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Abstract

A liner static and dynamic analysis for a golf shaft, which is made of carbon fiber reinforced
composite materials, is presented in this study. Major mechanical parameters of golf shafts such as
deflection, torsional angel, frequency of vibration(CPM), and kick point are analyzed by finite element
method. The effects of major parameters on the performance of golf shafis are also discussed. The
results show that the major parameters of golf shafts are strongly dependent on the material properties
of fibers and design pattern of golf shafts. The present results will be useful to design sheet-rolled golf

shafis.
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Fig. 1 Illustration of impact point and sweet spot.
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Fig 2 Flying direction of golf ball vs. position of kick point.
Algalel BE FIARTEY F3 AXE 2@
e EaREolA I38%, TFAE F4%, ¥
A= F44-60%7) kAot w 2ol g
2= Z¢ 3 S(club head)?] ZE¢ FIALT
E9 F¥FE zAde, FEFY zv] 47
SZ(launch angle)® 14EE FAstE ez o7
A Ak folA AR ZE 54 898

P
=

ZAEEQ eIt 71€o Hed ZeZd
I &4, d=4 4, AP AQd(pattern design)

of 2A oEdT. diHoR fFassY 2
ol 4FE AL dAE A4 AT JRA
¢ AR ERARCdME A4S He A=
oy Axrt 33 4FE WA
ATAME 71EY STAFZEY AHgHD
& CFRPY 7|AH £4X& FAstn, 1 84
AE o8-8t AWl STARZE AUSIA FolA
T, P % GA EZAZEY A4 A% §
AEsiglod, AR HFrisr] Hsto
4 77]2 < NISA 8.0vE ol&atgch Ed
TIAZES HA 9 Az ¥ agsdos &4
g 5 A% 712 A8E ANstnA d.
2. AFUE ey

21 Ze|Zaae 7|2 24 ot

SHARLEY] o8k 75-S ] AsdE 2
TARLE Aol AHgEE Leldeae] AEe 24

HO
B
i
o) -
L.
=
=

o

4
&3

ne o



Z)(material properties)’} Q7-H} ol tisted Tl
20 EXNE, B, Gu Vviz Xt YOS ASTM
D3039-96 3 ASTM D3518-962] 724 wal 4gao
2 IR [0]s, [90]s, [145hs Al EF AEHY
THZ(specimen  standard)S  Table 13 #rh ¥
(50x1.6mm)2} AL EglassE AMRSIGen AHg
TFaE Foll olZA FAE AMRS Rasgin).

Table 1 Geometry of tensile specimen. [mm]
Fiber angle 0° 90° +45°
Width 15.0 25.0 25.0
Length 250.0 175.0 25.0
Thickness 1.0 1.8 50.0
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Fig. 4 Evaluation of deflection.
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Table 2 Dimension of golf shaft. [mm]
Tip Butt
Com
ompany "G [ o | ub [ o | -t
T model [ 45 [8192] i3.2 | 14.8 | 1195.0
model I | 45 |[7.936] 13.2 | 14.6 | 1195.0
P model I 4.7 19460 132 | 153 | 1163.0
model IT | 49 |9.564] 124 | 142 | 1036.0
G model | 4.0 |8.118( 12,6 | 150 { 1163.0
model IT | 4.0 |9.068 | 12.6 | 15.0 | 1013.0
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Table 3 Material properties of composites.

Type| E(GPa) | Ex(GPa) (Gi(GPa) X{(GPa)| Y(MPa){S(MPa) v 12| ¥ 21
S125j 128.5| 8.3 3.2 2.2 43.3 [113.5/0.3110.02
S150| 1352 | 83 32 2.4 27.5 1102.710.32{0.02
1125) 1689 ] 7.9 3.9 3.0 30.2 | 98.6 10.310.02
Hi1g 229.8 | 10.8 33 23 44.6 | 97.5 10.27/0.02
P116] 263.6 | 6.6 4.0 2.1 42.3 | 86.4 10.250.01
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Table 4 Convergence test.
Number of :
elomont 2182 | 5256 | 8292 | 11792 | Unit
Deflection | 163 | 128 | 128 | 128 | em
Torsional angle| 5.4 6.6 6.4 6.3 deg.
Kick point | 527.8 | 522.7 | 519.4 | 5020 | mm
(from tip) |462%| 457 | 454 | 439 %
P 362 | 4074 | 408 | 408 | Hz
requency 1172 | 244.43 | 244.8 | 2447 | CPM
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Table 5 Finite element results.

T(DH[T{D|D (1){D (MG (I)|G (1)
1276 1 18.52 | 12.7 1 1876} 83 6.5

Deflection
fem|
Torque
. . . 5 . 3
[deg | 6.32 | 6.54 44 3 3.85 3
[Hz] 4.08 34 | 401 | 328 | 497 | 6.61
[CPM] 2447 | 204.0 | 240.7 | 196.8 }1298.261 370.3

“mm‘ 502.00|503.73 |494.61 | 487.5 |502.86396.86

34 7ol 2tz #ato wE AEtH &4
FIZARLES] Q8 Agel glojA " "kl
o] 4L v ¢ F8sith olF HAAT AW
of wE FIAZES] AFE AT GA
(model 1)el olF HAZTA HFEFE 30-70° 7t
A WBAA 47FA AFol A wEas fHAn
& EA5PE Table 63} Zth
Table 6. Mechanical characteristics vs. fiber angle.

Fiber | Deflection | Torsional Kick Frequency

angle [cm] angle[deg.]| point{mm] [Hz]
30 7.04 4.51 481.4 5.41
40 8.30 3.85 502.9 4.97
45 8.78 3.77 512.3 4.84
50 9.12 3.85 515.7 4.74
60 9.54 4.55 52.34 4.64
70 9.75 6.29 526.0 4.59

Table 7. Mechanical characteristics by prepreg.

Pattern Deflection | Torsional [Kick point| Frequency
fem] anglefdeg.} {mm] [CPM]
s\ s| 88 3.8 512.39 290.1
s\ 1 8.7 3.4 502.0 290.2
s\H| 87 25 505.4 291.2
1\s| 179 3.7 496.0 306.2
I\H| 78 26 502.9 307.8
H\ S| 59 38 4729 353.8
H\ I| 59 3.4 4763 354.5
H\H| 58 2.6 4823 355.2
H\P| 58 25 495.1 356.1
P\P| 53 23 483.1 372.8
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