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Abstract. A complete modal analysis of a golf clubface hasrb@resented in order to
investigate the ‘trampoline effect’. The availatyilof titanium golf drivers with thin, flexible
faces opens up the opportunity to design the atuthat it works together with the elasticity of
the ball to provide the ‘trampoline effect’ or ‘&pyg’ from the clubface. Enhancement of
coefficient of restitution results from a close ofabf the fundamental flexing frequency of
vibration of the clubface to a natural frequency ftbe compressive mode of oscillation.
Experimental modal analyses were performed onveddlubface to determine the frequencies
and vibration modes. For the fundamental flexingdeyagyood agreement is found between the
results of experimental modal analyses and theyheo

Keywords. modal analysis, Trampoline effeghlf clubface clubheadflexing frequency,
vibration.

1. Introduction

The clubface flexibility is of much concern to telf club manufacturer due to the
‘trampoline effect’ it can impose on the golf bdfl.the fundamental flexing frequency of the
clubface matches that of the ball during impacg flexibility of the clubface can add a
maximum push on the ball during launching, thusnigithe ball farther. This results in an
enhancement of the coefficient of restitution (COdRle to the close match between the
fundamental frequency of vibration of the clubfacel that of the ball. Many scientific papers
report the ‘trampoline effect’ that increases tf@RCof a golf ball after being hit by a golf club
[1-3].

The aim of this study is to determine the fundamkfiexing mode of the face of a
hollow golf-club. First, theoretical calculationsrfthe natural frequencies of a clubface are
presented. Next, experimental modal analyses arforped on the clubface. A detailed
analysis on the experimental results is shown diteoto deduce the fundamental flexing mode
of the golf clubface. Finally, the experimental m@@ments of the golf clubface are compared
to the theoretical calculations for frequenciesgrehthe golf clubface has been modeled as a
clamped plate.

2. Natural Frequencies of a Golf Clubface
In this section, the theoretical calculation fotumal frequencies of a golf clubface is

presented. The clubface can be modeled as a clapiptl Calculations for stiffness of the
face k D based on theory for a clamped edge circular jdgtef radiusR is given as,
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k @)

where plate bending stiffnes® = Eh3/12(1—uz). Natural frequencies of modal vibrations

Wy for the clamped circular plate [4] can be caledafor various modes whera is the
number of radial node lines ands the number of nodal circles.

2D
O = _n? o (2)
R® | ph

where gy =3.196 4gr= 6.306403= 9.43% = 4.611,= 7.799

3. Experimental Modal Analysis

Experimental modal analyses were conducted on dhe bf a titanium driver golf
clubhead with free or fixed support conditions. Tlader support condition is achieved by
clamping the hosel (part of the clubhead to whivh shaft attaches). The experiments were
performed to determine natural frequencies andesponding mode shapes. A non-contacting,
laser vibrometer was used to measure the natueguéncies of vibration and obtain the
corresponding mode shapes. A grid pattern of 27esadas set up on the clubface using
reflective tapes so the nodal displacements coelchbasured. A titanium cup face of 11° loft
angle-tour cavity forged was used in this experimen

To obtain calculated estimates of the properties dfiver, measurements of properties
were obtained from this driver with 11° loft anglehese properties are listed in Table 1.

Table 1: Properties of a Ti driver head

Mass Material Elastic Face maximum .
. : . Estimated face
clubhead density modulus dimension thickness (mm)
(9) (kg/nT) (GPa) (mm x mm)
250 4430 114 67 x 90 26-3.0

4. Discussion: frequency response and mode shape

Figs. 1-2 illustrate the frequency response of l& @abhead up to 5 kHz for thieee
andfixed supports respectively. Inspection on the fixedpsupcase (see Table 2 and Fig. 3)
gives the 1 resonant peak at 1852 Hz (peaks below this numtgerigid body modes due to
the support). At this frequency, the clubface Vibsaas part of the rigid body motion of the
clubhead. This mode is similar to the one repobgdPenner [3]. He reported in the review of
literature that the *itmode of a 250-300cc titanium clubhead is abouD129, while a 150 cc
stainless steel clubhead had a fundamental naftequency at 1800 Hz. However, these
frequencies have been obtained without proper deraiion of displacement constraints acting
during the experimental measurements.
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Fig. 1. Frequency response of a free support golf clubhead
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Fig. 2. Frequency response of a fixed support golf cludhea
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Table 2. Comparison of frequencies for free and fixed sufspof a Ti golf clubhead

Frequency of vibration fdiree
support (Hz)

Frequency of vibration fdixed
support (Hz)

% Difference

232.03

325.78

550.00

1851.56 (Fig. 3)

2009.38

2174.22

3100.00

3294.53

4417.97 (Fig. 5)

4438.28 (Fig. 4)

0.46

4506.25 (Fig. 6)

4492.19

-0.31

4640.63 (Fig. 7)

4741.41

2.13
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Fig. 3. Fixed support — 1852 Hz. The deformation is maxinat the bottom left side (near hosel)

Comparison of the resonant frequencies betweefrébeand fixedsupports (Table 2)
gives the fundamental flexing frequency of the &gl at around 4.4 kHz. This is further
confirmed by the mode shapes in Figs 4-5 for tkedfiand free support cases respectively: in
fact they indicate that the fundamental flexinggfrency of the clubface has an antinode
(displacement peak) at the centre. Below this famt#al flexing frequencyi.e. below 4.4
kHz), the vibrations are dominated by the rigid ypadodes due to the coupling of many
sections (i.e. face, sole, bowl crown and hosdl ttiekes the clubhead) and maybe some other
vibration modes as well e.g. torsional. Furthermohne £, 2" and 3 mode observed in the
free support case (i.e. Figs. 5, 6 & 7) agree \hih results reported by Hocknell et al. [5],
where the modes of the clubface have a single @diin the region around the centre.

Fig. 4. Fixed support — 4438 Fiz

" The maximum deformation occurs around the cerfttieeoclubface for Figures 4, 5, 6 and 7.
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Fig. 7. Free support — 4641 Hz

The clubface can be modeled approximately as apsddnplate. The fundamental
flexing mode of the clubface thus should have amade at the centre. This is the mode of
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vibration that can add a maximum push during laimgbf a golf ball; the mode that provides
‘trampoline effect’ that increases the coefficieftestitution.

Table 3: Calculated stiffness from uniformly loaded platel dundamental natural frequenfyy (where
wo1=2nfqy) for Ti driver (radiusR= 0.040 m)

Face Plate Calculated Experimental
thicknessh | stifinessk, | frequency, | o0 encvic (Hz)
(mm) (N/m) foi(HZ) 2
26 5.76x18 4055
58 7.20x10 4367 4428
30 8.85x18 4679

Table 3 gives the calculated fundamental frequdncythe clubface (using Egs. (1)
and (2)). We estimated the face thickness of 2.8.6omm. The calculated frequency agrees
within 8.5% compared to the experimental measurénaérthis range of thickness. If we
assume the average face thickness of 2.8 mm gwesentative of the clubface, the difference
between calculated frequency to that of the expantal constitutes just 1.4%.

5. Concluding remarks

The results proved that the fundamental flexing en@atound 4.4 kHz in this case) of
the clubface is much higher than the frequencyngdact between a golf ball and a golf club
(between 800 Hz to 1300 Hz; see Penner [3]). Initimahgl the results demonstrate good
agreement with the theory for calculating the fundatal flexing frequency by assuming the
clubface as a clamped plate. The measurementqidrey response needs to be accompanied
with the modal analysis so that the correct modeilmfation is determined. This is important
for the maximum ‘trampoline effect’ study, wheree tfiexing mode is the one that provides a
maximum push on the golf ball during launching.
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