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The purpose of this study is to clarify mechanical characteristics of the wearing surface.
The experiment used the NC milling machine. The aim of the experiment is to measure the load
and the force characteristics to the pin. Specimens were being a surface used for five years and
an unused surface. The results were as follows;
1} The hardness of the surface decreased by the use for five years.
2) In the unused surface, vertical and horizontal force increased to the load and the regression
curve was obtained.
3) The surface used for five years becomes small or more 10% force, although the farce of ver-
tical direction increases to the load of 25(N) to the unused surface.
4) In the surface used for five years, horizental force did not increase though it was weighed. It
was clarified that the impellent was not exerted in such a surface.
5) The SEM image clarified the wear of surface. Minute cracks see greatly in the surface that
used it for 5 years. It is thought that these cracks do not increase propelling power.

Key words : track surface, NC milling machine, Horizontal and vertical forces

roles to improve the athletic performance

1. Introduction and to keep the safety of athletes. To im-
prove the athletic performance, it is neees-

Synthetic surfaced tracks {hereafier, gary to harden the surface. However, this
surface} of athletic stadium play important influences the safety of athletes. Hardness
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and the high repulsion force from the surface
are reported to be casy to cause aports inju-
ricg (D. dmbrosin et al, 1993 Kikukawa,et
al., 1996,1997), Therefore, it is important to
investigate and clarify the current state and
the function of the wurface. Authors started
investigation into sears and wear situation of
the used surfaces. In this research, we fo-
cuged the mechanieal characteristics of dam-
aged surfaces. Authorized surfaces of JAAF
(Japan Association of Athletics Federations)
have three layers, the top surface, the upper
layer, and the lower layer (Okwu,2000). Thosc
surfacea can be claagified into two types, the
full urethane type and the composite type,
The former is made of urethane and an elas*
ticity material isa mixed in the lower layer for
the energy absorption. In the latter, while
the top surface and the upper layer are ure-
thancs, the lower layer is a rubber. After
1990, the embaoss finish i8 a main current in
the top surface. A lot of topping materiala
were used before 1990. The reason is because
the topping material peels off and causes
slipping. The surface has not advaneed in a
bagic performance after 1990 though the
technical improvement advances in all fields.
1t scems that this study becomes basic data
for the material development of the surface.
On the other hand, the authorization
gyatem of JAAF is as follows. The purpose of
this ayatem is to keep the level of the athletic
Thia

cvery five yeara (the fifth kind is exccuted

stadium. authorization 15 executed
every three years). This system has been
playing a big rolc since 1920,

IAAF (International Association of Ath-
letics Federations) made the attestation ays-
tem public in 1998, The content of this sys-

tem congigta of apparatus for faecilitien, mu-

terial of synthetic surface and the attesta-
tion of the track. The athletic meeting of
TAAF ghould be a stadium where it passcd
this system(8uzuki and Nakagawa, 2004). In
JAAT, it follows the policy of IAAF in the
first and the sccond kind athletic stadium
(JAAF, 20084, 2008h, 2005¢). However, there
18 no organ of aurvey approved from TAATF in
Japan.

Howevoer, these systems are in for
newly established athletie stadiums and are
the standard of eurfaces of an early period.
Accordingly, there i no standard regarding
surfaces changed by passing years. Simulta-
neously, TAAF docen't admit organization
that is able to test them in Japan.

The experimental research of mechuni-
eal characteriatics of the surface is reported
hased on the falling weight collision (Koba-
vashi, et al,1975, Tanaka, et al, 2000).
Moreover, hardness and the high repulsion
force from the surface are reported to he easy
to relate to sports injuriea (D.dmbrosia ot
al., 1993, Kikukawa, et al,, 1996, 1997), On
the other hand, the surfacc changes in the
passing age, and scars and wear-out occur.
These arc different according to the usage
condition of the surface. Scars of surface are
clangified into the following three (Uchiyama
et al.,,2005) ! Abrasive wear (scratch mark),
Abrasive wear (brake scars), and Fatiguc
wear (scratch and brake). Abrasive wear
(serutech mark) occure by ropeating the
acratch operation in the seceleration phase
of the start. Abranive wear (brake acars) is
seon in the erossing point of javelin throw.
Fatigue wear {(scratch and brake) is fre-
quently seen on the inside lane in the track.
The mechanieal characteriatics of the surface

worn out are not clarified though these wear
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and scars are seen in any athletic stadiums.
Then, the purpose of this study is to
clarify mechanical characteristics of the sur-
face worn out. The method measured force
characteristics of the pin by using NC mill-
ing machine. The specimens of this study
were surface used for five years and an un-

used surface.

2. Hethods

2.1 3pecimens

Fig.1 is specimens of this study. (A)It
is a surface used for five vears and (B} is a
surface which is not used. Both of the mate-

rial is also made of the same full urethane.
2.2 Hardness of surfaces
Hardness was messured be wsng A-

pe Duemmata socordieg oo JI5 standa=sd =
G233 TS 2000,

(AD

(B)

Fig. 1 Surfaces. (A); New surface, (B); Surface
used for five years.

2.3 Experimental apcaratas and esperiment
method

Fig.2 is the outline of the experimental
apparatus using the NC milling machine,
The pin was fixed in the head of the NC mill-
ing machine. The movement was pro-
grammed as follows. Incidence angle of the
X-Y table is at the angle of 30° against the
perpendicular line, and press-fits to the sur-
face by 8mm, and afterward it turns at the
angle of 30°. The speed of the X-Y table set
up was to 1000(mm/min). The load added
weight plates. Moreover, the load cell (Miho
Denki co.: ATS-ZGS10) was set up on the
stage. The load cell measures vertical and
horizontal forces. Specimens (A) and (B) were
fixed on the load cell. The parameter of the
experiment was the change of load (5 (N)~
30(N)) on the pin

2.4 Surface observation by electron mi-
CrasScope

The swrface of specimen was observed
by wsing the scamming electrom microseope
[KEEY- ENCE CQ. - ¥E- 78000

3. Results and considerations

3.1 Hardness of surface

In the hardness of the surface, surface
{(A) was 54{AsS), and (B} was 47(A/S). These
values were equal to the report of uchiyama
et al. (2005a). It wears that the decrease in
bardness was caused by using it for five

FRATS.

3.2 Load to pim and force curves
Fig.3 is force curves of surface (A} and
{B} to each load. IN all of Fx Graphs, the

mowntain of the force are seen when the pin



R. UCHIYAMA - Y. MIYAO - I. FUKAI - Y. KAWAKUBO

parts from the surface. There are caused
because the pin collides with the top of em-
boss. Forces in the horizontal and vertical
direction increased in proportion to the load
for surface (A). About twice the value were
indicated to load 5(N) (Fz=26.2(N), Fx=29.3
(N)) respectively in load 25(N) (Fz=66.5 (N),
Fx=61.4(N),). Surface (B), force in the verti-
cal direction increased in proportion to the
load. In load 25(N)(Fz=54.0(N)), force was
about 1.5 times as big as that in load 5(N)
(Fz= 38.4(N)). The increase ratio was lower
than that of surface (A). Load 5(N) (Fx=
37.3(N)) and load 25(N) (Fx=37.6(N)) of hori-
zontal direction were almost equal, and the

change by the load was not admitted.

NC milling machine

Fig.4 shows the change in force into the
load. Load and horizontal force are as fol-
lows;

surface(A); y=1.519x+24.521(R?=0.9637)

surface(B); y=0.153x+34.164(R2=0.4302)
The change in force into an increase in the
load, (B) were smaller than the change in
(A). For load and vertical force is,

surface(A); y=1.967x+20.792(R2=0.97)

surface(B); y=1.011x+35.153(R2=0.96)
Surface (B) indicated a value that was
higher than surface (A) (AN)~15(N). It
reversed in 15(N), and (B) was about 90% of
().

From the abovementioned, the surface

used for five years becomes small or more 10

Weight

Work area

X-Y Table of NC milling machine

Fig.2

Experimental setting
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% force, although the force of vertical direc-
tion increases to the load of 25(N) to the un-
used surface. Moreover, it was clarified that
force did not correspond to it even if horizon-
tal direction enlarged the load. Therefore, it
is considered in the case of running on the
surface (B): (1) Force runs away even if it
kicks strongly. (2) The impellent is not ob-

tained. (3) It doesn't advance ahead.

3.3 Surface observation with the electron

that used the NC milling machine was done
for that. The aim of the experiment is to
measure the load and the force characteris-
tics to the pin. The specimen was being a
surface used for five years and an unused
surface. The results were as follows;

(1) The hardness of the surface decreased by
the use for five years.

(2) In the unused surface, vertical and hori-
zontal force increased to the load and the

regression curve was obtained.

microscope
Fig.5 are photographs of 100
the surface observation by Fz
the scanning electron micro- = 80 - v-1.967x + 20,792 (A)
scope. As for surface (B), a \?; RP=0. 971
lot of detailed cracks were %’ 60 b (B)
[omi
observed compared with (A). _ v=1,011x + 35.153
©
Moreover, the ruggedness on 2 40 1°=0. 962
the surface decreased, and b .
=
the situation where the sur- 20
face had worn out by use was
confirmed. It is conceivable 0 ' ' '
. 0 10 20 30 40
that these causes are in- Weight (N)
eig
cluded even the ultraviolet
rays and natural condition 100
other than a use condition. It Fx
seems that it is the cause g0 |
that these crack let go the = y=1.519x + 24.52] (A)
- ‘
force of horizontal direction. S 6o L R*=0. 964
e
m
4. Conclusion g a0 | (B)
= = [AY
:,5: *
The purpose of this 20 | YZO- 153x + 34.164
study is to clarify mechanical #=0. 150
characteristics of the wear- 0 L L
ing surface. The experiment 0 10 20 30 40
Weight (N)
Fig.4 Relation between weight and vertical (Fz) and Horizon—

tal (Fx) force curves on (A) and (B) surfaces.
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(AD

(B)

Fig.5 SEM images of surfaces. (A); New surface, (B); Surface

used for five years.

(3) The surface used for five years becomes
small or more 10% force, although the force
of vertical direction increases to the load of
25(N) to the unused surface.

{4) In the surface used for five years, hori-
zontal force did not increase though it was
weighed. It was clarified that the impellent
was not exerted in such a surface.

(5} The SEM image clarified the wear of sur-

face. Minute cracks see greatly in the surface
that used it for 5 years. It is thought that

these cracks do not increase propelling power.
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