 Ao Wkg, A4 005kg 181
AzAYEE7 27 1701924, A2 $4F 22 2H(VGRF 2002 Hu) 300kg, 4 01kg 1232
AsAEEEs 27 6042 si9d. F48 2338 8% B89 Fo)y] Ystd AL 2
7HZeH, AsA&E s Fetet F&(synchronization)7} 71535 & &),
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2C A% o8 711;*1 "ill% T4 b ZAzte] 2= A EAS A7) YHME SukE A&
2 B0l gasirhubd, sl 2001). B A7 A gH 2= do) Axd RPL FJAERY
33 TFE(KS) <] 7‘471*‘ ?‘W AL(C BR)RAPPE(FTEEH S, 1988)9 wet RYo) gad
AF ol

A&E B 33 FAHA AN 25 o] wtEAHog AN EHAE W Z AR gho] &
A oflhel] glofot 3w, 5ol 182 A&ET srizte vFFAR] FFol doluxe ¢ ok
EI 2 Wisteh At wFe BE 23w &3] olud lojol F ALY TeE W A
HolA 129 gtel 1204e] AFS, ALY W Q99 AFE 71s FelelA 2 A% g2 159
#9124 22 SIS 9 159 FS AAsok 3k ALY WA AS BE Y T2
2 vrol AR % w, 1 379 Ayl LAHY ool glofol FHI=TREHS, 1988).

2 ALY AAHY BAS A 1.0kge] £F(dead weight)d o]&3ted FHY Ael(static
conditions)| A W77} Yehlle @& 33 Btk 749 2= A 5AF@E A=t F
B AR F 5 FL 122 Q9AHAA Yehde 3o wsE #48 23 F 22 4
EFAA A 10kgd S UElth F, 2 A7 AHEE 2= AL o= A4 §o] 713
HE FAQ oM 23 297t Jeld AoE dddn
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549 Ael(dynamic conditions)o] W77} Yehhe dE A8 S B3t AN, 4
AT (Perry, 1992; Craik & Oatis, 1995)¢t 1 AHE wlwatPch. AP 713 e P& 2%
22 AL 9\}{— A7F QA 15 (o] 234), 7] 165am, A 468kg)ol Atk APHEL
ByEgolglon, A3 AL WERYH THEFH F o] Tom, BF 0lkg)RFoIT. HAE
TE HPdA7} B3k Ahoy de £E2 3

AP e s gn LFIAFA AU WA 2= A F g APAY BEFA R

A AS dojmaly dhE & Fo<ay 9, 25 A AR 3ujH AFGM 2= A R 1
oE717) 3cm ¥0]9) BYPEE URE HEUY. APAA AR AFS J4eHA] 43 B
o] a2 WA RPAFS wEHoE A FA

a8 9 2= A

ATAE AP VAL §A5171 dste] BPAA L2 A WA 2= 4 BES 9,
293 08 B2 F WA 2 AL ueE s 2 RYRFAA 9 2= Aoy vm 7
27} AFHE BYAY 1 geo e2w Agst HuAn. AFH ARe dFPE Vg
23 Fo) WYAE ANY YRo] me} Bt RYRE AT AR £AE WERPS
A #9009 1 oeo 7 RS AANRATL, 247 534 wE24 g
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S Bl (trial 4)

2= 494 4e TUEe 24E QU9 eede Ureld 1wy, JuE By 23 3
o 54 WAL g W fANL QiHo +4 e VY 5359 o) EA:
Bol Wg TE 2uye] $4o) okhE By B A WAl Tfirst peak, FI7} vihiiok
VAR FHo) 4%5¢ HBA AR(valley, B)o] FAHT 0)o) AA7)e Furpe] F A
Sifsecond peak, B3)7h UERIT) olei® WakE $RFHoE FASE 8 2ok

oo >

F-w=Ma — (1)
w=Mg  —
(D) 4 ) 342 AYsty 843 o3t 2ok

=Mg+a) — @)

A7194 Fe FANAEY 24 ZA7 2A %S vedE, we FA, M2 /A EA)
9 A% gv FYNEZ(EF), 28 aF FAZME RO M3 g7t BFojng £ANAEH &
A AAo] AL FE 9AE 2AJEE 2 a0tk W a = 00]W, $3 wAg g 3Y|E Q
Aol FAY, a>0d 2 WAL Arle Asdtd, YRR a0 F4 WHAEHLS Aopint
(Perry, 1992).
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28 A7 5 ) AHE0) W) e A Z7e] ol L}E}urt
5429 % Bk F 2ol FHAN YEE HI H{maximum value, 2% 10 #3) 1) 5
A9 AAevent)e] p|E 2T <E e BEn 2Euge ) APS vng Aol

E | e8dn 259l SNl Zto| HRY ERHK ©h9l: kg

FE\ANY LFP LV ISP MV  RFP RV RSP

e 3(46.8%) 468 41.2 51.2 56.0 472 424 48.0
045 1.10 110 1.00 0.84 114 0.00
TFRYE69) 494 378 51.8 58.0 50.2 38.6 498
114 045 1.79 1.87 1.30 0.89 0.84

T5 - WdRy 26 -34 06 20 3.0 -3.8 18
LFP: Left foot First Peak RFP: Right foot First Peak

LV: Left foot Valley RV: Right foot Valley

LSP: Left foot Second Peak RSP: Right foot Second Peak

MV: Maximum Value * ¢ static mass

<¥ >3 <Y 1050 933 B3 F Ay Fe T o] AA3= double supporte] X VR
o, 2 A7le 298gch 3, FEEYS Wdugd vle 3 (peak) o] o] 2 whud] A
F(valley)F-EolHe 238 gol AUk 53] A WA Ao FFEGo] WIEYRt Yt
2630kg A% o 2 A2z e, F5E AL A AAE AWS D& o oo} iRt Hojx
2530 N&} 3-& ¢ whe Aoz Alggr.

Ao S vlws] Ry FFRPS] gro] MiH PR HiF 3438kg 71eF O A2 A2 g
wo & TFRYS iRy vlF FAo FALFo] e A0 Al

N.Zé.;! i

j

2 d7e &2X2 JB9A 289 5 e 4 #3489 2 PAS ALske S0 stk
o}E Azl WA st (2001)7} e VCGRF 10 A29e 71z Avig 22398 AEA A
- TAEATE FAYeR WA YL A, 25 4L 729 300 x 410 x 120mma] A 380 x 380
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x 30mmZ Ak AP HF FEe ek P8 we o] AARYqM JAgdez A
dlgon, Bol7t 1/42 ZSUh =4, 2= Ao AT 4 U AHY HHE 90 - 0.05kg]
A 300 - 01kg2 WA &, ALe W3E 2] Hoe A7 £& YN 23z 34
A vedE d3E T uA 24T F UARS 4tk AA, A-ACIHY A £28 29 17
AA 2% 60712 F7HAATE A& EY F7he adgzstddr AR HolHe FAYS
E 5 U8 ¥ ok ud me 39 $4% Jbeepl gk UA, B4 T2ae AsXg
71ee At A2 RGP +4 A8y 33 PR (VGRF 209 484 A5-5 #der] 9
dto] BFHAAPS AAEGT AP BPFAE FoA] s HAAEE FFA(4e] 24,
7] 165em, A% 468kg)Z a1, APHEL WA FFEPo R Uty dFEH 4 2=
Ao Uee R Hert dtgog el By A £ANREH] JYH FAA e
o E=3 FAHA Hele 49 ostd FREGS A9 WAL 7] Wyt AgEE & W
A IRy 2 wEs Btk F F5E AL RS T Frde QA7 g2 ¥4 4
P& e W, IR JiHoz F Ps BA gk 28R & d7dN AeE
A48 34 FA(VGRF 20 BAQ AAe] d78e ofet & 2% 2 JAolA dAshe it
AY FAHA T #4330 shsdith
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