WD 2012/ 0238571PCT/ NO2011/ 000219 A METHOD AND SYSTEM FOR MATCHI NG GCOLF
CLUBS TO A SPECI FI C USER FI ELD OF I NVENTION 5 The present invention rel ates
to the fiwbdopfo2s¢3erti ng equi pnent, spdcifically, a netheg NgddiGaeiem for
mat ching golf clubs to a specific user with the golf clubs correspondi ngly
bei ng matched with each other. 10 BACKGROUND Currently, _Igolf clubs are
typically AiMEEU%W%%ﬁM&QBMHQ&H&QG@O%ﬁ&L@%Sa QA SREGFIC he

pl ayer and‘rﬁ g"stance fromthe user's wists to the floor. These paraneters
are corres E ngly used to determ ne both the lie angle and the 15 | ength
of clubs. In addition, choice of club head is based on the user's
capabilities and preferences, shaft flex is determned by the user's

typi cal c! FIELE: |§B@8Tmle size of grip is determ ned by the size of the
user'schands. Traditionally golf clubs in a set of golf clubs are natched
by a non-scientific 20 neasurenent called "Sw ngwei ght". "Sw ngweight" is
commonl y pEhie presedt invebtion relatgsta thecfiele af wportivly dquipmieat, nepesifically,he cl ub

feel's duri i ng_of | club. Cptaini " Syl ngwei ght " of the gol f
cl i | vl DELOREAR SyRIpraTor s ng g CRoS:I0R $AGHs OREF BN We Pl vnen
the club i : et long the shaft of th

e clu 'au%abé‘r?ﬁgfbgﬁnq@%%ﬁﬁghgyﬁé&ﬂnﬁbé&ﬁ"&?rﬁra ong the shart o e

gol f cl ub. W Nng clubis usually expressed as "C10" or
"DI" or sonme other conbination of |letter and nunber which is not related to

any physi of the club. In truth, the "Sw ngweight" of a golf
cl ub géescﬁép?{cgﬁéwaay descri be how the club will behave during a sw ng.
For instance, it does not make sense that the "Sw ngweight" of a golf club

is reduced by adding a mass to the gripping end 30 of the club.
Unf or t unatEurgentiye igol edubsoare tgpicalwéittgd to amises hasad mrsparameatersisuphl s cl ubs

This i's nat e FrHEPaFE ends AERReE R g LbS, TSI Mot ThS s  or
di fferent pashmgtersdreatfespohliinglyubséd td beteiriine bd the lie angle and the
2012/ 0238572PCT/ NO20Q11/ 000219 It i s evident that consistent |t¥1em8t ering

di f f erlént lengthgef chibse Janag@itionc (chpicen of 1duly dieads isy bgisefli el theeHsRS our f or
any user. Lf g : j ) enl ycate the
roehan: cs GPAPTteq aip teierofiche, shalft ks URRimlifed BPIhG LBt s KPR A €, "7
advant agedead $pecdewkilersize of igeiptis determimed: by the size af th@lubeBs bhndls. t o a user
whereby the user is able to rely upon only one type of swng to effectively
use all the golf clubs in the set. In view of bibliographical purposes, in

Fi gure 7, thgitibhamy 9_8# By P aQfet Brapoif Yubs e IMStchBASy 8ibriécibRftic segment
is given by the publication
20 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
25 clubis usually expressed as "C10" or "D1" or some other combination 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 a swing. For instance, it does not make sense that the
“Swingweight” of a golf club is reduced by adding a mass to the gripping end
30 of the club. Unfortunately, reliance on “Swingweight’” 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.



10 ' VEEI GHT, VOLUVE AND CENTER OF MASS OF SEGQVENTS OF THE HUMAN BODY" by
Charles E. O auser (Aerospace Medical Research Laboratory), John T

MeConvi | I\gobhbldaeesh Col | ege) and J. W 2Young (Civil Aer pgpficelydopsbi t ut e)
Publ i shed August 1969. The above tabul ated figures may be further enhanced

by correcting for the persons BM (Body Mass 15 Index). It may also be
enhanced HY isigvidgnt thatirensistertiyemastering difererns swings fa eachmgelf club in
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specific lm‘tacnvé’llymsmlhm goﬁ:d:lutism theosetdl ng both a height and a wei ght of

the specific user; determ ning physical parameters of the specific user
fromboth the hei ght and the weight; providing data for each golf club;

obtai ni ng APYibERbf @l&%gﬁ%@ﬁg&ﬁbaﬁ)&éhv% Figlrea 7RG 19BLS M (Res o both

a nonent of i1nertia 30 I'p centreand & mass tor each golf cl ub;
and nodi fﬂragnt;eatrdm oiblef uppeib end ehdivdy segrenblis giverb byo the tmiblicatien opt i mal
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effective enploynent of each of the golf cl ubs may relate to both di stance

and accur déposatogy)oalohnsTr Mekcopyilleathntisicht Gellgae) antubsW.Tieuoet (Givl cl ub

Teasur | ng Uil TRt AR Mgl YAt Eb M eRBHIES e et g s
added to angyibe ¢mthéf ehhend¥d \b§r combdting her e Ip@ﬁéomd BMIWEB@d;OﬂVIééBB Driver

is when the Driver head sEeed i s at a hi ghest val ue, ref erabl e t hat

the ddfa fiBderach maay Rlsq ke enhancad P wegdprteaerﬁmgm tf@tda BexrAlk of
h | I f bout
gagrl gocen #gl}}yg C&@gg%r%ﬁa% Qﬁth@%ﬂjghé‘ki)en aﬁgltyg f eac fef bwci)éoac?ugu

head dr ag byotfef TC_dpemdeei‘gnelabh Bropioriidnaity Gombtdma(ﬂwwvdbhemab@clted]m f club;
and club f]._eua err]‘:f‘(l) %‘é ta%fle ﬁas%%uﬁfgé n%*e%bfhat the floor to hip joint length is 53.0%
of overall body height. The length of the core from hip joint to shoulder

20 intersection at core is 28.8% of overall body height. The distance between hip
joints are 19.1% of the overall body height.

SUMMARY

25 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

30 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 effectively
employed with an application of identical swings from the specific user. The



15Preferably, the physical paraneters of the specific user include |ength,
mass, position of centre of gravity of each upper arm |ength, nass,

posi ti on WH 2w0NhEe70f gravity of each Borearm |ength, pegNOBOSGIohI9N Of
centre of gravity of each hand; and di stance of shoulder width. 20It is

preferable that the nodification of each golf club includes at |east one
t echni que affective egplaymapt of eagl) olstheeaall QJubg may netata todogneistanag ard nent  of

club | engt{@”&ﬁ‘?}j@? Hgﬁ]gtrf}%}( g{’];égﬁ%if%&ﬁe%b?o forth. The adjustnent of

cl ub wei gh carrie sing a“plfdrality of cylindrical sleeves of
varying masses, with a centre of gravity of each cylindrical sleeve being
at the grip 25centre of each golf club. Wiile the aforenentioned nethod

i nvol ves al MS©OPYMa ¢k mass K, thenPevaranade Peelerally Rescbipigedusird iy a
spr eadghe%rog%ssl"‘rih(ﬁ‘th%ghg@g}rﬁe@?ri\fe‘?‘m% %ngaqﬁvlgée'ﬁét%i@gigpr@!@ BRiveFhone to

a conputer. n a secon there 1s prov emfor

per f or m ngitth differenteweightaddednts laogrip ehd of e Orivee] withthé aptinvil tdiula
plurality of modul es to.carr ut_processes of, th tho%, ere the
Fodul s eBb0t DeIdRiETiS Ao Be AN foRd Shsesk ghadonegvallg | ¢y o

| ocations. WD 2012/0238574PCT/ NO2011/ 000219 The plurality of nodul es may
preferably include a data generator of both physical paranmeters of the

speci fi ¢ Utisrpreferablet thatitheydatacior each golficlal insdydes typeraf eachl gadkelubp obt ai n
imal_cl ub f iver: f club 5modifier, to. modif h

o1 77 ab .m0 gy e Bror AP BB e B e AP BHRL °°

inertia ab@duta ghp RepbrBtVAuS cachBgsit ERib; fﬁécdh%el?b‘f edchbgolf club?fclupst

golfers the clubs will be made as |ight as possible while still satisfying

t he af or etig@d dragcaefficient. ofrach gall elibaglebaad widthywé eapl aefaluand
conpl ete L Rl session w thout too nuch strain.
DESCRI PTI W%&H&&PF#%%EF lat the present invention may be fully
understood and readily put into 15 practical effect, there shall now be
descri bed by, way of non-limtative ex | e on| referred enmbodi nents of
the pridserfirefaiabliy fhshphysiealaramelers sl theisneciiiciser dnevds denate, mess,
acconpanyidiaitin LV, FANR/N h 1 0 p S ra
met hod of d?%'eﬂdgr gitg%tmr}gn@feﬂt | OR-SﬁeaE Apger aﬁﬁl’ g, Phiziss; ?)oEItiBW of
centre of gravity of each forearm; length, mass, position of centre of gravity of

each hand; and distance of shoulder width.

20 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 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

25 centre of each golf club.

While the aforementioned method involves a lot of calculations, this may be
easily overcome by using a spreadsheet or an application that can be run on
anything from an iPhone to a computer.
30

In a second aspect, there is provided a system for performing 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.



20Fi gure 2 shows a side view of a user in a position to strike a golf ball.
Figure 3 shows a top view of essential parts of the user's upper body in

t he posi tywanoplo2kisgure 2. Figure 4 shods a top view of egssNGoaloopAnt S Of
the user's upper body in a position at a top of a backswi ng. 25Figure 5
shows a front view of the user in the position of Figure 2. Figure 6 shows
a tabl e of abbreviations used in the description and the Figures. Figure 7
shows a t f ok r rm t he ' r rs of
he user . ¥ el el Modies ey drrnehe; Mol 3°aRlY Begtadr bf B o
met hod of phygioad phramietars ef %he lepsgific tsdy and bptimiah vakiesdfod Wolfudlubs;ocan
carrying out, the thod of Figure 1. Figure 10 shows a schematic view for a
syst em of stvﬂggpﬁ’??g&ﬁr toRRIAN gﬁ.omlﬂ@cﬁ@bﬁm tgr pidrivemRend @vgoth aeNTs The

presents i i b hdyi ' iThat BEt ' g ' n

1 st Pat 1 gOReb o thodihe SpERRN BRR. Thel SRl LaeE P ot BB are 0o bet ter
5 under st dmthragmomerttef preztia abouha gripicemireFantia meargsaflor eaols gptfciuy.e

descri bed in subsequent paragraphs to provide the skilled artisan with the
information to understand the present invention in a manner which enabl es

the presertor Rt géifers Othae cRis Wil IHeAThAde® asRAGRT gﬁ%cﬁo@b@%ilbosﬁhgur e 6

to provide a gﬁl#de to abbreviations used in the“subsequent paragraphs of
t he descr igsitisbing ite Régrementigned rreihode Thigradvantagaishs akios the user

abbr evi.at i TBM | t al. s_in.K ile TBH is Total Body Hei ght
in rrm\ﬁIOSo§§%§m%aga%§?%\%?§{'?rgﬁg¥rag% ??\S?Wgw\gggﬂﬁo&m{fﬁﬁﬁrﬁln'be descri bed
at the point which they are utilised. 15The present invention takes into

account physical ;I)_ro erties of %%f clubs. In order for a blindfol ded user

not to be BBEPERIBTIONQEF DRAWINGS:t ween the clubs within a set of golf

cl ubs while swi nging each of the clubs, all the clubs would have to have
the sanme mass, centre of gravity and the sane nonent of inertia taken
around t hdnpoder that thehprelsehhiavpeticromaysbdhlligiunglerdtood lant. rea8iDppeintt ng on
hand si_ze, this point of rotation is typically |ocated about 100 mm down
Che shar t AreirakReRt 1ikrgeTian novg be testibSd bydvawsLhen- iuatve MBS t he
cl ub when gk prbtabreigSefBodiniéits! of W bR iR | REFbfor kg S
"feel" of tdr}g pqc%ubemhgn thle cl ubeits'@r gf\easfteedla oullt%f ﬁ@eg‘{ﬁ%y'tg"??'g.bfe@ such,

r ef er encewitmredeiteneqde the pocarmpanying iltustraties drawingen wi Il refer to the nass
and the nonent 25of inertia about the golf grip (MOG. A golf swing can be
described as two conbi ned novenents inter-related with each other. A first

movenent iFy@eVEShoWY aprateds fléWdoLh whethb@BF tHtepie@BnPinvention.

20  Figure 2 shows a side view of a user in a position to strike a golf ball.

Figure 3 shows a top view of essential parts of the user's upper body in the
position of Figure 2.

Figure 4 shows a top view of essential parts of the user's upper body in a
position at a top of a backswing.

25  Figure 5 shows a front view of the user in the position of Figure 2.

Figure 6 shows a table of abbreviations used in the description and the
Figures.

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

30 Figure 8 shows a table of data being input to carry out the method of Figure 1.
Figure 9 shows a table of data being output from carrying out the method of
Figure 1.

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



t he backswing and to inpact. The first novenent is controlled by a user's
30 arns, which noves in a circular notion about the | eft shoul der. Since

t he shoul\§@enoiMmhadses around a core of the user's upper begno2ohi®o219
correspondi ngly causes the grip of the club (approximtely at 100 mm down

the shaft) to nove in an elligtical attern. Subsequently, the mass of the
cl ub af f ecPESRSIPTHANOEPREFERRED ORMMENTS. A second novenent rel ates

to a circular notion the club nakes relative to the user's hands. The cl ub
typically turns around a point approximately 100 mm down the shaft fromthe

end edge Ofhex pgeddntginventidaviVBeGdektetsds ihanet fotlowingd pakidraphs inhar it
shoul d be appreciated that hoth mass and MO G affects the club during the

gol f swi ndllysirative mannerwydichs willr aide & Skilgdeartisang ifbrakiginingn én betlec i s

q : ; v : _ b
becoms ek RpAdRig of 72 2ie8BReInk bR Hlmenaf coftep? are BR3EAI0EA PP
not abl e f dn subséegquenttgaragraphsabyiyovidedhe skillbdastisdre withabs .infbfnationlits cussed

earlier, the G,affects how the club rotates afound the centre of the
ori p whi | &NAeIStARG ey PieRent | nKeTionedn @ Mannes Whishaenakles dhe: REsRBhds. |t

shoul d be japHtRMN P& SR ' @:pqg[ i i ser's
upper Iint;s ha\%]l ﬁ)ggeédggtgs'ig@gr'g% tgﬁgﬂ%}%ﬁhﬁ%% p or%eftﬁ?g;sroolpst e club.
This wi || guidento abbreviationsi usads i theesliisequibt patageaplesof fer dgsarjphion. 15 MO G
For all t lubs. tq.rotate around the centre of the grip.in .an {dentical
mannert%t h 7\%@%{%% l%lgef%é(vlygwopgqln%'qd%mangga %@@?"%hf c'énJ_g‘?tG_ ring
ai r 20 ressdyamMdasd tinilkg fWHINS! TBAL ist Tet#ll BBAy NMeighbaKemmRIdonYérdthkt ons in
MJ G This in order for the club heads to be delivered to the inpact point
at the sar@bbigyiations Hsed ircthetdescripiioniwill bgrdessiibed atrthe meidtwhieh they Dri ver
due to th%&gﬁﬁgedmder n Driver heads. Individual Correctionforair += MJG
Const ant esistance O | ndividual

15 The present invention takes into account physical properties 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.

20 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

25 of inertia about the golf grip (MOIG).

A golf swing can be described as two combined movements 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
30 arms, which moves in a circular motion about the left shoulder. 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



= MO G Constant _ Correctionforair MJ Gresistance 25 "MJ G Constant™ is the
MO G of the club with the | owest MJ G wit hout considering the air

resi st anowo 20tm28dsub with the |owest MI G in a traditiomar/nebiwfonel f
clubs is normally the shortest club. The MJ G can be obtained by W

2012/ 0238577P 011/ 000219 enent | n sui.tabl e MJ neasuring
devi ce or %F %ﬁ%eéaqe !"ﬁtt@cfﬂgi%lélrﬁé%’}qﬁg% hers picgllydurng aUG A s
t t |

mensured. JOappioAMARHY 160 fi u{‘ﬁ%'?‘”aé’ﬁ*‘%‘;’?m‘e P ceRRGAPERA IR, |
not presenthaMOKD afieatss hoW theasiubi regatebe Thusitit bhawldsipe eppreciatedi thabl e |h t

b timated by f I | ong .the user hits a 7 lron, Once the
chub head teBaRess dnd A ABBLE B8 Btiba dre, BGl sk bV afe L5ET LbuieTa: ¢ e
tinme ofs i rﬂ?ﬁ?ésnﬁéﬁcé"i’s RVeRer®MOIG ?socorreéteéi%"i'ﬂﬁé Qir ﬁéﬁstéﬂdébln'ft?ad

speed at inpact r | engt h neasured fromthe centre o rip, G
Angul ar Aoﬁﬂ@péﬂhttherl\/loéﬁ ofsJon@erndubs drecNaw marglnaumwarstmﬂcmapefzm wher e,

co = Angul GheY 8LBS! THis3 esBB@i%hy fi8%ae t&Y &iLBL watrr]\glglrgac-zr clib hoe%l'dts such as

the woods.

10  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 users
upper limbs have to be considered together with the properties of the club.
This will be more clearly illustrated in the subsequent paragraphs.

15
MOIG

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
20 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.

Individual Correction for air
+ = MOIG Constant
MOIG resistance
Or
Individual Correction for air
= MOIG Constant -
MOIG resistance

25
“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



a = Angul ar acceleration 200= Angle in which the club rotate around the
centre of the grip fromthe top 7c/ of the backswi ng to point of inpact.
Thi s anglwoie180Q3gbegrees, or /2. As thd initial velocitypcamdgop/mb2bhe
backswing is zero, angular acceleration fromtop of the backswi ng to inpact
Is calculated as follows: I r resistance, dra s a force

acting i n PRESUEHRLUSING (a\fe%{iﬁaaé:;]ng({(gl?wgaépﬂ%g exigerRp it cancLe galedlaled jra =
g 2 30 whegeihelsim &f ¥k Wﬁc%fiézligﬁ%\tcluw%&ﬂbgﬁgﬁémﬂé 55&9@354 ?%% P =

air density, approximately = cross sectional area from t view,

can easily be cal culated The drag coefficient of each club head nust be
estimated gr _establjshed by 5 testing. A sinple estinmation based on the
f ol | owi ng '@??"HZH'BI gluﬁﬁﬁegtg %‘?ﬁqqedsl‘ éH??SWﬁg gfe{ge ctff HEINGn A F@’%Oog Qor a
spher e sandngasureddeRgih. f Brthé 'Used i Abt pReses andfo MdarEeormaakEAngshd ol | ows:
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 velocity, w, at the time of impact can be calculated as:
1%

w=—
.

10  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:
15 @=0;+200
where,
o = Angular velocity at impact
@, = Initial angular velocity
a = Angular acceleration
20 © = 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 %

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)z
5 %20

Air resistance, drag, is a force acting in the opposite direction of the club head

movement.
1 2
fdrag = 5 CpAV

30 where,
C = drag coefficient



Drag coefficient for Irons 0.90 10 Drag coefficient for Hybrids = 0.75
Drag coefficient for Wods 0.63 Drag coefficient for Driver = 0.60

The aboveygngigpseral estimtes. BetteB estimates may becemicrN@Mony
15testing of the actual club heads being fitted. The Maxi num Tor que around
the grip centre created by the drag, opposing the novenent of the club, is
as fol | ows? = aigdggsitbrarpréxigaiely X lever 20 Were, lever is the distance
fromthe cgnt : clu : age Torque
created byﬁéi @8%%@%@4??%%8 eﬁ%@{\flgrr‘;é't Q%ﬁ? gg'yeb%-épﬁ u@a}f&@ he Maxi mum
Torque. Using advanced cal cul us or conputer nodelling, nore 25 exact

results c be achi eved. Thereby: rdrag = 2 By applying Newton's second | aw
to circul gﬂ%ﬂﬁ%ﬁ%%’&p&“ qrf/@aé %{Bb.q'lﬂa%e@é‘éh bgr toeh t estaklished byii vi dual
club can t{per: ' , g :

VDI &1 na vi oo AN B e Elpgq 8 RO RalcG pfiRCRE MEYRLPHEERE | o

t he resul tEheflraghesefficiehtid 615 fona sphereraiebean eedcho? fohireguldr shegebsspeed.

There is t8ﬁé%’¥y8é’né‘r%ﬁé’e58f&%ﬁsﬁ the club head speed

Drag coefficient for Irons = 0.90
10  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
15 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:

1drag max = fdrag max X lever

20
Where, lever is the distance from the centre of grip to centre of club head.

The average Torque created by air resistance can be estimated to be half of
the Maximum Torque. Using advanced calculus or computer modelling, more

25 exact results can be achieved. Thereby:

_ Tdrag max

Tdrag - 2

By applying Newton’s second law to circular motion:

7
MoOIG ===

correction o

30
The MOIG of each individual club can thereby be determined as:



5as it cancels itself out in the calculations. This as the v2 part of the
rdrag is proportional to the 0)2 in the a of the above equation for MJ G

correcti ogo-20f2ansgspondi ngly, there is9no need to adj ustpcengds11dmoiibe user
progresses to higher club head speeds. 10 Mass of O ubs For the user's

hands to cone to the sane position at inpact for all the clubs, all the
cl ubs sholV®BGaveius iFMEGeorems s MPISImeveroni t is desirable for the user's
hands to be a bit nore forward at inpact for the longer iron clubs and 15
Hybrids conpared to the shorter iron clubs. In this regard, there's a need

t o i ncl uddt wasdioveser dourid thdthiee hesultspsishese caldubitionerire dedephdame ofrass  of
each club. Desired hand position at inppact ma(i/ vary from pl ayer to player,
t her ef or e thRECIWR Bpadhspeetodherans therahy ogerad tonntes the efuby head speedach

club by indicating, whether the clu houl d .consj der,ed an_lro Hybrid or
Or i ver S 20Fbf S B g Ao aiser Bl 89 108 1ot B8 o 1 o
the club w | wWght er . i rgde W=\ L e MoXG ection
factor for rt) hgﬁﬁ@%ﬁq [(3oisl'?"{]iaznma'{P h(f':';)m(gi élfs:l@%ggg%\% f\er#')‘}aa?:@ nc?ﬂar.l}si sts Of two
conponent Corfedporalinglpnmhene s nosnebek td adjuse cilidst &s ¢he eser prédressengs h of 25
the club. The Icintg%r I.ron clubs | eaves the hands further forward as the
club i s adughn@rclul headspeedsngation of the left arm It shoul d be noted
that for the Whods and Driver the shaft is normally not played as an

el ongation of the left arm Normally these clubs are played with the shaft
per perd@i cuMass obCtulos t arget |ine. The Hybrid clubs can be assuned to
straddl e the m ddl e ground 30 between the Wods and Irons. A second
conponent is due to the actual ball position at setup. For the Driver the

bal I is tymiranklusePaHdnaangtone td'eie 5ameapdsifich AhPnsddnseal erpaipd to the
shorter clubs. 5 As such, Total O ubCorrection for hand-throughout the
Massposi t iddn#w chfoscahould| have tre pama n@ssh-Howevgshibus desirablecior e i on for
hand user's hands to be a bit more forward at impact for the longer iron clubs and
15 Hybrids compared 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.
20 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
25 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
30 between the Woods and Irons.



Massset of Golf clubsposition "Constant throughout the set of Golf clubs”
Is normally defined as the nass of the Driver as it is typically the

| i ght est wbub12/0b8$s5Cor recti on for hand Pdsition" is nornmecirywozerioobnw t he

| ongest iron club. No correction mass is thereby added to the | ongest iron.
VWhile this normally holds tr it is not afirmrule. Centre of Gavity of

The Vari ouR SB69)d GRIMRONENt %thspaqteallt@lhms'@hametyp Goghe Priver t he
i | t
nhen U endHe LETRC picalip Bdsftoried ffinef (Gl @1AE staick EOMALE] 1o e o ance

2. 20 Wt hshoafezrctuisse to Figure 3 which shows a top view of essentlal parts
of the user's upper body with the positions of the respective centres of
gravity at an instance of hitting the ball, 6= tan' (\ Lsw 2(LUA + LFA
LH) 25 7E§§Qc190 fi WD 2012/ 02385711PCT/ NCR011/ 000219 Usi ng Law of

Cosi nes; = aZ +b2 -2abCosC i 2

Total Club Correction for hand Constant throughout the
Mass position " set of Golf clubs

Or
Total Club Constant throughout the + Correction for hand
Mass ~ set of Golf clubs position

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

10  “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

15
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 Figure 2.

20  With reference to Figure 3 which shows a top view of essential parts of the
user's upper body with the positions of the respective centres of gravity at an
instance of hitting the ball,

L
ﬂ= tan—][ SW J
2(Ly, + Ly +Ly)

25
y=180°-90°- f



CGSUA = CA 2JA - Lsw X CGuA X Cosy 2 5 2 Lcw'2 CGSFA = AIH) LuA + CG FA)
- Lsw X (LUA+ CGFA)X COSy 2 2 L\ 2 CGSH = Al( .141 ) (LuA LFA + CGH)
-L X (LuAvolbra/or3dse H) X Cosy 2 The Monkht of Inertia of pthevdeotyooomsber s

ar ound thei r centre of gravity is estimated as foll ows: M uA X L2uA
MO UuA = MFA x L2ZFA MO FA = 12 MHX L2H MO u =12 20
The above U%‘”H&@%QB@PS'n% the centre of gravity does not coincide with the
m d point of the nmenmber. This has however negligible effect on the overall
cl ub mass cal cul ati ons. The Monent of Inertia of the body nenbers
around t hecspphept s2ghtss ated as 25follows: MJOS uA = MO uA + M UA X

CGSI A

L 2
CGS,, =\/( ;W) +CG}, — Ly, X CG,, X Cosy
5

L 2
CGS,, = \/(%) + (L, +CG,, )2 —Lgy, X (Ly, + CGy, )x Cosy

L 2
CGS,, =\/( ;W) +(Lys + Ly, +CGH)2 = Lgy X (Lyy + Ly, +CG, )% Cosy

10
The Moment of Inertia of the body members around their centre of gravity is
estimated as follows:

2
MUA X LUA

Mor,, =
UA 12
15

2
MFA X LFA

MOI,, ==

M, xL,

MOl =~

20 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 caiculated as
25 follows:

MOIS,, = MOI,, + M,, x CGS,,



WD 2012/ 02385712PCT/ NO2011/ 000219 MOS FA = MO FA + MFA X CGCS F2A MJ S y
= M) y+tMy X CGS H2 5 The total Mnent of Inertia of the Ieft arm around
the spi newoasizshgssn in figure 2, is thBeby: nmois |. paetTaddli®owas+ M S
FA + MOSy 10 This is the Mnent of inertia of the left armaround the

spi ne at Q)act position. Wth reference to Figure 4 which shows a top view
of essenti MOBart ¥ Y tdérnus€FSs upper body with the positions of the
respective centres of gravity at an 15 instance of a top portion of the
backswing, it can be seen in conmparison with Figure 3 that the angle

bet ween shpmgrslg=spang H @f tx @csj i s now reduced by 300 at the top portion of
the backswing. This Is an approxi mation and may vary fromuser to user. 20
Agal n Usi ng Law of Cosi nes, az2 +b2 2abCosC For Left Arm 25 2 L CGSuA

cau2a - Cﬁé"/@i E%%%to% P(erﬁg)ofzth'e leff arh aufFIne sping, X sndwd i) - LSW

X (LuA™+
figure 2, is thereby:

MOIS,, ... = MOIS,,, + MOIS , + MOIS ,,

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

With reference to Figure 4 which shows a top view of essential parts of the
user’s upper body with the positions of the respective centres of gravity at an
15 instance of a top portion of the backswing, it can be seen in comparison with
Figure 3 that the angle between shoulders and left arm is now reduced by 30°
at the top portion of the backswing. This is an approximation and may vary

from user to user.
20 Again Using Law of Cosines,
c?=a’+b*-2abCosC

For Left Arm
25

L 2
CGS,, = \/(%) +CG}, — Ly, X CG,, X Cos(y-30°)

Lo, ) 2
CGS,, = \/(%) +(Lys +CGry ) —Lgy, X (Ly, + CGy, )% Cos(y-30°)

L 2
CGS, = \/( ;W) +(Lys + Ly, +CG,, )2 = Lgy X (Lyy + Ly, +CG,, )% Cos(y-30°)
30



WO 2012/ 02385713PCT/ NO2011/ 000219 The Monent of Inertia of the body nenbers
around their centre of gravity is estimated as foll ows: M x L2"
MY " = 5hRoLai2zdRIs7TFA = nf 12 HM X 1, BH H MJ = 12 10pEhevazbovmoile not
exact, as the centre of gravity does not coincide with the md point of the
menber. However, this has negligible effect on the overall club mass

cal cul ations. 15 The Monent of Inertia of the body nenbers around the spine

i s calcul MSm P feaRd2 MO FA
M FA x CGgHI%IA I\/Oé@ldlj—l rf%m%f W%Héga #hﬂe‘éygﬁéﬁ ér@r@r{\,ﬁ%f Inertia
of the | efestumatedasuotiowsie spi ne, as shown in 25Figure 4, is thereby: nois
|. pact = nomVA MOS FA MJS H

M, xL?
MOIUA - UA UA
5 12
M, x I
MOIFA — FA12 FA
M, x L
Mol ,, :——”12 o

10
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.

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

follows:

MOIS,, = MOI,, + M, x CGS.,

20 MOIS. =MOI. +M_, xCGS;,

MOIS ,, = MOI , + M, X CGS ,

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

MOIS, ... = MOIS,, + MOIS , + MOIS ,,

Im pact

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

30



Correction of Club Mass Due to Ball Position And Angle of Inpact WO

2012/ 02385714PCT/ NO2011/ 000219 The ball is nornmally positioned in the

m ddl e ofwbhgishagee for the shortest B ub and inside tperheio1f@eiiof or the
Driver as shown in Figure 5. Difference in ball position (LBp) may be

measured for the actual user. Sonme busers actually set up with the ball
al nost i n theball isner ”@"Ytﬂ@'@%ﬂ:‘@ tho aniddlgr ofi the qﬁm%fm ﬂ'lfhéh@ﬂ%taﬁ{@l@ from

ball to le r t 9!,% Fﬁﬁl ul ati ons. From Figure 2
it can be 5s']iede?f'gﬁﬁél l?'% Iﬁh%éc}fo gjr?glgﬁequa%gﬁoi\%ﬁﬁg irc X COs a)2 + (Lc x
S| na+LTA ',FA )2 a = LieAngle 15] rrpact angl e al so needs to be

consi der ed, Th| s is defl ned as the angl e between the ground and the forward

side of t Héifferensesinpall pesitigpdter) may PeaAnasured &y @‘@g@%‘é@ WY SORRe ¢l ub
haf f
The Dr Pver oy Achilth Yt o W o BaliaRbst FARE miclt Br ] ctaife GVRNIBPE T DL

t han 90 dethed@river20 For irons the shaft is consi dered to be an el ongation

of the left armat inpact. Angle of inpact, 8, for irons is thereby
calculated as follows: 8 =Tan-' LWLBD Where LBD is the distance between

the ball ppsw Hlé?éhéé)froﬁf‘éamlé”i’eﬂ @h&HI@%F At %”ﬁeédb’ﬂ f&tfthbbs c@fdu‘f’éﬂons':or each

particular club the ball position, D, "1s calculated as fol L= Bp X
L D LBp X Kraon Bigure 2 it can be seen that thls distance equals
10

2 ) 2
Ly = \/(LC X Cosa) + (LC X Sinot+ Ly, +L,
o = LieAngle

15 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.

20
For irons the shaft is considered to be an elongation of the left arm at impact.
Angle of impact, J, for irons is thereby calculated as follows:
o=Tan™ Ly
'BD
25
Where L is the distance between the ball position for the club in question
and that of the Driver.
For each particular club the ball position, L, is calculated as follows:
30

LBP X LDr _ LBP X LAC
LDr - Lsc LDr - Lsc

Lg, =



Li), - Lsc lapr - Lsc LAc= Length of Actual Club in question. /lc= Length
of the shortest club in the set. LDr= Length of the |ongest club in the

set, the WoiuosskBP= Distance frombH | position for Peipa&o0ii@obabl
position for Shortest Club. The sector that the left armis sweeping in the

downsw ng equal s the angle between the left armand the horizontal plus the
angl e of attack. Let us denote the angle between the left armand the

hori zontal ; E. ,This apgle | I mpl 0 10 degrees minus Y plus 30 degrees,
when the bAFF Lieé‘g?'?mo{]%‘ét”ﬁ# g&fstb'noqdqsi@”stance. 30 degrees is a typical value
of the angLsgziL@ngm Sf‘ﬁhteh%dr@sft cffbThit e%@{.sed relative to the shoul ders.

angl e eft

Alternatively th et ween the arm and the horizontal 2 can be

measured fhy =tlledgtndi thedoagestssiiib isihedset] teMrivdrr mal |y users will have the
sane length of the back swng for all the clubs. In this 15regard, one

swi ng Shout==mistaace franubell pesitien feeBriver todvall pesitorsiarghastest Bilub.or | rons =
8-FE -1- 0 = k%F 90 - ," + 30 + 0 20 Were 0 is the conponent of sw ng
sector due to ball position. B.L p - LBD Sing) = 25 Swing Sector for Wods

I'f we consTxieeeetor idt theeleRramelis sWabpingt inl mna@éwhgum? wHIgake emghd a |ine
goi ng through the spine and the centre of the grip, the Angle of Inpact
woul d be: between the left arm and the horizontal plus the angle of attack. Let us denote
the angle between the left arm and the horizontal £. This angle is simply 90
10 degrees minus 7 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 measured for the individual user using video. Normally
users will have the same length of the back swing for all the clubs. In this

15 regard, one swing should fit all clubs.

Swing Sector for Irons

Swing Sector forlrons = d+e+ ¢ = 3+ 90°- ¥ +30° + ¢
20
Where ¢ is the component of swing sector due to ball position.

Sin ¢ - LBP — LBD
LBS

25 Swing Sector for Woods

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

30 Swing Sector for Woods = 90° + 30° + ¢

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



30 Swing Sector for Whods = 90 + 30 + O Where 0 is the conponent of sw ng
sector due to ball position. WD 2012/02385716PCT/ NO2011/000219 .LBO LBS

St n0 = Hoxeweidbdss IS an approxi mati ok of the correct swrd8EGI0s19f Or the
woods. 5 Videos of the swings of professional golfers indicate that even

the Driver and the fairway woods have a forward | ean at inpact. The forward
lean is estinated to be hal fway between that of the irons and a |ine
perpendi cul ar tp the ground. Therefore the sw ng sector for the woods

shoul d be Szhea'véﬁ;;ag@é value of that calculated for the irons and of that
cal cul ated for theswoods 10 above. Swing sector for Wods thereby becones:
(5+ 90 - y+ 30+ 0) 00 + 30 + 0) Swi ngSector ForWwods = The actual preferred
i npact angle may differ between various forns of the golf sw ng. Sw nd

Sect or f orHbweverdhisT iseas vdppyoxezEtion dfotheh;dlreatlsswmglsestorcfomheiwwdisas t hat

of the _average of  |Irons and Whods. 5+ 90 - v+ 30+ 2 0) 00+ 30+ O
Swi ngSect 3(33 E)Fh?ﬁwmgs( +Pr SS'G,";a(I gelers ]nF‘ 'N‘btr@d” @'P PH\%‘?&@%@ of Left
Arm The aw o=f hbPET &1 RrRard h@ar‘u E‘étt nﬁﬁé‘&tarﬂt’é“?ohﬁi@rdsmdhe i@s it
nove through the ownswi ng IS given as

estimated to be halfway between that of the |rons and a line perpendicular 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

10 above.
Swing sector for Woods thereby becomes:

(6+90 - y+30+¢)+(90+30+¢)

SwingSectorForWoods =

2
15
The actual preferred impact angle may differ between various forms of the
golf swing.
Swing Sector for Hybrids
20

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

(6+90-y+30+¢)+
2

0+30+
SwingSectorForHybrids = ( (9 ¢) + (5 +90-y+30+ ¢)J /2

25 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 MOISam.

Top Im pact

MOIS . + MOIS
MOISArm -
30 2




MJIS T'p MJOS p"t MOS Arm = 302 WD 2012/02385717PCT/ NO2011/ 000219 Thi s
gives the average value of the MO S at the top of the backswi ng and the

MO S at t\we piakssef i mpact. In realitd/7the MO S changesciNRuahRwiet he
downswi ng. It should be appreciated that either advanced cal culus or 5

conputer nodel ling may be used to give exact cal cul ati ons. Mnent of
Inertia of the left Armand Club as they swing through the Swi ng sector

around th i i A rLn..= Sci ub
Vo St ub T glVes e RBtaGe! e eARe M By e i Gt fTbaci Sl b ind'S' o
gravity ofMOIShatt theSpoine of Smp@st! da alituttas MO Ichaaged Shiowghbat thé he top
of the backswi ngnaosi tion and the inpact {oosi tion. In both cases the club

i s assunedQENGelh Soud brgherectated haheeitielwddvaraed HealeWhReOknd t o
the gr isp qg‘orﬁé}ﬁgp%g" n§ ,ﬂhgge lygérodta éei\t,]geggaégcrpé%%ﬁ%scl ub is in the hands

of the user. S t yet rel%®ease I's Cal cul ation the
average of the two distances (fromcentre of gravity of Club to Spine)

hall b . Agai.n, .t h | cul at i be | d
oy ei t nor Mot of iggianhg 18 At sl 2aub i edCeipe bl (R sHing om ¢ op
of the ba(‘g@mrrgo%ﬁd itﬁg)ggpnesigqjgr@thMd]?ﬁ%%gp for all the clubs. This is

consistent with the "one swing for a cl ubs"” concept. In 25 this
regard, the various clubs should have different nmass dependi ng on the

positi.an qf e han [ The Torque applied by the user should al so
be théBSaMO$%§VSt§W rﬁﬂ?@rgﬁ@&ﬁﬁcw der to satisfy the "one swing for all
the cl ubs" concept. Torque is denoted by T. According to Newton's second

law. 1" 30= MO'S swen, x a = C \Were a is the, angular acceleration.
MOIScup = Mass of Club x (Distance from Spine)

Distance from centre of gravity of Club to Spine is SGSy as calculated earlier

15 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

20 used. Again, the accuracy of these calculations may be improved by either
computer modelling 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
25 this regard, the various clubs should have different mass depending on the
position of the hands at impact. The Torque applied by the user shouid also
be the same for all the clubs in order to satisfy the “one swing for all the clubs”
concept. Torque is denoted by z. According to Newton’s second law:

System

30 7= MOIS xa=C

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



Cis aconstant that is the sanme for all the clubs in a mtched set. WO
2012/ 02385718PCT/ NO2011/ 000219 e ue, TIVLI | I/,10 Further: 120 ca. 2 2ora
= t2 5 whwoeoBsi2sssthe Swing Sector. 23 r = MJ'S syst emprTiND2811®0dA19 The
time taken for conpleting the dowmsw ng, t, is constan..throughpyt fhﬁ set
of clubs. Thereby it is given that: MJS sy",", x 0= C 15 Accordingly, as
the swing sector is increased, the nass of the club has to be reduced in
order to &le the downswing in the same tine for all the clubs. One may
cal cul ate or one club, then work backwards and cal cul ate MJ St emmoi s
sv'e", for all the other clubs. Fronthe corrected mass of each club can be
cal cul at ed. Zp Consi dering C‘f)(_gservation O Angul ar Monent um

2

C

2 or t’

where © is the Swing Sector.

T=MOIS X—=C
t

System

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

MOIS x0=C

System

15 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 club, then work backwards and calculate

MOIs MOIS s, the corrected mass of each

sywwem for all the other clubs. From
club can be calculated.
20

Considering Conservation Of Ahgular Momentum

In an ideal situation, the angular momentum of an isolated system remains
constant in both magnitude and direction. The angular momentum is defined
25 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 constant. 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
30 other part or parts of the system must simultaneously 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



In an ideal situation, the angular nonentum of an isolated systemrenains
constant in both magnitude and direction. The angul ar nonentumis defined
25 as t hewpnorursssef the nonent of inel?ia and the angulpem/Nno2bogiodyns The
angul ar nonentumis a vector quantity and the vector sum of the angul ar

nonmentum of the parts. of an isol ate ystemis constant. Copnsequently, this
const r ai ndMPAENYBLIS 1BErGaHNG ia§n§'|e. Eeav P ARPHARG & ] 058YR) 1O P?ea%’sﬁ%@f at ed
system | fHQ\QSvé}?ftﬁe PhlehSE of X% RIUD Shélild B bab JEATRM WA ihBtaRt 91 ven
direction, then some 30 other part or parts of the system nust

si nmul t anecidheg end afithe doswsating. Thie seans thad) theail orquesappliad by theebogyosi t e

direction.. LN vij f. the, af tigned, t h th i f | f
s ng. ¢ ndndfie ShEH Peyip iz ISEER i heselesrn shagciRmBRPtaL Berd ©°
i ncr easi NGhaselda@elsidhel QuBRPIIEFRE %STWIEQH@ridd)d BifheSWhePdthd RIBY §bes t he

rel ease of the club should be considered to occur in an instant at the end

of the doviremibeing perrendiciiar thatlinerdrawsr ipreugtpthea spingyanchthebertytre of t he

The r el ondb® i IR B8 o et o d S PR tBR BEF R HhGUF sl Gy b
goes fromygbrgameafentheaelcdsetis tife kame. dr awn t hrough the spine and the

centre of the grip to the tinme of inpact. This inplies that the total
angul ar nonentum before and after the release is the sanme. 10 Angul ar

Moment.ym i §;; X COo where co is the angul ar velocity and

no/ s slB " 'R?%d@c@gr%ﬁﬁ\gﬂ% earlier 15cal cul ations. MJ SSystem = MJ SAr ns

MJ SCl ub BR denotes Before Rel ease, and Al denotes At I|Inpact. Thereby: 20
MOIS X w

System

d MOIS

where w is the angular velocity an swem js - according to earlier

15 calculations.

MO'SSystem = MOISams + MOIScup

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

20
MOISamser X wer+ MOISciwer X @wer = MOISAmsal X @ai+ MOISciupal X war +
MOIGciub X @ciub
However,
25
MOISamssr equals MOISamsal

@cip = Club head speed / (club length — 100mm)

30 (club length — 100mm) is the length of the club from the centre of the grip
down. This is called effective length or Lcg.

Club head speed is denoted V.



MJ SArmsBR X QJBR+ MO SCl ubBR X COBR = MJ SArnsAl X OM MO SCl ubAl X CQAl
MO GOl ub X WOl ub However, 25 MJ SArnsEin equals MJ SArnmspd Club = club
head speewo/20(i28857! ength - 100mm) 30(¥ ub | ength - 100muN/NGRoti@otiengt h of
the club fromthe centre of the grip down. This is called effective length
or LCE. dub head speed is denoted VCl-1. Thereby: (MJ SArns +

MO SCl ubBR ) COBR = (MO SArrns -1- MJSClubAl )WA 1T MJIGCub X VCHS5 /L
The unknownsergp®: CO BR WAl 10 W sol ve the equation for VCH Vai =
((MJSArms -1 - SC ubBR )COBR - (MO SArms  MJ SCl ubAl )0AI) X LCE /

MO GCl ub 15 Thus, in order to increase VcH one may: - |ncrease MJ Sci ubBR,

pecr east ngeRamist BORssrOpron (YIS errc Vi) Sam Fsr hyT e Yor

5 / LCE

The unknowns are:

@WBR
(OFY]
10
We solve the equation for Vcy
Ven = ((MOISams + MOISciuer ) @er - (MOISams + MOISciubal )@wa) X Lee /
MOIGcub
15

Thus, in order to increase Vcy One may:

- Increase MOISciuber, in other words increasing the mass of the club.
- Increase wsgr
20 - Decreasing MOIScypai, This can only be done by minimising the MOIG.
- Decreasing wa, this as the more energy that is converted into club head
speed, the lower the wa becomes.
- Increase the effective club length Lce
- Decrease MOIGgciup
25
It can correspondingly be concluded that to achieve maximum club head
speed the MOIG shall be minimised. It can also be concluded that the mass of
club should be maximised and that the speed of hands before release should
be maximised. These two variables do however affect one another. Typically,
30 asthe 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 maximised. 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



- Decreasing cum this as the nore energy that is converted into club head
speed, the |ower the com becones. - Increase the effective club Iength LCE
- DecreasgoMolXsud3725 It can correspordli ngly be concl udegriNthit@eashi eve
maxi mum cl ub head speed the MO G shall be minimsed. It can al so be

concl uded that the mass of club should be maxi m sed and that the speed of

hands bef dhereby| gidea iy @ngulas masientuedSomegeerswbavefasiimescles aithever

af fect one,, WP | ¥, t t |8, J ed the
nand. specdviery el whPEBs of o tnSs. | SUinETRBrEhale B Hisela 250 SR o

t hat needsméaxinise texiangaled mdmentumicréated @t igkes spdadbusingsa golf ohsish and
every user. | f the mass of the club is too | ow, the user generates good
hand spee®fHi@h M&SSangul ar moment um produced is low. |If the mass of the
golf ckub is too high the hand speed will be low and WO

2012/ 02385721PCT/ NO2011/ 000219 t hereby give a | ow angul ar nmonentum Sone
user s have&drmdenngCbaservation WflEnephay wel | with cl ubs of | ow mass. Sone
users have slow nuscles and will maxim se the angul ar nonentum created at a
| ower speed using a golf club of high mass. Considering Conservation O

Ener gy FOerr%?attibﬁrbefbjé{Qb,elﬁbﬁw_ett\M?rkr?@bqlﬁﬁlrt% the Pargk ih PotafiBnaNanRet: |

rotational kinetic energy:

energy:
10
L : ol - ! For?
2 2
As the angular velocity at the top of the backswing is zero, so is the initial
kinetic energy. Kinetic rotational energy thereby becomes:
15
£, - _]’f-:.-a"
For a constant torque, the work can be expressed as
20 W -zxll

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
25  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

30
For the rotation of the club around the left shoulder, the kinetic energy is:



As the angular velocity at the top of the backswing is zero, so is the
initial kinetic energy. Kinetic rotational energy thereby becones: For a
const ant wonrqguezsgshe work can be expre¥sed as 20 W- Thecwowdeoexmoiled by
the body on the golf club can be described as the torque applied by the
user through an angle fromtop of t he backswing to the point of inpact.

This is thpreby'p €0 s&an} that! qugrlbes the energy supplied to the 25golf
club by a paftltufar1usér 'Ihlsvcoﬁsfant is specific to the individual
user. The golf swing consist of two rotational novenents inposed on each

ot her, nanely, a rotation of the club around the left shoul der and the

rotation oynd the centre of the grip position on the club 30
WO 2012/ o%@éjé?-z‘p Ngzcdli%*boozlg - "Lir -- Mwhere LA=LuUA + LFA LH 5For
the rotation of the club around the centre of the grip position on the

club, the energy is: 112 E Kc lub = -2 1w2 = -2 MJ GYVCH EcE 10 where LCE is
the cl 8b IFé?rfdhﬂ rptaélﬁntqfethgrqltﬂo @m%twtre)pfﬁfer%@ iPesitioaryt heoelub) ub.

the energy is:

1., 1 v,
EKClub=EIw =—2—MOIGZ

10 where Lce 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
15 is a constant describing the abilities of the user. Thereby:

1 1 Vi,
M Vet MOIG <1 = Constant
2 2 LCE

During most of the downswing the .. is the dominant part. However as the

20 club is released the :: .- 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 .., then at the very end all this energy is transferred into

25 &, ... As such:

1 1
S Mewvh =5 MOIG—S*- VC”

2 CE



Based on the principle of conservation of energy the sumof the above two
must be equal to the work exerted by the user. The work exerted by the user
15i s a coRsb@oeescribing the abilitiZzZs of the user. TheradboiiddgoM i nhV
-1= Constant 2.. 2LE During nost of the downswi ng the Eh is the dom nant
part. However as the 20 club is released the EAIll' beconmes the dom nant
part as tHe addigen: psseming thandewaswing: iharehing 7 «dagraesianshdhat te&ki ng t he

assunpti o 1k f. d ones zero exactly as the club
rel eases, r@%@ﬁ%a@hﬁeﬁéﬁ@ﬁﬁ%‘ﬁdﬂﬁgg?%a;@ee@t t he bottom of the sw ng, all

the work done on the club will go into the EA., then at the very end all
this energy is transferred into 25E... h,.. As such: 11V 2 - M"MJO G CH 2
ubV = H 2E': '"h=&ddi tion, assum ng the downswi ng is arching U degrees and
that the doWwnswimng is carried out int seconds. Then 5 It is noted that O,
LA and t are all factors specific to the user. Therefore can be substituted
with a“Constant specific to the particular user called C&ifer. Then 11v2

It is noted that ¢, Lx and t are all factors specific to the user. Therefore Vi
can be substituted with a Constant specific to the particular user called Cgofter-.
Then

1 1 Vy
T M X CGoIfer = _MOIGT
10 2 2 L

Hence,

Mo =],
M, =L

¢

15
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 minimise the MOIG throughout the set of golf clubs.

20 - 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.

25
Thus, it should be noted that the weight of the club should be manageable
and that shaft and club head mass should be minimised in order to maximise

club head speed.

30  Furthermore, it should be noted that vcy is proportional to Lee. That is ver? /

Lcg? is a constant.



2CH 1132 MC lub X C Golf -MJ GerL2CE Hence, .4102% c¢ ", 15 In view of the
precedi ng equation, it should be noted that: - By decreasing the MJ G the
cl ub headygpezsg7i ncreased. One should thereby seek tecHNGWIBRiBE MI G
t hroughout the set of golf clubs. 20 - 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. - B

! . - By
| o casee CoREsdMdly e iy Bt o el KBpSERE ElGARIGIF Bldek- 8P BMIDALY 1 o

be managedMOGamdi,hat shaft and cl ub head mass shoul d be mnimsed in
order to maxi m se club head speed. 30Furthernore, it should be noted that
VCcH i s proportional to LcE. That is vci-12 LcE2 is a constant. WO

2012/ 02385724PCT/ NO2011/ 000218 o%gr r espondi ngly, we can define a new
Const ant BBt BihMandexIndex Bl‘vjw—ag MO G/ MIlub BM = BioMatch - Index =
MO G 58C | ub C lub

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 MOIG and M., values can be varied as long as

10 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 slightly from the aforementioned calculations.

15 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 for each club.

20
Once the correct MOIG and Mass of each club are determined 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

25 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 remeasured or recalculated.

30 It has been determined that #M! /2 is constant for every one of the set of

clubs when air resistance is disregarded. This constant may be known as
“BioMatch —- Index Set” or BMIS.

Hence



The BM shoul d thereby be constant throughout the set of golf clubs (not
including the putter). This will make all the clubs behave in the sane
manner . hwosipweksbe noted that the MAG and Miub val uggTeaRoPRIYALI €d as
long as 10 BM renmains constant. Furthernore, it should be appreciated
that variables such as, for exanple, ball position, hand position at

i npact, air resistance and so forth are not taken into consideration. In

this regar ct yal for.e cluM@fk| differ slightly fromthe
af or enent itg "cgzloliﬁ%%i_o&g”i%l}mqg ﬁ@,rdr,’rati on in the precedi ng paragraphs

is useful when the user needs to match arn existing golf set and is not able
to nodify the nass of the club heads in order to adjust the MJO G The set
can thereby be matched by adjusting the total mass of each club by

adj usti_ng t.he gri.p end wei ght. once .the BM .h been det.er.m n for_ each

ol ubs ' 50 ANB fiaPeibiadt iebifqna o e SRl SN ERed b Bind s i &
the earli¢f codtant BMISTSr évdlfy Bacdfthé 861 St @sse and hand position at inpact
into account, the optimal BM can be cal culated for each club. This is very

useful if say the Driver have to be nmade shorter than what is preferred in
order to ZIEhe i- VBrd pOr T ect MJ G One may then make the Driver in
what ever | ed and then adjust the nmass of the club by
adj usting the back weight in order to achieve the correct BM. As the

|l ength will affect the MO G this has to be renmeasured or recal cul ated. 30
It hadOpeddeydifeimatirty Provides, in' “’iespfﬁﬁ@gt%Paf%QfaEb%rRmWHé sibstagtiveet  of

cl ubs whe ; i i i r kS AC : e as

B onet ch PEIioLE LSARSE 20 by pRRGIABE1S A9 Ll e E o2 10

HM S = oM&(cprovidesdiexth8atetaild id,reldtiontio girobesHegscarriéd aiut forethesmatios i s

di sregard a set of clubs may be designed by using a constant BMS for
every one the set of clubs. The Fittind Procedure 10 The i nformation
provi ded in the precedi ng paragraphs provide substantive basis for a nethod
20 for matching golf clubs to a specific user. The nethod 20 provides

furt hép ddihe methoed 201 far inatchimgpgolt ehubsstocarspesiicouserfiocludae previding 20. 15

Th th f or. mat chi | f bs fa. LEN incl ud i di
poth = nosht Aol bR AmeIEh of e Sebeing B 2Eh ARl BB B iRg 1o
the hei ghthewgid aed widight of Be SdR@ifld Gses 8hoGldOBE dpleRideidods dged astal ke dat a
is required to determ ne physical paraneters of the specific user (24) such

as: 20- | épguired iadeterming physicad parametess of ther sraaific wserdadhsugpas: arm -
| engt h, mass, position of centre of gravity of each forearm
20 - 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.

25 It should be appreciated that this has been detailed in preceding portions of
the description.

The method 20 also includes providing data for each golf club (26), where the
data for each golf club includes:
30
- type of each golf club (iron, wood, or hybrid);
- mass of each golf club;
- length of each golf club;



- length, mass, position of centre of gravity of each hand; and - distance
of shoul der width. 251t should be appreciated that this has been detail ed

i n precedypeoantdsons of the descripti2n. The nmet hod 20 palrs@2oi@dowEles
provi ding data for each golf club (26), where the data for each golf club

i ncludes: 30 - type of each golf club (iron, wood, or hybrid); - mass of
each gol f -dneasured|re@@ent ef inedichaleytia gripeentre valuesofreacthnaeibelibof i nerti a
about a gri r ach golf club; - lie angle of each golf club;
- club head‘%ﬁ'%éggg%‘%?ﬁgﬁ“bgf each golf club; - club head width of each

gol f cl ub;- clutsl hbad drag cbeffidiene bfibactwfok efiib; gol f cl ub. Subsequently, the
nmet hod 20 al so i ncl udes obtaini ngl optimal club nmass for a Driver (28). The

optimal cl-ubhead yidinef egchgalf ¢lubodidii ned using a process incl udi ng

measur izng _0¥,i i nging the Driver with 10 different

wei ghtg ad?é%yﬁ%agﬂg&r%%g% C@@a{fhe i ver, where the optimal club mass of
the Driver is when the Driver head speed is at a highest value. It should
be appreciated that ascertainj he, optimal club mass of the Driver nay be
done vi sua?yBFeguently.Hae uet %? éiﬁ‘?s'” udgs gotaingg %@Ba%‘ﬁéédn%%s & of
Driver. The, 28§ fRAY FivdT is B4R i { bRl

15i nterne izla\{équg? nﬂéﬁggm%g)éygfp?ég d;utﬁgusi“%z "Jf; he drggﬁfss.ﬁdllﬁ\éﬂrhg?%od 20

i ncl udes dncladimgngnensiurimgl Drivenebead spedd avidD Gwinging ffees sDfiver ewitth gol f

club (39) - iRGLRAE WHights adBIP1d @ §AS PSPl BARE! AR e bt 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
15 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

20 for each golf club are obtained. It should be appreciated that the preceding
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

25 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, adjustment 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

30 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



description in relation to how opti nal values of both the MJ G and the nass
20 for each golf club are obtained. It should be appreciated that the

pr ecedi ngwpaoaanahs provi de repeatablZ/ factual basis ipcrgla@bhi@eei9 t he
provi sion of the optiml values of both the MO G and the mass for each golf

club. There is also a step in the nethod 20 of ITDdifél) each golf club to
enabl e 25 arplisation pf idamicabswingsifrom e speeitiewiser-dhslowdibenappresiaied (32) .

Th difi ' ' h
for exanpliat i erltcEdEhiBlneh! HendTbt BRRadt dlPRTb BTl fied o ne ™
and adj ustamhacqiracy abavsligttuek Bndacio of trret Golf ElmbsaWhm mentserfutitised
weights is carried out using a plurality of cylindrical sleeves of varying

masses, widaf gubpmdiigh Bavg bg?%@ﬂb@%@ tigcmetad 2Qirthe dises jseakle t%él"%'@ﬂ at the
grip cent ré‘ac‘glfclﬁﬁ Hagt fryﬁgU(B ma%ﬁ?u%?%ﬁ‘{eoglﬁﬁﬂﬁg fﬂg\ﬂlll\@g%yr@ ake

application Irdentica specitic user. It s
appr eci at eup fdrancmrinectecﬂlﬁlemambmgrrpﬂmsrreratlvahtageohsth relhaogdd)faocumzy rel ates

to both distance ﬁnd accg atc% Eﬁe B zé:k b% each of ol f cl ubs.
Wien the uS¥f &lRq ¢t Pap e oy cﬁ‘YV'H% $iek Sé’ﬂﬁfjeéét'eﬁso’ aneR hod 20,
the user ij§ 1ROWRist® ?Hfsr&:c%r@%tanqhams\efrirngtsteédwuu tRHb8 85én d he club

with the wists in order to make up for i1ncorrect cF%ﬂnatgém ng. hIS IS
advant agecurstherwnﬁsatl on to accuracy. This also has the effect that the
cl ub slﬁl ngs faster as there is less resistance in the wists. This occurs
when t'he user trusts each club and thereby | oosens up the wists. 10

Referring Ré’feﬁ‘u%::f@ﬁb@re t1|meﬁl¢er‘eslsail§@p%\@dédj@dsy%tém%(ﬁfﬁrﬁférfd?ﬁm&?mé)r m ng
t he net hod e system 50 nay be set up with uralogy of nbdules to
&

carry out rpetbw@s%%sThﬁ systemn®0 meay be set ke \Mlﬁmal mgradjm ﬁtgm lasel earneit her a

single |o¢ ed t hat
the pi ur sl Treed e hetbaieo, BE HhodBs peing Rl SEo BB BB 1.0
pl urality |otatiordorn @ plurakityustdocatibmisa ltghoeidberapptediated thayBiecpluralidy afret er s
of the specific user and Otﬁtyl mal val ues for golf clubs a. sw ng

anal yﬂér tlecaliang ray pedpiditierient slatesieruntrigs. WIW@“W@?’ﬂOJLﬁ%'@I%f cl ub
modi fi er ta‘)dﬁf&dbéﬂerﬁﬁﬁ beQJtIfl fo‘ﬁgﬁlggﬁ é%q%@?s BPfHeS%iechﬂJ Hﬁ(@cfoé@@le}rgt h a

MJ G and a nass Tor eac e data ner at or
enpl oys t h&alme:s:mnlgweﬁums(ﬁﬂs)sarsimbngl analydet & bbiam aheptimad ellimmasarfagr aphs.

The dat t 52 d houl d dat
dat a | nputs HHMVGY (At % oRlrcli, Modiser fednpefy FReh Bl ok i oot ed
by the dat(%;tﬂ%l%ﬁlé%raré%) b MOIR YN @ rAdss Wr%cﬁ?{ﬂg{lf @uB. form as

illustrat in Figure 8, while the output fromthe a generator (52)
modul @0may be in a formas illustrated in Figure 9. The formas illustrated

ol 1 o ups hepprbrtRat ¥ B, amEioVS AP fohl flugs i et Rl o2

appr eci at gd th@@treddmn@pbfagfrhphs 1"Dieé dia€d géhéateodBa) enddvle ¥hould mciuden of an

30 aut omat ed swthlittle or no human intervention. The sw ng

anal yzer (%Q?Pr Oél?ﬁlséés%ﬁp Brasess daly inpiviRtos thendatangenenatyy (S2oceedide, which
2er TR el Rl o, 660 GBIl A, RoblIROFayod 1o v5er
25 provided in a form as illustrated in Figure 8, while the output from the data
generator (52) module may be in a form as illustrated in Figure 9. The form as
illustrated in Figure 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

30 automated process with little or no human intervention.

The swing analyzer (54) module may employ any known swing analysing
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



WO 2012/ 02385728PCT/ NO2011/ 000219 swi ng anal yzer (54) nodule may al so be in
a formof an automated process with little or no human intervention. Wil st
t here haswbegiy@eseri bed in the forego2thg description ppefaNg86/d®o219

enbodi ments of the present invention, it will be understood by those
skilled in the technol 02 concerned that many variations or nodifications
in det ai | SWngEnagerdp {mmwejmasbalsndqp frarfare ofi amautona@ies PrOgESS$ r om t he
pr esent ”W.‘ﬁ?hﬁ@’br o%r%@ﬁ%%?\%%% 9PCT/ NO2011/ 000219 CLAIM5S 1. A et hod
for matching golf JUBIMED X specitic user, the nethod including:
5providing both a height and a weight of the specific user;

determ ni n\g/ physi cal paraneters of the specific user fromboth the height
and the welVgHst thersyihgsngeant deseibesh dm @"@I for@oemng siassriptiony Risfered ci ub
mass far LDy | val of yinertia
about g gfﬁ@%&é’lﬁﬁnﬁgﬁﬁﬁb Fr?asggt ﬁgl% hggﬁ’h'yg)grﬁégﬁ 98&%@%63,%8?&%‘6@%?%%9 each
gol f cl ub the teclamblege @ohcgwied thahimamy aatiations oe nuificationsah wdetails of
wherein each.of the | f .clubs tched to.the specific user are

156f f ect | ASGTE 51 GYRUTIRNOR TYaREI MESe: Wiihgkit {leBRring: oy G SPTGssAt ( he
speci fic ys@dntioh. The nethod of claim1, wherein the data for each golf
club includes: type of each golf club; 20mass of each golf club;



| ength of each golf club; neasured nonent of inertia about a grip centre
val ue of each golf club; Iie angle of each golf club; club head drag

coeffici epb 20f2/@a3h gol f club; 25cl ub 2fead wi dth of eachcgddotldabizoand
cl ub head hei ght of each golf club. 3. The nethod of claim11, wherein the

physi cal paraneters of the specific user include: 30l ength, mass, position
of centre‘akAUW§vity of each upper arm |ength, mass, position of centre of
gravity of each forearm |ength, mass, position of centre of gravity of
each hand; and distance of shoulder width. 4.The nethod of claim1,

wherein the efffanethodedm ayatehingofokaclubsftot lae spetific clisdrs thel mietisod o bot h
di stance and gpcyracy of a ball struck by each of the golf clubs. 5 5. The
met hod of B¢IHFANGL, wherein the nodification of each golf club includes at

| east @ne tech : t : Sﬁggr' (NeTol justment of club
head wgi ght s, ;PJJBE@{ n?ﬁo%eﬁ%@hg%éelr?g{’ﬂgﬁt an aé(ﬂgﬁg%ryes%? of club weights.
10 6. The net hodledérntinangrpbysiohle parametees aolj thet spedifio fuselr oomebgtht the s
carried oyt .usin plurality of cylindrical sleeves of varying nasses,
with a ceH’ler'@’tcﬁr%g'?ﬁW?@ﬁLf each cylindrical sleeve being at the grip
centre of each (g|ibirngy ddta fdPedch §8If BRIAOd of claim 1, wherein the optimal
club mass of the Driver is obtained using a process including neasuring

Driver head spadiainmngoptinalgiugmass for avyiveri th di fferent wei ghts added to
o ATl 016 W A ot 0
and a mass for each golf club; and
modifying each golf club to enable each golf club to attain the optimal
values;
wherein each of the golf clubs matched to the specific user are
15 effectively employed with an application of identical swings from the specific

user.
2. The method of claim 1, wherein the data for each golf club includes:
type of each golf club;
20 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;
25 club 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:
30 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.



8. A systemfor performng the method of claim1, the system being set up
with a plurality of nodules to carry out processes of the nethod of claim
1, the nosloler/hsssng | ocated at either3® single |ocatiorcomnaoplosoabity of
| ocations. 259. The systemof claim@8, wherein the plurality of nodul es

I ncl ude: dat a gggerat or of both physical paraneters of the specific

user and dhti ngrh%érl‘ﬂ ffrclaig 11, whasein esqffegtivenamplayment efpeash ohn

gglt if mg: ug{mg Odmrsauﬁgfeuate@rtbwth dtghé 9R4 bty B BAIPStridk BPELEY ofach

the golf clubs.

5 & The method of claim 1, wherein the modification of each golf club
includes at least one technique selected from a group comprising: adjustment
of club head weights, adjustment of club lengths, and adjustment of club

weights.

10 6. The method of claim 5, wherein 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.

15 7. The method of claim 1, wherein 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,
wherein the optimal club mass of the Driver is when the Driver head speed is
at a highest value.

20
8. A system for performing the method of claim 1, the system being set up
with a plurality of modules to carry out processes of the method of claim 1, the
modules being located at either a single location or a plurality of locations.
25 9. The system of claim 8, wherein the plurality of modules 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.
30

10. The system of claim 9, wherein the optimal values are for both a
moment of inertia about a grip centre and a mass for each golf club.



