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Simulations of Heel Impact by Viscoelastic Models

Masahito KOKUBO and Toru SASAKI

(Received January 9, 2000)

The purpose of this study is to make some body models with viscoelastic model, to simulate

the heel impact and to obtain the ground reaction force. In this paper, we build up body models

of linear viscoelastic elements and mass elements to simulate heel impact. Here we consider the

systems of linear differential equations numerically for the preparation of mathematical analysis

in future. The simplest model with two mass elements is hardly able to simulate the heel impact

if the rate of mass of elements is realistic. The models with more elements are suitable to simulate

for actual rate of weight of body segments. The model with three mass elements makes it possible

to guess the force to each body segment.
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Fig.3 The comparison between a actual measure-
ment (bare.data), a simulation with constant (10)
(simulation-1) and a simulation with constant (11)

(simulation-2).
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Fig.4 The larger constant k; is, the larger max

value of active impact is.
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Fig.7 ”simulation-1” is obtained by combining the
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Fig.8 The comparison of displacement z;.
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Fig.9 The comparison of displacement z,.
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Fig.10 The comparison between a actual measure-
ment (bare.data), a simulation with constant (22)
(simulation-3) and a simulation with constant (23)

(simulation-4).
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Fig.11 The comparison between a actual measure-
ment (bare.data), a simulation with constant (25)
(simulation-5) and a simulation with constant (26)

(simulation-6).
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Fig.12 Body-model II and body-model III.
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Fig.13 The comparison between a actual measure-
ment (bare.data), a simulation with constant (31)
(simulation-7) and a simulation with constant (32)

(simulation-8).

(31) OYVGE & KB TR E BV TR DB
BIFIF-HERLIENTES. L, HEBEX

my BRI OHE (AEROEED 0.1%, 6.4[kg)) %
BALBE, RROWOBEEE —BSE5Z L i#L v
Fig.13 (“simulation-8”). ZOEHAEL LT, EREX
my DEASHENKRMNIIELLRY, ZORERL
HEERTHALZ I ENTERVI EAEZILNS.
7212 U “simulation-8” M #JHRMAE & ¥ IEERUL,

£1(0) = z2(0) = 0[m],

dml _ d(Ez _
W t=0 - —2'0[m/3]’ dt t=0 - _Os{m/S]’
my = 53.0[kg], my = 11.0[kg],

kp = 1.1 x 10*[N/m], ks = 1.0 x 105[N/m],
k3 = 1.0 x 108[N/m)], ¢; = 1.3 x 10}[Ns/m)],
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T, z3 WHELRMZEIEORMELT S, £/, ThF
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my, mg, mg DAHRICTEBABRRTETNEN,

ml%%a—;l = —ki(z1 — z2) - Cl(% - %?)’ (33)
+ki(z1 — z2) +C1(d—d:litl - id“iti), (34)

mg% = —kgzg + ka(z3 — z3)
(32520 (35)

L35, 7;:7&?:[/, Heﬁjjci st = ~k3:c3 75‘5?55“5
BEEE m, 2AE, mg & THRBEEASLE
NENOERBRER,

my = 53.0[(kg], ms = 6.4[kg], ms = 4.6(kg] (36)
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21(0) = 22(0) = Olm), 22| = —1.8m/s],
day _ e = —1.2[m/s],

I t=0 - _:1? t=0
my = 53.0{kg], mg = 6.4[kg], ms = 4.6[kg],

ky = 2.0 x 10*[N/m)], k3 = 4.0 x 10*[N/m],

k3 = 1.0 x 103[N/m], ¢1 = 2.0 x 10*[Ns/m)],

¢z = 2.5 x 10%[Ns/m)] (37)
THbH. OB ZRVWTYIalb—Ya L
R % Fig.14 (“simulation-9”) (27”7,
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Fig.14 The comparison between a actual measure-
ment (bare.data) and a simulation with constant
(37) (simulation-9).
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2R, Fig.15 OF MR,
dzy dzs
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(L 5T
d:l:z dm3

Fk, + Fc, = —kz(:l!z — fl!3) - Cz(? — —JE—),

(KRB SY)
(40)
(FREZES AT )

ERLTVS. ZHERSTOREHN, EBNTHROR
KEEZOWINZTNBEL TS, i, EREI
R BN RYGNEROBENZEALEEL RV T
EhhhB. ChEy, IR TRAFEHNENTH
5LLBI, NORELND ZL1TONR TS LHR
T&3%.

Fiey + Fe, = k(21 — z2) — ¢1( 38)

(39)

Fr, = —kgag

5 &b

2 OOERERE 3 DOMBUER SV &k
EFV 1 TR, [1] €% 2B, EHNHROE

BB L s, 5 (

) 20004
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Fig.15 The estimation of force of some body-parts

impacted and put ir running.
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