1 DESCRI PTION GOLF CLUB HEAD 5 TECHNI CAL FIELD [0001] The present
invention relates to a golf club head which can hit a golf ball with |ess
difference in the carry even if there are differences in the point at which
the ball is hit. 10 Priority is clainmeg on Japanese Patent Application No.
2006- 212794, filed August 4, 2006, the content of which is incorporated
herein by reference. BACKGROUND ABES[CRIPPION 15 Ceneral |y speaking, with
respect to the golf club known as a "wood", because of recent requirenents
or requests of being light and big, there is a tendency in which the

t hi ckness of the face that is the hitting area of the club is as thin as

possible in order to increase t%f@gtﬁm?ﬁ?tance characteristics. In
N ]

such a case, the "sweet spot" (i.e. € 1 deal "Tocation on the hitting area
of the 20 club to hit the golf ball) which is an intersection of a
perpendi cular line fromthe center of gravity of the golf club head
(hereinafter, referred to as the "head"g | ead on a surface of the face has
a |large degree of deformation. TH \L FEELI} possible to increase the
carry or distance of the ball. [0003] 25 Wth respect to the

above- des¢00di¢d head, there is a type of head which has a 2 uniform

t hi ckness of the face. By using this type of head, it is possible to obtain

a long carry ifThOgrebétlindentibh tel@bs ohegoiOcltB hbAPwWRWE @hn AR AlgolfitaNRwe] . the
carry or distance is
less difference in the carry even if there are differences in the point at which the ball is
hit.
10 Priority is claimed on Japanese Patent Application No. 2006-212794, filed

August 4, 2006, the content of which is incorporated herein by reference.

BACKGROUND ART
[0002]

15 Generally speaking, with respect to the golf club known as a “wood”, because
of recent requirements or requests of being light and big, there is a tendency in which the
thickness of the face that is the hitting area of the club is as thin as possible in order to
increase the carry or distance characteristics.

In such a case, the “sweet spot” (i.e. the ideal location on the hitting area of the

20  club to hit the golf ball) which is an intersection of a perpendicular line from the center
of gravity of the goif club head (hereinafter, referred to as the “head”) lead on a surface
of the face has a large degree of deformation. Therefore, it is possible to increase the
carry or distance of the ball.

[0003]

25 With respect to the above-described head, there is a type of head which has a



unexpectedly shorter if the ball is hit at a point outside of the sweet
spot, and there are significant differences in carry depending on the
hitting point. In other words, a head 5 which is fornmed so as to have a
uni formthickness of the face is a type-of head which has a smaller ideal
hitting area. [0004] On the other hand, with respect to the head, in order
t o i ncr easwnifon® thivkhdss of thetfaceol Byesding fhis t9pe of lieatlSit ImBsibRIt¥ ocbtainRIdhgai N a
certain level of strength if the thickness of the 10 face is thin.

Ther ef or e, calRGF thedafl 1§ BT 8the Bo 0B svieet Yot K HBWEVGthE Saky OY IdRHcA a
backsi de of "the face (for exanple, see Japanese Patent Applications, First

Publ i cat i - ' r, . i f e e nt 1)
and No. osaBeen sty s PRE| 8L A BiporEh IR b2l SR B AT

[ 0005] 15 The_.head.descri bed in, Pat ent cynment 1.has_a constitution in

Lt ch a ¢ HVBRACH] i GSHes Horiam iy papirG o7 e BIpe0iHg Thehst Seas ARPlct | on
(the horizontal direction) on a backside of the face is provided. The head
descri Bed whickas fonmedse amieriave awaforn thidmess efithe faceiina tiipe off head whiek haor t i on
in arib shape extending along the horizontal direction, that is, the

di recti on 4 smatidriideat hiotii stgle to the sol e side on the backside of the 20
face is provided. [0006] In accordance with these heads, it is possible to
reduce the pygpght of the head by applying a thin face while maintaining a
certain |l evel of strength. Mreover, by applying the head of Patent

co-called sweet pbEtauesBabd syt ieailer SHEERET GRNAR BBRalIn ol | T g

g)gﬁ-maﬁt [19 rg;r gptglgl%/,\gtvig g}éce\é\ga&? to ma n%ﬁxtl atcgrtatlilrl] ?evgfgfj su‘%%éﬁxrilf Hn%qlﬁcﬂnezggf trlllte

10 faceisthin. Therefore, there are cases in which a thick portion is provided at a backside
of the face (for example, see Japanese Patent Applications, First Publication No.
H09-154985(hereinafter, referred to as Patent Document 1) and No.
2006-175135(hereinafter, referred to as Patent Document 2)).

[0005]

15 The head described in Patent Document 1 has a constitution in which a thick
portion extending approximately along the X-axis direction (the horizontal direction) on
a backside of the face is provided. The head described in Patent Document 2 has a
constitution in which a thick portion in a rib shape extending along the horizontal
direction, that is, the direction from the crown side to the sole side on the backside of the

20  faceis provided.

[0006]
In accordance with these heads, it is possible to reduce the weight of the head
by applying a thin face while maintaining a certain level of strength. Moreover, by
applying the head of Patent Document 2, it is possible to further obtain an advantage in

25  which the so-called sweet spot can be extended to the toe and the heel of the hitting area.



suggestion of decreased carry or distance when a hitting point is out of the
sweet spot. Therefore, the carry is significantly decreased when the
hitting point is outside of the 5 sweet spot. Mreover, with respect to the
head described in Patent Document 2, thegre is a disadvantage in which, if
the hitting point is outside of the sweet spot near the crown or the sole,
the carry i[80@&4]gni ficantly shorter than the case of hitting the sweet spot.
[0008] Wth respect to general golfers, there are cases in which the ball is

a bit outside I1@gAever)VitheSectidqhe Réhdi dERGHeddh PREnYPOL RNt A hefelis 8HS
including not only the toe and the heel, but also the crown and the sole.

When t he L ' ' . : he sol e,
t he hei gh'?sEEl g%esltu ﬁ%gﬁ?‘%gﬁéd g@?ﬁ%ﬁ%@%@ﬁ@?ﬂ%‘ﬁs é@lgort&ﬁé’%?e?rsp specially
i f the weight or the center aof ayity does not ve snopt hly.during the

swi ng. bet wEERIDHe tGAEY 15 fencaty oo asribe AUtRGpaRY 10 sids gl |
there is a very 15 high possibility in which the position of the head wll
nove alSongswertsppbr t Merdoves, mathiresnect taghe kead deperibgd|ir Paignt Docusesnéothete ist i s
not sufficient to extend the sweet spot to the toe or heel because it is
not possi hd disidvahtapé in whiphyif diedriting @oins i masidé of the sheeitkpot fiear thel sownssi bl e
to keep the difference in carry small even when the hitting point is noved

out si de ofht bele, thueRty ﬁ%ﬁ’éxﬁﬂ%ﬂg%ﬂﬁt&%@&a@@fﬁﬁiﬁéﬂiﬁvﬂ@ﬁ@o@ e to provide
a golf club which can achieve O a stable carry for general ‘golfers. [0009]
Wth respegb 6@ the case of providing a thick portion on the backside of the
face, inv n?o s of the present invention have studi ed various reasons why

G T orente ©n car O FEPat @ EeEt Beor BEmTSAHen i BpiE L2 bl BRECIHGRheses
of divided areas forned on a backside 4 of the face by applying the thick
porti o Drfsle sweskepation inperpleng various directions including not only thetoe and the
heel, but also the crown and the sole. When the ball is hit outside of the sweet spot near
the crown or the sole, the height of the hitting area can be different with every shot.
Especially if the weight or the center of gravity does not move smoothly during the
swing between the return from a backswing and the impact with the ball, there is a very
15  high possibility in which the position of the head will move along the vertical direction
against the golf ball. Therefore, it is not sufficient to extend the sweet spot to the toe or
heel because it is not possible to fully apply characteristics of the head. If it is possible
to keep the difference in carry small even when the hitting point is moved outside of the
sweet spot near the crown or sole, it is possible to provide a golf club which can achieve
20  astable carry for general golfers.
[0009]
With respect to the case of providing a thick portion on the backside of the face,
inventors of the present invention have studied various reasons why the carry is

decreased at the crown and sole.  As a result, the reason why a difference in carry is

25  caused was found which relates to the thicknesses of divided areas formed on a backside



[0010] 5 In reference to the above-descri bed background, the present

i nvention has an objective to provide a golf club head appropriate for a
gol f club which achieves reduction in the difference in carry even if the
hitting point noves closer to the crown4or sole conpared to the case of
hitting the sweet spot and which can easily obtain a stable carry. [0011]
10 | n or deof thofage by epplyingshp thidepartiomvent i on, the fol | owi ng aspects are
provided. In order to achi eve the above-descri bed objects, the present
invention may have a constitution in which a golf club head includes: a
metal face for hitting a golf ball; a thick portion on a center of a

backsi de of the face extendi ngigCL.GSUREMMPENVERGIORUr divided areas of the
backsi de of the face divided by the thick portion which have two or 15 nore

t hi cknesseﬁg0 012] The above-described golf club head nmay be a club head in
whi ch a maXinim difference of thickness of the overall face including the

thick portionis _1-5 mm [0013 20 The gbove-described golf ¢lub head may
be a cl’ub head ir{n\RﬁF@ﬁc%}‘\/‘gFﬁéove' et agkerg ,ahweaengw i®kness

difference of the overall face including the thick portion by a width of

t he thi ck @yeativero provides: gulf lub hegbappropringe fob a\gelfidder whish @ckjeves redustionead

may have a constitution in which an area 25 of the thick portion is

8. 0- 18. 0% mfthadiffetedlce & €aryodvehlifthbhitkifig geinoimolbeclbse €0 the crgvwdbdolelhe

above-descri bed golf club head may have a constitution in which
% :,”VB a) | (MpipaepethedMe X hithing it shBeCHoVARNWRRh b8 BasAlly oBtafk 2WAbRRAHY.ON 1S
[0011]

10 In order to achieve the present invention, the following aspects are provided.

In order to achieve the above-described objects, the present invention may have
a constitution in which a golf club head includes: a metal face for hitting a golf ball; a
thick portion on a center of a backside of the face extending in a X shape; and four
divided areas of the backside of the face divided by the thick portion which have two or

15  more thicknesses.

[0012]
The above-described golf club head may be a club head in which a maximum
difference of thickness of the overall face including the thick portion is 1-5 mm.
[0013]

20 The above-described golf club head may be a club head in which a value
obtained by dividing a maximum thickness difference of the overall face including the
thick portion by a width of the thick portion is 7.6-62.5%.

[0014]

The above-described golf club head may have a constitution in which an area

25  of the thick portion is 8.0-18.0% of a total area of the backside of the face.



an area of a sole portion is Msa, an area of a toe portion is Ma, and an

area of a heel 5 portion is Mia. [0016] |In accordance with the
above-descri bed aspects of the present invention, because the thick portion
extendi ng approxi mtely along the X-axissdirection is provided, it is
possible to keep the differences in carry snmall, even if the hitting point

is near a t[6815]10 or a heel conpared to the case of hitting the sweet spot.
Moreover, even if the hitting point is near the crown or sole, because the
thi ckness of t heskheadbeas-destribd i€ clubhend miah hakeesanstifutionén aihwihded ar eas of
the toe and heel, these areas can be defornmed. Therefore, it is possible to

prevent a m%m@q%%éanmmwﬁmms i5f4-1 9189 Whdn Mx@@bﬂi cﬂb&m’]ﬁ?ﬂian is 'Mcé} rown
or sole. 15 BRI E SCRI PTION OF THE DRAWNGS FIG 1l is a front view of the

face of a go . F [.S Line. CliyV, ie he

backsi de o g%gl.ry%%%gﬂllog 1%@3%,045115:3_@2{;%%’%)% P g&(l%lqéigﬁ’a#g nagl a\#q &nagﬁ eiet ween A-A
and seen fromth 20 direction of arrow AL FIG 4 is a cross-section of FIG
2 al ong{]a PqrHen en B-B and seen fromthe direction of arrow B. BEST
MODE FOR CARRYI NG OQUT THE | NVENTION 25 [0017] 6 Hereinafter, referring to
drawi ngs, d0Bt&f erabl e enbodi ment of the present invention is explained.
FIG 1 shows a front view of a face of a golf club head of this enbodi nent,

and FI G 2 shows Jarcesttlinceevifleths above-dciibelaspécts bfthé pasemdaventionm t he
backside. In these
because the thick portion extending approximately along the X-axis direction is provided,
it is possible to keep the differences in carry small, even if the hitting point is near a toe
10 or a heel compared to the case of hitting the sweet spot. Moreover, even if the hitting
point is near the crown or sole, because the thickness of these areas is thinner than
thickness of the divided areas of the toe and heel, these areas can be deformed.
Therefore, it is possible to prevent a reduction in carry, even if the hitting point is near
the crown or sole.
15
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a front view of the face of a golf club head.
FIG. 2 is an outline perspective view of the backside of face.
FIG. 3 is a cross-section of FIG. 2 along a line between A-A and seen from the
20  direction of arrow A.

FIG. 4 is a cross-section of FIG. 2 along a line between B-B and seen from the

direction of arrow B.

BEST MODE FOR CARRYING OUT THE INVENTION

25 [0017]



5 draw ngs, a head 10 is constituted froma holl ow conponent fornmed from
nmetal including: a face 11; a toe 12 and a heel 13 which are provided at

|l eft and right sides of the face; and a crown 14 and a sole 15 which are
provided at upper and |ower sides of theg face 11. A hosel 17 is provided at
an area at which both the crown 14 and the heel 13 cross, and a shaft not
shown in the dravid¢rgmafier, sederning tedraindngshe phederable efnbodimerst lofitte presehf | nserted
into the hosel 17 so as to fixthe shaft to the head 10. It should be noted
that, in gxeRRIES egpRMRAI N the drawings, the face 11 is shown as a flat

pl ate for convenience in order to sinplify the drawings. In a practi cal

show LE%T & 2 *J@Eﬁﬂ%&%%*gé@ﬁ s f‘f%ée"# 24T @i“" S
X
i ogr al | yPROAADEMS £ GURIRE POTPEINVE Hie} af e e s4E0 CROVRE PHISIFE” 0liiFos

thick portion 20 consists of two rib rtions, one of themextends in a
di recti®on drapingsha headolihisconstiteted flom @ﬁdlqmeommnc@t formigd ésoremetali n a
direction fromthe crown to the sole. These two rib portions are 20 crossing
and form t elwdirghadac Ilhacde 1oarid el 03 whithsaré proskdedeit lefoandighitsidesofred in a
state in which a crossing area of the X shape of the thick portion 20 is

arranged afheFaceS & serow 14 gy Plold hs%w&mearéﬁmvﬂe@ at Bpsds aR@ n&w&m&@ of fhef Or med

in a manner in which Cross- sectlon of the thick portion 20 al ong a
hor t d I
tshlotr:kﬁ(rass g%%whel %gln%élqa 1% Qq’gdr?aﬁi oﬁl}edcgrb ﬁ] ﬁaamgf‘%?ﬁ&ﬁ-n&hgél 5 of

wat er (see FIG reo . |ck ortlon S fo nner

Wi o o % Cotogaad b shal B Hevhik wfr% I Gooe! QRO g e affgth
direction (line between B-Bin FIG Zi has both right and | eft sides that
are cohpar mseries iptq habesel |17 soanty ththe hepd éﬁlne@§h%ﬂd bpaotedithat, ipor t i on

20 gradual |y decreases al ong a | onger | engt h direction from the center
p(r)ura tion toetmples shown iankk dratvingstie facer 1ti shoawaagd Batphatefor donvérdembedmi ngs,
t order to simplify the drawings. In a practical case, the face 11 has a curved shape which
is called a bulge.
[0018]

15 As shown in FIGS. 2-4, on a backside of the face 11, a thick portion 20 in a rib
shape which is seen substantially as an X shape on its surface is integrally formed
together with the face 11.  As shown in the drawings, the thick portion 20 consists of
two 1ib portions, one of them extends in a direction from the crown to the sole and the
other rib extends in a direction from the crown to the sole. These two rib portions are

20  crossing and form the X shaped thick portion 20. This thick portion 20 is formed in a
state in which a crossing area of the X shape of the thick portion 20 is arranged at a
center portion of the face 11.  The thick portion 20 is formed in a manner in which a
cross-section of the thick portion 20 along a shorter length direction (line between A-A in

FIG. 2) has the largest thickness at the center portion like a dome or the shape of a drop

25  of water (see FIG. 3). Moreover, the thick portion 20 is formed in a manner in which a



5 thick portion 20 is shown in a state in which the straight ribs cross.
However, this state is not alimtation to the present invention. It is
possible to forma thick portion which includes curved ribs crossing on a
pl ane and which is shown in an X shape. $0019] The backsi de of the face 11
Is divided into four portions by providing the thick 10 portion 20, and the
four di vi dembsssectian ef therthick gortipna2(calongna Jomger lengthidireaticio(line hotvtdenB-BNk, a
toe portion M and a heel portion Mi are formed on the backsi de of the face.

[0020] NexFIG. izPl hay Bisth right &ltFlef sides tielh hrRCdompatatively 10686 €1Th kit YrdDthe 2
e

concrete exanp I s explained by using both a prototype head of the present

I nvention | : e wth
t he 4pcs fgir?g?%séscﬁ;?ﬁgg‘gu ft{(ﬁ(;‘ﬁ?&? P%g%?ﬁlr% ﬁée% Ses\/\él?féé%n‘ggﬁ%eggﬂﬁ gﬁ&ﬂg a head
vol ume of 255cc, and a wejght.of 1 . _Ther re 2 | fferences anong the
four " heads Heggtiet Borepn S hitficistt anlieR eofdly of o Fautie Shevt HEBE SEBRY o

O her portions were the same. First prototype head: The first prototype head
had a cent Bck pertipn2d és shavadnaestaten whigh thasiraight ribs srass.  Haweves; this s t i on)
of 4.80 mm The crown portion Mc and the sole portion Ms had a 25 thickness
of 2.2 nm &mbtatmitation pothei presei insertidnh e Ihis ebssilde to fommMhthivkchoati¢thwhichess  of
8 2.5 mMm It should be noted that the type of thick portion was sel ected so

that the §delhdes e@se@tibs BRsiihE 61 aPhireiadd vihicidahbwn dead Bamkase. al ong a | onger
| ength direction from the center portion so as to have a thickness of 3 mm

at the bot (ﬁbges of the longer direction. The total area of the backside
of the face was 48.2 cnR. The ratio of the

The backside of the face 11 is divided into four portions by providing the thick
10 portion 20, and the four divided surfaces including a crown portion Mc, a sole portion
Ms, a toe portion Mt and a heel portion Mh are formed on the backside of the face.
[0020]
Next, in order to check the effects of the present invention, a concrete example
is explained by using both a prototype head of the present invention and a comparative
15  head.
[0021]
(Example 1)
In accordance with the 4pcs forging method, four titanium heads were
produced which had a head volume of 255cc and a weight of 199g. There were
20  differences among the four heads. However the differences related only to the face
structures.  Other portions were the same.
First prototype head:
The first prototype head had a center thickness (a center of crossing portion of
the thick portion) of 4.80 mm. The crown portion Mc and the sole portion Ms had a

25  thickness of 2.2 mm and the toe portion Mt and the heel portion Mh had a thickness of



5 divided area was as follows. The crown area Mca was 4.6% the sole area
Msa was 7.4% the toe area Ma was 45.4% and the heel area Mia was 42. 6%
Conparative head 1: The conparative head 1 had a face with a uniform
thickness of 2.6 mnm Conparative head 2§ 10 The conparative head 2 had a
thick portion which was arranged at the center of the face, which extended
al ong a di Rechimon It shoaldibd hsed thantheavysk ¢f thiick oitiodrnwvissekctbdisbehatsied e and
which is formed in an | shape on a surface. The thick portion has a 4.80 mm

thi ckness @lickdees 6Mmb Bick AlghRhalPaddreied BRdg 3 10kel Bkt &ikR688 fir
Conparative ?lead 3: 15 grhg&?(g)rrpar ata‘i\p}(\;/)e head 3 h%d a thi cgmportion foglr med in

SRR T U R TR
02T g P BLk R S B ES ab RCREL

hitting. In the tests, the head speed was 40 nm's, and the average was

cal cul ad ed disridestarga was agfollowal | Thewnownazes Mot wakd.6%dhelsole arcadrisawias n FI G 1,
the hitting points of a golf ball were at the center P1 of the face, points
P2/ P3 whi cl7.48%% the soelasénloita s ¥5 4%, badthie dletlyaremMibd wasiesthi vel y to the toe
and heel by 20 mmfromthe center, and the points P4 and P5 which were
substantially 25 Eg[nhgpﬁlvgﬁezm)y:ed respectively to the crown and sole by 12
mm fromthe center. r 9 the center PI of the face was the point of

I ntersection at | ’ I 414l . . t.lines
I ncl uded: a cent ﬁhﬁgp%%ﬁ%ﬁ@ﬁ%ﬁe\%ﬂrlt%gfﬁ |ér’1‘§§tﬁ\%hql%fﬂ;;€§%1{:l cgﬁiy'ggﬁhect ed both
t he boundary bet \Aﬁen the face and the crown and the boundary between the
face and the sol e“OHRATVEBFA%s | i ne anong virtual |ines which horizontally
connect ed . . )
10 The comparative head 2 had a thick portion which was arranged at the center of
the face, which extended along a direction toward the crown and a direction toward the
sole and which is formed in an I shape on a surface. The thick portion has a 4.80 mm
thickness at the center, and other portions had 2.50 mm thickness.
Comparative head 3:
15 The comparative head 3 had a thick portion formed in an X shape on a surface

which had a 4.80 mm thickness at the center, and similar to the comparative head 2, other
portions had 2.50 mm thickness.
[0022]
After connecting shafts to the prototype head 1 and the comparative heads 1-3,
20  tests of carry were conducted by using a robot for test hitting. In the tests, the head
speed was 40 m/s, and the average was calculated after hitting 5 balls with each of the
heads. As shown in FIG 1, the hitting points of a golf ball were at the center P1 of the
face, points P2/P3 which were substantially horizontally moved respectively to the toe
and heel by 20 mm from the center, and the points P4 and PS5 which were substantially

25  vertically moved respectively to the crown and sole by 12 mm from the center. Here,



5 both the boundary between the face and the toe and the boundary between
the face and the heel. The results of the carry obtained at all hitting
points of the exanple 1 are shown below [0023] 10 [Table 1] 20 mmto
center 20 mmto 12 mmto 12 nmto Mxi nugn heel side toe side crown side
sole side difference Prototype 194 in 201 in 194 in 193 in 193 in 8 in head
1 Conpar at ithwecehfEt Pl rof 25 face) wh8 thei poirk &8 intersdd@idnian which two deated liheGroysad.at | ve
194 in 201 in 194 in 186 in 186 in 15 in head 2 Conparative 194 in 201 in

193 in 187 T8 tW8 entr RdesiificludeiRd cantbilirRCARS VAR Ured whish Ndricaly Tabl e 1,
t he prototype head 1 achieved the least difference of carry conpared to the

¢ : . :
compar at | vapiesiArboll MiboRil) BBl the e BENETEhPid Bt el 6fiekn v
thickness at the crown and he sol.e conpare the. t and the heel , /it is
bosst bi et e Bf pid R RaRotnd aFeniy GraBitneyiual fors whsf SoRonlE Rotier e on | <
provi ded. Therefore, the prototype head | had a | arger sweet spot on the

surfaced Bpothatie bpupdary hetween the fage anddhe s aad shebaundaryhetwpnghe fagsantead 1
had a coefficient of restitution not [arger than 0.83 which is a regul ated

val ue wit hthelsgebct to the coefficient of restitution that is scheduled to
20 be enforced fromthe 2008 fiscal year. 10

The results of the carry obtained at all hitting points of the example 1 are
shown below.

[0023]

10 [Table 1]

20mmto |center |20mmto | 12mmto |12 mmto | Maximum
heel side toe side | crown side | sole side | difference
Prototype 194 m 20lm | 194m 193 m 193 m 8 m
head 1
Comparative | 191 m 205m {191 m 188 m 188 m 17m
head 1
Comparative | 194 m 20lm |194m 186 m 186 m 15m
head 2
Comparative | 194 m 20lm [193m 187 m 187 m 14 m
head 3

In accordance with results of Table 1, the prototype head 1 achieved the least
difference of carry compared to the center even at the crown portion and the sole portion
at which carry was comparatively decreased. This was because, by applying a thinner

15  thickness at the crown and the sole compared to the toe and the heel, it is possible to
deform the so-called sweet spot even when the thick portion is provided. Therefore, the
prototype head 1 had a larger sweet spot on the surface. By way of parenthesis, it was
observed that the prototype head 1 had a coefficient of restitution not larger than 0.83
which is a regulated value with respect to the coefficient of restitution that is scheduled to

20 be enforced from the 2008 fiscal year.



By using the conparative head 1, it was possible to obtain a |ong carry when
the ball was hit at the center. However, the conparative head has | arge

differences of <carry if the ball is hit at positions other than the center.
Therefore, the conparative head 1 had agsmall sweet area. Mreover, it was
observed that the coefficient of restitution of 5 the conparative head 1 was
0. 85, that is, tHy usied thexiomparative hest 1.titvaoposside uthtdin e lardg ¢amy whegul at ed
val ue. Regarding the conparative head 2, it was observed that differences of

carry bet ine®all i4ae hitQf thieQehtegn H@ﬂeﬁdﬂ&h@e&hﬁﬂaﬁwh&ﬂmm ¢ Bigfehets gfOr ti on
and the center were snmall. However, it was observed that differences of

carry bet "‘?ﬂ’hg% Hﬁﬁl‘l‘é"ﬁn%ﬁ’g&%it%hsjo%e?f@ﬁaé € cGREL €Th @&%r@%@%&&p%ﬂ%ﬁvéﬂéaﬂ

portion an center wer ar ge. her ef or e, fthe sweet area verti caI

di rection t he.center was,still small. Re tlve

i Lar ol PSR SREN SEPe S kb 3k aherrv i e padfie SRE Yk e
sweet area in a vertical direction was smal|. The reason for uch a
phenonmeha the compprtiag headal wan.85 rthatdncthe cosflicisat ofireviutien Wﬂ-bwtaémf He sole
15 portion was the sane as the toe portion and the heel portion. In

accor danceregulateddaber i pti ons above, by applying the thick portion in an X
shape on the backside surface of the face while the thickness of the areas

divided by the tiégakdingtHel dthparative Gbad3, it Was bhdeied thdt differneeos et hat it
is possible to obtain a head which has a large sweet area. 20 [0024]

(Exanpl e 2etwed {1liod g]gi ﬁlejcenfepm?cpﬁéggvgé’rpv\gl? (ﬂ%@l}ﬁbgﬁé}ﬁﬁg@é cEREOVEE

neéhod thLee tltanl wer e produ ume of 255cc
h hick
of tﬁe“’fh?ghalﬁor% %V‘%ﬁgb 855 ebehs R Barty BerbRuptie s PRl ">
1

pr ot ot Y(Pe hea&_ll 1
¢ center and between the sole portion and the center were large. Therefore, the

sweet area in a vertical direction from the center was still small.

Regarding the comparative head 3, similar to the case of the comparative head
2, it was observed that the sweet area in a vertical direction was small. The reason for
such a phenomena is supposed that the thickness of the crown portion and the sole

15  portion was the same as the toe portion and the heel portion.

In accordance with descriptions above, by applying the thick portion in an X
shape on the backside surface of the face while the thickness of the areas divided by the
thick portion are set as two types, it is supposed that it is possible to obtain a head which
has a large sweet area.

20 [0024]
(Example 2)
Similar to Example 1, in accordance with the 4pcs forging method, three
titanjum heads were produced which had a head volume of 255cc and a weight of 199g.
However, as shown in Table 2 below, the thicknesses of the thick portion and the divided

25  areas were changed from the prototype head 1.



[0025] [Table 2] Heel Center Toe portion Crown Sole Difference of portion
portion portion thickness Prototype 226 M 3.4 Mm 2.6 Mm 2.4 M 2.4 mm 1.0
nm head 2 Prototype 20 Mmm 6.8 nm 2.0 nm 1.8 mm 1.8 nun 5.0 nm head 3
Prototype 2.6 nmm 3.2 mm 2.6 mm 2.4 nm 234 nm 0.8 nm head 4 5 [0026] After
connecting shafts to the prototype heads 2-4, in the sanme manner as Exanple
1, tests ofogsjry were conducted by using a robot. Test results are shown in
Tabl e 3. [0027? 10 [Table 3] 20 mmto center 20 Mmmto 12 mmto 12 mmto
Maxi mum heel toe crown sole difference Prototype 195 m 200 m 196 m 192 m
192 m8 mhead 2 Prototype 197 m201 m 196 m 194 m 193 m8 m head 3
Pr ot ot ype J[‘%a?ble 05 mM198 mM193 m193 m12 m head 4 [0028] As clearly shown
,orn

in Table 3 case when the difference of thickness inside
Heel Center Toe portion | Crown | Sole Difference of
portion portion | portion | thickness
Prototype [ 26 mm |[3.4mm |2.6mm 24mm |24mm |1.0mm
head 2
Prototype | 2.0mm | 6.8 mm |2.0mm 18mm }1.8mm |5.0mm
head 3
Prototype | 2.6 mm |3.2mm |2.6 mm 24mm |24mm |0.8 mm
head 4
5 [0026]

After connecting shafts to the prototype heads 2-4, in the same manner as

Example 1, tests of carry were conducted by using a robot.  Test results are shown in

Table 3.
[0027]

10  [Table3]

20mmto |center |20mmto | 12mmto | 12 mmto | Maximum
heel toe crown sole difference
Prototype | 195 m 200m | 196m 192 m 192 m 8m
head 2
Prototype | 197 m 200lm |[196m 194 m 193 m 8m
head 3
Prototype { 197 m 205m | 198m 193 m 193 m 12m
head 4
[0028]

As clearly shown in Table 3, in a case when the difference of thickness inside
the face was 1 mm, the maximum difference of carry was 8 m. Moreover, in a cease in
15 which the difference of thickness inside the face is 5 mm, the maximum difference of
carry was 8 m. Therefore, regarding these two cases, it was understood that head

structures achieved large sweet areas. On the other hand, when using the prototype



the face was 1 nm the maxi numdifference of carry was 8 m Mreover, in a
cease in 15 which the difference of thickness inside the face is 5 nmm the
maxi nrum di fference of carry was 8 m Therefore, regarding these two cases,

it was understood that head structuresj achieved |arge sweet areas. On the
ot her hand, when using the prototype 12 head 4, it was possible to obtain
12 m of t higeadsty itriu® pséibRIte dbRimn 2 masfitie mbiveme diffdréhce A€ carirglaidéwwver,int he
test results, it was observed that it was nore effective to apply 1-5 mmto

the maxi migpcdidah&d Gih thdestirdutsITe Has obdPéedlthatit &Qﬁ%ﬁé SfestivotdTagply 1150

Exanple 1, In accordance with the 4pcs forging nmethod, four titanium heads
wer e produced t hi e SN0 prototype heads 5-8 in Table 4

bel ow, ar%g%uH¥QFW%H§W§E€£%ﬁwqqé?@gégﬁ%ghe backsi de surfaces of the faces
were changed. |t should be noted that the prototype head 6 shown in this
exanpl e cor“@%%bnds to the 10 above-described prototype head 1. [Table 4]
Area of backside Area of thick Ratio of area of of the face portion thick
portiorf Pridxemppsdlhead 5 48.4 cm 3.9 cm 8.0% Prototype head 6 1 48.4 cm
5.3 cm11.0 % Prototype head 7 48.4 cm8.7 cm18.0 % Prototype head 8 48.4
cm 12.5 cm 25. 8 SmjileIDExdhplern, odaroeduhdeowith tHeldpcs forking npsthéd) fyaithdass 5- 8,
in the sanme manner as 15 Exanple 1, tests of carry were conducted by using

a robot. Coegdy wed proaadi T HifexaMpis, a8 ShdA@h PhotothPe RHAYE-§ 1 ThRR! £below,
areas of the thick portions on the backside surfaces of the faces were changed. It should
be noted that the prototype head 6 shown in this example corresponds to the

10  above-described prototype head 1.

[Table 4]
Area of backside | Area of thick Ratio of area of
of the face portion thick portion
Prototype head 5 48.4 cm’ 3.9 cm” 8.0 %
Prototype head 6 (1) [ 48.4 cm” 5.3 cm” 11.0 %
Prototype head 7 48.4 cm” 8.7 cm’ 18.0 %
Prototype head 8 48.4 cm” 12.5 cm” 25.8 %
[0030]

After connecting shafts to the prototype heads 5-8, in the same manner as
15  Example 1, tests of carry were conducted by using arobot. Carry corresponding to
hitting points is shown in Table 5.

[0031]



[0031] 13 [Table 5] 20 nmto center 20 mmto 12 mmto 12 nun to Maxi num
heel toe crown sole difference Prototype 198 m203 m 198 m 197 m196 m7 m
head 5 Prototype 194 m 201 m 194 m 194 m193 m8 m head 6 Prototype 191 m
199 m 192 m191 m190 m9 m head 7 Proggtype 188 m 196 m 188 m 185 m 184 m
12 m head 8 [0032] As shown in Table 5 above, by using the prototype head
8, It was pdabicldle to 5 make the maxi mumdifference so as to be 12 mor
smal l er. Moreover, it was observed that it was nore effective if the ratio

of the arga of Th idkhﬁktopc%h@fl 2R mif t87P 12" moStdR] 12 tnm kP T Mixinfularpl e 4)
10 Simlar| to Exanpld 1, faur heacstoé/vere Hregwaed- | kdlet hi's mﬁ&, ds shown
in Table "r foit'}?pe d8%m of 3 ﬁ 1 3N de S ™ lloulgt strodl d be
not ed thatoqﬁ té type k@? &M bed ‘abdVe i ? hel uded n Tabl é 6 too.
[0034] [T Ratio-of e e f'n of —grown Ratdo--of hegl-Ratio-of toe
(A) + (B) |Prototype | 194m 201 m 194 m 194 m 193 m 8 m

head 6

Prototype | 191 m 199m |(192m 191 m 190 m Om

head 7

Prototype | 188 m 196m | 188m 185 m 184 m 2m

head 8§

[0032]

As shown in Table 5 above, by using the prototype head 8, it was possible to
5  make the maximum difference so as to be 12 m or smaller. Moreover, it was observed

that it was more effective if the ratio of the area of the thick portion was 18.0% or
smaller.

[0033]

(Example 4)

10 Similar to Example 1, four heads were produced. In this example, as shown in

Table 6, the ratio of areas of divided areas was changed. It should be noted that the

prototype head 1 described above is included in Table 6 too.

[0034]
[Table 6]
Ratio of sole | Ratio of crown | Ratio of heel | Ratio of toe | (A) + (B)
portion (A) | potion (B) portion portion
Prototype 3.2% 2.2% ' 46.0% 48.6% 5.4%
head 9
Prototype 7.4% 4.6% 42.6% 45.4% 12.0%
head 10(1)
Prototype 11.7% 7.3% 39.6% 41.4% 19.0%
head 11
Prototype 1.9% 1.3% 47.1% 49.7% 3.2%
head 12

15



portion (A) potion (B) portion portion Prototype 3.2% 2.2% 46. 0% 48. 6% 5. 4%
head 9 Prototype 7.4% 4.6% 42. 6% 45. 4% 12. 0% head 10(1) Prototype 11.7%
7.3%39.6%41.4% 19. 0% head 11 Prototype 1.9% 1.3% 47.1% 49. 7% 3. 2% head
12 15 14 [0035] After connecting shaftgsto the prototype heads, in the sane
manner as the above-described exanples, tests of carry were conducted by
usi ng a rolfg03sJTest results are shown in Table 7. It should be noted that
the prototype head 10 corresponds to the 5 prototype head 1. [0036] [Table

7] 20 mmto Cent effiedQofiiRdiia, %ﬁaﬂﬁ%ttﬂeﬂi%tdfgﬁé&a%%m&%@ﬁ&nkp& @eown sol e
di fference Prototype head 195 m 201 m 194 m 193 m 192 m9 m9 Prototype

head 194 Q- L ch @k&%ﬁle@tés%@of@a?rf%eréggﬁaucwd%%&ea Redt MR g2 m 194
m éi m

m 201 m 20
are shown in Table 7. It should be noted that the prototype head 10 corresponds to the

5  prototype head 1.

[0036]
[Table 7]
20mmto |Center |[20mmto |12mmto | 12mmto | Maximum
heel toe crown sole difference
Prototype head | 195 m 201 m 194 m 193 m 192 m 9m
Ig’rototype head | 194 m 20lm ({194m 193 m 193 m 8§m
Il’gc():gtype head | 195 m 22m | 194m 201 m 200 m 8m
l}%ototype head | 195m 200m |[195m 188 m 188 m 12m
[0037]
10 In accordance with Table 7, regarding the prototype head 12, the ratio of the

sole portion and the ratio of the crown portion were relatively small. However, it was
observed that the maximum difference of the prototype head 12 was acceptable.
Moreover, it was clearly observed that it was further preferable that both the ratio of the
sole portion and the ration of the crown portion should be 5.4% or larger because there is
15  no case of greatly reducing the carry when the ball is hit at the sole portion or the crown

portion.

[0038]

(Example 5)

Similar to Example 1, four heads were produced.

20 In this example, as shown in Table 8, prototype heads 13-16 were made which



Prot ot ype head 195 m 200 m 195 m 188 m 188 m 12 m 12 [0037] 10 In
accordance with Table 7, regarding the prototype head 12, the ratio of the
sole portion and the ratio of the crown portion were relatively small.
However, it was observed that the nmaxi jgam di fference of the prototype head
12 was acceptable. Moreover, it was clearly observed that it was further
pr ef er abl ¢hatl vatiolotdbudsRe (Ynpobtained by dévidiag meaxpronhithickaesd diffegericas t b of t he
crown portion should be 5.4% or |arger because there is 15 no case of

greatly ragidtisd thiblepSrtiohy WWRe&FiGiaybal | is hit at the sole portion or the
crown portion. [0035] (Exanple 5) Simlar to Exanple 1, four heads were

produced. 20 In ty g@ﬁ@ﬁ | gﬁ@ 3-16

wer e made whi ch f@ éﬁa va}rﬁ %%a?%&gﬂ%@go@%}@%%%sf %stg%%%@&%&f&% |ng&ﬁ%xi mum

t hi ckness . di fferences t..b | dt hs of 1hi ortions W(see FIG 1). After

connectin ys‘ﬁ&’l‘gt%m‘ti’ﬁ"t %S%?&Wﬁ%éhmﬁa%égts of carry were conducted b
GP y y

using a robot. Test results are shown in Table 9. 5 [0039] [Table 8 R (/0)

Wt Pdot odJ$¥lhead 13 12.5% 8.0 nm 1.0 nm Prototype head 14 62.5% 8.0 nm

5.0 nm Prototype head 15 2.8% 18 nm 0.5 nm Prototype head 16 7.6% 13 nm
1.0 nun

[Table 8]
R (%) w t
Prototype head 13 12.5% 8.0 mm 1.0 mm
Prototype head 14 62.5% 8.0 mm 5.0 mm
Prototype head 15 2.8% 18 mm 0.5 mm
Prototype head 16 7.6% 13 mm 1.0 mm
[0040]

10 [Table 9]

20mmto |Center |[20mmto |12mmto | 12mmto | Maximum
heel toe crown sole difference

Prototype head | 196 m 22m | 197m 194 m 194 m 8m

13

Prototype head | 193 m 198 m 193 m 192 m 191 m 7m

14

Prototype head | 198 m 207m | 198 m 195 m 195 m 12m

15

Prototype head | 195 m 201 m 195 m 191 m 191 m 10 m

16

[0041]

As clearly shown in Table 9, it was possible to obtain the maximum difference
S0 as to be 12 m even when the value R% was 2.8 %. Moreover, at the center, when the
15  value R% was 7.6-62.5 %, differences of carry were especially small. Therefore, if R%
is 7.6% or larger, the head has small difference of carry and is preferable.

[0042]



[0040] 10 [Table 9] 20 mMmto Center 20 mMmto 12 mmto 12 mmto Maxi mum heel
toe crown sole difference Prototype head 196 m 202 m 197 m 194 m194 m8 m
13 Prototype head 193 m198 m 193 m 192 m191 m7 m 14 Prototype head 198
m 207 m 198 m 195 m 195 m 12 m 15 Protgdype head 195 m 201 m 195 m 191 m
191 mlo m 16 [0041] As clearly shown in Table 9, it was possible to obtain
t he maxi nuigEdarhflers@nce so as to be 12 meven when the value Rbowas 2.8 %
Moreover, at the center, when the 15 value R¥was 7.6-62.5 % differences

of carry were esp@fhedol Bka®ipi |, a gro®ifleHtedd 17 wak¥roduted s®aPihe! fRécdRid.a t he
head has small difference of carry and is preferable. [0042] 16 (Exanple 6)

Simlar tq]@gggg pe head 17 was produced so that the face had
a thickness as lé’%own mpfflgtﬁomllo [0043] 5 [Table 10] Heel portion Center

Toe porti OTO&{ﬁ\m Sol e portion potion

5 [Table 10}

Heel portion | Center Toe portion | Crown Sole portion
potion
Prototype head 17 | 3.0 mm 48mm |2.5mm 20mm | 2.0 mm

[0044]
After connecting a shaft to the prototype head 17, tests of catry were conducted

by using a robot.  Test results are shown in Table 11.

10 [0045]
[Table 11]
20mmto | Center |20 mmto | 12 mmto 12 mm to | Maximum
heel side toe side crown side | sole side | difference
Prototype head 17 | 196 m 20lm [195m 193 m 193 m 8m
[0046]

As clearly shown in Table 11, even in a case in which the thickness was
15  arranged so as to be smaller at the toe than the heel and arranged to be smaller at both the
crown and the sole than the toe, that is, when three types of thicknesses were included, it
was possible to obtain a head which had small differences in carry.
[0047]
A best mode constitution, method, and the like for implementing the present
20  invention are described above. However, the scope of the present invention is not
limited by such constitution, method, or the like.

In other words, specific embodiments of the present invention are shown in the



Prototype head 17 3.0 Mmm 4.8 mm 2.5 nun 2.0 nm 2.0 nm [0044] After
connecting a shaft to the prototype head 17, tests of carry were conducted
by using a robot. Test results are shown in Table 11. 10 [0045] [Table 11]
20 mMmto Center 20 nmto 12 nmto 12 mmjtpo Maxi num heel side toe side crown
side sole side difference Prototype head 17 196 m 1201m 1195m 193 m 193 m 8
m [0046] dawidgsamndexplmed in thelbbleddstripbomesn Howeven stds possitile fdr atgeeson

t hi ckness was 15 arranged so as to be snmaller at the toe than the heel and

arranged t of fae aR T8 bpsly vatiolPbdifieStionst6 Wt dbade-dBRribed embbdithenftewhile, t hat
I's, when three types of thicknesses were included, it was p055|ble to

obtain a hf‘e%hlfﬂﬁ @F&?an?{@é] {(é&?&ﬂ‘ﬁ%n i0n.C 3ich m&cﬁﬁé&?t]on@‘a&qﬁélgg&pﬁ

constitution, I mplenenting t present

|nvent|on e de bed %gove .However, the scope of the present invention

i s not tg%Peb‘gcftbﬁBWS ARYPHRR on, nethod, or the like. In other words,
speC|f|c enbodl ments of the present |nvention are shown in the 17 draw ngs
and expﬁ ai nE948h t he above descri ptions. However, it is possible for a
person of the art to apply various nodifications to the above-descri bed
enbodi nent s, whi | In the ebaierdescgritwidtemibodirhents, dopexaafpl¢, hevgndedeimwhichvigcilledn.
Such nodifications are included in the scope of the present invention. 5
[0048] In hiavetiovgpldiesar i Hetersthiolh piRsibR. toapplyali@aive.deseriedd cl ub which is

call ed
embodiments to heads of a fairway wood, utility club, or the like. Moreover, regarding
making the differences of carry as small as possible by applying the above-described
10 embodiments, it is also possible to apply the above-described embodiments to an iron
club.

Furthermore, there is no limitation such that the thick portion 20 should be
integrally constituted together with the face, and the thick portion 20 is an independently
formed portion. Therefore, it is possible to attach the thick portion 20 to the backside of

15  the face.
[0049]

Moreover, it is not a limitation in which the thick portion 20 is formed in a
manner in which the thickness of the thick portion 20 gradually decreases so as to have
both right and left sides which are comparatively lower along a longer length direction

20 from a center portion. However, it is possible to obtain a uniform thickness.
Otherwise, it is possible to form the thick portion 20 so as to have a narrower width along
a longer length direction from a center portion to both the right and left ends. In short,
the present invention includes at least one feature in which the thick portion made from a

rib approximately in an X shape on a surface is provided at the center portion of the face

25  in order to extend the sweet area to both the crown and the heel.



a driver is explained. However, it is possible to apply the above-descri bed
enbodi nents to heads of a fairway wood, utility club, or the Iike. Moreover,
regarding naking the differences of carry as small as possible by applying
t he above-descri bed 10 enbodi nents, it i18 al so possible to apply the
above-descri bed enbodi nents to an iron club. Furthernore, there is no
limtation such that the thick portion 20 should be integrally constituted
together with the face, and the thick portion 20 is an independently fornmed
portion. Therefore, it is posSBNIDISTREABAPRLICABELXTW ck portion 20 to the
backsi de of 15 the face. [0049] Moreover, it is not alimtation in which

the thick porti OnAgglf*cﬁlbe%raH%g?ﬂogri&te TOPPEAE chuB i¥'proviiel Rhidadhieves & sbil t he
thick portion 20 gradually decreases so as to have both right and left

si des whi ch..are copparative Lower along. a l.ongesr length directio 20 from
o Contor pOFRHGsE SFRRET e therdih oBieR Pbvis HBRF redBBE s Bolidrale. 20

O herwise, it is _possible to formthe thick portion 20 sQ gs to_have a
narrower wFBPAred i the case of hitting fthepyest ot aed Machrcan sasily ? SERbIS §3RY- t o
both the right and left ends. In short, the present invention includes at

| east one f eat ur eWhile phifemed ¢rabaediinehts pf the inventwddatre beanadeseritedapdr oxi mat el y
in an X shape on a surface is provided at the center portion of the face 25

in order tluethteddbévecitshedt bau@derstool didd tHebeareeqemphinglof the il@ation A
| NDUSTRI AL APPLI CABI LI TY A golf club head appropriate for a golf club is

provi ded wajoGiy: 8ftl SofSRlefedS i Binliting! T ABHIBDAS offissicHs! subSititiohd, ahd'6thiet ¢ L1 ng

poi nt noves along directions to a crown or a sole 5 conpared to the case of

hitting th . Spot i .ch i i VWi | e
preferred gﬁ@%ﬁ%&%ﬁ$§m§%q&%e‘ﬁ'J%ﬁ?ﬁ%ﬁéﬁgéémﬁgé%hgggﬁibﬁgéﬁ%%§k¥%FIusprated
0ove. 1§ SRahh. " siorinh B ivamon BT bcoRiiaR e e tiid R O 2N

foregoing description, and is only limited by the scope of the appended claims.



are not to be considered as limting. Additions, om ssions, substitutions,
and other nodifications can be nade w thout departing fromthe spirit or
scope of the present 10 invention. Accordingly, the invention is not to be
considered as being limted by the foreggoing description, and is only
limted by the scope of the appended clains. 19 CLAIMS 1. A golf club head
conprising: a netal face for hitting GL4dMS ball; a thick portion on a
center of a backside of the nmetal face extending in an X 5 shape; and four
divided argeas of gbifeldbarksteiap@ding:ne netal face divided by the thick portion
whi ch have two or nore thicknesses. 2. A golf club head according to Caim

1, wherein a naxi @%aijf:{ &5 gf oif’o hi ckness of the overall netal face
i ncluding the thic portcléon I'S Fn ga ré'?]lge of 1-5 M 3. A golf club head

according to Claim1l, wherein a val obt ai, ned, b i, din . naxi gum

thi ckness di f f er eht¥KROTEL0N, Senlfy 0 r‘?‘elfaﬁfm gthPﬁ'belgﬂE?%gex?‘f@lWW@R ortion
by a width of the thick portionis 7.6-62.5% 15 4. A golf club head
accordi5r1g shapeyaidm 1, wherein an area of the thick portion is 8.0-18.0% of
a total area of the backside of the netal face. 5. A golf club head

accordi ng to d aifouddivided mesan of the(batksiddsef)th¢ Metal Kaca-dividedbyiheithick portionange
of 5.4-19.0% when an area of a crown portion is Ma, an area of a sole
portion i swikkch ha&d tvaé 6AmOfe ickAgsseRrtion is Ma, and an area of a heel

portion is Ma.
2. A golf club head according to Claim 1, wherein a maximum difference of

10  thickness of the overall metal face including the thick portion is in a range of 1-5 mm.

3. A golf club head according to Claim 1, wherein a value obtained by dividing a
maximum thickness difference of the overall metal face including the thick portion by a
width of the thick portion is 7.6-62.5%.

15
4. A golf club head according to Claim 1, wherein an area of the thick portion is

8.0-18.0% of a total area of the backside of the metal face.

5. A golf club head according to Claim 1, wherein
20 (McatMsa)/(Mcat+Msa+Mta+Mha) is in a range of 5.4-19.0% when an area of a crown
portion is Mca, an area of a sole portion is Msa, an area of a toe portion is Mta, and an

area of a heel portion is Mha.





