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1) g4y E—-F 2

AEH S 3 2 EROFETIE, AKO Nt
BELTBLIEWERRTH 205, FrcpL Tl
B v E- SV 2PBEELERE LS. ZOEKRED
g, PHELEERETEDT LRERTR
10.15 £ 0.70N, B (£. &) T2 3.01 ~ 3.09 +
0.13~0.I5NTCENEF OB T2 OEHES
oVEREHETEELEERE TR LT £ 0.016 £
0.001s. 0.153 ~0.158 + 0.008s TH » 7=
R5ICEEERS v E— &Y 2RI, FESBNE
G- EEEETRLTH 5. QIEEE, B, B
LEENTNEETCHERLTH3M, 2ARF—4OD
FUMEE BT 3720 T, ARECIHFEOMLFIC
Lo TF— 9B EEBS N AT MNHZ20TIDLS
CHEL AL, TORR, ERhRomk), HERH
OEREMORBETLHIZ LS KEAZRBY LN
oD TIORTRENEFNDPIOED S E R
T5ILikli. BOBUATHEY > TV BIMDES
LM TWARMOBALTREOEEDRL BT &
BEES NI TUME B >VWTEFRE NLLLET
A&l AWM BI2HE S v - ¥V 2
i, 19FLIF, 60 FltoESRFIcET 22 h %
i L BERBETRT EENEN0.193 £
0.061Ns/cm, 0.1838 + 0.024Ns/cm TH-TiE & A
CRILK S BETH -/ —H20~29F, 30~39
¥, S0~89FkBUIERI v E-FVvRIIEN
Z 40 0.359 + 0.135Ns/cm, 0.337 + 0.076Ns/cm,
0.323 £ 0.120Ns/cm TR EALBL LS LETH
b, I9FUTBLU0FLUEERBE TR, T
hRFEIZERT 202V TREEOEE THRLA,
RIERSIC B 2 HBICWT 2iEHUMEL, E0EB LU
B0 FLLLEOBESBICH AL ENEETZ LS5 KE
Banih — 5L & 19 FLTTns 0.081
£ 0.037Ns/cm LD EREL D 6B S/NE VLET
B30, 0 FLIEDESEE 40~ 59 FR O EHEH
02 0.141Ns/cm, 0.155Ns/cm THitT N & &
R~k BERIcBIT S L v— ¥ v R E AT
EHAETHELTA B E—BRIcBAIIBE 2505
EERL, THEBMHL B MEBLELRELTE
BRI V-V RBEE -l E S, BEBITBY
PEBAVE- Y 2R GETAHTAB E 20~ 29
% 0.035Ns/cm, 30 ~ 39 3+ 0.036Ns/cm, 40 ~ 49 F
0.038Ns/cm, 50 ~ 59 & 0.037Ns/cm, 60 F Ll &
0.032Ns/cm Th » 1258, Chidfho ED LD b
Bb/NSWETH- 72

Flid, COFBIYE~ 5y 22 ZPABlIcE &
BIlzbDTH B0, KEAICH W TR - EkFE
TART &, R TIZ0.323 + 0.122Ns/cm, I 58 &8
(%) T 0.165 + 0.076Ns/cm, LB (&) 0.140 *
0.073 Ns/cm, A4B(Z) 0.209 + 0.130 Ns/cm,
#HEH 0.097 £ 0.090 Ns/em, B (&) 0.034 £
0.011 Ns/ecm &2 - TW3 ., T1b b F#ER B
BENNROLEETHY, BBlcBT 2HES v E—
Y ZRBONSVEENL > TVT, HIEHSE BRSO
HIEOTHRS v -5 2TH - 1. B BB
BERHNCA 1oL T A TR~ & S o L0 F 4 T
DL ELSBETH-1. TLERcBTFIEHI
Bific o T/va <, B MISHER D5 b i M W
Th-t.
ADRBEER, BEER, ThEHs S ofcEy
TAN, HERLIISESNDE-LODBERICHS
LIKERTH B, MROT LM oRWEL, BEE
TOHENKERLTH 3 EBERs N, ThHRE
CTHATLRBFRRGSBLTH -1 & 2 EKRT
B3TEIED. Litd-TH— s 2RETIEICIRT
DEER bEH L THIRT 208 hh 527, AR
HEEAEBELCAHZL, FHECHER TR
0.312kg, MIBALI (&) 0.297keg, STEE(ZE) 0.270kg,
& B (%) 0.285%keg., ¥ £ 0.293kg. B W}
(Z) 0.260kg TH 7. THULLRBLAMICIIEE
ZRBHohT, KBRIEREOEVWRETHEDA
FCENBEShTHR .

AV E—F 208 % E LY 54 mobility & W
S, R2IKThERLIL. 2 57 4 TREERSE,

£1 ®BAvE—%v2 (Zs[Ns/cm]
v~

] A7
O 0.323 0.122 0.014

RIgRES ) 0.181 0. 085 0.010
RERES %) 0.165 0.076 0. 009

¥ B E | REEE ) SRR

¥ OB OGE | 0.148 | 0.089 | 0.012
MO @ | 0.140 | 0.073 | 0.010
% B oW | 0.219 | 0.131 0.018
& B¢ | 0.209 | 0.130 | 0.018
® # | 0.097 | 0.090 | 0.011
B % 6 | 0.037 | 0.019 | 0.002
B #® 9| 0034 | 008 | 0.001
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BHEEMIERRE VEERL TV 30, FiEEL
BREREETRT LHENTI 4.43 + 7.54cm/Ns, il
BAE (£) T2 8.19 £ 6.14em/Ns, 3B (%) 10.42
+ 8.53cm/Ns, &8 (£) 8.00 £ 7.77cm/Ns, ¥ £
15.64 + 10.80cm/Ns, R # (&) 34.00 =
16.20cm/Ns &> TOWTHREOZ WKL ARE L,
RNTERTE» - 1=,

2) #Bix7+7%2
BRI RERETOVINEFIRF + 7 2 212,
41—y 2B EREBERT 2011 L, Fhel
TOUBEEERTEDEVS T ELTELI, &
¥avE- v 2ERABICERCHT 2 AR ER
BECODVTORM:E LTE®RMS 3.

ChiEFmENEEMNEOELTESH, COF
T4 7 RAEBICRETEMC (cm) KD 3 HEH
b50, HELHREABNEEREOENCELN
5T OEMNEFHEE EEEETRbYT &, HHTT
20.24 + 0.03cm, 7B (£) 0.90 + 0.18cm, &
(Z)0.79 + 0.14cm, %5 1. 47+ 0. 19cm., B (E)
3.63x0.40cmTH-7. THTHZ LS IcHRICE
EACHEEBICBOTHROKRE (. FEHMH IR
¥, BANS - ORBIERICBVWTCTH -7/, &
hEEBICBONEEZF s 7R 2ETEDTRLE
DOBERITH 5.

Bx747%23, TADEALRALLS I, &
EEY FADBALEITH-oh, EREE, HEiE
BECEBHWAEVWE TS O, BIEE T 88.9
7.3N/cm, RIEESR (£) 27.8 + 2.5N/cm, ST B (%)
22.4 £2.TN/cm, 88 (£) 48.1 £ 6.6N/cm, ¥

10.0 £ 1.4AN/cm B8 &% (%) 1.2 £ 0.1N/cm Th -
e, TROLENOBAL T CHABICE T 282
T4 TRRAFBROKREL, BOPED 5B G
BEMIRT 4 A RO LD S #FR L 7. Wi
Bk EDNE L, SIBEY bRBEDH DEZ 5 4
TARADEETLH 572,

COHRF 4 72 RERBHEMELTT 0 o b L
THBERE, 7. BICART L ICHEBE 2 2R &
Sha. 747422, BREHELFThOTHES
ESTRLTHBD, BRI CEcBIzF4 722t
R s OBORYERERS, HBEEEEEL b
RLIEOBRATH S, BHREPAICBIT 2825 4
7 # 2 &IREH & OMEBEGREIE, BV E T A DBILES
KBIF208105F0ECATYRE () ©0.98
KEZETEBHTEL ., 2 ATNEETH 1. B
Micb W 2EEAERIE log Y = 2.0897 log F -
1.1493. F&ic B 22t log Y = 2.0184 log F
- 1.0597, B (E) B 37 hitlog Y = 1.9019
log F — 1.0101 T& » #:. RIALIc B 3  OREIRE
iz, WFNb 0.1 % LUTORBRBTEETSH - 2.

3) vIav—vgv

AZwnvasvzRrs (<4 z18) ORBEOE
& (E Smm, 10mm. 20mm, 25mm. 30mm, B PPG
AR F (IEREETEN) oE S 10mm, 20mm,
0mm, CHREy Ly (HEIALETERY) 0ES
& 10mm, 20mm & LT, choERIRME-LT
AGRTRBCHELL Bt BT 2 0B EREL
. ChonofEr0Es oMo HER A ML T ol
HEBRELLOTHEH, MI20/EHTHY,

%2 =ryYF g (M[cm/Ns) %3 BRF47%%x (kd[N/cm])
L~ L~
5 & oy | RAEEE | Enms _ Vg BRERE | EsnE

B # i 4.43 7.54 0.88 gl 8 % 88.9 62.4 7.3
RS ) 7.19 4.18 0.52 WEE &) 33.7 27.0 3.3
s & 8.19 6.14 0.75 RIS &) 27.8 20.1 2.5
X B W 9.92 7.88 1.09 AV - Y ) 25.4 27.6 3.8
I B ® 10. 42 8.53 1.18 AVAR - v 22.4 19.4 2.7
& KW 7.62 6.33 0.86 & B w 49.9 47.9 6.5
& B ® 8.00 7.77 1.06 & B & 48.1 48.5 6.6
# B 15.64 10.80 1.29 # s 10.0 11.8 1.4
B % 6 35.28 23.41 3.05 B & ®w 1.4 1.0 0.1
B ® 34.00 16.20 2.09 B & @@ 1.2 0.7 0.1
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KO Lo 3 HEIERE RN, ThiciEge
NOBEEAHRLTH 2. HRIEEL 2 O/EEES,
SEBREEABON, HENE 2 OFEEFE O,
CHEBA -y 2HBLNE. F- yUEIEE S
DHECEDITE 128, CALORBRE IO WTE
SNIRBELEE LD ONESTEHS.
ROWUEFEIMO e L vEsh - HRNEE %
em/s’, G THbLE GO, EABEta, HEAE N,
kg TEOLLODRENEFRIN, DV CHEREF
Vem/ss, B84 v E— v 2 2Zs Ns/cm, £ Y 7
+Mcm/Ns, ZEffdecmBLUOEH 2 5 + 7 % 2 kd
N/em REHERL TH 2. REOHEE LT AW &
HBEDRA- FNassaRyF, 2 -Ex 0mm
DIET, B mmO 7 ras v xRy Floco0T
DF~ITHBLLEBRLTVWE, B50F7— 4,
EXREHEI Y-y 20BERABTHBE, TH
SORRDUNTRONSVERS Y E— ¥v 208
oD Cl0, bt ImmOEEIL I v TH
508, EEET 0.066Ns/cm, B OKBE L nbE W
2, RORBRBICAVREEZRLTVWALE WS TEHT
&, ROt oMiici-Tyiar— 115
CENTARETH 5. BMOFE, v E— &Y 2I0FEW
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£4d BT 4 73R LBEBEOEARFER

0 faa ] Vit =K H OB R K
BO# % log Y= 2.0897 log F— 1.1493 0.875
W E| W A log Y= 2.0912 log F— 1.1310 0.939
W ®mE® log Y =2.1712 log F — 1.2578 0. 965
i i 3 log Y= 1.9571 log F — 0.9954 0.964
i B & log Y= 2.0570 log F— 1.1288 0.986
4 i vy} log Y= 1.9318 log F — 0.9557 0.933
& B % log Y= 2.0849 log F— 1.1377 0.988
H S log ¥= 2.0184 log F — 1.0597 0.971
B B A log Y= 2.1370 log F — 1.1492 0.937
B B log Y= 1.9019 log F— 1.0101 0.951
Y: Hx747%%, F: REK

EHE AL0, $ D BES MmO T Va5 v 2 # Y Ap=2130G

FTHBLEVIILLNTE, CoMETOHE S v v

— v 2E0.107Ns/cm THED 0.097& E & ALE

CLTab, g8z 57%2bFHET

12.86N/cm THIOE 274 7 % 2@ 10.0 £1g &

ALBEILTH Y, FHOHRIEZ R OES 10mm O

TNas 2RV FTYyIab—- T BHIENTE

K. IDvtaL—yva viclY 5 ERTHES, B e 0,008

HfEvIav—-rT228E, ChoOwHES v E

— ¥V, 274 73R BERBR» LB LONE Fp= 0,640 kg /

HERRUT-TOCHETH 7. K103, BERK NN

BT sl ho0RRROF—- 94270, b L2bODT

50, REEOBESLUESHREZ b, v b B & & A

STEOEERII0.25kg DEDT—HBEERL T
WBIEMHEE, COTLRINSRBREICOD\WTO
HEERCBYIHERABILALELTEH—TS
STl EEEKL, LiM-TEBOAF— yDBY
#, EREOEVCLEESHELDEBVEB,

E &

WREFICT 2 RENMEEL, RUDREROR
BLEHIERELY, BEAE 4 vERLELT
W|EMNLENLTY 20Tk b0 RRTREEDR
REDHETH->1-DTH B0, PUTHBHESEY,
BT - BEBEWRORF LS NB L5105, HEH
FRHEGOBRICETRIN, z0RE8, 55T
BLMEISOENZDRIDOES ITKE, Bl L L
DEETH - 7.

HRICEAT AL, TRk ZEKEE, BEC
BEesb0, HRLEERRIGE OMERMZRICETIE
O, HRLEKEONFENEHICET 2 OB ERK
MEndh, EICHEZDOLDODHE, FHELD
EHBCT 2ERONERNBEEEOhIcT AL
RE[ZEOEBOMEDDICERL TEDTENL
bDTHB. ThiZE - AEOFRICHT BTHERR
EHOMITT BHDICOBETH 20, —HEHEEHRE
RELLHEHFRICBET 0L, BEOBEBRIBAIC
B ABBANOBECET L0, THHEBME
BRIt ARELICHITEILELTE S, AFEER
ZEORRERCHTIMECETI26DEVA SN,
LEHROMEL COHBICHT 3 ANEOBBEED
HEOEBIC k- TR UDTHEBMEFEICL S 60T
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53, X CBRERCHET AFETRILICODICTE
BICH-TE-ORBHEICHT 2 A HENIE
w0 (moE BREEELS S OREEET, chirIE
Wansk, HHEERHEE L 7 MiBa BELHISCEL 2R
BFBEDEVR 5,

L5THN, B, THN, HEHFEICE, HE
Hike LTAKERICEZ6DMbD, T0kDEDS
Nt:F— §CFBLHMDEVEDTH BH, wKEH
Bl LEBRTHO, BorEHEEcL-THEN

423

BN g L B A EREEER T AR
EEEVERCEBREBEL O THEICE > TED
WmEETUE->TV S, bbAAHRIEIEARELEL
LNLDEDTHIH, AFRETOHRERIIEO L
DHILIELRLOESDIEE, EEBEbo3 N
BEOLOTHD, ANEKICEE 7~ 9ThHELETIRE
ENODEEVR D, 2y LIOBAETF. BN, E
BEDHIVEFHREE I L - TEARE - L EHES
NBTTREMEE & B HS, REER T 19FLLT, 60 FLL

A bbbrh, BLOBAWREAEHHBRELN

ETHRFALTA.

# 5 HEBRRooRH

TOREEHR v E- SR,

= & xRV v | zs | M d | kd
E Ap ta Fp
5 * cm/s?| (G) s N (kg) | cm/s | Ns/cm| cm/Ns| cm N/cm
1 AbS 2430 | 2.48 | 0.030 | 4.91 0.50 36.8 | 0.133 | 7.503| 0.17 | 28.88
3 A20 1499 | 1.53 | 0.048 | 3.83 | 0.39 36.3 | 0.105 | 9.4838| 0.28 | 13.68
10 A?25 1298 | 1.32 | 0.040 | 3.63 | 0.37 26.2 | 0.138 | 7.218| 0.17 | 21.35
12 A30 2136 | 2.18 | 0.045 | 5.30 | 0.54 48.5 | 0.110 | 9.090| 0.35 | 15.14
13 A30 745 | 0.76 | 0.048 | 2.45 | 0.25 18.0 | 0.136 | 7.340| 0.14 | 17.50
18 A5 1392 | 1.42 | 0.057 | 3.83 | 0.39 40.0 | 0.096 | 10.455 | 0.36 | 10.64
24 ” 2078 2 12 | 0.051 | 5.49 | 0.56 53.5 | 0.103 | 9.739| 0.44 | 12.48
28 | A10 1254 | 1.28 | 0.058 | 3.63 | 0.37 36.7 | 0.100 | 10.000 | 0.34 | 10.68
30 ” 2352 | 2.40 | 0.048 | 6.47 | 0.66 57.0 | 0.114 | 8.804| 0.43 | 15.05
34 A20 2011 | 2.05 0.040 | 4.91 | 0.50 40.6 | 0.121 | 8.296| 0.26 | 18.88
36 ” 2078 | 2.12 | 0.045| 5.69 | 0.58 47.2 1 0.121 | 8296} 0.34 | 16.74
4 B10 2058 | 2.10 | 0.055 | 5.20 | 0.53 57.2 | 0.091 | 11.001 | 0.50 | 10.40
5 B20 956 | 0.97 0.055 | 2.85 | 0.29 26.6 | 0.107 | 9.350| 0.23 | 12.39
21 ” 1654 | 1.70 | 0.050 | 4.61 | 0.47 41.8 | 0.110 | 9.090| 0.33 | 13.97
29 ’ 951 | 0.97 0.060 | 2.45 | 0.25 28.8 | 0.085 [ 11.743| 0.28 8.75
38 B10 1823 | 1.86 | 0.070 | 4.51 0.46 64.4 | 0.070 |14.271| 0.72 6.28
40 " 470 | 0.48 | 0.085 | 1.23 | 0.13 20.2 | 0.061 |16.473| 0.27 4.56
6 C10 1205 | 1.23 | 0.067 | 3.24 | 0.33 40.8 | 0.079 [12.603| 0.44 7.36
23 ” 1019 | 1.04 | 0.075 | 2.84 | 0.29 38.6 | 0.074 | 13.568 | 0.46 6.17
33 Cc20 1050 | 1.07 0.070 | 2.85 | 0.29 37.1 | 0.077 | 13.041| 0.41 6.95
43 Cc10 1360 | 1.40 | 0.090 | 3.63 | 0.37 61.8 | 0.059 | 17.026 | 0.89 4.08
47 u 1215 | 1.24 0.100 | 4.12 | 0.42 61.4 | 0.067 {14.902 | 0.98 4.20
51 ’ 2117 | 2.16 | 0.120 | 4.51 0.46 85.4 | 0.053 |18.925| 1.33 3.39
(BB DELEF Ab: A-7a5 vz EYF 5-EX 5mm)
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Abstract

This study was intended to clarify the response characteristics of the human body

to mechanical impact, especially on human impact impedance, and to simulate its

characteristics by a simple material.

The apparatus was composed of a striker to produce impact, and meters to measure
the acceleration and the applied force. The impact impedance and the dynamic stiffness
were calculated from impact force and impact velocity. Moreover, the mobility was
calculated from impact impedance. Seventy-three healthy males aged 15 to 69 were used

as experimental subjects.

The impact impedance on the forehead was 0.323 + 0.014 Ns/cm (mean + standard
error) and on the gluteal region was 0.034 +£0.001 Ns/cm. The mobility for the
forehead and gluteal region was 4.43 (mean) and 34.00 (mean) respectively. Let Y (N/cm)
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represent dynamic stiffness and F (Hz) as frequency. Then, as an example for the
forehead, we would have a relationship of logY=2.0897 logF - 1.1493, thus regression
coefficient was found to be significant. In addition, the thickness and the type of
sponge which could simulate such areas as the gluteal region and the anterior thorax

were clarified.




