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Figure 2
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Body Mass | Length | CG CG Moment MOI MOI at
Member from | from Spine
top | Spine

Upper MUA LUA CGya CGSUA MOMya MOIya MOISya
arm
Forearm Mea Lea CGra | CGSea MOMea MOIga MOISg,
Hand My Ly CGy | CGSy MOMy MOIy MOISy
(closed)
Shoulder Lsw
width

Figure 6
Body Member Mass Length CG from top

[Kg] [mm] [mm]

Upper arm 3.4% of TBM 18.6% of TBH 43% of Lya
Forearm 2.2% of TBM 14.6% of TBH 41% of Lia
Hand (closed) 0.8% of TBM 5.4% of TBH 50% of Ly
Shoulder width 25.9% of TBH

Figure 7

BioMatch Application Input Data-Sheet

Golfer Data
Body Helght 178]cm
Body Weight 74 1Kg
Grip End length 100 |mm !
T-Upp Distance mm Default is body height x 174 / 1800

Club Data
- . Head Club Club
Club | Minimum |Preferred | Measured Lie
Club Name : Drag Head Head
Type | Welght | length MOIG Angle Coeff. Width Height
{1, Hwll (qg] [mm] __|[Kg x cm~2]i[Degrees] [] [mm] [mm]

L Wedge I 431 902 1656 66.50]  0.90 80 50
S Wedge T 437 909 2044 66.25 6.90 80 50
U Wedge i 432 916 2044 66.00 0.90 80 50
P Wedge 1 428 023 2045 66.00 0.90 80 50
9 Tron I 423 930 2045 65.75 0.90 80 50
8 Iron 1 412 937 2062 65.00| ©.90 80 50
7 1ron 1 410 944 2079 64.25 0.90 80 50
6.1ron 1 399 056 2082 63.50 0.90 80 50
5 Iron 1 387 068 2085 62.75 0.50 80 50
4 Tron 1 380 581 2090 62.00 0.90 30 50
18 Hybrid H 345 1014 2058 59.00 0.75 80 55
3 Wood W 302 1062 2056 56.50 0.63 80 60
Driver W 279 1100 2027 58.00 0.60 100 70

Figure 8
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Club Data
Club Club Total Back Lenath Target
Name | Type | Weight | Weight | =9 MOLG
(I, H, W] [g] (g} [mm] | [Kg x cm”2]
L Wedge I 471 40 902 2096
S Wedge I 462 25 909 2095
U Wedge I 454 22 916 2095
P Wedge I 445 17 923 2094
9 Iron I 437 14 930 2094
8 Iron I 429 17 937 2093
7 Iron I 421 11 944 2093
6 Iron I 407 8 956 2092
5 Iron I 394 7 968 2091
4 Iron I 380 0 981 2090
18 Hybrid H 408 63 1014 2089
3 Wood W 435 133 1062 2087
Driver w 408 129 1100 2072
BioMatch Index Fine Tuning
Club Target Tuning Tuning | Tuning | Resulting
Name BMI Weight | Length MOIG BMI
[mm~2] [g] [mm] IKg x em~2] [mm~2 ]

L Wedge 44.5 471, 902{ 2,096 44.5
S Wedge 45.3 462 909 2,095 -45.3
U Wedge 46.2 454 916 2,095 46.2
P Wedge 47.0 445 923 2,094 47.0
9 Iron 47.9 437 930 2,094 47.9
8 Iron 48.8 429 937 2,093 48.8
7 Iron 49.7 421 944 2,093 49.7
6 Iron 51.3 407 956 2,092 51.3
5 Iron 53.0 394 968 2,091 53.0
4 Iron 54.9 380 981 2,090 54.9
18 Hybrid 51.2 408 1,014 2,089 51.2
3 Wood 48.0 435 1,062 2,087 48.0
Driver 50.8 408 1,100 2,072 50.8

Figure 9
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1
METHOD AND SYSTEM FOR MATCHING
GOLF CLUBS TO A SPECIFIC USER

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, including its features and advantages, reference is now
made to the detailed description of the invention taken in
conjunction with the accompanying drawing in which:

FIG. 1 shows a process flow for a method of the present
invention;

FIG. 2 shows a side view of a user in a position to strike a
golf ball;

FIG. 3 shows a top view of essential parts of the user’s
upper body in the position of FIG. 2;

FIG. 4 shows a top view of essential parts of the user’s
upper body in a position at a top of a backswing;

FIG. 5 shows a front view of the user in the position of FIG.
2;

FIG. 6 shows a table of abbreviations used in the descrip-
tion and the Figures;

FIG. 7 shows a table of the factors used to determine the
physical parameters of the user;

FIG. 8 shows a table of data being input to carry out the
method of FIG. 1;

FIG. 9 shows a table of data being output from carrying out
the method of FIG. 1;

FIG. 10 shows a schematic view for a system of the present
invention;

FIG. 11 shows a golf club with weights; and

FIG. 12 shows an alternate schematic view for a system of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

While the making and using of various embodiments of the
present invention are discussed in detail below, it should be
appreciated that the present invention provides many appli-
cable inventive concepts that may be embodied in a wide
variety of specific contexts. The specific embodiments dis-
cussed herein are merely illustrative of specific ways to make
and use the invention and do not delimit the scope of the
invention.

The present invention relates to the field of sporting equip-
ment, specifically, a method and system for matching golf
clubs to a specific user with the golf clubs correspondingly
being matched with each other.

Currently, golf clubs are typically fitted to a user based on
parameters such as a height of the player and a distance from
the user’s wrists to the floor. These parameters are corre-
spondingly used to determine both the lie angle and the length
of clubs. In addition, choice of club head is based on the user’s
capabilities and preferences, shaft flex is determined by the
user’s typical club head speed while size of grip is determined
by the size of the user’s hands.

Traditionally golf clubs in a set of golf clubs are matched
by a non-scientific measurement called “Swingweight”.
“Swingweight” is commonly perceived to be a subjective
measure of how the mass of the club feels during a swing of
a golf club. Obtaining a “Swingweight” of the golf club
involves measuring an upward force at a gripping end of the
club when the club is balanced at a predetermined distance
along the shaft of the golf club. “Swingweight” of the club is
usually expressed as “C10” or “01” or some other combina-
tion of letter and number which is not related to any physical
property of the club. In truth, the “Swingweight” of'a golf club
does not in any way describe how the club will behave during
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a swing. For instance, it does not make sense that the “Swing-
weight” of a golf club is reduced by adding a mass to the
gripping end of the club. Unfortunately, reliance on “Swing-
weight” measurements to match golf clubs within a set is
convenient for mass market club manufacturers/club fitters.
This is not beneficial to the user as the user typically needs to
master different swings for each golf club in the set.

Itis evident that consistently mastering different swings for
each golf club in the set is a difficult endeavor for any user. It
would be difficult for the user to consistently replicate the
mechanics of the different swings for each golf club. In this
regard, it is advantageous if there was a method to match a set
of golf clubs to a user whereby the user is able to rely upon
only one type of swing to effectively use all the golf clubs in
the set.

In view of bibliographical purposes, in FIG. 7, the Mass
and Centre of gravity from the upper end of body segment is
given by the publication “WEIGHT, VOLUME AND CEN-
TER OF MASS OF SEGMENTS OF THE HUMAN BODY”
by Charles E. Clauser (Aerospace Medical Research Labo-
ratory), John T McConville (Antioch College) and J. W.
Young (Civil Aeromedical Institute) Published August 1969.
The above tabulated figures may be further enhanced by
correcting for the persons BMI (Body Mass Index). It may
also be enhanced by using further studies that take sex and
race into consideration. In FIG. 7, the length of body mem-
bers are provided by the “Open design lab”, Proportionality
Constants (www.openlab.psu.edu). Further to the table it
should be noted that the floor to hip joint length is 53.0% of
overall body height. The length of the core from hip joint to
shoulder intersection at core is 28.8% of overall body height.
The distance between hip joints are 19.1% of the overall body
height.

In a first aspect, there is provided a method for matching
golf clubs to a specific user. The method includes providing
both a height and a weight of the specific user; determining
physical parameters of the specific user from both the height
and the weight; providing data for each golf club; obtaining
optimal club mass for a Driver; obtaining optimal values of
both a moment of inertia about a grip centre and a mass for
each golf club; and modifying each golf club to enable each
golf club to attain the optimal values. It is advantageous that
each of the golf clubs matched to the specific user are effec-
tively employed with an application of identical swings from
the specific user. The effective employment of each of the golf
clubs may relate to both distance and accuracy of a ball struck
by each of the golf clubs.

The optimal club mass of the Driver may preferably be
obtained using a process including measuring Driver head
speed when swinging the Driver with different weights added
to a grip end of the Driver, with the optimal club mass of the
Driver is when the Driver head speed is at a highest value.

Itis preferable that the data for each golf club includes type
of'each golf club; mass of each golf club; length of each golf
club; measured moment of inertia about a grip centre value of
each golf club; lie angle of each golf club; club head drag
coefficient of each golf club; club head width of each golf
club; and club head height of each golf club.

Preferably, the physical parameters of the specific user
include length, mass, position of centre of gravity of each
upper arm; length, mass, position of centre of gravity of each
forearm; length, mass, position of centre of gravity of each
hand; and distance of shoulder width.

It is preferable that the modification of each golf club
includes at least one technique like, for example, adjustment
of club head weights, adjustment of club lengths, adjustment
of club weights and so forth. The adjustment of club weights
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may be carried out using a plurality of cylindrical sleeves of
varying masses, with a centre of gravity of each cylindrical
sleeve being at the grip centre of each golf club.

While the aforementioned method involves a lot of calcu-
lations, this may be easily overcome by using a spreadsheet or
an application that can be run on anything from an iPhone to
a computer.

In a second aspect, there is provided a system for perform-
ing the aforementioned method, the system being set up with
a plurality of modules to carry out processes of the method,
where the modules may be located at either a single location
or a plurality of locations.

The plurality of modules may preferably include a data
generator of both physical parameters of the specific user and
optimal values for golf clubs; a swing analyzer to obtain an
optimal club mass for a Driver; and a golf club modifier to
modify each golf club. The optimal values for golf clubs are
for both a moment of inertia about a grip centre and a mass for
each golf club.

For most golfers the clubs will be made as light as possible
while still satisfying the aforementioned method. This advan-
tageously allows the user to complete a competition or train-
ing session without too much strain.

The present invention will be described in the following
paragraphs in an illustrative manner, which will aid a skilled
artisan in obtaining a better understanding of the present
invention. Fundamental concepts are described in subsequent
paragraphs to provide the skilled artisan with the information
to understand the present invention in a manner which
enables the present invention to be put to practice. Reference
is made to FIG. 6 to provide a guide to abbreviations used in
the subsequent paragraphs of the description.

Referring to FIG. 7 which contains additional abbrevia-
tions, TBM is Total Body Mass in Kg while TBH is Total
Body Height in mm. Some other abbreviations used in the
description will be described at the point which they are
utilized.

The present invention takes into account physical proper-
ties of golf clubs. In order for a blindfolded user not to be able
to differentiate between the clubs within a set of golf clubs
while swinging each of the clubs, all the clubs would have to
have the same mass, centre of gravity and the same moment of
inertia taken around the point of which the person is holding
the club.

Depending on hand size, this point of rotation is typically
located about 100 mm down the shaft from an end edge of a
golf grip. The mass affects “feel” of the club when the club is
held still, while the moment of inertia affects “feel” of the
club when the club is rotated about the golf grip. As such,
references in subsequent portions of the description will refer
to the mass and the moment of inertia about the golf grip
(MOIG).

A golf swing can be described as two combined move-
ments inter-related with each other. A first movement
involves movement of the club from the top of the backswing
and to impact. The first movement is controlled by a user’s
arms, which moves in a circular motion about the left shoul-
der. Since the shoulder rotates around a core of the user’s
upper body, this correspondingly causes the grip of the club
(approximately at 100 mm down the shaft) to move in an
elliptical pattern. Subsequently, the mass of the club affects
how the club moves during the swing. A second movement
relates to a circular motion the club makes relative to the
user’s hands. The club typically turns around a point approxi-
mately 100 mm down the shaft from the end edge of a golf
grip. The MOIG affects how the club rotates. Thus it should
be appreciated that both mass and MOIG affects the club
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during the golf swing by the user (when air resistance is
ignored). When MOIG is corrected to take air resistance into
account, the MOIG of longer clubs become marginally lower
than that of the other clubs. This is especially notable for clubs
with large club heads such as the woods.

As discussed earlier, the MOIG affects how the club rotates
around the centre of the grip while the mass of the club affects
the accelerations of the hands. It should be appreciated that
the mass and physical properties of the user’s upper limbs
have to be considered together with the properties of the club.

This will be more clearly illustrated in the subsequent
paragraphs.

MOIG

Individual MOIG+Correction for air resistance=MOIG
Constant

Or

Individual MOIG=MOIG Constant-Correction for air
resistance

For all the clubs to rotate around the centre of the grip in an
identical manner the MOIG must be the same for all clubs.
However when considering air resistance it is found that the
clubs must have small variations in MOIG. This in order for
the club heads to be delivered to the impact point at the same
moment in time. This has in particular an impact on the Driver
due to the large modern Driver heads.

“MOIG Constant” is the MOIG of the club with the lowest
MOIG without considering the air resistance. The club with
the lowest MOIG in a traditional set of golf clubs is normally
the shortest club. The MOIG can be obtained by measurement
using a suitable MOI measuring device or it can be calculated
as the sum of the MOI of all the clubs components about the
centre of the grip.

Maximum club head speed is measured of the user using a
club of a measured length. If the user is not present and no
means of measuring the club head speed is available it can be
estimated by for example how long the user hits a 7 Iron. Once
the club head speed at impact is established the angular veloc-
ity, o, at the time of impact can be calculated as:

w=wr

where,
v=club head speed at impact
r=club length measured from the centre of the grip, G
Angular Acceleration, @, is found from Newton’s laws:
W= #2080

where,
w=Angular velocity at impact
wo=Initial angular velocity
a=Angular acceleration
6=Angle in which the club rotate around the centre of the grip
from the top of the backswing to point of impact. This angle
is 90 degrees, or m/2.

As the initial velocity at top of the backswing is zero,
angular acceleration from top of the backswing to impact is
calculated as follows:

a=0?/20
Air resistance, drag, is a force acting in the opposite direc-
tion of the club head movement.
F gag=2CpAvy

where,
C=drag coefficient
p=air density, approximately 1.29
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A=cross sectional area from front view, can easily be calcu-
lated
The drag coefficient of each club head must be estimated or
established by testing. A simple estimation based on the fol-
lowing principle may be sufficient.
The drag coefficient is 0.5 for a sphere and can reach 2 for
irregular shapes. One may generalize as follows:
Drag coefficient for Irons=0.90
Drag coefficient for Hybrids=0.75
Drag coefficient for Woods=0.63
Drag coefficient for Driver=0.60
The above are general estimates. Better estimates may be
obtained by testing of the actual club heads being fitted.
The Maximum Torque around the grip centre created by
the drag, opposing the movement of the club, is as follows:

Lirag max~Jarag maxx1ever

Where, lever is the distance from the centre of grip to centre
of club head.

The average Torque created by air resistance can be esti-
mated to be half of the Maximum Torque. Using advanced
calculus or computer modeling, more exact results can be
achieved. Thereby:

Larag™Ldrag ma 2

By applying Newton’s second law to circular motion:

MOIG,

correction = drag ma)r/ a

The MOIG of each individual club can thereby be deter-
mined as:

MOIGpgiviauar=MOIG consian—MOIG ¢ opreciion

It was however found that the results of these calculations
are independent of the club head speed. There is thereby no
need to enter the club head speed as it cancels itself out in the
calculations. This as the v part of the t4rqg 18 proportional to
the w? in the a of the above equation for MOIG ., cesion-
Correspondingly, there is no need to adjust clubs as the user
progresses to higher club head speeds.

Mass of Clubs

For the user’s hands to come to the same position at impact
for all the clubs, all the clubs should have the same mass.
However it is desirable for the user’s hands to be a bit more
forward at impact for the longer iron clubs and Hybrids com-
pared to the shorter iron clubs. In this regard, there’s a need to
include a correction for the hand position when considering
the mass of each club. Desired hand position at impact may
vary from player to player, therefore the user may choose
which hand position is preferred for each club by indicating
whether the club should be considered an Iron, Hybrid or
Driver.

For example, if a Wood is considered to be played as a
Hybrid, the club will become lighter in order to achieve this.

The correction factor for the hand position at an instance of
impact consists of two components. A first component is due
to the differences in the length of the club. The longer iron
clubs leaves the hands further forward as the club is assumed
to be an elongation of the left arm. It should be noted that for
the Woods and Driver the shaft is normally not played as an
elongation of the left arm. Normally these clubs are played
with the shaft perpendicular to the target line. The Hybrid
clubs can be assumed to straddle the middle ground between
the Woods and Irons.

A second component is due to the actual ball position at
setup. For the Driver the ball is typically positioned further
forward in the stance compared to the shorter clubs.
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As such,

Total Club Mass+Correction for hand
position=COnstant throughout the set of Golf
Clubs

Or

Total Club Mass=Constant throughout the set of Golf
Clubs-Correction for hand position

“Constant throughout the set of Golf clubs™ is normally
defined as the mass of the Driver as it is typically the lightest
club.

“Correction for hand position” is normally zero for the
longest iron club. No correction mass is thereby added to the
longest iron. While this normally holds true, it is not a firm
rule.

Centre of Gravity of the Various Body Members from the
Spine

The Centre of Gravity of the various body members from
the spine is calculated with the user in a stance when viewed
sideways at an instance of hitting the ball as shown in FIG. 2.

With reference to FIG. 3 which shows a top view of essen-
tial parts of the user’s upper body with the positions of the
respective centers of gravity at an instance of hitting the ball,

Lsw )

-1
=1 S —
A =tn (Z(LUA + L + Lip)

y=180°-90°- B

Using Law of Cosines;

¢ = a® + B* = 2abCosC

L 2
CGSya = \/ (%) +CG3, — Lsw x CGya x Cosy

CGSy =

L 2
\/(%) + (Lu + Lis + CGyY? = Lgw X (Lua + Les + CGy) x Cosy

The Moment of Inertia of the body members around their
centre of gravity is estimated as follows:

MOI L, ~(MyxL? )12
MOI~(MpxL? )12

MOL=MgxL?;)/12

The above is not exact, as the centre of gravity does not
coincide with the mid point of the member. This has however
negligible effect on the overall club mass calculations.

The Moment of Inertia of the body members around the
spine is calculated as follows:

MOIS 1, =MOI M ;xCGSy, 2
MOIS 5y =MOI 5+ M5 xCGSg.

MOISy=MOIAMxCGS?
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The total Moment of Inertia of the left arm around the
spine, as shown in FIG. 2, is thereby:

MOIS;, pooi=MOISy+MOISs+MOISy

This is the Moment of inertia of the left arm around the
spine at impact position.

With reference to FIG. 4 which shows a top view of essen-
tial parts of the user’s upper body with the positions of the
respective centers of gravity at an instance of a top portion of
the backswing, it can be seen in comparison with FIG. 3 that
the angle between shoulders and left arm is now reduced by
30° at the top portion of the backswing. This is an approxi-
mation and may vary from user to user.

Again Using Law of Cosines,

?=a’+b>-2ab Cos C
For Left Arm

L 2
CGSya = \/(%) +CGhy — Lsw X CGys x Cos(y — 30°)

CGSps =

L 2
\/(%) +(Lua + CGra)? — Lsw X (Lys + CGra)x Cos(y — 30%)

Lswy?
o J (57) + (Loa + Lea + CG)* = Low x (Lua + Lea + CGyp)

Cos(y —30°)

The Moment of Inertia of the body members around their
centre of gravity is estimated as follows:

MOIys = (Mya xL3,4)/12

Mpa X Ly
12

MOIy = (My x13)/12

MOl =

The above is not exact, as the centre of gravity does not
coincide with the mid point of the member. However, this has
negligible effect on the overall club mass calculations.

The Moment of Inertia of the body members around the
spine is calculated as follows:

MOIS 1, =MOI+M;xCGSy, 2
MOIS=MOI My xCGS?,

MOISy=MOILAMxCGS;?

The total Moment of Inertia of the left arm around the
spine, as shown in FIG. 4, is thereby:

MOIS 1, 1o =MOIS, MOIS5 +MOIS

Correction of Club Mass Due to Ball Position and Angle of
Impact

The ball is normally positioned in the middle of the stance
for the shortest club and inside the left foot for the Driver as
shown in FIG. 5.

Difference in ball position (Lsp) may be measured for the
actual user. Some users actually set up with the ball almost in
the middle of the stance even for the Driver.
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The distance from ball to left shoulder joint is needed for
these calculations. From FIG. 2 it can be seen that this dis-
tance equals

LV (L oxCosaP+(LoxSinat+La+Les )

a=LieAngle

Impact angle also needs to be considered. This is defined as
the angle between the ground and the forward side of the club
shaft at impact. This angle is 90 degrees when the club shaft
is perpendicular to the ground at impact. This will be the case
for the Driver and woods. For all the other clubs the angle will
always be less than 90 degrees.

For irons the shaft is considered to be an elongation of the
left arm at impact. Angle of impact, 8, for irons is thereby
calculated as follows:

_y Las
6§ =Tan 1 ==
Lgp

Where Lz, is the distance between the ball position for the
club in question and that of the Driver.

For each particular club the ball position, Lz, is calculated
as follows:

LgpxLp. LgpXLac
Lp,—Lsc  Lp,—Lsc

Lgp =

L ,~Length of Actual Club in question.

L,-~Length of the shortest club in the set.

L ,,=Length of the longest club in the set, the Driver.
L;=Distance from ball position for Driver to ball position
for Shortest Club.

The sector that the left arm is sweeping in the downswing
equals the angle between the left arm and the horizontal plus
the angle of attack. Let us denote the angle between the left
arm and the horizontal e. This angle is simply 90 degrees
minus y plus 30 degrees, when the ball is in the middle of the
stance. 30 degrees is a typical value of the angle in which the
left arm is raised relative to the shoulders. Alternatively the
angle between the left arm and the horizontal € can be mea-
sured for the individual user using video. Normally users will
have the same length of the back swing for all the clubs. In this
regard, one swing should fit all clubs.

Swing Sector for Irons

Swing Sector for Irons=d+e+p=0+90°-y+30°+¢

Where ¢ is the component of swing sector due to ball position.

Lgp— 1L,
Sing = BPLBS BD

Swing Sector for Woods

If we considered that the Driver shaft at impact is an elon-
gation of a line going through the spine and the centre of the
grip, the Angle of Impact would be:

Swing Sector for Woods=90°+30°+¢
Where ¢ is the component of swing sector due to ball position.
Sin ¢=(Lpp—Lpp)/Las

However this is an approximation of the correct swing
sector for the woods. Videos of the swings of professional
golfers indicate that even the Driver and the fairway woods
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have a forward lean at impact. The forward lean is estimated
to be halfway between that of the irons and a line perpendicu-
lar to the ground. Therefore the swing sector for the woods
should be the average value of that calculated for the irons and
of that calculated for the woods above.

Swing sector for Woods thereby becomes:

SwingSectorForWoods=(8+90-y+30+$)(90+30+¢)/2

The actual preferred impact angle may differ between vari-
ous forms of the golf swing.

Swing Sector for Hybrids

The swing sector for hybrids is best considered as that of
the average of Irons and Woods.

SwingSectorForHybrids=((8+90-y+30+¢)(90+30+¢)/
2+(0+90-y+30+¢))/2
Moment of Inertia of Left Arm

The average moment of Inertia of the left arm around the
spine as it move through the downswing is given as MOIS

Arm*

MOIS ,,,~(MOIS 7, AMOISy, .. )2

This gives the average value of the MOIS at the top of the
backswing and the MOIS at the point of impact. In reality the
MOIS changes throughout the downswing. It should be
appreciated that either advanced calculus or computer mod-
eling may be used to give exact calculations.

Moment of Inertia of the left Arm and Club as they swing
through the Swing sector around the Spine is denoted
MOIS

MOIS gezom=MOIS, 4, AMOIS 1

System*

MOIS -, ,=Mass of Clubx(Distance from Spine)

Distance from centre of gravity of Club to Spine is SGS;, as
calculated earlier for both the top of the backswing position
and the impact position. In both cases the club is assumed to
be held at 90 degrees to a line drawn from the spine and to the
grip of the club. In other words the mass of the club is in the
hands of the user. The club has not yet released. For this
calculation the average of the two distances (from centre of
gravity of Club to Spine) shall be used. Again, the accuracy of
these calculations may be improved by either computer mod-
eling or advanced calculus.

The time taken from top of the backswing to impact should
be the same for all the clubs. This is consistent with the “one
swing for all the clubs” concept. In this regard, the various
clubs should have different mass depending on the position of
the hands at impact. The Torque applied by the user should
also be the same for all the clubs in order to satisfy the “one
swing for all the clubs” concept. Torque is denoted by 7.
According to Newton’s second law:

T=MOISgys1em*0=C

Where o is the angular acceleration.
C is a constant that is the same for all the clubs in a matched
set.

Further:

©=4ar> OR a=20/7°
where O is the Swing Sector.
T=MOISg, ;,,, x20/1°=C

The time taken for completing the downswing, t, is constant
throughout the set of clubs. Thereby it is given that:

MOISg,,.,x®=C

Accordingly, as the swing sector is increased, the mass of
the club has to be reduced in order to complete the downswing
in the same time for all the clubs. One may calculate C for one
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club, then work backwards and calculate MOIS
the other clubs. From MOIS
club can be calculated.

Considering Conservation of Angular Momentum

In an ideal situation, the angular momentum of an isolated
system remains constant in both magnitude and direction.
The angular momentum is defined as the product of the
moment of inertia and the angular velocity. The angular
momentum is a vector quantity and the vector sum of the
angular momentum of the parts of an isolated system is con-
stant. Consequently, this constrains the types of rotational
motions that can occur in an isolated system. If one part of the
system is given an angular momentum in a given direction,
then some other part or parts of the system must simulta-
neously be given exactly the same angular momentum in the
opposite direction. In view of the aforementioned, through
the downswing of a golf swing, the angular momentum is
increasing as the body is applying a Torque to the system.
However, the release of the club should be considered to
occur in an instant at the end of the downswing. This means
that the Torque applied by the body in the short period it takes
for the club to be released should be ignored. Here the release
of'the club is defined as the period of time where the club goes
from being perpendicular to a line drawn through the spine
and the centre of the grip to the time of impact. This implies
that the total angular momentum before and after the release
is the same.

Angular Momentum is:

System t0T all

System the corrected mass of each

MOISgremX®

where o is the angular velocity and MOIS
to earlier calculations.

is according

system

MOS0 =MOIS 1, #MOIS 1,

BR denotes Before Release, and Al denotes At Impact.
Thereby:

MOIS 41, pr*0prEMOIS 1, prX OpR=MOIS 415 4%
O 4 +MOIS ¢1,5,4r% 04 +MOIG 1 pX O sy

However,
MOIS,,,..zz equals MOIS .- .+
W y,=club head speed/(club length-100 mm)
(club length—-100 mm) is the length of the club from the
centre of the grip down.
This is called effective length or L.
Club head speed is denoted V .
Thereby:

(MOIS 4y, +MOIS 1,15 )0 pR=(MOLS st
MOIS 1,4 ® 4+ MOIG 1,y Ver/L o

The unknowns are:
Wpr
W47
We solve the equation for V.,

Ver=((MOIS 4y, tMOIS c1oi1p2) 0 pr—(MOIS 4yt
MOIS 1,4 ® 4PXL o/ MOIG

Thus, in order to increase V -, one may:

Increase MOIS_,, 5z, in other words increasing the mass
of the club.

Increase wz,

Decreasing MOIS,,,, . This can only be done by mini-
mizing the MOIG.

Decreasing w ,;, this as the more energy that is converted
into club head speed, the lower the w ,, becomes.

Increase the effective club length L

Decrease MOIG,,,,
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It can correspondingly be concluded that to achieve maxi-
mum club head speed the MOIG shall be minimized. It can
also be concluded that the mass of club should be maximized
and that the speed of hands before release should be maxi-
mized. These two variables do however affect one another.
Typically, as the mass of the club is increased the hand speed
before impact is reduced. It is however the product of the two
that needs to be maximized. There will be an ideal club mass
for each and every user. If the mass of the club is too low, the
user generates good hand speed but the angular momentum
produced is low. If the mass of the golf club is too high the
hand speed will be low and thereby give a low angular
momentum. Some users have fast muscles, and will play well
with clubs of low mass. Some users have slow muscles and
will maximize the angular momentum created at a lower
speed using a golf club of high mass.

Considering Conservation of Energy

For rotation of objects, the net work is equal to the change
in rotational kinetic energy:

1
—Ia)‘-2

Woer = 5105 = 5

2

As the angular velocity at the top of the backswing is zero,
so is the initial kinetic energy. Kinetic rotational energy
thereby becomes:

1
Ex = zlwz

For a constant torque, the work can be expressed as
W=t%x0

The work exerted by the body on the golf club can be
described as the torque applied by the user through an angle
from top of the backswing to the point of impact. This is
thereby a constant that describes the energy supplied to the
golf club by a particular user. This constant is specific to the
individual user.

The golf swing consist of two rotational movements
imposed on each other, namely, a rotation of the club around
the left shoulder and the rotation of the club around the centre
of the grip position on the club.

For the rotation of the club around the left shoulder, the
kinetic energy is:

2
vy 1

_ 2

= Mot Vi

1 2
5 Mo Ly 2732

=~ 1o =
KH—zw =3

where L =L, ,+Lz,+L,;
For the rotation of the club around the centre of the grip
position on the club, the energy is:

1, _1 ey
Excup = zlw = EMOIGE

where L is the club length from the grip centre down, or
effective length of Club.

Based on the principle of conservation of energy the sum of
the above two must be equal to the work exerted by the user.
The work exerted by the user is a constant describing the
abilities of the user. Thereby:
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2

1 , 1 vey
=Mcwpvy + = MOIG——~ = Constant
2 2 2

During most of the downswing the E, is the dominant
part. However as the club is released the E,.,,, becomes the
dominant part as the velocity of the hands almost becomes
zero at impact. Making the assumptions that the speed of the
hands becomes zero exactly as the club releases, and that the
club only releases at the bottom of the swing, all the work
done on the club will go into the E,,, then at the very end all
this energy is transferred into Ex;,,,. As such:

2
Ver
2
Leg

1 , 1
zMCluva = EMOIG

In addition, assuming the downswing is arching 0 degrees
and that the downswing is carried out in t seconds. Then

Ox Ly

2
Ve =
" r

Itisnoted that 0, L., and t are all factors specific to the user.
Therefore v*,, can be substituted with a Constant specific to
the particular user called C,,z,-

Then

1 1 Vi
EMClub X Coolfer = EMOIGLTCE
Hence,
c._MoIGx Vviy
RV L

In view of the preceding equation, it should be noted that:

By decreasing the MOIG the club head speed is increased.
One should thereby seek to minimize the MOIG throughout
the set of golf clubs.

By increasing the mass of the club, the club head speed
correspondingly increases. There will however be a point
where a user would not be able swing the club efficiently.

By increasing the length of the club the club head speed
correspondingly increases.

Thus, it should be noted that the weight of the club should
be manageable and that shaft and club head mass should be
minimized in order to maximize club head speed.

Furthermore, it should be noted that V -, is proportional to
L,y Thatis V., */L ;> is a constant.

Correspondingly, we can define a new Constant BioMatch
Index or BMI as MOIG/M,,,,-

MOIG

Club

BM 1 = BioMatch— Index =

The BMI should thereby be constant throughout the set of
golf clubs (not including the putter). This will make all the
clubs behave in the same manner. It should be noted that the
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MOIG and M, values can be varied as long as BMI remains
constant. Furthermore, it should be appreciated that variables
such as, for example, ball position, hand position at impact,
air resistance and so forth are not taken into consideration. In
this regard, actual BMI for each club will differ as concluded
from the aforementioned calculations.

The information in the preceding paragraphs is useful
when the user needs to match an existing golf set and is not
able to modify the mass of the club heads in order to adjust the
MOIG. The set can thereby be matched by adjusting the total
mass of each club by adjusting the grip end weight once the
BMI has been determined.

Once the correct MOIG and Mass of each club are deter-
mined as in the earlier calculations taking air resistance and
hand position at impact into account, the optimal BMI can be
calculated for each club. This is very useful if say the Driver
have to be made shorter than what is preferred in order to
achieve the correct MOIG. One may then make the Driver in
whatever length is preferred and then adjust the mass of the
club by adjusting the back weight in order to achieve the
correct BMI. As the length will affect the MOIG this has to be
re-measured or recalculated.

The Fitting Procedure

The information provided in the preceding paragraphs pro-
vide substantive basis for a method 20 for matching golfclubs
to a specific user. The method 20 provides further details in
relation to processes carried out for the method 20.

The method 20 for matching golf clubs to a specific user
includes providing both a height and a weight of the specific
user (22). Data pertaining to the height and weight of the
specific user should be provided as the data is required to
determine physical parameters of the specific user (24) such
as:

length, mass, position of centre of gravity of each upper
arm;

length, mass, position of centre of gravity of each forearm;

length, mass, position of centre of gravity of each hand; and

distance of shoulder width.

It should be appreciated that this has been detailed in pre-
ceding portions of the description.

The method 20 also includes providing data for each golf
club (26), where the data for each golf club includes:

type of each golf club (iron, wood, or hybrid);

mass of each golf club;

length of each golf club;

measured moment of inertia about a grip centre value of
each golf club;

lie angle of each golf club;

club head drag coefficient of each golf club;

club head width of each golf club; and

club head height of each golf club.

Subsequently, the method 20 also includes obtaining opti-
mal club mass for a Driver (28). The optimal club mass of the
Driver is obtained using a process including measuring Driver
head speed when swinging the Driver with different weights
added to a grip end of the Driver, where the optimal club mass
of the Driver is when the Driver head speed is at a highest
value. It should be appreciated that ascertaining the optimal
club mass of the Driver may be done visually with the use of
graphs with axes of head speed vs mass of Driver. The use of
graphs may be preferable as interpolation within intermediate
points may be carried out using the graphs.

The method 20 includes obtaining optimal values of both a
MOIG and a mass for each golf club (30). Reference is made
to the preceding paragraphs of the description in relation to
how optimal values of both the MOIG and the mass for each
golf club are obtained. It should be appreciated that the pre-
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ceding paragraphs provide repeatable factual basis in relation
to the provision of the optimal values of both the MOIG and
the mass for each golf club.

There is also a step in the method 20 of modifying each golf
club to enable each golf club to attain the aforementioned
optimal values (32). The modification of each golf club
includes at least one technique such as, for example, adjust-
ment of club head weights, adjustment of club lengths, and
adjustment of club weights, and so forth. The adjustment of
club weights is carried out using a plurality of cylindrical
sleeves of varying masses, with a centre of gravity of each
cylindrical sleeve being at the grip centre of each golf club.

With the application of the method 20, it is advantageous
that each of the golf clubs matched to the specific user are
effectively employed with an application of identical swings
from the specific user. It should be appreciated that the effec-
tive employment of each of the golf clubs relates to both
distance and accuracy of a ball struck by each of the golf
clubs. When the user utilizes golf clubs which have been
subject to the method 20, the user is able to swing each club
without trying to manipulate the club with the wrists in order
to make up for incorrect club matching. This is advantageous
in relation to accuracy. This also has the effect that the club
swings faster as there is less resistance in the wrists. This
occurs when the user trusts each club and thereby loosens up
the wrists.

Referring to FIG. 10, there is also provided a system 50 for
performing the method 20. The system 50 may be set up with
aplurality of modules to carry out processes of the method 20,
the modules being located at either a single location or a
plurality of locations. It should be appreciated that the plu-
rality of locations may be in different states/countries. The
plurality of modules include a data generator of both physical
parameters of the specific user and optimal values for golf
clubs (52), a swing analyzer to obtain an optimal club mass
for a Driver (54); and a golf club modifier to modify each golf
club (56). The optimal values are for both a MOIG and a mass
for each golf club.

The data generator (52) module employs the techniques as
described in detail in the preceding paragraphs. The data
generator (52) module should include a data processor to
process data input into the data generator (52) module. The
requisite data required by the data generator (52) module may
be provided in a form as illustrated in FIG. 8, while the output
from the data generator (52) module may be in a form as
illustrated in FIG. 9. The form as illustrated in FIG. 9 may be
used by the golf club modifier (56) module to modify golf
clubs for the specific user in an appropriate manner. It should
be appreciated that the golf club modifier (56) module may be
in a form of an automated process with little or no human
intervention.

The swing analyzer (54) module may employ any known
swing analyzing processes, which typically would include
use of a video camera to capture images of the user executing
a golf swing. It should be appreciated that the swing analyzer
(54) module may also be in a form of an automated process
with little or no human intervention.

Whilst there has been described in the foregoing descrip-
tion preferred embodiments of the present invention, it will be
understood by those skilled in the technology concerned that
many variations or modifications in details of design or con-
struction may be made without departing from the present
invention.

Although this invention has been described with reference
to an illustrative embodiment, this description is not intended
to limit the scope of the invention. Various modifications and
combinations of the illustrative embodiments as well as other



US 9,022,878 B2

15

embodiments of the invention will be apparent to persons
skilled in the art upon reference to the description. It is there-
fore intended that the appended claims accomplish any such
modifications or embodiments.

I claim:
1. A method for matching golf club to a specific user, the
method including:

providing a plurality of golf clubs;

receiving both a height and a weight of the specific user;

retrieving probable physical parameters of the specific user
from only both the height and the weight;

receiving the mass and moment of inertia about the grip
centre for each golf club;

calculating optimal club mass for a golf club from only said
physical parameters, wherein the optimal mass is one
which yields a constant impact position at a constant
torque applied by the specific user;

calculating optimal values of both a moment of inertia
about a grip centre and a mass for each golf club from
only said physical parameters, wherein the optimal val-
ues are those which yield a constant impact position at a
constant torque applied by the specific user; and

changing the golf clubs’ weight or golf clubs’ length
according to the optimal values in order to enable each
golf club to attain the optimal values.

2. The method of claim 1, wherein the data for each golf

club includes:

atype of each golf club, the type selected from iron, wood,
and hybrids;

a mass of each golf club;

a length of each golf club;

a measured moment of inertia about a grip centre value of
each golf club;

a lie angle of each golf club;

a club head drag coefficient of each golf club; and
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aclub head width of each golf club; and club head height of
each golf club.

3. The method of claim 1, wherein the physical parameters

of' the specific user include:

length, mass, position of centre of gravity of each upper
arm; length, mass, position of centre of gravity of each
forearm; length, mass, position of centre of gravity of
each hand; and distance of shoulder width.

4. The method of claim 1, wherein the modification of each
golfclub includes at least one technique selected from a group
comprising:

adjustment of club head weights by grinding, drilling, or
substituting lighter weights,

adjustment of club lengths by removing shaft segments,

and adjustment of club weights by substituting a lighter or
heavier grip or adding a weight to the grip end of the
club.

5. The method of claim 1 further comprising a plurality of

modules, the plurality of modules include:

a data generator comprising a processor, memory, and
input;

the data generator configured for receipt of height and
weight of a specific user and retrieving of probable
physical parameters of the specific user and calculation
of optimal values for a golf club;

a swing analyzer, comprising a processor, memory, an
input, a weight sensor, and a speed detector further com-
prising a speed sensor or radar,

the swing analyzer configured for receipt of the weight and
moment of inertia information of the golf club and
receipt of speed sensor input in order to calculate torque
and to obtain an optimal club mass for a golf club.

6. The method of claim 5, wherein the optimal values are

for both a moment of inertia about a grip centre and a mass for
each golf club.



