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ABSTRACT

In general, the calfskin and rubber products of the volleyball are widely used
as a moving material in the game of volleyball. The rubber guaranteed (a
stress-strain relation) in volleyballs of four big sports examined and analyzed
on the basis of the Japanese Industrial Standard (JIS C 3004 and JIS K 6723).
The mechanical properties for the rubber in volleyball have been measured by
the tensile test. As a result, it is found that the relation in stress-strain can be
numerically expressed by a hyperbola and a parabola equations which are
based on the two parallel element Vigot model. Consequently, we found some
differences in our measured test data for each analysis of Vigot model.,

The relation in the mechanical properties, thickness, specific gravity,
hardness and the spring constant with elastic modulus and adashpot with
viscosity coefficient in a two parallel element Vigot model has been discussed
for the evaluation on mechanical behavior. Additionally, a very useful method

for the evaluation of mechanical properties has been developed.

Key words:stress-strain relation, Vigot model, elastic modulus, viscosity

coefficient
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[HpR /< L — # — Wl O /ABIRTH 5 HAD 4 KBS E,. 2 A4 (Mikasa) »
)5 v (Molten) » 3 £/ (Mizuno) 8L % F 4 5 (Tachikara) TH 5,
(R~ L — H — VBRI OO 5 Ic khud, K— Lotk [F—1o
it BRIkTho, TaB3HUoYETlELNIhEE, RRBATLT
fotboTRIRER LNV THD, F/. MEI265~6Tcm, HFift(E260
~280g# £ XL 120.40~0.45kg/ecm* TH 5 EBIE L TV 5,

COTLBPCH LTI, FE <l S B LU RRARET- 0o RS
ORBRTIE, A0 BRSO, Ao T 2B OR2.T8fETIFE L O T
H 5, WHORBRTE, SSRGS OEEME. AT 2 85H0%0.705TH
%o WiEORBRTIE, AMIERSOFEM I, NI = 2R O#1.024F50 &
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Misuwiic, 24 REWilic, zohiflid s X/ 9 Fh FBNTH %,
IAHOTAFEME, ¥ F AT RV, TohllBELT v E X7 B,
Thb,




RGN Y —F -V TH 5 7 AW OBIEARR & SR R, BE, AR

COWHEMBDBEDPS Yy vady POEFLL VA LI, X5ic.
WHFR KON € 7LV 2 ER Lo ZORSHE LTI, HRRAZE L —
F=D 4 KBHICE T 2 8PER (K - k=1/17.24=0.058. = 4 : 0.0016)
EHREHER (B : h=1/0.021=47.30, =4 : 31.01) OVHli%RD 12, & 5izy
SO E TV ZG I U 2z lalf ARSI £ 0 B 2 ek o [ L 7=,
TORRE LT, BMIcB T 2 WPERD PN & B3, 22 00.058
L0.019TH B, —7. T aITH T 2RO T & FEHEf % 12, 2 hZh0.
0016 £0.0006TH %o &SIz, BEMRMERICE 1 2 TIfh & BEdER S 13, 2R
TNAT.299L£49.608 L U T 2 KitERICH 1 2 LM & B, 2hEFh
3LO1&19.95%RE L1z F o, IENE DT B SR L 2 iR & kR oD
WEEAFRAEER (i) K TRE L E— Ly v FOL D& I s
WT, —EOEN) & HBrE 8 C L& ulfkic L, #Eic X - TEW L 7=,
SO X Tl §IIRERIC & » T/ L — F — LR OIS 110 0 3 % 0 MI%
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Fig.1 The Specimen of Dumb-bell Shap No.3 Unit used Tensile Testing
Machine for the Calfskin Guaranteed in Volleyball (Unit:mm)
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Table1 Comparing the Thickness, Specific Gravity and Hardness for the
Rubber Guaranteed in Volleyball

Name ’Mikasa Molten Mizuno Tachikara| AVG | STD | VAR

Thickness | Calfskin 1.900 2,010 1.740 1.630 | 1.820 | 0.146 | 0.021
(mm) Rubber 0.540 1.020 0,560 0.500 | 0.655 1 0.212 | 0.045

Specific G | Calfskin| 0.775  0.720  0.758 0.740 | 0.748 | 0.020 | 0.000
(SG) Rubber 1.077  1.052  1.080 1.087 1.074 | 0.013 | 0.000

Calfskin | 84.000 77.900  81.900 81.000 | 81.200 | 2.194 | 4.815

Hardness | p i ber | 82.900 81.800 83400  84.400 83.125 | 0.936 | 0.877

Ratio |Calfskin | 108.387 108.194 108.047  109.459 | 108.522 | 0.554 | 0.307
(H/SG) | Rubber | 76.973 77.757 77.222  77.645| 77.399 | 0.317 | 0.100

of 45 M (Average) . BEHE(R 7% (Standard Deviation) # & 084}
(Variance) (3. ThTh (KM : 1.820& = £0.66mm). (% : 0.146& = 4
0.212mm) HL (B# : 0.021, =4 : 0.045mm) TH 3, KWFOMEE 12,
BRE LTI LABGO2TBMETH 5,

3.2 HEBEOMERR

NWL—H—VDEBENEIE, 3 Y e BLFY« 3 X/ BLEUYFH504
RKA—=NThHb, TONPO T ARG ENED T 2B cxt4 2 &
(Specific Gravity) Z{lli@ L7203, Tablel OWWEHETH 5, KL o A%
mOHETE, 7y (KM :0.720& 74 :1.052) AfvMETHO, 34
¥ (BM 207768 T4 2 1.077) BIEAMTH B, TOhickMiE s F 4 5
LI X/BBHFEL TV S, TONL—F— oz 2RGS0 5 Pt «
HEFAES L UL, ThZ201.014 00138 L V¥ o TH b, TLRSDH
Hid, L LTTaBTOLAUETH B,

3.3 WIOREBRER

ZOANED T AW ENE O T AR TC T A S (Hardness) %=l 5E L
12DH, Tablel D FBARTH 5, KM & T oMM OMSTIE, ELF v (1%
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Table 2 Typical Stress 0 (kg/md ) for Pulling Time t (sec) of Tensile Test
with the Rubber Guaranteed in Volleyball

Time (sec) ’ Mikasa Molten Mizuno Tachikaral AVG | STD | VAR

0 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00
5 0.05 0.03 0.06 0.08 | 0.06 0.02 0.00
10 0.09 0.06 0.13 0.15 | 011 0.04  0.00
15 0.14 0.10 0.19 0.23 | 017  0.06  0.00
20 0.19 0.13 0.26 0.31 | 022 0.8 001
95 0.24 0.16 0.32 038 | 028 010 0.01
30 0.28 0.19 0.38 0.46 | 033 012 0.01
35 0.33 0.23 0.45 0.54 | 039 014 002
40 0.38 0.26 0.51 0.61 | 044 015 0.02
45 0.42 0.29 0.58 0.69 | 050 018 0.03
50 0.47 0.32 0.64 0.77 | 055 020 0.04
55 0.52 0.36 0.70
60 0.56 0.39 0.77
65 0.61 0.42 0.83
70 0.66 0.45
75 0.71 0.49
80 0.75 0.52
85 0.80 0.55
90 0.85
95 0.89
100 0.94
105 099 o
110 1.03
115 1.08
at Break 1.10 0.56 0.86 0.82

M:17.9& T4 :81.8) HfIMETH Y, s A4 (K:84.00 £4FH35 (I
L2 84.4) BEEKTHD, ZOhECEMIE S F A5 & 3 X [IBEREL
TW5, COFEE, BEaEFAED KOS, ThTh (M :8l.2& T4
83.13), (B :2.194& =4 :0.936) BLU (B :48156& 74 : 0.877) T
b, TLBBOME (., KHHOM023ETHDB, T, TLBWHICE
Ak (s /LE) OMRAEER L, ZOR, 755 131095TAZ
<y X 213108.0T/h& <, £ 3 A4 (1084) LELF v (108.2) %
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= 06 R = 0.9999
w
8
@ 04
, y(Mol) = 0.0065x — 0.0018
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Fig.2 Relation between Stress and Pulling Time t of Tensile Test with the
Rubber Guaranteed in Volleyball

DR THOEDLLERES L SNt 2131085 TH 5, 7 4 &4 hid,
DI ORESR SN D TH %,

3.4 REFRMICXT BN EDRR

Btk D T AR T 2SN ZRE L 1= 7 — ¥ 13, Table2D B0 Th 2,

Table2 (854 — A — <t LT, MEHEBEZ S BB 2 Lo -4 ©
H5H, TRbE PG (kg/mm?) B X OBHER X (kg/mm?) 2, 5 BT
(20.06 £0.02, 10F0C1Z0.11&0.04, 158 T120.17£0.06, 2080 T 120.2240.08,
2580 T140.28 £0.10. 30 TI40.33&£0.12, 35K T120.3940.14, 405> (20.44
&£0.15, 45K TI20.50£0.18, 500 TI120.55£0.20TH %, KD € F iz xf
LTREIEE S Z 2 roicy MEMER] 5 Bods 2 il L 22, Table2 ® 5 — %
LT lTo—t] EFLL, Fig. 20 X5 i)) (o) S (1) & oW
fRafnrLize ThooBFRIAHRER OB 2 Tikick > TF— s LB %
fToce ZOREE, Ml & KRG E 0BRSS £ UUEFRE (R?) 1. &
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KDEBYTH %,

o (kg/mm*) = a; + agteee (R*=0.xxxx) :** (for Marker) ----- 4)
o (kg/mm?) = 0.0009+0.0094t---(R*=0.9999) -+ (for Mikasa) ----- 6))
g (kg/mm*) = —0.0018+0.0065t---(R*=0.9997) -+ (for Molten) - (6)
o (kg/mm?*) = —0.0004+0.0128t---(R*=0.9999) -+ (for Mizuno) - )
o (kg/mm?) = 0.0153t-+-(R*=0.9998) --- (for Tachikara) ---(8)
o (kg/mm?) = 0.011t --(R*=0.9998) --- (for Average) === (9

CIT, a3V THD, a. 3AEE - SRR TH 5. MEHEMIZ*t
LTHREZAMLVRESNZBIFELEP - D R b L 2ENSWGE. [BIUREREL
ELT, 2 ZFNHAMDO 4 F 5 555 (a:=0.0153), F/MlidENF » b3
(a:=0.065) TH%, TOIF I HEI X/ BWTHB, &BSIcH T 5
R iR & DRD ORI E F L v, £, Ulfra, O & B
#4212 Z N ZEH0.011£0.004TH 5, KIS, GlialBRIgICE 1 5 fifd 2 A
feRplc, IS B AU o s LcglikmE (kg/mm?) &, Z1 %
nia4 (1.10) « L5~ (0.56) « 3 X/ (0.86) LU ¥ FH 5 (0.82)
THbd (Table2) L1zH->T, I AHEFHML, TVF yBOEHLICHYMET
S, TOPEIRI X, LY FATWMTH %, KlIcHd 2187 & ORI
B AHBER. SORERBPERT — s hOHRELI-OTH 3,

3.5 MEFHMICNTE0THLORR

Fetto T ARSI 20 FAENEL 127 — ¥ O Tabled 1355 4 — H — Y
BITOWT, HERMESBEXICLELDTFADF- 9 TH b, &F—5icxt
LT TE—t] EFMET B, Fig. 3DLSICOTH (F) LHH () &
ORfRERR LIz, ThooBREBIEBRAEAORN2 Fhick-TF— 20
BlaiT-> 1o T OFEER. Ml & BB & OMRKS L ORERE (R?) &,
KRXDEBYTH B,
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Table 3 Typical Strain & (%) for Pulling Time t (sec) of Tensile Test
with the Rubber Guaranteed in Volleyball

Time (sec) | Mikasa Molten Mizuno Tachikara | AVG @ STD ' VAR
0 0 0 0 0 0 0 0
5 36.5 32.5 31.5 35.5 34.0 2.4 5.7
10 65.5 65.0 68.8 67.0 66.6 149 2.9
15 102.0 108.0 102.0 104.0 | 104.0 28! 8.0
20 138.0 141.0 136.0 139.0 | 138.5 2.1 4.3
25 175.0 174.0 170.0 174.0 | 173.3 2.2 4.9
30 205.0 208.0 204.0 209.0 | 206.5 24 5.7
35 240.0 253.0 238.0 243.0 | 243.5 6.7 44.3
40 274.0 289.0 272.0 278.0 | 278.3 7.6 57.6
45 308.0 325.0 306.0 313.0 | 313.0 8.5 72.7
50 342.0 361.0 340.0 348.0 | 347.8 9.5 89.6
55 3770 397.0  374.0 ! '
60 411.0 434.0 408.0
65 445.0 470.0 442.0
70 479.0 506.0
75 514.0 542.0
80 548.0 578.0
85 582.0 614.0
90 616.0
95 651.0
100 685.0 :
105 719.0 .
110 753.0
115 788.0
at Break 812.0 634.0 455.0 368.0 |
£ (%) = by + by teeeees (R*=0.xxxx) == (for Marker) «---se=seeee (10)
E (%) = 0.3577 + 6.845t-- (R*=1.0000) -+ (for Mikaga) «e=seeeeeees (11)
E (%) = —5.1618 + 7.301t:-- (R*=0.9998) -« (for Molten) «---eeeees (12)
E (%) = —0.5538 + 6.812t:- (R*=1.0000) - (for Mizuno) s--e-sessee- (13)
E (%) = —0.6667 + 6.915t--- (R*=0.9999) -+ (for Tachikara) ==++-+--- (14)
E (%) = —1.506 + 6.982t--- (R*=0.9999) -+ (for Average) ===--++++=- (15)
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Fig.3 Relation between Strain and Pulling Time t of Tensile Test with the
Rubber Guaranteed in Volleyball

CCZT. b RUKTHY, b RAME 2 IERRI TS 5, MIE W] 1< X
LTHRLOFORGE LT, ELT v E I X/ OREHERIZ. ZhZEREKE
b =7.301 & 5/ MRED. =6.812Th 5, ZohomkEFHRE I A+ L5 F
DM THB, FRHICEBT 228 E LT, 29, BUHFHEED. 07
fitids & U BIHERI 13 2 N EN6.9828 £ U0.223TH 5, 4 likallR B I 315 B i
fEMA M, g S EE S N B VMO TH M (%) & Y74
(812) « E7 v (634) » $ X/ (455) BLRUYFH 5 (368) THZ (Table
3o LT, I AHREVHOMETHD, #F 5 5BV TS 5,

3.6 RERMICXTS [VFH/IEN] O E DB

Bt T ABIGNCHHH B [OA 0] DL EE & Ok (Fig 4) 3.
Table2 L Table3 » SHIE N7 — 9 TH %, Fig. 2 &£ Tabled D7 — %1
MLT[(E/0) —t] EFMEL, [E/0] L] (1) & DOBFREIR LIS
ChooBRBIESRGRERXORN 2 ik » TF— YW ETT - o T O
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1,400

y(Mol) =0.5001x + 1081.4
1,200 |- R*=0.6321

L]
1,000

y(Mik) = 0.0913x + 721.06
800 |- R*=0.1251
R I e e e S S s o o )

Strain / Stress (%mi/kg)

600
g [ S S ) T W
el e R’ =0.0718
100 |-
y(Tac) = 0.1716x + 46.73
0 | | | | |
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Pulling Time (Sec)

Fig.4 Relation between Strain/Stress and Pulling Time of Tensile Test
with the Rubber Guaranteed in Volleyball

Ry~ E BB & OBIFRE L OCUERK RY) @, kKXot TH

%o

E/0(%emm*/kg) = ¢ + cute (R =0.xxxx) =+ (for Makers) =+++eee« (16)
E/0 (% mm*/kg) = 721.06+0.0913t-(R*=0.1251) *** (for Molten) «eeeeeeee (1m
E/0 (% mm*/kg) = 1081.40-+0.5001t---(R* =0.6321) - (for Mizuno) «---+---- (18)
E/0 (% mm*/kg) = 528.77+0.0570t---(R* =0.0718) -- (for Mikasa) -+--=-- (19)
/0 (% mm*/kg) = 446.73+0.1716t--(R*=0.3628) - (for Tachikara) ------ (20)
£/0(%-mm’/kg) = 694.49+0.205t --(R*=0.2980) -~ (for Average) «-++-+--- (21)

CCT cldUINTH B, ol dARL » MIFHRETH B, T T TlEa HIE MR
FOFAHLIEHAIT 2000, VIR EHMERO S E L, AHERE SRR O
W ES D, WERRHIC L TRELL L AL (DFa /151 oBihE LT,
ENT VOl REIE (c.=0.500) THH, KIcKEL DR, ¥ F 4 500
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fiti & fHER 1, £ EN83.13L.936TH B, T TR, (Wi /Wil) ol
RERT L1z ZORRELT, ELFYRTTT6TREL, T HHIFT6.T
INEWiTH B, TOHBIDF—2d, 9FH5L 3 X/ THB, LIch->T,
SEHE & BEREGR 2 2, ENENTT.899L0.831TTH B, D Fic, Bx LT
DM E BRI & - THEE L 7= (Fig. 5§ O/, £ OFER, s sl
i & OBFRRL L OPERE (RY) @ koL BHTH S,

EMOBEE = 2.392 + 105.32 L& -« (R*=0.9657) coreeeeeresenns (22)
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Fig.5 Relation between Specific Gravity and Hardness of the Rubber
Guaranteed in Volleyball
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Fig.6 Relation between Stress and Strain of Tensile Test with the Rubber
Guaranteed in Volleyball
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o (kg/mm*) = 0.0004 + 0.0014 £ ---(R*=0.9999) --- (for Mikasa) - 27
o (kg/mm*) = 0.0029 + 0.0009 £ ---(R* =0.9998) --- (for Molten) «---- (28)
a (kg/mm*) = 0.0007 + 0.0019 & ---(R*=0.9999) --- (for Mizuno) ----- (29)

o (kg/mm*) = 0.0015 + 0.0022 £ ---(R*=0.9999) -+~ (for Tachikara)---(30)
o (kg/mm*) =0.001 +0.002¢ --(R*=0.9999) -~ (for Average) --(31)
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EIBRAGE S L —H — A TH 5 7 YT OWIHRER & SERE (R, BE, A

Table5 The Statistical Analysis Values with the Elastic Modulus (k) for
the Rubber Guaranteed in Volleyball

Model Facter Mikasa | Molten | Mizuno | Tachikara | AVG | STD
(E/0) =T |k =1/c; 0.0014 | 0.0009 | 0.0019 0.0022 ] 0.0016 | 0.0006
o—¢ k =d: 0.0014 | 0.0009 | 0.0019 0.0022 1 0.0016 | 0.0006

(C/0) —¢ | k=1 ae 0.0014 | 0.0009 | 0.0019 0.0022 | 0.0016 | 0.0006
(1/0)-1/&)| k= 1/Bf 0.0014 | 0.0008 | 0.0018 0.0023 | 0.0016 | 0.0006

Rubber AVG 0.0014 | 0.0009 | 0.0018 0.0022 1 0.0016 | 0.0006
Calfskin ~ AVG | 0.0840 0.0390 0.0510 ~0.0580 | 0.0580 ] 0.0190
Total 0.0854  0.0399  0.0528 0.0602 | 0.0596 | 0.0192

BNRER] THD, OFADBRIMEN S &, IEHORAR LR S 2 K
WHB, TNIE, TLBENCE T MMM 200 TH 5, M B
WTL IBNBOFBOMMEIKIEL TV B T EM S, KO & 5 R
T3,

g =h ((lf (“) ............................................................... (33)

CIT. REOhIEER E SIFD, 0 FHHIEOME (dE/dY) & 602
%o HitE#R (Coefficient of Viscosity) &3y [HiIAD SIS % H O ook
THRIEDH L, HPED 728 1T O AR I L 3 2 UG D BIN B = 2 — b ¥
OHMEENTH 2 | TH B, o, BidERIDKEES & 0L HBlESIEFA I
Lo TESZIVHEKTLH 5, COMMUMEDO /I FHEFLIZY » vty
PCE->THMANTED, ¥y vady bEld. [ERNvEEBIVY v i—
(MFED ik Z A S ¥, S| L84 52 2% | T 2,

bl M=K — LD T LRGN KELOFAORPANT=2 - =T v H
BV RBIEHMEME o 2 L4 hE, MitbRhid —ETh 2, 1. —E0l]
A b - 15|k BROM, OFAOHIE (dE/d) 3—ETHs, 7h
WAL, WH-0FsLoMRE, Klick->TERETE 3,

,197
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Fig.7 The Vigot Model for Stress-Strain Relation of the Rubber Guaran-
teed in Volleyball (k: the Elastic Modulus and h: the Viscosity
Coefficient)

O = () E) E  eeeeeeerseomsmmneesssiniinnncoinniessnnnnsssiannssssanaesns (34)

L LS, Nr—F—uvo g aBITE. o OfifER &R o Rk
b b, COBGIC, DA —IEHOMIFRIE. Fig TOXH I H0ilid|x L
AV PMCE-THITT AT ENTE S, #HbL, iR e 32 THO, ¥
MRhiz s v vatiy b THDB, Fig. T IBREKEEKEEFLTHD,
FIERICE T B4 v E— 5 v 2O ik LR HiETH 57120, KO &
SIS — O F B ORISR 5,

(7:5' [(1,{)4.{1/ (h”f)] ....................................... (3F)

Zoid. WihiRo R &Rl on s,

O':E/‘ (a+BE) ......................................................... (36)

ik, ko L5 BE RO TR B,

E/G = @ + B E woeevrrmrmmnsmoitiie i 37
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Fig.8 Relation between Strain/Stress and Strain of Tensile Test with the
Rubber Guaranteed in Volleyball

CCT, RED a 3HMEROIE (1/k) £ OFHMO B 3KitEROM (1
'h) TH%H, TIT, Table2 ETabled K& ht-7— 9 % F L1 bR
(E/0) iKXd % ELOMFRAEFg. 8D LS 270y b LEEOTH S, Fig. 8
D4 ADOEMIS, FBEAB L —FK—LOWRTH 2, [(E/0) —F| 5
WAL L 7 HEEIERR 3. (EBATRR OB 2 Tihic & > TF— S UBIA 7 - 72,
ZOFRE LT, HiEROTH ae (1/k) EEERONE Be (1/h) A5k &
NIDTH %, TOFEE, AL SWG & ORFRA S L OCPSERE (RY)
. KROLBHTH 3,

/o= ae + Be £ - (R'*=0.xxxx) -+ (for Makers) -------- (38)
£/0 = 721.09 +0.0133 £ -+ (R*=0.1239) --- (for Mikasa) «---eereeees (39)
£/0 =1081.70 + 0.0687 £ - (R*=0.6357) --- (for Molten) «----ssseees (40)
§/0 = 528.77 + 0.0084 £ -+ (R*=0.0726) --- (for Mizuno) «eeeeeeeeres (41)
E/0 = 446.75 + 0.0246 £ --- (R*=0.3635) -~ (for Tachikara) -------- (42)

21—




PR L —H = TH 2 T AW OBIRGR L WERIE (R, REL KR

Table 6 The Statistical Analysis Values with the Viscosity Coefficient (h)
for the Rubber Guaranteed in Volleyball

Model Facter Mikasa | Molten | Mizuno | Tachikara | AVG | STD

(£/0) =T | h=1/es 10.96 2.00 | 17.54 5.83 | 9.08| 6.73
(¢/0) —¢ |h=1/8e | 75.36| 14.56 | 119.05 40.65 | 62.40 | 45.24
Q/o)—A/E)| h=1af 19.23 | 14.01 | 33.56 19.34 | 21.53 | 8.39

Rubber AVG 35.18 10.19 56.72 21.94 | 31.01 | 19.95
Calfskin AVG 43.15 7.87 19.79 118.38 | 47.30 | 49.60
Total 78.33 18.06 76.51 140.32 | 78.31 | 49.93

E/o = 694.58 + 0.029 £-- (R*=0.xxxx) --- (for Average) -+ (43)

CIT. VRO ael3HHERONE (1/k) THO. BURFRED BeldhhithHR
DWE (1/h) THbH, TOF— 72Xt L Tld Tabled 1= FK7x Lt it By
T 55— % %Table5 (£ L, MERAKZVWRISEELT v (ae=1/k=
1082 : k=0.0009) THH, hSVBFIZ2F 45 (ae=1/k=447 : k=0.00
22) THB, zOPMIFIAHEI X/ THDB, MR (k) OFEHfESB LT
A2 (E, £ E00.0024 £ 00.001 TH 5, Tabled »» SR I %
7 — % % Table6 1 Fk L1z, MMERBAKZOLBISE I X7 (Be=1/h=0.00
84 : h=119.05) THH, /haLBIF{EBELF ¥ (Be=1/h=0.0687 : h=14.
556) THb, TOHEIZIAHEIF NI TH B, MitkER (h) O &
ORI Z N £ 062.4038 L U42.236 TH 5, C DR o i) it
[E/0—t] OEFNELLPLBIRITS 5,

4.4 BHOBHEE VT HOBE D WM EERORIT

WL —H— O T AR BT BIEH0 - 0T AOMIERE, 2K ZBLE O M
78 | S DD L A ¥ b E S 5 72VigotEF T K » THIHS
BILENTEB, CCT.M(1/0) —(1/E)] 7 MELL HEEERIZ, IE
BABRROB/N 2 FikIck » TF— S EETT - 120 ZOFER. HMER O
af (1/k) &ERitERoWE BT (1/h) sk bhs, bbb, BEICSAE
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Fig.9 Relation between Compliance of Strain and Compliance of Stress of
Tensile Test with the Rubber Guaranteed in Volleyball

IENOEEEFig. 9D EBH OFBOFRITHPIL TV B, Lihi-T, &l
SERFNT X 3 B I8 T) — D FHOKERD 7 — 9 Digh S [l 4 FE o [k (R kL
ERDOND, TORE, —HNEKWHE OB L L CPEFERK (RY)
i, XDEBHTH 3,

(1/a) = Bf + af (1/E) - (R*=0.xxxx) - (for Makers) --------: (44)
(1/¢) =0.0674 + 707.09 (1/E) - (R*=0.9998) - (for Mikasa) <----+--- (45)
(1/¢) =0.0714 + 1081.00 (1/&) -+ (R*=1.0000) -- (for Molten) ==++eees- (46)
(1/0) =0.0298 + 524.98 (1/E) - (R*=0.9999) -+ (for Mizino) «+ee++-- 47
(1/0) =0.0517 + 442.53 (1/E) - (R*=1.0000) --- (for Tachikara) ------ (48)
(1/0) =0.017 + 283.35 (1/&) - (R*=0.9999) - (for Average) ---++++- (49)

CCT, U BRI (1/h) TH O, PRI a f 2R o %
B (1/k) THE, COF— 5t L TldTabled 12255 L 1= Tabled 1 5 o
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YERICIE S 57— & £ Table5 (TR L1z MHERBKEVRISNE Y FH 5T
Ho, PaVWKRRBELNF Y THB, TOHBIRIAHE I X/ THS, Mtk
(k) OFHflE £ OBEEEZ 2, 0.0028 X U0.001TH %, Tabled > &kl
MRICBS 55— ¥ % Table6 lc &R L1z, FitERKRKEVESFR I X/ TH
D, hSVBRITEI A Y THE, TOHPMIRIAHEIFH I TH S, MR
(h) OEHl, BRSO 2 W £ 4051.476, 46.79946 £ 1°2,190.2T
H b, CONREMOBIEIE. [0—t] 2B To—FE] EFALLE, HDfH
MTH 3%,

4.5 BREOBHESMERORYE

(a) FBEFNEEHKOBHERORYE

HRBIC B AR EF VL > THIHS WML, Tabled DEBH T
H b, Tabled DF— 4 %L TE LW SNt Z Table5 TH %,
Table5 1B 58117}, [(E/0) —t] EF VL SHEE L MM ROfET
»H5 (Fig. 4), WHEROBEAMIZ Y F 45T, BMiIEELF v THO,
OHEEIAHE I X THDH, TOVEEEREREEG, £hZE00.0016 &
0.0006T& %, Table5icHF 5% 2171E. (F—0) EF b SHEEL 220
ROMTHS (Fig. 6)o WHROEKM (454 7). Ml (1T 2) B
FUOFONMIRELITLEETH 5, Table5 icB 23113, [(E/0) —
E| EF A OHESE LWt ROMETH S (Fig. 8). WHEROB KM (5 F
H 7). oMl (BT ) BRUZOPIEEL « 217&EKTH S5, O
Vil & B, W UITL[EETH %, Tables icB A ATTIE, [(1/
a) = (1/E)] 7ol LR ofticsds s (Fig. 9). MbkRO K
Kiti (#F4H3), Ml (FvFv) BLXOZOHEIEHE L « 2 « 37T7&[E
BThHb, TOPHMELEERER. BLITE@BITLRAKTH S, L
T, 2k LTofROFAN IS F 5 5T BMERELF Y THD.
ZOMIRIAHE I X/ TH B, TOLKDOFIMNEEERER. ThZEh
0.0016 £0.0006 T 5,
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Table 7T The Analysis Values with Ball Bounce (b), the Elastic Modulus
(k) and the Viscosity Coefficient (h) for the Rubber Guaranteed
in Volleyball

Years Name Bounce 1/b K 1k h 1/h
Misaka 90.086  0.0111 0.0014 714 35.18 0.028
1990 Molten 92.251 0.0108 0.0009 1111 10.19 0.098
Mizuno 90.298  0.0111 0.0018 556 56.72 0.018
Tachikara 88.875 0.0113 0.0022 455 21.94 0.046
Misaka 94.087 0.0106 0.0014 714 35.18 0.028
1991 Molten 97.141 0.0103 0.0009 1111 10.19 0.098
Mizuno 92.773  0.0108 | 0.0018 506 56.72 0.018
Tachikara | 89.900  0.0111 0.0022 455 21.94 0.046
Misaka 96.584  0.0104 | 0.0014 714 35.18 0.028
1992 Molten 96.970  0.0103 | 0.0009 1111 10.19 0.098
Mizuno 95.570  0.0105 | 0.0018 506 56.72 0.018
Tachikara 96.560 0.0104 0.0022 455 21.94 0.046
Misaka 96.011 0.0104 | 0.0014 714 35.18 0.028
1993 Molten 95.464  0.0105 | 0.0009 1111 10.19 0.098
Mizuno 94.187 0.0106 0.0018 556 56.72 0.018
Tachikara 96.267 0.0104 0.0022 455 21.94 0.046

(b) HBEFNEEHRKAOKMEROHM

BRBICBIBRET VL > THRIHSWIKMERIE, Tabled DL B0 T
H%Bo. Tabled D7 — 5 %L T & oSN tER Dl E Table6 TH 3,
Table6 =B 25 1 {113, [(E/0) —t] EF b ol L kitRofic
H5 (Fig. 4). WEROFAMIEF I X/ (17.54) T, f/hMidEr 57 ~
(2.00) THH, zOHEIFIAHEIF AT THb, OV & FEREHE
2. ZhEN9.08L6.73TH %, Tableb =BT 221713, [(E/0) — E ]
EF N SHEE L IKMER O TH 5 (Fig. 8), KitEROB A (2 X/ -
109.05), /Ml (B F >~ 2 14.58) BLUZ0HIEE 1 « 2fr&[ETH
bo T OWIN & BHEGE S (X, T E 624054524 CTH B, Tableb 1= 4511
BEITELN(1/0) = (1/E)] 7 oHE L iR oftiTtd 5 (
Fig. 9)o KitEROEAM (32 X/ :33.56). /Ml (5 v 14.01) B L
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Fig.10 Relation between Compliance of Elastic Modulus and Compliance
of Ball Bounce for the Rubber Guaranteed in Volleyball
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Fig.11 Relation between Compliance of Viscosity Coefficient and Compli-
ance of Ball Bounce for the Rubber Guaranteed in Vollevball
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