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The Characteristics of Strings and Topspin in Tennis

Hiroshi Maeda, Masaaki Okauchi

Abstract

Topspin shots play an important role in gaining an advantage in games. It has become much easier for every player to hit a
ball with topspin recently because of technological advances in the equipment such as the reduction of racket weight. Topspin is
generated by the frictional force that occurs at the oblique impact of a ball on the racket face. And this friction force varies by
impact angle, velocity or string material. As for the string material, nylon was the most common. But polyester has become
popular in these days, when many tennis professionals use it. As the increasing number of injuries by swinging a racket shows,
unfortunately, polyester string is not suitable for everyone. The aim of this research is to determine the principle of the impact
of ball and racket, and clarify the relation between the characteristics of strings and topspin.

We calculated the impulse from the frictional force of a ball on the string bed. And according to the type of string we exam-
ined the relation of this impulse with various spin ratios of a ball from the launch machine and three incident angles when the ball
impacts the string bed. As a result, the polyester string is little affected by the spin of an incident ball, but the nylon string has
a larger influence after collision. It is therefore concluded that the polyester string makes spin of a ball more stable when a racket
is swung hard, while the nylon string is difficult to control. We can deduce that polyester string is more suitable for a power

hitter.

Key words: tennis, string, topspin, oblique impact, friction
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A=V D AGHAEZ10°, 20°, 30° 123 % L TIT» 72 &k
o, WESTIZE o TRHONIRREE2ITRT.
AFHEEZEDMEIZBVWTY, #22~23m/s ThH
0, ABHAREE LI TI.29°, 19.79°, 29.68° TH D, 13T
ROEM ) OHMPE, METHEL T W ORIV
D EIEFIE0~40 rps T TLO rps A THZEE T W B 72
O, P L LTH21~241ps TH-o72. 10°, 20°, 30°
ET Ty FOMEMEMIS, K- VORI HEEE RS
&, EHERENEN18.25 m/s, 17.36 m/s, 16.60 m/s
EREITHRA L, HEBOR— VORI, FHET
4.31 rps, 11.651ps, 19.161ps & K&K o Tz, T
IHZMIEAR E L R BN, BT IR D BRI 0 52
PREL B DB72HOEEZONL. 22T, MEINIAET
DRI BT 2 K — VO ASRERELICN$ 2, X2)
TR L7z, 2RO R =V OREELL» SRS, &5
L7z, 2205 0K — )V O RIEEEUIT 3 5 IS, 2K 4

VRS, BRI R O R — VORI TH 505, R
xR2 LHROEZSICEDER
polyester nylon
string(4) string(3) string(1) string(2)
devilspin rencon asterism asterisk
incident angle mean | sd mean | sd mean | sd mean | sd mean | sd
[n=10] In=10] n=10] n=10]
velocity [m/s] 2242 176 2298 206 2359 155 2233 174 2283 058
incident | angle [deg] 716, 074 1131 093 724 068 1146 065 9.29 242
10° rotation(0~40)[rps] | 22.28 1825 2429 1937 2336 1794 23.04 1796
velocity [m/s] 1772 132 1826| 144 1886 106 18.17 131 18.25 047
reflection | angle [deg] 411 310 216 234 323 241 1.95 329 2.86 | 1.00
rotation [rps] 436 249 346 533 348 327 593 445 431 116
velocity [m/s] 23.05 168 2273 185 2375 128 2245 179 2300 056
incident | angle [deg] 1885 103| 21.79| 099 1729 6 096 2122 067 | 1979 210
. rotation(0~40)[rps] | 22.78 1794 2431 1786 2135|1674 2350 1777
20 velocity [m/s] 1708 105 1721 110 1789 062 1727 098 1736 036
reflection | angle [deg] 716 296 6.91 253 9.38 255 6.63 3.02 752 126
rotation [rps] 1065 305 1223 28 11.12 453 1261 369 | 11.65 092
velocity [m/s] 23.08 207 2308| 195 2376 130 2271 194 | 2316 044
incident | angle [deg] 29.14 079 30.77| 078 2724| 078 3155| 046 2968 191
. rotation(0~40)[rps] | 23.55 1852 2403 1901 2130 1817 2337 1799
30 velocity [m/s] 1634 094 1647 081 1704 053 1654 103  16.60 031
reflection | angle [deg] 1204 427 13.07 351 1549 298 1289 394 1337 148
rotation [rps] 1847 282 1984 416 18.14 478 20.17 268 | 19.16 100
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O10°, [J20°, A30°: FAOVROBEDARN) >J. (HE#R10°, #&#R20°, —<_EHR0° DHEBOEIFER)

Y 10 rps B A7 597, 20 rps D EFEELA: <, 30 rps
EELoTW, LA L H0rps 2 H|RATHS0 ps £ T
GAIL TR BOT, [FfBOEIC X 5RO % &
HTLIEITED., WEMBENIHH30°ICKEL L DI
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WIZIEEAEALNT, WP LARTZ, TROLIEY
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MENORGEEEZ 2B Z L3l LW EBbh7z. X b
Y Y NS L CHEE R O I S 180T b AR
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RRFEORB T E B R—VE R M) ¥ Z T E OB
WAL IMEZEEMICER L, MEOREEZHRS 2 L
L7

2) ANIZVIDRNMDSBELVEEBHERED

AR Y TIEAE LA N LA Y=V DRESRPD,
7y MENI LCIERE TR & BRI O J) 2 B L
7. RSICHEELTH AV BOAN) 7 (D) (T A
FYAL) R, Iy MIO@EFH30°, K—ILof)
W40 rps SRR E L7z & E OEBRRERD 1Bl ZRT.
ML F il T0.00 s OREL TR —IVASA MY ¥ 7T
BZRLCTWa, fiEtd A ) v 7o SEE L)
Thrb. FEHIT7y FRICH L TEELHMONT, &
KHI400N 2R L, #0.004 s BIZA b ¥ i S R —
VOSHER T WA, ZOMOKRMESDS, A M) Y 7S
it LUCHEEFOR—VITMb SIS, THY, K-
VORGEREE 2 5. BRI TNONTHY, KA
THRISO0ON Z/R L, KE LRI TR—=IVEHEH I

|'| T T
n
500 - 1 ]
z 1
> 1
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2 s atensancna)
kS
-500 -
-0.01 0.00 0.61 0.62 0.03
time[s]
K5 ANV IDLEKRELEZSTY MEICEESM

(EfR) LEBEAm R DOHiKER
FAOAVARNIVTGN)N(TARAEVXL), STV
NDIESE ; 0B, R—ILOWEAEES ; 40rps

TWb. ZO)OKEHIES Sy AR — VDD E — R
YhEBRoTWA, LML, R=vE I v b Ok
MO/ 208 ETEOTWEL, BT TH LI
S TWE, o2 kid, A M) Y ZHEz Ay b
R TWABD, K=V L7-E, 204y
PETFr vy FENLHFLNMEEL, K—IVITKE /AR
D OEFI MDD > TVAEDDEHELEEINSL, HRIDIZ
HHE L CWAaR— VB HEMEDOLEMY & 7o K=
&, A MY YIS L CHR I BT % il < o
AR EENSE LAY, O—V 2O A N Y7 E%R
WAL, ZOHSy MEFIILES (F—1"—2E
v, MY)$X) OTEENIOLINTHENALRD,
#0004s TAMNY Y IHEZHN TS, ZDLHI
F—=N—= A VR DH F T, BB OR1/20 K
L2220 TWR W,

ZOFxy vy FORE THRbLR-VEXMN) T TD
Pl CHREASEE D), R— I 28bh 30 2255

Uy



HIHT - fP

-0.01 0.00 0.01 0.02 0.03

500 -

Tension of String [N]
o

-500
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(E#R) CHERAMm (BHR) DOIER
T%DPZFUV@UN?Z&UXA) Sy
NOESRE ; 30, R—ILO#EAEES ; 10rps

§iz9 % @M%, Allenetal (2010b) 1ZA 5 A K &N,
ftTH T ORI 2 HEEDSE L o B2 21—, K
WCAR—VOMEDFAEME L Y HL 2D, | § &7
RHE%Z 4 —=N—=ZAEVEIFATYS. T2, Ty v FD
T TIEHEGR DR L2W D, $TNHEROR D 23 EE
ERELLTWREVHI WL H S (IEME, 2013).

K61k, M5EMEICFABy# ORI 7 1) (T
AZVAL) BTy bOEEH30°, ZLT
A=V OOWHEEZ10 ps E/NEL L7 EZDHDTH
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ARLTBYXSO\ES OO =2 LHFHEDLS
v, L LERAROEEICE DL oY — 7134
250 N & XI5 OFHTT D ¥ — 7 EIIRTIS Wiz
AL7z. ik, R—VoilEsEsM 5 ona L it
RTUNEVDT, 2y MIF Y v FENLBEOR—V &
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Lol EZbNL. BEEINPONLLZSTLLIZA T
VTR, BEET R 2T SIS ) RALEERTW
5.

AWFZETIE, R—IV23A MY ¥ ZHICHEZE L 72 BRI
RV h 5 ENREEIORESE2K4) BLD
HX5) DS, &Sy TRT LI, F=WZHhDPLHNHT
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W LCHERE MO (FEK) BB ()
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Sy RHEM L7
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Rotation of incident ball [rps]

K7 ANITTFIarhroEHUE, BRAMOKR—
IOEERICKT ZEEHRDHTE S, (ER) £
WAMMOIRES,(TH), ROZNENDOEFER
RUIATFIWVEHANI 2T @) (FTEILAREY).

BEAS10° 2 O, 20° %[, 30° 2 AT, F/-thEhom
FREAR R R, B, —ABHBTR L T b, FEE T
O (LK) %A 5L, HEMOR—VONEE, J
Ty MO AFHIH LT, HFEIE1.6~1.9Ns ZR L
FE A B AN oTz Fiz, IO TR
(TH) #ATH, ABAD10° DERZ, AHEEOR—V
DOEEEBRE L R BIZON, HT/HS <&5@ﬁ#&%
N7zh, REGZALARALNT, EOR— VORI
HLTH, FEF—EDONEPELDLEZ BN D
Z &id, WM OR— NV ONEER, 10° 205 30° D A4
B SNTIS, R ELTWwEDT, 97 b
%D&Ltﬁﬁ’*%Lt@ﬁkﬁ%ﬁ%%h%k%i
LML, ZOMEAEDL ) —D2DORY ZATNVEDA )
@) (Lray) ZBwThAb:,

4) FAOVERAN) 2 TICHETBAHEFEOR—
DEE#H ENTR

X8Ik, FABYHOA I Y7 ()(TAZY XL
B BHREEROMRETH D, K7 LK Al
ZEHI O R — v OMERE, M ERICA MY 2 ST
LCHEEHMONIHS,, FEIHMR A MO S, 2R
3

WEFMONFRICOWTIE, RYZAFIVEDZ MY
Y 7O LRI, 1.6~1.7 Ns O#IPHT—E L7 Ik
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z o 10°
2 20f
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Rotation of incident ball [rps]
1.0F
0.8+
z o
(] o .
< o6t 20
£ s 30°
=
5 10°
()
g o
& feemmlT eI o o T 20
i
""" 30°
0.0

Rotation of incident ball [rps]

B8 ANUYIFUIarhLEHLE EEREMD
A= OEEGHICT BEEALEDHTE S, (ER)
EEBAEDNIER S,y (TH), ROENENOEF
B FAOVERANIZTN)(FARARIXL)

a7z, LaL, #8hmontE (FTR) 243 E&,
10° 22 530° ~NE AFAEIKEL B BI2oN, »o,
ZEHIO R — VI EAK & R B IZONTHREDIKE L
e B 2R L7z, FMOMAAF A oy o Y~
7 QR)DEBAIEASLNTZ. DT LIL, HEHOKR—L
OlE, AGFAEEAE IS 5 &R —WITh D5 BE
BHHPKREL Y, REBOR— LVoNEKD K& {E
It35ZLERLTVE. 2FDF7ry VeAL V7L
7eBRICHEZEHT O R — NV O IEZI A E DT v E BRI L7
¥R D 2H o 72 R — IV 2§10 2 A3 LW, D3 h
AHZEMEOE N TR RONRAZFETE LT L2
WLTWwS, T/, RYZATFVEOZN) 74 EY
b, WZEMAEE2° L30° ICBWVWTRE A RLTW
7z.

4. ER

RV ZATFNVEEF A0y BOMEIZ X 2 IIFEOE N
EARDLE, R)VIZATNVHEOZXAN) Y TT v arhbd
B LML, FA vy Bo X 2 R e
B OR =V OEEEROENII LD S F—EL Tz,
ZoZEiE, KVZATVEOAN) Y 7T, Bib
FMICBNTHLE L7 HRO R — )V & ka3 2 &8
TX, 97y FOARA VT HEEXRELTHILT, £
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MCRB LA YR oNA T L2 BRL TV,
ZHUZBIL T Cross (37 (2011, p.6) &, [72& 21E, 7
LAY =D [HWRY ZATVOAN) ¥ 7 afliz
X, FZohnF ATy IR AE YN DL] EFR
FTHADBVG, LhL, ANV ITOMEL Ty a Yy
HRED, ACVIIKITLEAEHEE LW &S, EB
THLNRoTWA, RYZZATNREDWHNZ M)
VIERMHTLE, Ty bORT=PKTFT S 2O
T2OT VLAY =R IR AL Y7 FT5HE512kY), A
AV ITHREL o TAE VDB 0 5. | EARRTH

D, RFEOHEELERBEOZLZRLTVWE E-BbR
b, COZENOAAL Y THEERELTELNT —
Ly F—IllosTiE, KUV AT VEOKGEHNATNDS
tEzohl FlorAuryBoA N Y IIARE
DFENIE LT, SHIHERFHOR— IV DI L 5T
RSB INEALT B, Thbh, 7y NOAAL v 7
I0d, WHEAELRET LI LICLD, K= IZhEx
EPTRTVOTLRnREEZLNS.

PEDA N > 7 ofEtkoEnid, R—uvaize Lz
oA MY ¥ ZHOMBDBDRNEY) T AT VI L
T, FABYOFBAN) ¥ THIM S 72D MAHK E
WOT, F= 2@t IillFr vy FLR TV OTIE
ks ns. L L, JIENZA (20133, 2013b)
FA MY Y ZoMWEEE LT, A MY YL OEEEDV
SFNUE, HERDHER AR A DT, TORGRORED A
K=V OEEZZG 2 5 HEFREVE/RIT TV 5.
% 72, Nicolaides et al (2013) XA MY ¥ Z DT D8
y— O BEBINHEEE RITL, BROREDD T
WEENPRKEL kL LHEL TS, 512, Haake
etal (2012) XA MY ¥ 7O TIRICHEMEHIZ 2005 2
EIZED AN YT OBEHEEZ NS LI2RY) T ATV
DAIY) e, RTHTAMN) ¥ 7 OKERHEE-> THE
BEREL LEFA VB2 Y 7L opkialk ) 5k
R, BB WO X B HETHEINL TS,
DGR, BERARR L2 WD MENS R Z AT VDK
VAT AE PR ) RTWE ) 7205, HEROTIIIE
MET, PR L OBMRIZSHOBIRS LT L BT
H., ZDEHIZ, ANV ITOEBBER—VDOAY VI
B9 BB E 5 721 E0 0 T, SHRoOERPHFES
L. Gk, R—HA MY ¥ ZHICEZR L 7ZBEOMAD
KRESIZEDBRAE DR, ST 7LV — 2% EE
LTWaA, EBRIZFTRELTAAL V7 LBEOKR—
W ONFER, MR D BHERDEIICONWTHH
LT HRENH L EMDNS.
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%k%%ﬂ/%GXFU/7®H DFENT X B BEESY
HEHEL2IZLE) & L.

FORER, RIVZATFNVEOZXN) V7, Ffav
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IZBWT, F720rps 225 40 rps OFiPH O ZEH] D K —
VORI L Cid—E LB o, SR
R VORI EER Ve drolz. 2O ENL, A
VIMER RELTEZCHBIL TR= Vo Nz D
KELBDBDT, A4 Vv FHEEZKELTELNRT—
by ¥ —IltoTiE, KYVZ AT VEDOBGREH ATV
ZEAREEEI N, ENIITHLT, FAurB@oR MY
VGHERT ORI KE VA, BEN 2155720121
AFAERAAL ¥ T H N EHIET 2 LENHDLEEZEZD
nr7.
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