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Practical String performance theory 1 of the tennis racket
(Effects of Various Parameters on Ball Control and Spin)

Yoshihiko KAWAZOE !

"I Kawazoe Laboratory
Kaga 2-3-1-904, Itabashi-ku, Tokyo, 173-0003 Japan

Recently, International Tennis Federation researchers reported that the same movement that was observed by
Kawazoe with lubricated strings occurs with copoly as well. Copoly strings—slippery and stiff—generate more spin not
because of more friction, but because of less. The old argument was that the better the grip between the strings and the
ball, the more spin we would get, but that was not true. Many experiments has started to investigate whether the lateral
movement and snap-back of the main strings increase spin, which strings generate the most spin, and so on. The
research has also started to investigate the effect of a inter-string friction upon the main strings movement against the
cross strings. Furthermore, the research has started to investigate how tennis strings “Go Dead”. This paper clarified a
mechanism for impact that is able to account for the effects of various parameters on ball control, spin performance and
string performance life , which is seen in the literature with laboratory experiment compared with experiment by the

author who paid its attention to string-to-string friction in player tests.

Key Words : Sport Engineering, Tennis, Racket, Impact, Spin, Strings, Feel, Performance, Going Dead of Strings,
Performance Life.
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Table 1 Strings Tested with Pendulum Hammer

Brand String Material | Reference Tension (Ib) Number of Hits
Babolat RPM Team 16 Polyester | 62 800
Dunlop Black Widow 16 Polyester | 62 800
Gamma TNT Touch 16 Nylon 62 800
Gamma TNT2 16 Nylon 62 4000
Kirschbaum | Pro Line X 16 Polyester | 62 800
L-Tec Premium 3S 17 (1.25) | Polyester | 62 800
Luxilon 4G 16L Polyester | 62 7000
Luxilon Big Banger 16 Polyester | 62 4000
MSV Focus Hex 17L (1.18) | Polyester | 62 5500
Polyfibre | TCS 1.30 Polyester | 62 2000
Prince Syn Gut Original 16 | Nylon 62 4000
Prince Tour 16 Polyester | 62 3000
Solinco Tour Bite 16 Polyester | 62 9000
Tecnifibre |NRG2 16 Nylon 62 2000
Tourna Big Hitter Black 7 17 | Polyester | 62 3000
Wilson NXT 16 Nylon 62 3500

) (Courtesy of Crawford Lindsey, Tennis Warehouse, Canada)
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Fig. 1 Absolute change in tension after first 100 hits. Fig. 2 Percentage change in tension after stringing and
. . . 4 . .
Reference tension for all strings was 62 pounds. break-in. “*’ (Courtesy of Crawford Lindsey, Tennis
Each string was at a different tension after the 100 Warehouse, Canada)

hit break-in period.*’ (Courtesy of Crawford
Lindsey, Tennis Warehouse, Canada)
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Low Tension Energy Return
vs
Hits and Number Times Re-tensioned
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Fig.3 Low tension energy return. String reference tension was 10 kg (22 1b) and hit until tension declined to zero or as low as
patience allowed. After reaching the lowest tension measured, the string was re-tensioned to 10 kg and the test repeated
(labeled as "pull number"). This was repeated 6 times.*’ (Courtesy of Crawford Lindsey, Tennis Warchouse, Canada)
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Fig.4 Top-spin swing by a pro tennis player.
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Fig.5 During Impact of the top-spin by a pro tennis player.
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Fig.6 Spin performance of new, used and lubricated used nylon strings with average and standard error.

5.2 RRHY FOFREFEREDORE it

K71, /yFOTEERABOT Y hBION v FOENBMAT Yy hTTaRNf B LIZEED Ny T AV
FRENNTHE RO CTH D, RAERDOH v MIUILESITRVENRTETEY, My TAEATIE TR L L
X, BEROFTEI~D [0 LR VICEDHENEIFR N7 T2, A BNEEE IR L (70 % KB,
BRI (13 % (&0 . FTEREESIE, / v FOTE =0 v OSTRHEN (50 % HIK).

E New E New E New
60 M Used 5 | BEUsed 140 [ M Used
i g 120
50 4 i
a0 | , 100
@ F z C = 80
230 = E
F 2 F 2 60
20 r 40
L 1 F
10 £ 20
0 - (I 0
(a) Ball spin rate o (b) Contact time T¢c  (c) Post-impact ball velocity Vg

Fig.7 Top-Spin performance of a pro tennis player vs. new and used Guts with average and standard errors.
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(a) Ball spin rate o (b) Contact time Tc  (c) Post-impact ball velocity Vj
Fig.8 Natural gut top-spin performance comparison between a pro and an amateur player with average and standard error.
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1.7 ms after contact (T506_f159_L4)
Fig.10 Ball spin behavior and mechanism of spin rate
increase by lubrication of string intersections. Main

strings stretch and slide side ways and snap-back
Fig.9 Used Gut with notches at the intersections. when the ball is released from the strings.

5.4 FrYTREUATERICEITRITEREBER M) VT (O-®)

K 111E, 777y a4 72 2 —CHBE L5E (E2REE 30 m/s) OFEREH - FRIEEHO T I 2
L—ya VB CHD. K@) 1MEHBA N T ATT7 Ty MTE, OIZRICA M) VT ATR Yy 7AE AT
B (o) ILMEERIABSTEABA N TRy A UATE, (d) 13 A R V7 ATy 7 AL UATED
a5, Kby, K(e) DA 237 NI 5 8 BERIIENENK (@) 7T > MTED 85 %, 65 %
ThHO, A4 /37 NOEINTIENZNH (@) D65% , 41% Tho.

FERDBBRIZ TN TA N U HEICEATRERERNIC L D AV ENEA L, SEMNE b L, 7y k-
7 L—ADOREBINER L, A= E AN T RAOERRE (D5) b U TR — /IS il L7550 72 3 e
ATWBEIZHRZD. oD, TR—NELDXDERENEED | [HR—v RN TFTERED ~ A L RiC
2% 7o EOITERBICHIET 5 &2 biLb.

250 r— 250 MK BRI 250 weoqEage 250 MK RIS
[G] o f [G] 0% [G] 0F [G] 0
250 MRS e LT OIPY MIN [ 250 MIN [EBEgS]
0 Shock, Vib pop 0.1[s] 0 Shack. Wib pp 0.1[s] 0 Shack Wib p-p 0.11s] 0 Shack Wib p-p 0.1[s]
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Figll Calculated effect of contact time on the wrist joint shock vibrations. Impact velocity: 30 m/s, hitting location: top side 95
mm from the tip of racket.
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