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GOLF CLUB WITH NON-METALLC 
CONNECTIONASSEMBLY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. nonprovisional 
application Ser. No. 14/587,573, filed on Dec. 31, 2014, all 
of which is incorporated by reference as if completely 
written herein. Related applications concerning golf clubs 
and connection assemblies include U.S. patent application 
Ser. Nos. 13/686,677, 13/841,325, 13/956,046, 14/074,481, 
14/109,739, 14/196,964, and 14/456,927, which are incor 
porated by reference herein in their entirety. 

FIELD 

The present application is directed to embodiments of golf 
club heads, particularly club heads that have adjustable 
components including connection assemblies having at least 
one non-metallic component. 

BACKGROUND 

For a given type of golf club (e.g., driver, iron, putter, 
wedge), the golfing consumer has a wide variety of varia 
tions to choose from. This variety is driven, in part, by the 
wide range in physical characteristics and golfing skill 
among golfers and by the broad spectrum of playing con 
ditions that a golfer may encounter. For example, taller 
golfers require clubs with longer shafts; more powerful 
golfers or golfers playing in windy conditions or on a course 
with firm fairways may desire clubs having less shaft flex 
(greater stiffness); and a golfer may desire a club with 
certain playing characteristics to overcome a tendency in 
their Swing (e.g., a golfer who has a tendency to hit 
low-trajectory shots may want to purchase a club with a 
greater loft angle). Variations in shaft flex, loft angle and 
handedness (i.e., left or right) alone account for 24 variations 
of the TaylorMader7 460 driver. 

Having such a large number of variations available for a 
single golf club, golfing consumers can purchase clubs with 
club head-shaft combinations that suit their needs. However, 
shafts and club heads are generally manufactured separately, 
and once a shaft is attached to a club head, usually by an 
adhesive, replacing either the club head or shaft is not easily 
done by the consumer. Motivations for modifying a club 
include a change in a golfer's physical condition (e.g., a 
younger golfer has grown taller), an increase the golfer's 
skill or to adjust to playing conditions. Typically, these 
modifications must be made by a technician at a pro shop. 
The attendant cost and time spent without clubs may dis 
Suade golfers from modifying their clubs as often as they 
would like, resulting in a less-than-optimal golfing experi 
ence. Thus, there has been effort to provide golf clubs that 
are capable of being assembled and disassembled by the 
golfing consumer. 

To that end, golf clubs having club heads that are remov 
ably attached to a shaft by a mechanical fastener are known 
in the art. For example, U.S. Pat. No. 7,083.529 to Cackett 
et al. (hereinafter, “Cackett') discloses a golf club with 
interchangeable head-shaft connections. The connection 
includes a tube, a sleeve and a mechanical fastener. The 
sleeve is mounted on a tip end of the shaft. The shaft with 
the sleeve mounted thereon is then inserted in the tube, 
which is mounted in the club head. The mechanical fastener 
secures the sleeve to the tube to retain the shaft in connection 
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2 
with the club head. The sleeve has a lower section that 
includes a keyed portion which has a configuration that is 
complementary to the keyway defined by a rotation preven 
tion portion of the tube. The keyway has a non-circular 
cross-section to prevent rotation of the sleeve relative to the 
tube. The keyway may have a plurality of splines, or a 
rectangular or hexagonal cross-section. 

While removably attachable golf club heads of the type 
represented by Cackett provide golfers with the ability to 
disassemble a club head from a shaft, it is necessary that they 
also provide club head-shaft interconnections that have the 
integrity and rigidity of conventional club head-shaft inter 
connection. For example, the manner in which rotational 
movement between the constituent components of a club 
head-shaft interconnection is restricted must have sufficient 
load-bearing areas and resistance to stripping. Consequently, 
there is room for improvement in the art. 

SUMMARY 

In a representative embodiment, a golf club shaft assem 
bly for attaching to a club head comprises a shaft having a 
lower end portion and a sleeve mounted on the lower end 
portion of the shaft. The sleeve can be configured to be 
inserted into a hosel opening of the club head. The sleeve has 
an upper portion defining an upper opening that receives the 
lower end portion of the shaft and a lower portion having 
eight, longitudinally extending, angularly spaced external 
splines located below the shaft and adapted to mate with 
complimentary splines in the hosel opening. The lower 
portion defines a longitudinally extending, internally 
threaded opening adapted to receive a screw for securing the 
shaft assembly to the club head when the sleeve is inserted 
in the hosel opening. 

In another representative embodiment, a method of 
assembling a golf club shaft and a golf club head is provided. 
The method comprises mounting a sleeve onto a tip end 
portion of the shaft, the sleeve having a lower portion having 
eight external splines protruding from an external Surface 
and located below a lower end of the shaft, the external 
splines having a configuration complementary to internal 
splines located in a hosel opening in the club head. The 
method further comprises inserting the sleeve into the hosel 
opening so that the external splines of the sleeve lower 
portion engage the internal splines of the hosel opening, and 
inserting a screw through an opening in the sole of the club 
head and into a threaded opening in the sleeve and tightening 
the screw to secure the shaft to the club head. 

In another representative embodiment, a removable shaft 
assembly for a golf club having a hosel defining a hosel 
opening comprises a shaft having a lower end portion. A 
sleeve can be mounted on the lower end portion of the shaft 
and can be configured to be inserted into the hosel opening 
of the club head. The sleeve has an upper portion defining an 
upper opening that receives the lower end portion of the 
shaft and a lower portion having a plurality of longitudinally 
extending, angularly spaced external splines located below 
the shaft and adapted to mate with complimentary splines in 
the hosel opening. The lower portion defines a longitudinally 
extending, internally threaded opening adapted to receive a 
screw for securing the shaft assembly to the club head when 
the sleeve is inserted in the hosel opening. The upper portion 
of the sleeve has an upper thrust Surface that is adapted to 
engage the hosel of the club head when the sleeve is inserted 
into the hosel opening, and the sleeve and the shaft have a 
combined axial stiffness from the upper thrust surface to a 
lower end of the sleeve of less than about 1.87x10 N/m. 
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In another representative embodiment, a golf club assem 
bly comprises a club head having a hosel defining an 
opening having a non-circular inner Surface, the hosel defin 
ing a longitudinal axis. A removable adapter sleeve is 
configured to be received in the hosel opening, the sleeve 
having a non-circular outer Surface adapted to mate with the 
non-circular inner surface of the hosel to restrict relative 
rotation between the adapter sleeve and the hosel. The 
adapter sleeve has a longitudinally extending opening and a 
non-circular inner Surface in the opening, the adapter sleeve 
also having a longitudinal axis that is angled relative to the 
longitudinal axis of the hosel at a predetermined, non-Zero 
angle. The golf club assembly also comprises a shaft having 
a lower end portion and a shaft sleeve mounted on the lower 
end portion of the shaft and adapted to be received in the 
opening of the adapter sleeve. The shaft sleeve has a 
noncircular outer Surface adapted to mate with the non 
circular inner surface of the adapter sleeve to restrict relative 
rotation between the shaft sleeve and the adapter sleeve. The 
shaft sleeve defines a longitudinal axis that is aligned with 
the longitudinal axis of the adapter sleeve such that the shaft 
sleeve and the shaft are Supported at the predetermined angle 
relative to the longitudinal axis of the hosel. 

In another representative embodiment, a golf club assem 
bly comprises a club head having a hosel defining an 
opening housing a rotation prevention portion, the hosel 
defining a longitudinal axis. The assembly also comprises a 
plurality of removable adapter sleeves each configured to be 
received in the hosel opening, each sleeve having a first 
rotation prevention portion adapted to mate with the rotation 
prevention portion of the hosel to restrict relative rotation 
between the adapter sleeve and the hosel. Each adapter 
sleeve has a longitudinally extending opening and a second 
rotation prevention portion in the opening, wherein each 
adapter sleeve has a longitudinal axis that is angled relative 
to the longitudinal axis of the hosel at a different predeter 
mined angle. The assembly further comprises a shaft having 
a lower end portion and a shaft sleeve mounted on the lower 
end portion of the shaft and adapted to be received in the 
opening of each adapter sleeve. The shaft sleeve has a 
respective rotation prevention portion adapted to mate with 
the second rotation prevention portion of each adapter sleeve 
to restrict relative rotation between the shaft sleeve and the 
adapter sleeve in which the shaft sleeve is in inserted. The 
shaft sleeve defines a longitudinal axis and is adapted to be 
received in each adapter sleeve Such that the longitudinal 
axis of the shaft sleeve becomes aligned with the longitu 
dinal axis of the adapter sleeve in which it is inserted. 

In another representative embodiment, a method of 
assembling a golf shaft and golf club head having a hosel 
opening defining a longitudinal axis is provided. The method 
comprises selecting an adapter sleeve from among a plural 
ity of adapter sleeves, each having an opening adapted to 
receive a shaft sleeve mounted on the lower end portion of 
the shaft, wherein each adapter sleeve is configured to 
support the shaft at a different predetermined orientation 
relative to the longitudinal axis of the hosel opening. The 
method further comprises inserting the shaft sleeve into the 
selected adapter sleeve, inserting the selected adapter sleeve 
into the hosel opening of the club head, and securing the 
shaft sleeve, and therefore the shaft, to the club head with the 
selected adapter sleeve disposed on the shaft sleeve. 

In yet another representative embodiment, a golf club 
head comprises a body having a striking face defining a 
forward end of the club head, the body also having a read 
end opposite the forward end. The body also comprises an 
adjustable sole portion having a rear end and a forward end 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
pivotably connected to the body at a pivot axis, the sole 
portion being pivotable about the pivot axis to adjust the 
position of the sole portion relative to the body. 

In still another representative embodiment, a golf club 
assembly comprises a golf club head comprising a body 
having a striking face defining a forward end of the club 
head. The body also has a read end opposite the forward end, 
and a hosel having a hosel opening. The body further 
comprises an adjustable sole portion having a rear end and 
a forward end pivotably connected to the body at a pivot 
axis. The sole portion is pivotable about the pivot axis to 
adjust the position of the sole portion relative to the body. 
The assembly further comprises a removable shaft and a 
removable sleeve adapted to be received in the hosel open 
ing and having a respective opening adapted to receive a 
lower end portion of the shaft and support the shaft relative 
to the club head at a desired orientation. A mechanical 
fastener is adapted to releasably secure the shaft and the 
sleeve to the club head. 

In another representative embodiment, a method of 
adjusting playing characteristics of a golf club comprises 
adjusting the square loft of the club by adjusting the orien 
tation of a shaft of the club relative to a club head of the club, 
and adjusting the face angle of the club by adjusting the 
position of a sole of the club head relative to the club head 
body. 

In another representative embodiment, a golf club head 
including a body comprising a face plate positioned at a 
forward portion of the golf club head, a hosel, a sole 
positioned at a bottom portion of the golf club head, and a 
crown positioned at atop portion of the golf club head is 
described. The body defines an interior cavity and at least 50 
percent of the crown has a thickness less than about 0.8 mm. 
An adjustable loft System is described allowing a maximum 
loft change of about 0.5 degrees to about 3.0 degrees. At 
least one weight port is formed in the body and at least one 
weight is configured to be retained at least partially within 
at least one of the weight ports. 

In still another representative embodiment, a golf club 
head including a body and an adjustable loft system con 
figured to allow a maximum loft change is described. At 
least two weight ports are formed in the body having a 
distance between the at least two weight ports. At least one 
weight is configured to be retained at least partially within 
at least one of the weight ports. The at least one weight has 
a maximum mass and the distance between the at least two 
weight ports multiplied by the maximum loft change mul 
tiplied by the maximum mass of the at least one weight is 
between about 50 mm.g. degrees and about 6,000 
immigdegrees. 

In yet another representative embodiment, a golf club 
head including a body and a crown positioned at atop portion 
of the golf club head is described. The body defines an 
interior cavity and at least 50 percent of the crown has an 
areal weight less than 0.4 g/cm. An adjustable loft system 
is also described allowing a maximum loft change of about 
0.5 degrees to about 3.0 degrees. At least one weight port is 
formed in the body and at least one weight is configured to 
be retained at least partially within a weight port. The golf 
club head can include a composite face insert. 

In another representative embodiment, a golf club head 
including a rotatably adjustable sole piece adapted to be 
positioned at a plurality of rotational positions with respect 
to an axis extending through the sole piece is described. This 
club head includes a releasable locking mechanism config 
ured to lock the sole piece at a selected one of the plurality 
of rotational positions on the sole. 
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In another representative embodiment, a golf club head 
including a generally triangular adjustable sole piece 
adapted to be positioned at three discrete selectable positions 
with respect to an axis extending through the sole piece is 
described. This club head includes a screw adapted to extend 
through the sole piece and into a threaded opening in the sole 
of the club head body and configured to lock the sole piece 
at a selected one of the three positions on the sole. 

In another representative embodiment, a golf club head 
including a rotatably adjustable sole piece adapted to be 
positioned at a plurality of rotational positions with respect 
to an axis extending through the Sole piece is described. In 
this embodiment, adjusting the rotational position of the sole 
piece can change a face angle of the golf club head between 
about 0.5 and about 12 degrees. 

In another representative embodiment, a golf club head is 
described that includes a recessed cavity in a sole of the golf 
club head having a platform extending downwardly from a 
roof of the cavity, and an adjustable sole piece adapted to be 
at least partially received within the cavity and comprising 
a body having a plurality of Surfaces adapted to contact the 
platform and being offset from each other along an axis 
extending through the body. In this embodiment, the sole 
piece can be positioned at least partially within the cavity at 
a plurality of rotational and axial positions with respect to 
the axis. Furthermore, at each rotational position, at least one 
of the surfaces of the body contacts the platform to set the 
axial position of the sole piece. 

In still another representative embodiment, a golf club is 
described that includes a club head body comprising hosel 
and a sole, the sole being positioned at a bottom portion of 
the club head body and comprising a recessed cavity and a 
platform extending downwardly from a roof of the cavity. 
This embodiment also includes an adjustable sole piece 
adapted to be at least partially received within the cavity and 
comprising a body having a plurality of Surfaces adapted to 
contact the platform and being offset from each other along 
an axis extending through the body. In this embodiment, the 
sole piece can be positioned at least partially within the 
cavity at a plurality of rotational and axial positions with 
respect to the axis, wherein at each rotational position, at 
least one of said surfaces of the body contacts the platform 
to set the axial position of the sole piece, and whereby 
adjusting the axial position of the sole piece can thereby 
change a face angle of the golf club between about 0.5 and 
about 12 degrees. This embodiment also includes a releas 
able locking mechanism configured to lock the Sole piece at 
a selected one of the plurality of rotational positions on the 
sole; a shaft; and a rotatably adjustable sleeve to couple the 
shaft to the hosel. Rotating the adjustable sleeve relative to 
the hosel can cause the shaft to extend in a different direction 
from the hosel, thereby changing a square loft of the golf 
club. Furthermore, the square loft and the face angle can be 
adjusted independently of each other. 
Some embodiments of a wood-type golf club head com 

prise a body having a front portion, a rear portion, a toe 
portion, a heel portion, a sole, and a plurality of ribs 
positioned on an internal surface of the sole. The plurality of 
ribs includes a first rib extending from the toe portion in a 
rearward and heelward direction, a second rib extending 
from the heel portion in a rearward and toeward direction, 
and a third rib extending from the rear portion in a frontward 
direction, wherein the first, second and third ribs converge at 
a convergence location. 

In some embodiments, the body further comprises a first 
weight port positioned at the toe portion and a second weight 
port positioned at the heel portion, the first rib being 
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6 
connected to the first weight port and the second rib being 
connected to the second weight port. 

In some embodiments, the plurality of ribs comprises a 
fourth rib extending from the convergence location in a 
frontward direction. 

In some embodiments, the body further comprises a hosel 
and the plurality of ribs comprises a fourth rib extending 
between the hosel and the first weight port. 

In some embodiments, the convergence location is rear 
ward and heelward of a center of gravity of the golf club 
head. 

In some embodiments, the sole comprises a convergence 
Zone, such as a pocket, that is recessed with respect to a 
Surrounding sole region and the convergence location is 
positioned above the convergence Zone. In some of these 
embodiments, the first, second and third ribs extend across 
an internal Surface of the convergence Zone and across an 
internal Surface of the Surrounding sole region. In some of 
these embodiments, the first, second and third ribs converge 
at an aperture in the Sole, the aperture being at the center of 
the convergence Zone. 

In some embodiments, the club head further comprises an 
adjustable sole piece coupled to an external Surface of a 
pocket via a fastener that passes through the Sole piece and 
is secured to an aperture in the sole. In some of these 
embodiments, the adjustable sole piece is configured to be 
positioned at a plurality of axial positions with respect to an 
axis extending through the Sole piece, the adjustable sole 
piece being releasably lockable to the sole at a selected one 
of the plurality of axial positions on the sole. In some of 
these embodiments, the adjustable sole piece has a generally 
triangular configuration and is adapted to be positioned at 
three distinct axial positions with respect to the axis extend 
ing through the aperture. In some of these embodiments, the 
adjustable sole piece is configured to receive at least two 
projections located on the sole. 
Some embodiments of a golf club head comprise a body 

having a sole portion positioned at a bottom portion of the 
body, the sole portion having a frequency of a first funda 
mental sole mode that is greater than 2,500 Hz. The club 
head also comprises a hosel portion positioned at a heel 
portion of the body, a crown portion located on an upper 
portion of the body, and a striking face portion located on a 
front portion of the body. The sole portion comprises a 
recessed Zone that is configured to receive an adjustable sole 
piece and a Surrounding sole region, and at least one rib that 
extends along a portion of an internal Surface of the sole 
portion. The adjustable sole piece is configured to provide at 
least a first position associated with at least a first club head 
face angle, the adjustable sole piece configured to further 
provide at least a second position associated with at least a 
second club head face angle, and the adjustable sole piece is 
configured to receive at least two projections located on the 
sole. 

In some of these embodiments, the body further com 
prises a weight port positioned at a toe portion of the body, 
and the one or more ribs positioned on an internal Surface of 
the sole include a first rib that extends along the interior 
surface of the sole from the hosel to the weight port. The sole 
portion further comprises a front Sole region configured to 
contact the ground when the golf club head is in an address 
position, a recessed sole region that is recessed relative to 
the front Sole region Such that the recessed sole region is 
spaced from the ground, and a sloped sole transition Zone 
extending inward from the front sole region to the recessed 
sole region. The first rib extends from a first portion of the 
front sole region adjacent the hosel, across a first portion of 



US 9,610,479 B2 
7 

the Sole transition Zone adjacent the hosel, across the 
recessed sole region, across a second portion of the sole 
transition Zone adjacent the weight port, and across a second 
portion of the front sole region adjacent the weight port. In 
some of these embodiments, when the golf club head is in 
the address position, the first rib extends in a straight line 
when projected onto an X-Y plane parallel with the ground. 

In some of these embodiments, the first rib has a height 
that varies along its length between the hosel and the weight 
port, a height adjacent the hosel and a height adjacent the 
weight port being greater than a height where the first rib 
extends across the recessed sole region. 

In some of these embodiments, the adjustable sole piece 
is capable of being positioned in three discrete positions to 
adjust the face angle of the club head. 
Some embodiments of a golf club comprise a body, a shaft 

connected to the body, a grip connected to the shaft, a crown 
portion located on an upper portion of the body, a striking 
face located on a front portion of the body, and a sole portion 
located on a bottom portion of the body. The sole portion 
comprises a recessed Zone configured to receive an adjust 
able sole piece and a surrounding sole region, and at least 
one rib that extends along a portion of an internal Surface of 
the sole portion. The adjustable sole piece is configured to 
provide at least a first position associated with at least a first 
club head face angle, and the adjustable sole piece is 
configured to further provide at least a second position 
associated with at least a second club head face angle. 
Some of these embodiments further comprise an adjust 

able sole piece positioned in the recessed Zone and a fastener 
securing the adjustable sole piece to the recessed Zone. A 
portion of the at least one rib extends along a portion of the 
internal Surface of the recessed Zone and is positioned within 
a region directly above the adjustable sole piece when the 
golf club is in the address position. 

In some of these embodiments, the sole portion includes 
a frequency of a first fundamental Sole mode that is greater 
than 2,500 Hz. In some of these embodiments, the sole 
portion includes a frequency of a first fundamental sole 
mode that is greater than 3,000 Hz. 
Some embodiments of a golf club head comprise a 

rotatably adjustable sole piece configured to be secured to 
the sole at five or more rotational positions with respect to 
a central axis extending through the Sole piece, wherein the 
sole piece extends a different axial distance from the sole at 
each of the rotational positions. The adjustable sole piece 
can be generally pentagonal and can be secured to the sole 
at five discrete selectable positions. The adjustable sole 
piece can include an annular side wall that includes at least 
five wall segments that are substantially symmetrical with 
one another relative to the central axis of the sole piece. In 
Some embodiments, adjusting the rotational position of the 
sole piece changes the face angle of the golf club head 
independently of the loft angle of the golf club head when 
the golf club head is in the address position. 

The golf club head can further comprise a sole positioned 
at a bottom portion of the golf club head with a recessed sole 
port in the sole. The rotatably adjustable sole piece can be 
adapted to be at least partially received within the sole port. 
The sole piece can comprise a central body having a 
plurality of Surfaces adapted to contact the sole port, the 
Surfaces being offset from each other along a central axis 
extending through the central body. The sole piece can be 
positioned at least partially within the sole port at five or 
more rotational and axial positions with respect to the 
central axis. At each rotational position, at least one of the 
surfaces of the central body contacts the sole port to set the 
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axial position of the sole piece. The sole port and the sole 
piece can each be generally pentagonal when viewed from 
the bottom of the golf club head. 
Some embodiments of a golf club head comprise a body 

having a face, a crown and a sole together defining an 
interior cavity, the body having a channel located on the sole 
and extending generally from a heel end of the body to a toe 
end of the body. The distance between a first vertical plane 
intersecting a center of the face and a second vertical plane 
bisecting the channel is less than about 50 mm over a full 
length of the channel A weight member can be movably 
positioned within the channel such that a position of the 
weight member within the channel is able to be adjusted. 

In some of these embodiments, the distance between the 
first vertical plane and the second vertical plane is less than 
about 40 mm over a full length of the channel Instill other 
embodiments, the distance between the first vertical plane 
and the second vertical plane is less than about 30 mm over 
a full length of the channel 

In some of these embodiments, a ledge extends within the 
channel from the heel end of the body to the toe end of the 
body. The ledge can include a plurality of locking projec 
tions located on an exposed surface of the ledge. In some of 
these embodiments, the weight member includes an outer 
member retained within the channel and in contact with the 
ledge, an inner member retained within the channel, and a 
fastening bolt that connects the outer member to the inner 
member. In some of these embodiments, the outer member 
includes a plurality of locking notches adapted to selectively 
engage the locking projections located on the exposed 
surface of the ledge. In some of these embodiments, the 
outer member has a length L extending generally in the heel 
to toe direction of the channel, and each adjacent pair of 
locking projections are separated by a distance D1 along the 
ledge, with L>D1. 

In some of these embodiments, a rotatably adjustable sole 
piece is secured to the Sole at one of a plurality of rotational 
positions with respect to a central axis extending through the 
sole piece. The sole piece extends a different axial distance 
from the Sole at each of the rotational positions. Adjusting 
the sole piece to a different one of the rotational positions 
changes the face angle of the golf club head independently 
of the loft angle of the golf club head when the golf club 
head is in the address position. In some of these embodi 
ments, a releasable locking mechanism is configured to lock 
the sole piece at a selected one of the rotational positions on 
the sole. The locking mechanism can include a screw 
adapted to extend through the sole piece and into a threaded 
opening in the sole of the club head body. In some of these 
embodiments, the sole piece has a convex bottom Surface, 
Such that when the Sole piece is at each rotational position 
the bottom surface has a heel-to-toe curvature that substan 
tially matches a heel-to-toe curvature of a leading contact 
surface of the sole. 
Some embodiments of a golf club head include a body 

having a face, a crown and a sole together defining an 
interior cavity, the body having a channel located on the sole 
and extending generally from a heel end of the body to a toe 
end of the body. A weight member can be movably posi 
tioned within the channel such that a position of the weight 
member within the channel is able to be adjusted. The face 
includes a center face location that defines the origin of a 
coordinate system in which an X-axis is tangential to the face 
at the center face location and is parallel to a ground plane 
when the body is in a normal address position, a y-axis 
extends perpendicular to the X-axis and is also parallel to the 
ground plane, and a Z-axis extends perpendicular to the 
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ground plane, wherein a positive X-axis extends toward the 
heel portion from the origin, a positive y-axis extends 
rearwardly from the origin, and a positive Z-axis extends 
upwardly from the origin. A maximum X-axis position 
adjustment range of the weight member (Max AX) is greater 
than 50 mm and a maximum y-axis position adjustment 
range of the weight member Max Ay) is less than 40 mm. 

In some of these embodiments, the weight member has a 
mass (M) and the product of Mr. * Max AX is at least 250 
gimm, such as between about 250 g mm and about 4950 
gmm. 

In some of these embodiments, the product of M*Max 
Ay is less than 1800 gimm, such as between about 0 gimm 
and about 1800 g mm. 

In some of these embodiments, a center of gravity of the 
body has a Z-axis coordinate (CG) that is less than about 0 

. 

Some embodiments of a golf club head include a body 
having a face, a crown and a sole together defining an 
interior cavity, the body having a channel located on the sole 
and extending generally from a heel end of the body to a toe 
end of the body. A weight member can be movably posi 
tioned within the channel such that a position of the weight 
member within the channel is able to be adjusted, thereby 
adjusting a location of a center of gravity of the body. The 
face includes a centerface location that defines the origin of 
a coordinate system in which an X-axis is tangential to the 
face at the center face location and is parallel to a ground 
plane when the body is in a normal address position, a y-axis 
extends perpendicular to the X-axis and is also parallel to the 
ground plane, and a Z-axis extends perpendicular to the 
ground plane, wherein a positive X-axis extends toward the 
heel portion from the origin, a positive y-axis extends 
rearwardly from the origin, and a positive Z-axis extends 
upwardly from the origin. Adjustment of the weight member 
can provide a maximum X-axis adjustment range of the 
position of the center of gravity (Max ACG) that is greater 
than 2 mm and a maximum y-axis adjustment range of the 
center of gravity (Max ACGy) that is less than 3 mm. 

In some of these embodiments, a center of gravity of the 
body has a Z-axis coordinate (CGZ) that is less than about 0 

. 

The foregoing and other features and advantages of the 
invention will become more apparent from the following 
detailed description, which proceeds with reference to the 
accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a front elevational view of a golf club head in 
accordance with one embodiment. 

FIG. 1B is a side elevational view of the golf club head 
of FIG. 1A. 

FIG. 1C is atop plan view of the golf club head of FIG. 
1A. 

FIG. 1D is a side elevational view of the golf club head 
of FIG. 1A. 

FIG. 2 is a cross-sectional view of a golf club head having 
a removable shaft, in accordance with one embodiment. 

FIG. 3 is an exploded cross-sectional view of the shaft 
club head connection assembly of FIG. 2. 

FIG. 4 is a cross-sectional view of the golf club head of 
FIG. 2, taken along the line 4-4 of FIG. 2. 

FIG. 5 is a perspective view of the shaft sleeve of the 
connection assembly shown in FIG. 2. 

FIG. 6 is an enlarged perspective view of the lower 
portion of the sleeve of FIG. 5. 
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FIG. 7 is a cross-sectional view of the sleeve of FIG. 5. 
FIG. 8 is atop plan view of the sleeve of FIG. 5. 
FIG. 9 is a bottom plan view of the sleeve of FIG. 5. 
FIG. 10 is a cross-sectional view of the sleeve, taken 

along the line 10-10 of FIG. 7. 
FIG. 11 is a perspective view of the hosel insert of the 

connection assembly shown in FIG. 2. 
FIG. 12 is a cross-sectional view of the hosel insert of 

FIG 2. 
FIG. 13 is a top plan view of the hosel insert of FIG. 11. 
FIG. 14 is a cross-sectional view of the hosel insert of 

FIG. 2, taken along the line 14-14 of FIG. 12. 
FIG. 15 is a bottom plan view of the screw of the 

connection assembly shown in FIG. 2. 
FIG. 16 is a cross-sectional view similar to FIG. 2 

identifying lengths used in calculating the stiffness of com 
ponents of the shaft-head connection assembly. 

FIG. 17 is a cross-sectional view of a golf club head 
having a removable shaft, according to another embodiment. 

FIG. 18 is an enlarged cross-sectional view of a golf club 
head having a removable shaft, in accordance with another 
embodiment. 

FIG. 19 is an exploded cross-sectional view of the shaft 
club head connection assembly of FIG. 18. 

FIG. 20 is an enlarged cross-sectional view of the golf 
club head of FIG. 18, taken along the line 20-20 of FIG. 18. 

FIG. 21 is a perspective view of the shaft sleeve of the 
connection assembly shown in FIG. 18. 

FIG. 22 is an enlarged perspective view of the lower 
portion of the shaft sleeve of FIG. 21. 

FIG. 23 is a cross-sectional view of the shaft sleeve of 
FIG 21. 

FIG. 24 is a top plan view of the shaft sleeve of FIG. 21. 
FIG. 25 is a bottom plan view of the shaft sleeve of FIG. 

21. 
FIG. 26 is a cross-sectional view of the shaft sleeve, taken 

along line 26-26 of FIG. 23. 
FIG. 27 is a side elevational view of the hosel sleeve of 

the connection assembly shown in FIG. 18. 
FIG. 28 is a perspective view of the hosel sleeve of FIG. 

27. 
FIG. 29 is a top plan view of the hosel sleeve of FIG. 27, 

as viewed along longitudinal axis B defined by the outer 
surface of the lower portion of the hosel sleeve. 
FIG.30 is a cross-sectional view of the hosel sleeve, taken 

along line 30-30 of FIG. 27. 
FIG. 31 is a cross-sectional view of the hosel sleeve of 

FIG. 27. 
FIG. 32 is atop plan view of the hosel sleeve of FIG. 27. 
FIG.33 is a bottom plan view of the hosel sleeve of FIG. 

27. 
FIG. 34 is a cross-sectional view of the hosel insert of the 

connection usually shown in FIG. 18. 
FIG. 35 is atop plan view of the hosel insert of FIG. 34. 
FIG. 36 is a cross-sectional view of the hosel insert, taken 

along line 36-36 of FIG. 34. 
FIG. 37 is a bottom plan view of the hosel insert of FIG. 

34. 
FIG. 38 is a cross-sectional view of the washer of the 

connection assembly shown in FIG. 18. 
FIG. 39 is a bottom plan view of the washer of FIG. 38. 
FIG. 40 is a cross-sectional view of the screw of FIG. 18. 
FIG. 41 is a cross-sectional view depicting the screw 

washer interface of a connection assembly where the hosel 
sleeve longitudinal axis is aligned with the longitudinal axis 
of the hosel opening. 
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FIG. 42 is a cross-sectional view depicting a screw 
washer interface of a connection assembly where the hosel 
sleeve longitudinal axis is offset from the longitudinal axis 
of the hosel opening. 

FIG. 43A is an enlarged cross-sectional view of a golf 
club head having a removable shaft, in accordance with 
another embodiment. 

FIG. 43B shows the golf club head of FIG.43A with the 
screw loosened to permit removal of the shaft from the club 
head. 

FIG. 44 is a perspective view of the shaft sleeve of the 
assembly shown in FIG. 43. 

FIG. 45 is a side elevation view of the shaft sleeve of FIG. 
44. 

FIG. 46 is a bottom plan view of the shaft sleeve of FIG. 
44. 

FIG. 47 is a cross-sectional view of the shaft sleeve taken 
along line 47-47 of FIG. 46. 

FIG. 48 is a cross-sectional view of another embodiment 
of a shaft sleeve and 

FIG. 49 is a top plan view of a hosel insert that is adapted 
to receive the shaft sleeve. 

FIG.50 is a cross-sectional view of another embodiment 
of a shaft sleeve and FIG. 51 is a top plan view of a hosel 
insert that is adapted to receive the shaft sleeve. 

FIG. 52 is a side elevational view of a golf club head 
having an adjustable sole plate, in accordance with one 
embodiment. 

FIG. 53 is a bottom plan view of the golf club head of 
FIG. 48. 

FIG. 54 is a side elevation view of a golf club head having 
an adjustable sole portion, according to another embodi 
ment. 

FIG.55 is a rear elevation view of the golf club head of 
FIG. 54. 

FIG. 56 is a bottom plan view of the golf club head of 
FIG. 54. 

FIG. 57 is a cross-sectional view of the golf club head 
taken along line 57-57 of FIG. 54. 

FIG. 58 is a cross-sectional view of the golf club head 
taken along line 58-58 of FIG. 56. 

FIG. 59 is a graph showing the effective face angle 
through a range of lie angles for a shaft positioned at a 
nominal position, a lofted position and a delofted position. 
FIG. 60 is an enlarged cross-sectional view of a golf club 
head having a removable shaft, in accordance with another 
embodiment. 

FIGS. 61 and 62 are front elevation and cross-sectional 
views, respectively, of the shaft sleeve of the assembly 
shown in FIG. 60. 

FIG. 63A is an exploded assembly view of a golf club 
head, in accordance with another embodiment. 

FIG. 63B is an assembled view of the golf club head of 
FIG. 63A. 

FIG. 64A is a top cross-sectional view of a golf club head, 
in accordance with another embodiment. 

FIG. 64B is a front cross-section view of the golf club 
head of FIG. 64A. 

FIG. 65A is a cross-sectional view of a golf club head face 
plate protrusion. 

FIG. 65B is a rear view of a golf club face plate protru 
Sion. 

FIG. 66 is an isometric view of a tool. 
FIG. 67A is an isometric view of a golf club head. 
FIG. 67B is an exploded view of the golf club head of 

FIG. 67A. 
FIG. 67C is a side view of the golf club head of FIG. 67A. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
FIG. 67D is a side view of the golf club head of FIG. 67A. 
FIG. 67E is a front view of the golf club head of FIG. 

67A. 
FIG. 67F is atop view of the golf club head of FIG. 67A. 
FIG. 67G is a cross-sectional top view of the golf club 

head of FIG. 67A. 
FIG. 68 is an isometric view of a golf club head. 
FIG. 69A is a front view of a golf club head, according to 

another embodiment. 
FIG. 69B is a side view of the golf club head of FIG. 69A. 
FIG. 69C is a rear view of the golf club head of FIG. 69A. 
FIG. 69D is a bottom view of the golf club head of FIG. 

69A. 
FIG. 69E is a cross-sectional view of the golf club head 

of FIG. 69B, taken along line A-A. 
FIG. 69F is a cross-sectional view of the golf club head 

of FIG. 69C, taken along line H-H. 
FIG. 70 is an exploded perspective view of the golf club 

head of FIG. 69A. 
FIG. 71A is a bottom view of a body of the golf club head 

of FIG. 69A, showing a recessed cavity in the sole. 
FIG. 71B is a cross-sectional view of the golf club head 

of FIG. 71A, taken along line G-G. 
FIG. 71C is a cross-sectional view of the golf club head 

of FIG. 71A, taken along line E-E. 
FIG. 71 D is an enlarged cross-sectional view of a raised 

platform or projection formed in the sole of the club head of 
FIG. 71A. 

FIG. 71E is a bottom view of a body of the golf club head 
of FIG. 69A, showing an alternative orientation of the raised 
platform or projection. 

FIG. 72A is top view of an adjustable sole portion of the 
golf club head of FIG. 69A. 

FIG. 72B is a side view of the adjustable sole portion of 
FIG. 72A. 

FIG. 72C is a cross-sectional side view of the adjustable 
sole portion of FIG. 72A. 

FIG. 72D is a perspective view of the bottom of the 
adjustable sole portion of FIG. 72A. 
FIG.72E is a perspective view of the top of the adjustable 

sole portion of FIG. 72A. 
FIG. 73A is a plan view of the head of a screw that can 

be used to secure the adjustable sole portion of FIG. 72A to 
a club head. 

FIG. 73B is a cross-sectional view of the Screw of FIG. 
73A, taken along line A-A. 

FIG. 74 is an exploded view of a golf club head, according 
to yet another embodiment. 

FIG. 75 is an assembled view of the golf club head of FIG. 
74. 

FIGS. 76-80 are front, top, heel side, toe side, and bottom 
views, respectively, of a body of the club head of FIG. 74. 

FIG. 81 is a top-down cross-sectional view of the body of 
FIG. 74 showing the internal features of the sole. 

FIG. 82 is a cross-sectional side view of the body of FIG. 
74 showing the internal features of the heel portion of the 
body. 

FIG. 83 is a cross-sectional side view of the body of FIG. 
74 showing the internal features of the toe portion of the 
body. 

FIGS. 84-86 are cross-sectional perspective views of the 
body of FIG. 74 showing the internal features of the body. 

FIGS. 87A and B are cross-sectional side views of the sole 
of the body of FIG. 74, taken along a front-rear plane, 
showing an exemplary adjustable sole piece secured to a 
sole port with a fastener. 
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FIG. 88 is a cross-sectional side view of the sole port of 
FIG. 85A, taken along a toe-heel plane. 

FIG. 89 is a bottom plan view of a raised platform of the 
sole port of FIG. 85A. 

FIGS. 90A-F are various views of an alternative embodi 
ment of the sole piece of FIG. 74 that is pentagonal in shape. 

FIGS. 91A and B are bottom views of an alternative 
embodiment of a sole port having three raised platforms. 

FIGS. 92A-E are various views of an alternative embodi 
ment of the pentagonal sole piece of FIG. 90A-F. 

FIGS. 93A-D are front, bottom, toe side, and heel side 
views, respectively, of a golf club head, according to yet 
another embodiment. 
FIG.94A is a heel side view of the golf club head of FIGS. 

93A-D, with the weight assembly removed for clarity. 
FIG. 94B is a close up view taken along inset line “B” in 

FIG 94A. 

FIG.95A is a bottom view of the golf club head of FIGS. 
93A-D, with the weight assembly removed for clarity. 
FIG.95B is a close up view taken along inset line “B” in 

FIG 95A. 

FIG. 96A is a cross-sectional view of the golf club head 
of FIGS. 93 A-D. 

FIG. 96B is a close up view taken along inset line “B” in 
FIG 96A. 

FIG. 97A includes top and bottom perspective views of a 
mass member of the golf club head of FIGS. 93A-D. 
FIG.97B includes top and bottom perspective views of an 

embodiment of a washer of the golf club head of FIGS. 
93A-D. 

FIG. 97C includes top and bottom perspective view of 
another embodiment of a washer of the golf club head of 
FIGS. 93A-D. 

FIGS. 98A-B are bottom and heel side views, respec 
tively, of a golf club head, according to yet another embodi 
ment. 

FIG. 98C is a close up view of a portion of the golf club 
head shown in FIGS. 98A-B. 

FIG.99 is an exploded view of a golf club head, according 
to yet another embodiment. 

FIG. 100 is an exploded view of a golf club head, 
according to yet another embodiment. 

FIG. 101 is a graph showing the CG and CG values of 
a golf club head as the location of a weight assembly is 
changed. 

FIG. 102 is an elevation view of an embodiment of a shaft 
sleeve of a connection assembly. 

FIG. 103 is a cross-sectional view of an embodiment of a 
shaft sleeve of a connection assembly taken along section 
line 103-103 in FIG. 105. 

FIG. 104 is a cross-sectional view of an embodiment of a 
shaft sleeve of a connection assembly taken along section 
line 104-104 in FIG. 105. 

FIG. 105 is a bottom plan view of an embodiment of a 
shaft sleeve of a connection assembly. 

FIG. 106 is a top plan view of an embodiment of a shaft 
sleeve of a connection assembly. 

FIG. 107 is an enlarged cross-sectional view of an 
embodiment of a shaft sleeve of a connection assembly 
taken along section line 103-103 in FIG. 105 with the 
secondary portion shown separately for clarity. 

FIG. 108 is a cross-sectional view of an embodiment of a 
shaft sleeve of a connection assembly taken along section 
line 104-104 in FIG. 105 with the secondary portion shown 
separately for clarity. 
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FIG. 109 is a perspective view of an embodiment of the 

secondary portion of a shaft sleeve of a connection assem 
bly. 

FIG. 110 is a perspective view of an embodiment of the 
secondary portion of a shaft sleeve of a connection assem 
bly. 

FIG. 111 is a perspective view of an embodiment of the 
secondary portion of a shaft sleeve of a connection assem 
bly. 

FIG. 112 is a cross-sectional view of an embodiment of a 
secondary portion of a shaft sleeve taken along section line 
112-112 in FIG. 111. 

FIG. 113 is a cross-sectional view of an embodiment of a 
secondary portion of a shaft sleeve taken along section line 
112-112 in FIG. 111. 

FIG. 114 is a perspective view of an embodiment of the 
secondary portion of a shaft sleeve of a connection assem 
bly. 

FIG. 115 is a cross-sectional view of the embodiment of 
a secondary portion seen in FIG. 114. 

FIG. 116 is a secondary portion distal end plan view of the 
embodiment of a secondary portion seen in FIG. 114. 

FIG. 117 is an enlarged perspective view of an embodi 
ment of the secondary portion of a shaft sleeve of a con 
nection assembly. 

FIG. 118 is a side elevation view of an embodiment of the 
secondary portion of a shaft sleeve of a connection assem 
bly. 

FIG. 119 is a top plan view of an embodiment of the 
secondary portion of a shaft sleeve of a connection assem 
bly. 

FIG. 120 is a cross-sectional view of an embodiment of a 
secondary portion of a shaft sleeve taken along section line 
120-120 in FIG. 119. 

FIG. 121 is a cross-sectional view of an embodiment of a 
secondary portion of a shaft sleeve taken along section line 
121-121 in FIG. 119. 

FIG. 122 is a perspective view of an embodiment of the 
secondary portion of a shaft sleeve of a connection assem 
bly. 

FIG. 123 is a perspective view of an embodiment of the 
secondary portion of a shaft sleeve of a connection assem 
bly. 

FIG. 124 is a perspective view of an embodiment of the 
secondary portion of a shaft sleeve of a connection assem 
bly. 

FIG. 125 is a cross-sectional view of an embodiment of a 
secondary portion of a shaft sleeve of a connection assem 
bly. 

FIG. 126 is a perspective view of an embodiment of a 
secondary portion of a shaft sleeve of a connection assem 
bly. 

DETAILED DESCRIPTION 

The inventive features include all novel and non-obvious 
features disclosed herein both alone and in novel and 
non-obvious combinations with other elements. As used 
herein, the phrase “and/or” means “and”, “or' and both 
“and” and "or. As used herein, the singular forms “a,” “an.” 
and “the refer to one or more than one, unless the context 
clearly dictates otherwise. As used herein, the term 
“includes' means “comprises.” 

Referring first to FIGS. 1A-1D, there is shown charac 
teristic angles of golf clubs by way of reference to a golf club 
head 300 having a removable shaft 50, according to one 
embodiment. The club head 300 comprises a centerface, or 
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striking face, 310, scorelines 320, a hosel 330 having a hosel 
opening 340, and a sole 350. The hosel 330 has a hosel 
longitudinal axis 60 and the shaft 50 has a shaft longitudinal 
axis. In the illustrated embodiment, the ideal impact location 
312 of the golf club head 300 is disposed at the geometric 
center of the striking surface 310 (see FIG. 1A). The ideal 
impact location 312 is typically defined as the intersection of 
the midpoints of a height (Hss) and width (Wss) of the 
striking surface 310. 

Both Hss and Wss are determined using the striking face 
curve (Sss). The striking face curve is bounded on its 
periphery by all points where the face transitions from a 
substantially uniform bulge radius (face heel-to-toe radius of 
curvature) and a substantially uniform roll radius (face 
crown-to-sole radius of curvature) to the body (see e.g., FIG. 
1). In the illustrated example, Hss is the distance from the 
periphery proximate the sole portion of Sss to the periphery 
proximate the crown portion of Sss measured in a vertical 
plane (perpendicular to ground) that extends through the 
geometric center of the face. Similarly, Wiss is the distance 
from the periphery proximate the heel portion of Sss to the 
periphery proximate the toe portion of Sss measured in a 
horizontal plane (e.g., Substantially parallel to ground) that 
extends through the geometric center of the face. See USGA 
“Procedure for Measuring the Flexibility of a Golf Club 
head,” Revision 2.0 for the methodology to measure the 
geometric center of the striking face. 
As shown in FIG. 1A, a lie angle 10 (also referred to as 

the “scoreline lie angle') is defined as the angle between the 
hosel longitudinal axis 60 and a playing surface 70 when the 
club is in the grounded address position. The grounded 
address position is defined as the resting position of the head 
on the playing Surface when the shaft is supported at the grip 
(free to rotate about its axis) and the shaft is held at an angle 
to the round such that the scorelines 320 are horizontal (if 
the club does not have scorelines, then the lie shall be set at 
60-degrees). The centerface target line vector is defined as a 
horizontal vector which is perpendicular to the shaft when 
the club is in the address position and points outward from 
the centerface point. The target line plane is defined as a 
vertical plane which contains the centerface target line 
vector. The square face address position is defined as the 
head position when the sole is lifted off the ground, and the 
shaft is held (both positionally and rotationally) such that the 
scorelines are horizontal and the centerface normal vector 
completely lies in the target line plane (if the head has no 
scorelines, then the shaft shall be held at 60-degrees relative 
to ground and then the head rotated about the shaft axis until 
the centerface normal vector completely lies in the target 
line plane). The actual, or measured, lie angle can be defined 
as the angle 10 between the hosel longitudinal axis 60 and 
the playing surface 70, whether or not the club is held in the 
grounded address position with the scorelines horizontal. 
Studies have shown that most golfers address the ball with 
actual lie angle that is 10 to 20 degrees less than the intended 
scoreline lie angle 10 of the club. The studies have also 
shown that for most golfers the actual lie angle at impact is 
between 0 and 10 degrees less than the intended scoreline lie 
angle 10 of the club. 
As shown in FIG. 1B, a loft angle 20 of the club head 

(referred to as “square loft') is defined as the angle between 
the centerface normal vector and the ground plane when the 
head is in the square face address position. As shown in FIG. 
1D, a hosel loft angle 72 is defined as the angle between the 
hosel longitudinal axis 60 projected onto the target line plane 
and a plane 74 that is tangent to the center of the centerface. 
The shaft loft angle is the angle between plane 74 and the 
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longitudinal axis of the shaft 50 projected onto the target line 
plane. The “grounded loft 80 of the club head is the vertical 
angle of the centerface normal vector when the club is in the 
grounded address position (i.e., when the sole 350 is resting 
on the ground), or stated differently, the angle between the 
plane 74 of the centerface and a vertical plane when the club 
is in the grounded address position. 
As shown in FIG. 1C, a face angle 30 is defined by the 

horizontal component of the centerface normal vector and a 
vertical plane (“target line plane') that is normal to the 
vertical plane which contains the shaft longitudinal axis 
when the shaft 50 is in the correct lie (i.e., typically 60 
degrees +/-5 degrees) and the sole 350 is resting on the 
playing surface 70 (the club is in the grounded address 
position). 
The lie angle 10 and/or the shaft loft can be modified by 

adjusting the position of the shaft 50 relative to the club 
head. Traditionally, adjusting the position of the shaft has 
been accomplished by bending the shaft and the hosel 
relative to the club head. As shown in FIG. 1A, the lie angle 
10 can be increased by bending the shaft and the hosel 
inward toward the club head 300, as depicted by shaft 
longitudinal axis 64. The lie angle 10 can be decreased by 
bending the shaft and the hosel outward from the club head 
300, as depicted by shaft longitudinal axis 62. As shown in 
FIG. 1C, bending the shaft and the hosel forward toward the 
striking face 310, as depicted by shaft longitudinal axis 66, 
increases the shaft loft. Bending the shaft and the hosel 
rearward toward the rear of the club head, as depicted by 
shaft longitudinal axis 68, decreases the shaft loft. It should 
be noted that in a conventional club the shaft loft typically 
is the same as the hosel loft because both the shaft and the 
hosel are bent relative to the club head. In certain embodi 
ments disclosed herein, the position of the shaft can be 
adjusted relative to the hosel to adjust shaft loft. In such 
cases, the shaft loft of the club is adjusted while the hosel 
loft is unchanged. 

Adjusting the shaft loft is effective to adjust the square loft 
of the club by the same amount. Similarly, when shaft loft 
is adjusted and the club head is placed in the address 
position, the face angle of the club head increases or 
decreases in proportion to the change in shaft loft. Hence, 
shaft loft is adjusted to effect changes in square loft and face 
angle. In addition, the shaft and the hosel can be bent to 
adjust the lie angle and the shaft loft (and therefore the 
square loft and the face angle) by bending the shaft and the 
hosel in a first direction inward or outward relative to the 
club head to adjust the lie angle and in a second direction 
forward or rearward relative to the club head to adjust the 
shaft loft. 

Head-Shaft Connection Assembly 

Now with reference to FIGS. 2-4, there is shown a golf 
club comprising a golf club head 300 attached to a golf club 
shaft 50 via a removable head-shaft connection assembly, 
which generally comprises in the illustrated embodiment a 
shaft sleeve 100, a hosel insert 200 and a screw 400. The 
club head 300 is formed with a hosel opening, or passage 
way, 340 that extends from the hosel 330 through the club 
head and opens at the sole, or bottom surface, of the club 
head. Generally, the club head 300 is removably attached to 
the shaft 50 by the sleeve 100 (which is mounted to the lower 
end portion of the shaft 50) by inserting the sleeve 100 into 
the hosel opening 340 and the hosel insert 200 (which is 
mounted inside the hosel opening 340), and inserting the 
screw 400 upwardly through the opening in the sole and 



US 9,610,479 B2 
17 

tightening the Screw into a threaded opening of the sleeve, 
thereby securing the club head 300 to the sleeve 100. 
By way of example, the club head 300 comprises the head 

of a “wood-type' golf club. All of the embodiments dis 
closed in the present specification can be implemented in all 5 
types of golf clubs, including but not limited to, drivers, 
fairway woods, utility clubs, putters, irons, wedges, etc. 
As used herein, a shaft that is “removably attached to a 

club head means that the shaft can be connected to the club 
head using one or more mechanical fasteners, such as a 10 
screw or threaded ferrule, without an adhesive, and the shaft 
can be disconnected and separated from the head by loos 
ening or removing the one or more mechanical fasteners 
without the need to break an adhesive bond between two 
components. 15 
The sleeve 100 is mounted to a lower, or tip end portion 

90 of the shaft 50. The sleeve 100 can be adhesively bonded, 
welded or secured in equivalent fashion to the lower end 
portion of the shaft 50. In other embodiments, the sleeve 100 
may be integrally formed as part of the shaft 50. As shown 20 
in FIG. 2, a ferrule 52 can be mounted to the end portion 90 
of the shaft just above shaft sleeve 100 to provide a smooth 
transition between the shaft sleeve and the shaft and to 
conceal the glue line between the shaft and the sleeve. The 
ferrule also helps minimize tip breakage of the shaft. 25 
As best shown in FIG. 3, the hosel opening 340 extends 

through the club head 300 and has hosel sidewalls 350. A 
flange 360 extends radially inward from the hosel sidewalls 
350 and forms the bottom wall of the hosel opening. The 
flange defines a passageway 370, a flange upper surface 380 30 
and a flange lower surface 390. The hosel insert 200 can be 
mounted within the hosel opening 340 with a bottom surface 
250 of the insert contacting the flange upper surface 380. 
The hosel insert 200 can be adhesively bonded, welded, 
brazed or secured in another equivalent fashion to the hosel 35 
sidewalls 350 and/or the flange to secure the insert 200 in 
place. In other embodiments, the hosel insert 200 can be 
formed integrally with the club head 300 (e.g., the insert can 
be formed and/or machined directly in the hosel opening). 

To restrict rotational movement of the shaft 50 relative to 40 
the head 300 when the club head 300 is attached to the shaft 
50, the sleeve 100 has a rotation prevention portion that 
mates with a complementary rotation prevention portion of 
the insert 200. In the illustrated embodiment, for example, 
the shaft sleeve has a lower portion 150 having a non- 45 
circular configuration complementary to a non-circular con 
figuration of the hosel insert 200. In this way, the sleeve 
lower portion 150 defines a keyed portion that is received by 
a keyway defined by the hosel insert 200. In particular 
embodiments, the rotational prevention portion of the sleeve 50 
comprises longitudinally extending external splines 500 
formed on an external surface 160 of the sleeve lower 
portion 150, as illustrated in FIGS. 5-6 and the rotation 
prevention portion of the insert comprises complementary 
configured internal splines 240, formed on an inner Surface 55 
250 of the hosel insert 200, as illustrated in FIGS. 11-14. In 
alternative embodiments, the rotation prevention portions 
can be elliptical, rectangular, hexagonal or various other 
non-circular configurations of the sleeve external Surface 
160 and a complementary non-circular configuration of the 60 
hosel insert inner surface 250. 

In the illustrated embodiment of FIG. 3, the screw 400 
comprises a head 410 having a surface 420, and threads 430. 
The screw 400 is used to Secure the club head 300 to the 
shaft 50 by inserting the screw through passageway 370 and 65 
tightening the screw into a threaded bottom opening 196 in 
the sleeve 100. In other embodiments, the club head 300 can 
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be secured to the shaft 50 by other mechanical fasteners. 
When the screw 400 is fully engaged with the sleeve 100, the 
head surface 420 contacts the flange lower surface 390 and 
an annular thrust surface 130 of the sleeve 100 contacts a 
hosel upper surface 395 (FIG. 2). The sleeve 100, the hosel 
insert 200, the sleeve lower opening 196, the hosel opening 
340 and the screw 400 in the illustrated example are co 
axially aligned. 

It is desirable that a golf club employing a removable club 
head-shaft connection assembly as described in the present 
application have substantially similar weight and distribu 
tion of mass as an equivalent conventional golf club so that 
the golf club employing a removable shaft has the same 
“feel as the conventional club. Thus, it is desired that the 
various components of the connection assembly (e.g., the 
sleeve 100, the hosel insert 200 and the screw 400) are 
constructed from light-weight, high-strength metals and/or 
alloys (e.g., T6 temper aluminum alloy 7075, grade 5 
6Al-4V titanium alloy, etc.) and designed with an eye 
towards conserving mass that can be used elsewhere in the 
golf club to enhance desirable golf club characteristics (e.g., 
increasing the size of the “sweet spot” of the club head or 
shifting the center of gravity to optimize launch conditions). 
The golf club having an interchangeable shaft and club 

head as described in the present application provides a golfer 
with a club that can be easily modified to suit the particular 
needs or playing style of the golfer. A golfer can replace the 
club head 300 with another club head having desired char 
acteristics (e.g., different loft angle, larger face area, etc.) by 
simply unscrewing the screw 400 from the sleeve 100, 
replacing the club head and then screwing the screw 400 
back into the sleeve 100. The shaft 50 similarly can be 
exchanged. In some embodiments, the sleeve 100 can be 
removed from the shaft 50 and mounted on the new shaft, or 
the new shaft can have another sleeve already mounted on 
or formed integral to the end of the shaft. 

In particular embodiments, any number of shafts are 
provided with the same sleeve and any number of club heads 
is provided with the same hosel configuration and hosel 
insert 200 to receive any of the shafts. In this manner, a pro 
shop or retailer can stock a variety of different shafts and 
club heads that are interchangeable. A club or a set of clubs 
that is customized to Suit the needs of a consumer can be 
immediately assembled at the retail location. 

With reference now to FIGS. 5-10, there is shown the 
sleeve 100 of the club head-shaft connection assembly of 
FIGS. 2-4. The sleeve 100 in the illustrated embodiment is 
Substantially cylindrical and desirably is made from a light 
weight, high-strength material (e.g., T6 temper aluminum 
alloy 7075). The sleeve 100 includes a middle portion 110, 
an upper portion 120 and a lower portion 150. The upper 
portion 120 can have a wider thickness than the remainder 
of the sleeve as shown to provide, for example, additional 
mechanical integrity to the connection between the shaft 50 
and the sleeve 100. In other embodiments, the upper portion 
120 may have a flared or frustoconical shape, to provide, for 
example, a more streamlined transition between the shaft 50 
and club head 300. The boundary between the upper portion 
120 and the middle portion 110 comprises an upper annular 
thrust surface 130 and the boundary between the middle 
portion 110 and the lower portion 150 comprises a lower 
annular surface 140. In the illustrated embodiment, the 
annular surface 130 is perpendicular to the external surface 
of the middle portion 110. In other embodiments, the annular 
surface 130 may be frustoconical or otherwise taper from the 
upper portion 120 to the middle portion 110. The annular 
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surface 130 bears against the hosel upper surface 395 when 
the shaft 50 is secured to the club head 300. 
As shown in FIG. 7, the sleeve 100 further comprises an 

upper opening 192 for receiving the lower end portion 90 of 
the shaft 50 and an internally threaded opening 196 in the 
lower portion 150 for receiving the screw 400. In the 
illustrated embodiment, the upper opening 192 has an annu 
lar surface 194 configured to contact a corresponding Sur 
face 70 of the shaft 50 (FIG. 3). In other embodiments, the 
upper opening 192 can have a configuration adapted to mate 
with various shaft profiles (e.g., a constant inner diameter, 
plurality of stepped inner diameters, chamfered and/or per 
pendicular annular surfaces, etc.). With reference to the 
illustrated embodiment of FIG. 7, splines 500 are located 
below opening 192 (and therefore below the lower end of the 
shaft) to minimize the overall diameter of the sleeve. The 
threads in the lower opening 196 can be formed using a 
Spiralock(R) tap. 
As noted above, the rotation prevention portion of the 

sleeve 100 for restricting relative rotation between the shaft 
and the club comprises a plurality of external splines 500 
formed on an external surface of the lower portion 150 and 
gaps, or keyways, between adjacent splines 500. Each 
keyway has an outer surface 160. In the illustrated embodi 
ment of FIGS. 5-6, 9-10, the sleeve comprises eight angu 
larly spaced splines 500 elongated in a direction parallel to 
the longitudinal axis of the sleeve 100. Referring to FIGS. 6 
and 10, each of the splines 500 in the illustrated configura 
tion has a pair of sidewalls 560 extending radially outwardly 
from the external surface 160, beveled top and bottom edges 
510, bottom chamfered comers 520 and an arcuate outer 
surface 550. The sidewalls 560 desirably diverge or flair 
moving in a radially outward direction so that the width of 
the spline near the outer surface 550 is greater than the width 
at the base of the spline (near surface 160). With reference 
to features depicted in FIG. 10, the splines 500 have a height 
H (the distance the sidewalls 550 extend radially from the 
external surface 160), and a width W at the mid-span of the 
spline (the straight line distance extending between side 
walls 560 measured at locations of the sidewalls equidistant 
from the outer surface 550 and the surface 160). In other 
embodiments, the sleeve comprises more or fewer splines 
and the splines 500 can have different shapes and sizes. 

Embodiments employing the spline configuration 
depicted in FIGS. 6-10 provide several advantages. For 
example, a sleeve having fewer, larger splines provides for 
greater interference between the sleeve and the hosel insert, 
which enhances resistance to stripping, increases the load 
bearing area between the sleeve and the hosel insert and 
provides for splines that are mechanically stronger. Further, 
complexity of manufacturing may be reduced by avoiding 
the need to machine Smaller spline features. 

For example, various Rosch-manufacturing techniques 
(e.g., rotary, thru-broach or blind-broach) may not be Suit 
able for manufacturing sleeves or hosel inserts having more, 
smaller splines. In some embodiments, the splines 500 have 
a spline height Hofbetween about 0.15 mm to about 1.0 mm 
with a height H of about 0.5 mm being a specific example 
and a spline width W of between about 0.979 mm to about 
2.87 mm, with a width W of about 1.367 mm being a 
specific example. 
The non-circular configuration of the sleeve lower portion 

150 can be adapted to limit the manner in which the sleeve 
100 is positionable within the hosel insert 200. In the 
illustrated embodiment of FIGS. 9-10, the splines 500 are 
Substantially identical in shape and size. Six of the eight 
spaces between adjacent splines can have a spline-to-spline 
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spacing S and two diametrically-opposed spaces can have 
a spline-to-spline spacing S., where S is a different than S. 
(S is greater than S in the illustrated embodiment). In the 
illustrated embodiment, the arc angle of S is about 21 
degrees and the arc angle of S is about 33 degrees. This 
spline configuration allows the sleeve 100 to be dually 
positionable within the hosel insert 200 (i.e., the sleeve 100 
can be inserted in the insert 200 at two positions, spaced 180 
degrees from each other, relative to the insert). Alternatively, 
the splines can be equally spaced from each other around the 
longitudinal axis of the sleeve. In other embodiments, dif 
ferent non-circular configurations of the lower portion 150 
(e.g., triangular, hexagonal, more of fewer splines) can 
provide for various degrees of positionability of the shaft 
sleeve. 
The sleeve lower portion 150 can have a generally 

rougher outer Surface relative to the remaining Surfaces of 
the sleeve 100 in order to provide, for example, greater 
friction between the sleeve 100 and the hosel insert 200 to 
further restrict rotational movement between the shaft 50 
and the club head 300. In particular embodiments, the 
external surface 160 can be roughened by sandblasting, 
although alternative methods or techniques can be used. 
The general configuration of the sleeve 100 can vary from 

the configuration illustrated in FIGS. 5-10. In other embodi 
ments, for example, the relative lengths of the upper portion 
120, the middle portion 110 and the lower portion 150 can 
vary (e.g., the lower portion 150 could comprise a greater or 
lesser proportion of the overall sleeve length). In additional 
embodiments, additional sleeve Surfaces could contact cor 
responding Surfaces in the hosel insert 200 or hosel opening 
340 when the club head 300 is attached to the shaft 50. For 
example, annular surface 140 of the sleeve may contact 
upper spline surfaces 230 of the hosel insert 200, annular 
surface 170 of the sleeve may contact a corresponding 
surface on an inner surface of the hosel insert 200, and/or a 
bottom face 180 of the sleeve may contact the flange upper 
surface 360. In additional embodiments, the lower opening 
196 of the sleeve can be in communication with the upper 
opening 192, defining a continuous sleeve opening and 
reducing the weight of the sleeve 100 by removing the mass 
of material separating openings 196 and 192. 

With reference now to FIGS. 11-14, the hosel insert 200 
desirably is substantially tubular or cylindrical and can be 
made from a light-weight, high-strength material (e.g., grade 
56Al-4V titanium alloy). The hosel insert 200 comprises an 
inner Surface 250 having a non-circular configuration 
complementary to the non-circular configuration of the 
external surface of the sleeve lower portion 150. In the 
illustrated embodiment, the non-circulation configuration 
comprises splines 240 complementary in shape and size to 
the splines 500 of the sleeve 150. That is, there are eight 
splines 240 elongated in a direction parallel to the longitu 
dinal axis of the hosel insert 200 and the splines 240 have 
sidewalls 260 extending radially inward from the inner 
surface 250, chamfered top edges 230 and an inner surface 
270. The sidewalls 260 desirably taper or converge toward 
each other moving in a radially inward direction to mate 
with the flared splines 500 of the sleeve. The radially inward 
sidewalls 260 have at least one advantage in that full surface 
contact occurs between the teeth and the mating teeth of the 
sleeve insert. In addition, at least one advantage is that the 
translational movement is more constrained within the 
assembly compared to other spline geometries having the 
same tolerance. Furthermore, the radially inward sidewalls 
260 promote full sidewall engagement rather than localized 
contact resulting in higher stresses and lower durability. 
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With reference to the features of FIG. 13, the spline 
configuration of the hosel insert is complementary to the 
spline configuration of the sleeve lower portion 150 and as 
Such, adjacent pairs of splines 240 have a spline-to-spline 
spacing 53 that is slightly greater than the width of the sleeve 
splines 500. Six of the splines 240 have a width W, slightly 
less than inter-spline spacing S of the sleeve splines 500 and 
two diametrically-opposed splines have a width W, slightly 
less than inter-spline spacing S of the sleeve splines 500, 
wherein W is less than W. In additional embodiments, the 
hosel insert inner Surface can have various non-circular 
configurations complementary to the non-circular configu 
ration of the sleeve lower portion 160. 

Selected surfaces of the hosel insert 200 can be roughened 
in a similar manner to the exterior surface 160 of the shaft. 
In some embodiments, the entire surface area of the insert 
can be provided with a roughened surface texture. In other 
embodiments, only the inner surface 240 of the hosel insert 
200 can be roughened. 

With reference now to FIGS. 2-4, the screw 400 desirably 
is made from a light-weight, high-strength material (e.g., T6 
temper aluminum alloy 7075). In certain embodiments, the 
major diameter (i.e., outer diameter) of the threads 430 is 
less than 6 mm (e.g., ISO screws smaller than M6) and is 
either about 4 mm or 5 mm (e.g., M4 or M5 screws). In 
general, reducing the thread diameter increases the ability of 
the screw to elongate or stretch when placed under a load, 
resulting in a greater preload for a given torque. The use of 
relatively smaller diameter screws (e.g., M4 or M5 screws) 
allows a user to secure the club head to the shaft with less 
effort and allows the golfer to use the club for longer periods 
of time before having to retighten the screw. 
The head 410 of the screw can be configured to be 

compatible with a torque wrench or other torque-limiting 
mechanism. In some embodiments, the screw head com 
prises a “hexalobular internal driving feature (e.g., a TORX 
screw drive) (such as shown in FIG. 15) to facilitate appli 
cation of a consistent torque to the screw and to resist 
cam-out of screwdrivers. Securing the club head 300 to the 
shaft 50 with a torque wrench can ensure that the screw 400 
is placed under a Substantially similar preload each time the 
club is assembled, ensuring that the club has substantially 
consistent playing characteristics each time the club is 
assembled. In additional embodiments, the screw head 410 
can comprise various other drive designs (e.g., Phillips, 
Pozidriv, hexagonal, TTAP, etc.), and the user can use a 
conventional screwdriver rather than a torque wrench to 
tighten the screw. 

The club head-shaft connection desirably has a low axial 
stiffness. The axial stiffness, k, of an element is defined as 

Eq. 1 

where E is the Young's modulus of the material of the 
element, A is the cross-sectional area of the element and L 
is the length of the element. The lower the axial stiffness of 
an element, the greater the element will elongate when 
placed in tension or shorten when placed in compression. A 
club head-shaft connection having low axial stiffness is 
desirable to maximize elongation of the screw 400 and the 
sleeve, allowing for greater preload to be applied to the 
screw 400 for better retaining the shaft to the club head. For 
example, with reference to FIG. 16, when the screw 400 is 
tightened into the sleeve 15 lower opening 196, various 
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surfaces of the sleeve 100, the hosel insert 200, the flange 
360 and the screw 400 contact each other as previously 
described, which is effective to place the screw, the shaft, 
and the sleeve in tension and the hosel in compression. 
The axial stiffness of the club head-shaft connection, k, 

can be determined by the equation 

- - - - + - 
Tkscrew keit ksleeve + kshaft 

See 'S are the stiffnesses of the screw, 
shaft, and sleeve, respectively, over the portions that have 
associated lengths L. L., and Lie, respectively, as 
shown in FIG. 16. L screw is the length of the portion of the 
screw placed 
in tension (measured from the flange bottom 390 to the 
bottom end of the shaft sleeve). L., is the length of the 
portion of the shaft 50 extending into the hosel opening 340 
(measured from hosel upper surface 395 to the end of the 
shaft); and L is the length of the sleeve 100 placed in 
tension (measured from hosel upper surface 395 to the end 
of the sleeve), as depicted in FIG. 16. 

Accordingly, ke, k, and kee can be determined 
using the lengths in Equation 1. Table 1 shows calculated k 
values for certain components and combinations thereof for 
the connection assembly of FIGS. 2-14 and those of other 
commercially available connection assemblies used with 
removably attachable golf club heads. Also, the effective 
hosel stiffness, K., is also shown for comparison pur 
poses (calculated over the portion of the hosel that is in 
compression during screw preload). A low k/k, ratio 
indicates a small shaft connection assembly stiffness com 
pared to the hosel stiffness, which is desirable in order to 
help maintain preload for a given screw torque during 
dynamic loading of the head. The k, of the sleeve-shaft 
screw combination of the connection assembly of illustrated 
embodiment is 9.27x10 N/m, which is the lowest among 

wherek ki, andk 

the compared connection assemblies. 

TABLE 1. 

Callaway Versus 
Present Nakashima Opti-Fit Golf 

Component(s) technology (N/m) (N/m) (N/m) 

kieee (sleeve) 5.57 x 107 9.65 x 107 9.64 x 107 4.03 x 107 
ksleeve *kshaft 1.86 x 108 1.87 x 108 2.03 x 108 1.24 x 108 
(sleeve + shaft) 
kee (screw) 1.85 x 10 5.03 x 10 2.51 x 10 1.88 x 10 
ker 9.27 x 107 1.36 x 108 1.12 x 108 1.24 x 108 
(sleeve + shaft + 
Screw) 
khosel 1.27 x 108 1.27 x 108 1.27 x 108 1.27 x 108 
keykhose 0.73 1.07 O.88 1.98 
(tension 
compression 
ratio) 

The components of the connection assembly can be 
modified to achieve different values. For example, the screw 
400 can be longer than shown in FIG. 16. In some embodi 
ments, the length of the opening 196 can be increased along 
with a corresponding increase in the length of the screw 400. 
In additional embodiments, the construction of the hosel 
opening 340 can vary to accommodate a longer screw. For 
example, with reference to FIG. 17, a club head 600 com 
prises an upper flange 610 defining the bottom wall of the 
hosel opening and a lower flange 620 spaced from the upper 
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flange 610 to accommodate a longer screw 630. Such a hosel 
construction can accommodate a longer screw, and thus can 
achieve a lower k, while retaining compatibility with the 
Sleeve 100 of FIGS. 5-10. 

In the illustrated embodiment of FIGS. 2-10, the cross 
sectional area of the sleeve 100 is minimized to minimize 
k by placing the splines 500 below the shaft, rather than siee'e 

around the shaft as used in prior art configurations. 

EXAMPLES 

In certain embodiments, a shaft sleeve can have 4, 6, 8, 
10, or 12 splines. The height H of the splines of the shaft 
sleeve in particular embodiments can range from about 0.15 
mm to about 0.95 mm, and more particularly from about 
0.25 mm to about 0.75 mm, and even more particularly from 
about 0.5 mm to about 0.75 mm. The average diameter D of 
the spline portion of the shaft sleeve can range from about 
6 mm to about 12 mm, with 8.45 mm being a specific 

10 

15 

example. As shown in FIG. 10, the average diameter is the 20 
diameter of the spline portion of a shaft sleeve measured 
between two points located at the mid-spans of two dia 
metrically opposed splines. 

# Splines 

8 (w/two 33 
deg. gaps) 
8 (equally 
spaced) 
6 (equally 
spaced) 
10 (equally 
spaced) 
4 (equally 
spaced) 
12 (equally 
spaced) 

The length L of the splines of the shaft sleeve in particular 
embodiments can range from about 2 mm to about 10 mm. 
For example, when the connection assembly is implemented 
in a driver, the splines can be relatively longer, for example, 
7.5 mm or 10 mm. When the connection assembly is 
implemented in a fairway wood, which is typically smaller 
than a driver, it is desirable to use a relatively shorter shaft 
sleeve because less space is available inside the club head to 
receive the shaft sleeve. In that case, the splines can be 
relatively shorter, for example, 2 mm or 3 mm in length, to 
reduce the overall length of the shaft sleeve. 
The ratio of spline width W. (at the midspan of the spline) 

to average diameter of the spline portion of the shaft sleeve 
in particular embodiments can range from about 0.1 to about 
0.5, and more desirably, from about 0.15 to about 0.35, and 
even more desirably from about 0.16 to about 0.22. The ratio 
of spline width W to spline H in particular embodiments 
can range from about 1.0 to about 22, and more desirably 60 
from about 2 to about 4, and even more desirably from about 
2.3 to about 3.1. The ratio of spline length L to average 
diameter in particular embodiments can range from about 
0.15 to about 1.7. 

Tables 2-4 below provide dimensions for a plurality of 
different spline configurations for the sleeve 100 (and other 
shaft sleeves disclosed herein). In Table 2, the average radius 
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R is the radius of the spline portion of a shaft sleeve 
measured at the mid-span of a spine, i.e., at a location 
equidistant from the base of the spline at surface 160 and to 
the outer surface 550 of the spline (see FIG. 10). The arc 
length in Tables 2 and 3 is the arc length of a spline at the 
average radius. 

Table 2 shows the spline arc angle, average radius, 
average diameter, arc length, arc length, arc length/average 
radius ratio, width at midspan, width (at midspan)/average 
diameter ratio for different shaft sleeves having 8 splines 
(with two 33 degree gaps as shown in FIG. 10), 8 equally 
spaced splines, 6 equally-spaced splines, 10 equally-spaced 
splines, 4 equally-spaced splines. Table 3 shows examples of 
shaft sleeves having different number of splines and spline 
heights. Table 4 shows examples of different combinations 
of lengths and average diameters for shaft sleeves apart from 
the number of splines, spline height H, and spline width W. 
The specific dimensions provided in the present specifi 

cation for the shaft sleeve 100 (as well as for other compo 
nents disclosed herein) are given to illustrate the invention 
and not to limit it. The dimensions provided herein can be 
modified as needed in different applications or situations. 

TABLE 2 

Arc 
Spline Average Average Arc length. Width at Width: 

arc angel radius diameter length Average midspan Average 
(deg.) (mm) (mm) (mm) (mm) (mm) diameter 

21 4.225 8.45 1.549 O.367 1540 O.182 

22.5 4.225 8.45 1.659 0.393 1649 0.195 

30 4.225 8.45 2.212 0.524 2.187 O.259 

18 4.225 8.45 1.327 O.314 1322 O.156 

45 4.225 8.45 3.318 O.785 3.234 O.383 

15 4.225 8.45 1106 0.262 1.103 O.131 

TABLE 3 

Spline Arc Width at Arc 

height length Midspan length. Width? 
# Splines (mm) (mm) (mm) Height Height 

8 (w/two 33 O.S 1.549 1.54 3.097 3.08O 
eg. gaps) 
8 (w/two 33 O.25 1.549 1540 6.194 6.16O 
eg. gaps) 
8 (w/two 33 0.75 1.549 1540 2.06S 2.053 
eg. gaps) 
8 (equally O.S 1.659 1649 3.318 3.297 

spaced) 
6 (equally O.15 2.212 2.187 14.748 14.58O 

spaced) 
4 (equally O.9S 1.327 1.321 1.397 1.391 

spaced) 
4 (equally O.15 3.318 3.234 22.122 21.558 

spaced) 
12 (equally O.9S 1106 1.103 1164 1.161 

spaced) 
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TABLE 4 

Average sleeve Spline 
diameter at Spline length Average 
spline (mm) length (mm) diameter 

6 7.5 1.25 
6 3 O.S 
6 10 1.667 
6 2 .333 
8.45 7.5 O.888 
8.45 3 0.355 
8.45 10 1.183 
8.45 2 0.237 

12 7.5 O.625 
12 3 O.25 
12 10 O.833 
12 2 O.167 

Adjustable Lie/Loft Connection Assembly 

Now with reference to FIGS. 18-20, there is shown a golf 
club comprising a head 700 attached to a removable shaft 
800 via a removable head-shaft connection assembly. The 
connection assembly generally comprises a shaft sleeve 900, 
a hosel sleeve 1000 (also referred to herein as an adapter 
sleeve), a hosel insert 1100, a washer 1200 and a screw 1300. 
The club head 700 comprises a hosel 702 defining a hosel 
opening, or passageway 710. The passageway 710 in the 
illustrated embodiment extends through the club head and 
forms an opening in the sole of the club head to accept the 
screw 1300. Generally, the club head 700 is removably 
attached to the shaft 800 by the shaft sleeve 900 (which is 
mounted to the lower end portion of the shaft 800) being 
inserted into and engaging the hosel sleeve 1000. The hosel 
sleeve 1000 is inserted into and engages the hosel insert 
1100 (which is mounted inside the hosel opening 710). The 
screw 1300 is tightened into a threaded opening of the shaft 
sleeve 900, with the washer 1200 being disposed between 
the screw 1300 and the hosel insert 1100, to secure the shaft 
to the club head. 

The shaft sleeve 900 can be adhesively bonded, welded or 
secured in equivalent fashion to the lower end portion of the 
shaft 800. In other embodiments, the shaft sleeve 900 may 
be integrally formed with the shaft 800. As best shown in 
FIG. 19, the hosel opening 710 extends through the club 
head 700 and has hosel sidewalls 740 defining a first hosel 
inner surface 750 and a second hosel inner surface 760, the 
boundary between the first and second hosel inner surfaces 
defining an inner annular surface 720. The hosel sleeve 1000 
is disposed between the shaft sleeve 900 and the hosel insert 
1100. The hosel insert 1100 can be mounted within the hosel 
opening 710. The hosel insert 1100 can have an annular 
surface 1110 that contacts the hosel annular surface 720. The 
hosel insert 1100 can be adhesively bonded, welded or 
secured in equivalent fashion to the first hosel surface 740, 
the second hosel surface 750 and/or the hosel annular 
surface 720 to secure the hosel insert 1100 in place. In other 
embodiments, the hosel insert 1100 can be formed integrally 
with the club head 700. 

Rotational movement of the shaft 800 relative to the club 
head 700 can be restricted by restricting rotational move 
ment of the shaft sleeve 900 relative to the hosel sleeve 1000 
and by restricting rotational movement of the hosel sleeve 
1000 relative to the club head 700. To restrict rotational 
movement of the shaft sleeve 900 relative to the hosel sleeve 
1000, the shaft sleeve has a lower, rotation prevention 
portion 950 having a non-circular configuration that mates 
with a complementary, non-circular configuration of a 
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lower, rotation prevention portion 1096 inside the hosel 
sleeve 1000. The rotation prevention portion of the shaft 
sleeve 900 can comprise longitudinally extending splines 
1400 formed on an external surface 960 of the lower portion 
950, as best shown in FIGS. 21-22. The rotation prevention 
portion of the hosel sleeve can comprise complementary 
configured splines 1600 formed on an inner surface 1650 of 
the lower portion 1096 of the hosel sleeve, as best shown in 
FIGS. 30-31. 
To restrict rotational movement of the hosel sleeve 1000 

relative to the club head 700, the hosel sleeve 1000 can have 
a lower, rotation prevention portion 1050 having a non 
circular configuration that mates with a complementary, 
non-circular configuration of a rotation prevention portion of 
the hosel insert 1100. The rotation prevention portion of the 
hosel sleeve can comprise longitudinally extending splines 
1500 formed on an external surface 1090 of a lower portion 
1050 of the hosel sleeve 1000, as best shown in FIGS. 27-28 
and 29. The rotation prevention portion of the hosel insert 
can comprise of complementary-configured splines 1700 
formed on an inner surface 1140 of the hosel insert 1100, as 
best shown in FIGS. 34 and 36. 

Accordingly, the shaft sleeve lower portion 950 defines a 
keyed portion that is received by a keyway defined by the 
hosel sleeve inner surface 1096, and hosel sleeve outer 
surface 1050 defines a keyed portion that is received by a 
keyway defined by the hosel insert inner surface 1140. In 
alternative embodiments, the rotation prevention portions 
can be elliptical, rectangular, hexagonal or other non-circu 
lar complementary configurations of the shaft sleeve lower 
portion 950 and the hosel sleeve inner surface 1096, and the 
hosel sleeve outer Surface 1050 and the hosel insert inner 
surface 1140. 

Referring to FIG. 18, the screw 1300 comprises a head 
1330 having head, or bearing, surface 1320, a shaft 1340 
extending from the head and external threads 1310 formed 
on a distal end portion of the screw shaft. The screw 1300 
is used to secure the club head 700 to the shaft 800 by 
inserting the screw upwardly into passageway 710 via an 
opening in the sole of the club head. The screw is further 
inserted through the washer 1200 and tightened into an 
internally threaded bottom portion 996 of an opening 994 in 
the sleeve 900. In other embodiments, the club head 700 can 
be secured to the shaft 800 by other mechanical fasteners. 
With reference to FIGS. 18-19, when the screw 1300 is 
securely tightened into the shaft sleeve 900, the screw head 
surface 1320 contacts the washer 1200, the washer 1200 
contacts a bottom surface 1120 of the hosel insert 1100, an 
annular surface 1060 of the hosel sleeve 1000 contacts an 
upper annular surface 730 of the club 700 and an annular 
surface 930 of the shaft sleeve 900 contacts an upper surface 
1010 of the hosel sleeve 1000. 
The hosel sleeve 1000 is configured to support the shaft 

50 at a desired orientation relative to the club head to 
achieve a desired shaft loft and/or lie angle for the club. As 
best shown in FIGS. 27 and 31, the hosel sleeve 1000 
comprises an upper portion 1020, a lower portion 1050, and 
a bore or longitudinal opening 1040 extending therethrough. 
The upper portion, which extends parallel the opening 1040. 
extends at an angle with respect to the lower portion 1050 
defined as an “offset angle” 780 (FIG. 18). As best shown in 
FIG. 18, when the hosel insert 1040 is inserted into the hosel 
opening 710, the outer surface of the lower portion 1050 is 
co-axially aligned with the hosel insert 1100 and the hosel 
opening. In this manner, the outer Surface of the lower 
portion 1050 of the hosel sleeve, the hosel insert 1100, and 
the hosel opening 710 collectively define a longitudinal axis 
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B. When the shaft sleeve 900 is inserted into the hosel 
sleeve, the shaft sleeve and the shaft are co-axially aligned 
with the opening 1040 of the hosel sleeve. Accordingly, the 
shaft sleeve, the shaft, and the opening 1040 collectively 
define a longitudinal axis A of the assembly. As can be seen 
in FIG. 18, the hosel sleeve is effective to support the shaft 
50 along longitudinal axis A, which is offset from longitu 
dinal axis B by offset angle 780. 

Consequently, the hosel sleeve 1000 can be positioned in 
the hosel insert 1100 in one or more positions to adjust the 
shaft loft and/or lie angle of the club. For example, FIG. 20 
represents a connection assembly embodiment wherein the 
hosel sleeve can be positioned in four angularly spaced, 
discrete positions within the hosel insert 1100. As used 
herein, a sleeve having a plurality of “discrete positions' 
means that once the sleeve is inserted into the club head, it 
cannot be rotated about its longitudinal axis to an adjacent 
position, except for any play or tolerances between mating 
splines that allows for slight rotational movement of the 
sleeve prior to tightening the screw or other fastening 
mechanism that secures the shaft to the club head. In other 
words, the sleeve is not continuously adjustable and has a 
fixed number of finite positions and therefore has a fixed 
number of “discrete positions”. 

Referring to FIG. 20, crosshairs A-A represent the 
position of the longitudinal axis. A for each position of the 
hosel sleeve 1000. Positioning the hosel sleeve within the 
club head such that the shaft is adjusted inward towards the 
club head (Such that the longitudinal axis A passes through 
crosshair A in FIG. 20) increases the lie angle from an 
initial lie angle defined by longitudinal axis B; positioning 
the hosel sleeve such that the shaft is adjusted away from the 
club head (such that axis A passes through crosshair A) 
reduces the lie angle from an initial lie angle defined by 
longitudinal axis B. Similarly, positioning the hosel sleeve 
such that the shaft is adjusted forward toward the striking 
face (such that axis. A passes through crosshair A) or 
rearward toward the rear of the club head (such that axis A 
passes through the crosshair A) will increase or decrease 
the shaft loft, respectively, from an initial shaft loft angle 
defined by longitudinal axis B. As noted above, adjusting the 
shaft loft is effective to adjust the square loft by the same 
amount. Similarly, the face angle is adjusted in proportion to 
the change in shaft loft. The amount of increase or decrease 
in shaft loft or lie angle in this example is equal to the offset 
angle 780. 

Similarly, the shaft sleeve 900 can be inserted into the 
hosel sleeve at various angularly spaced positions around 
longitudinal axis A. Consequently, if the orientation of the 
shaft relative to the club head is adjusted by rotating the 
position of the hosel sleeve 1000, the position of the shaft 
sleeve within the hosel sleeve can be adjusted to maintain 
the rotational position of the shaft relative to longitudinal 
axis A. For example, if the hosel sleeve is rotated 90 degrees 
with respect to the hosel insert, the shaft sleeve can be 
rotated 90 degrees in the opposite direction with respect to 
the hosel sleeve in order to maintain the position of the shaft 
relative to its longitudinal axis. In this manner, the grip of the 
shaft and any visual indicia on the shaft can be maintained 
at the same position relative to the shaft axis as the shaft loft 
and/or lie angle is adjusted. 

In another example, a connection assembly can employ a 
hosel sleeve that is positionable at eight angularly spaced 
positions within the hosel insert 1100, as represented by 
cross hairs Al-As in FIG. 20. Crosshairs As-As represent 
hosel sleeve positions within the hosel insert 1100 that are 
effective to adjust both the lie angle and the shaft loft (and 
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therefore the square loft and the face angle) relative to an 
initial lie angle and shaft loft defined by longitudinal axis B 
by adjusting the orientation of the shaft in a first direction 
inward or outward relative to the club head to adjust the lie 
angle and in a second direction forward or rearward relative 
to the club head to adjust the shaft loft. For example, 
crosshair As represents a hosel sleeve position that adjusts 
the orientation of the shaft outward and rearward relative to 
the club head, thereby decreasing the lie angle and decreas 
ing the shaft loft. 
The connection assembly embodiment illustrated in 

FIGS. 18-20 provides advantages in addition to those pro 
vided by the illustrated embodiment of FIGS. 2-4 (e.g., ease 
of exchanging a shaft or club head) and already described 
above. Because the hosel sleeve can introduce a non-zero 
angle between the shaft and the hosel, a golfer can easily 
change the loft, lie and/or face angles of the club by 
changing the hosel sleeve. For example, the golfer can 
unscrew the screw 1300 from the shaft sleeve 900, remove 
the shaft 800 from the hosel sleeve 1000, remove the hosel 
sleeve 1000 from the hosel insert 1100, select another hosel 
sleeve having a desired offset angle, insert the shaft sleeve 
900 into the replacement hosel sleeve, insert the replacement 
hosel sleeve into the hosel insert 1000, and tighten the screw 
1300 into the shaft sleeve 900. 

Thus, the use of a hosel sleeve in the shaft-head connec 
tion assembly allows the golfer to adjust the position of the 
shaft relative to the club head without having to resort to 
such traditional methods such as bending the shaft relative 
to the club head as described above. For example, consider 
a golf club utilizing the club head-shaft connection assembly 
of FIGS. 18-20 comprising a first hosel sleeve wherein the 
shaft axis is co-axially aligned with the hosel axis (i.e., the 
offset angle is Zero, or, axis. A passes through crosshair B). 
By exchanging the first hosel sleeve for a second hosel 
sleeve having a non-Zero offset angle, a set of adjustments 
to the shaft loft, lie and/or face angles are possible, depend 
ing, in part, on the position of the hosel sleeve within the 
hosel insert. 

In particular embodiments, the replacement hosel sleeves 
could be purchased individually from a retailer. In other 
embodiments, a kit comprising a plurality of hosel sleeves, 
each having a different offset angle can be provided. The 
number of hosel sleeves in the kit can vary depending on a 
desired range of offset angles and/or a desired granularity of 
angle adjustments. For example, a kit can comprise hosel 
sleeves providing offset angles from 0 degrees to 3 degrees, 
in 0.5 degree increments. 

In particular embodiments, hosel sleeve kits that are 
compatible with any number of shafts and any number of 
club heads having the same hosel configuration and hosel 
insert 1100 are provided. In this manner, a pro shop or 
retailer need not necessarily stock a large number of shaft or 
club head variations with various loft, lie and/or face angles. 
Rather, any number of variations of club characteristic 
angles can be achieved by a variety of hosel sleeves, which 
can take up less retail shelf and storeroom space and provide 
the consumer with a more economic alternative to adjusting 
loft, lie or face angles (i.e., the golfer can adjust a loft angle 
by purchasing a hosel sleeve instead of a new club). 

With reference now to FIGS. 21-26, there is shown the 
shaft sleeve 900 of the head-shaft connection assembly of 
FIGS. 18-20. The shaft sleeve 900 in the illustrated embodi 
ment is Substantially cylindrical and desirably is made from 
a light-weight, high-strength material (e.g., T6 temper alu 
minum alloy 7075). The shaft sleeve 900 can include a 
middle portion 910, an upper portion 920 and a lower 
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portion 950. The upper portion 920 can have a greater 
thickness than the remainder of the shaft sleeve to provide, 
for example, additional mechanical integrity to the connec 
tion between the shaft 800 and the shaft sleeve 900. The 
upper portion 920 can have a flared or frustroconical shape 
as shown, to provide, for example, a more streamlined 
transition between the shaft 800 and club head 700. The 
boundary between the upper portion 920 and the middle 
portion 910 defines an upper annular thrust surface 930 and 
the boundary between the middle portion 910 and the lower 
portion 950 defines a lower annular surface 940. The shaft 
sleeve 900 has a bottom Surface 980. In the illustrated 
embodiment, the annular surface 930 is perpendicular to the 
external surface of the middle portion 910. In other embodi 
ments, the annular surface 93.0 may be frustroconical or 
otherwise taper from the upper portion 920 to the middle 
portion 910. The annular surface 930 bears against the upper 
Surface 1010 of the hosel insert 1000 when the shaft 800 is 
secured to the club head 700 (FIG. 18). 
The shaft sleeve 900 further comprises an opening 994 

extending the length of the shaft sleeve 900, as depicted in 
FIG. 23. The opening 994 has an upper portion 998 for 
receiving the shaft 800 and an internally threaded bottom 
portion 996 for receiving the screw 1300. In the illustrated 
embodiment, the opening upper portion 998 has an internal 
sidewall having a constant diameter that is complementary 
to the configuration of the lower end portion of the shaft 800. 
In other embodiments, the opening upper portion 998 can 
have a configuration adapted to mate with various shaft 
profiles (e.g., the opening upper portion 998 can have more 
than one inner diameter, chamfered and/or perpendicular 
annular surfaces, etc.). With reference to the illustrated 
embodiment of FIG. 23, splines 1400 are located below the 
opening upper portion 998 and therefore below the shaft to 
minimize the overall diameter of the shaft sleeve. In certain 
embodiments, the internal threads of the lower opening 996 
are created using a Spiralock(R) tap. 

In particular embodiments, the rotation prevention portion 
of the shaft sleeve comprises a plurality of splines 1400 on 
an external surface 960 of the lower portion 950 that are 
elongated in the direction of the longitudinal axis of the shaft 
sleeve 900, as shown in FIGS. 21-22 and 26. The splines 
1400 have sidewalls 1420 extending radially outwardly from 
the external surface 960, bottom edges 1410, bottom corners 
1422 and arcuate outer surfaces 1450. In other embodi 
ments, the external surface 960 can comprise more splines 
(such as up to 12) or fewer than four splines and the splines 
1400 can have different shapes and sizes. 

With reference now to FIGS. 27-33, there is shown the 
hosel sleeve 1000 of the head-shaft connection assembly of 
FIGS. 18-20. The hosel sleeve 1000 in the illustrated 
embodiment is substantially cylindrical and desirably is 
made from a light-weight, high-strength material (e.g., T6 
temper aluminum alloy 7075). As noted above, the hosel 
sleeve 1000 includes an upper portion 1020 and a lower 
portion 1050. As shown in the illustrated embodiment of 
FIG. 27, the upper portion 1020 can have a flared or 
frustroconical shape, with the boundary between the upper 
portion 1020 and the lower portion 1050 defining an annular 
thrust surface 1060. In the illustrated embodiment, the 
annular surface 1060 tapers from the upper portion 1020 to 
the lower portion 1050. In other embodiments, the annular 
surface 1060 can be perpendicular to the external surface 
1090 of the lower portion 1050. As best shown in FIG. 18, 
the annular surface 1060 bears against the upper annular 
Surface 730 of the hosel when the shaft 800 is secured to the 
club head 700. 
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The hosel sleeve 1000 further comprises an opening 1040 

extending the length of the hosel sleeve 1000. The hosel 
sleeve opening 1040 has an upper portion 1094 with internal 
sidewalls 1095 that are complementary configured to the 
configuration of the shaft sleeve middle portion 910, and a 
lower portion 1096 defining a rotation prevention portion 
having a non-circular configuration complementary to the 
configuration of shaft sleeve lower portion 950. 
The non-circular configuration of the hosel sleeve lower 

portion 1096 comprises a plurality of splines 1600 formed 
on an inner surface 1650 of the opening lower portion 1096. 
With reference to FIGS. 30-31, the inner surface 1650 
comprises four splines 1600 elongated in the direction of the 
longitudinal axis (axis A) of the hosel sleeve opening. The 
splines 1600 in the illustrated embodiment have sidewalls 
1620 extending radially inwardly from the inner surface 
1650 and arcuate inner surfaces 1630. 
The external surface of the lower portion 1050 defines a 

rotation prevention portion comprising four splines 1500 
elongated in the direction of and are parallel to longitudinal 
axis B defined by the external surface of the lower portion, 
as depicted in FIGS. 27 and 31. The splines 1500 have 
sidewalls 1520 extending radially outwardly from the sur 
face 1550, top and bottom edges 1540 and accurate outer 
Surfaces 1530. 
The splined configuration of the shaft sleeve 900 dictates 

the degree to which the shaft sleeve 900 is positionable 
within the hosel sleeve 1000. In the illustrated embodiment 
of FIGS. 26 and 30, the splines 1400 and 1600 are substan 
tially identical in shape and size and adjacent pairs of splines 
1400 and 1600 have substantially similar spline-to-spline 
spacings. This spline configuration allows the shaft sleeve 
900 to be positioned within the hosel sleeve 1000 at four 
angularly spaced positions relative to the hosel sleeve 1000. 
Similarly, the hosel sleeve 1000 can be positioned within the 
club head 700 at four angularly spaced positions. In other 
embodiments, different non-circular configurations (e.g., 
triangular, hexagonal, more or fewer splines, variable spline 
to-spline spacings or spline widths) of the shaft sleeve lower 
portion 950, the hosel opening lower portion 1096, the hosel 
lower portion 1050 and the hosel insert inner surface 1140 
could provide for various degrees of positionability. 
The external surface of the shaft sleeve lower portion 950, 

the internal surface of the hosel sleeve opening lower 
portion 1096, the external surface of the hosel sleeve lower 
portion 1050, and the internal surface of the hosel insert can 
have generally rougher Surfaces relative to the remaining 
surfaces of the shaft sleeve 900, the hosel sleeve 1000 and 
the hosel insert. The enhanced surface roughness provides, 
for example, greater friction between the shaft sleeve 900 
and the hosel sleeve 1000 and between the hosel sleeve 1000 
and the hosel insert 1100 to further restrict relative rotational 
movement between these components. The contacting Sur 
faces of shaft sleeve, the hosel sleeve and the hosel insert can 
be roughened by sandblasting, although alternative methods 
or techniques can be used. 

With reference now to FIGS. 34-36, the hosel insert 1100 
desirably is substantially tubular or cylindrical and can be 
made from a light-weight, high-strength material (e.g., grade 
5 6Al-4V titanium alloy). The hosel insert 1100 comprises 
an inner Surface 1140 defining a rotation prevention portion 
having a non-circular configuration that is complementary to 
the non-circular configuration of the hosel sleeve outer 
surface 1090. In the illustrated embodiment, the non-circu 
lation configuration of inner Surface 1140 comprises internal 
splines 1700 that are complementary in shape and size to the 
external splines 1500 of the hosel sleeve 1000. That is, there 
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are four splines 1700 elongated in the direction of the 
longitudinal axis of the hosel insert 1100, and the splines 
1700 have sidewalls 1720 extending radially inwardly from 
the inner surface 1140, chamfered top edges 1730 and inner 
surfaces 1710. The hosel insert 1100 can comprises an 
annular surface 1110 that contacts hosel annual surface 720 
when the insert 1100 is mounted in the hosel opening 710 as 
depicted in FIG. 18. Additionally, the hosel opening 710 can 
have an annular shoulder (similar to shoulder 360 in FIG. 3). 
The insert 1100 can be welded or otherwise secured to the 
shoulder. 

With reference now to FIGS. 18-20, the screw 1300 
desirably is made from a lightweight, high-strength material 
(e.g., T6 temper aluminum alloy 7075). In certain embodi 
ments, the major diameter (i.e., outer diameter) of the 
threads 1310 is about 4 mm (e.g., ISO screw size) but may 
be smaller or larger in alternative embodiments. The benefits 
of using a screw 1300 having a reduced thread diameter 
(about 4 mm or less) include the benefits described above 
with respect to screw 400 (e.g., the ability to place the screw 
under a greater preload for a given torque). 

The head 1330 of the screw 1300 can be similar to the 
head 410 of the screw 400 (FIG. 15) and can comprise a 
hexalobular internal driving feature as described above. In 
additional embodiments, the screw head 1330 can comprise 
various other drive designs (e.g., Phillips, Pozidriv, hexago 
nal, TTAP, etc.), and the user can use a conventional 
screwdriver to tighten the screw. 
As best shown in FIGS. 38-42, the screw 1300 desirably 

has an inclined, spherical bottom surface 1320. The washer 
1200 desirably comprises a tapered bottom surface 1220, an 
upper surface 1210, an inner surface 1240 and an inner 
circumferential edge 1225 defined by the boundary between 
the tapered surface 1220 and the inner surface 1240. As 
discussed above and as shown in FIG. 18, a hosel sleeve 
1000 can be selected to support the shaft at a non-zero angle 
with respect to the longitudinal axis of the hosel opening. In 
such a case, the shaft sleeve 900 and the screw 1300 extend 
at a non-Zero angle with respect to the longitudinal axis of 
the hosel insert 1100 and the washer 1200. Because of the 
inclined surfaces 1320 and 1220 of the screw and the 
washer, the screw head can make complete contact with the 
washer through 360 degrees to better secure the shaft sleeve 
in the hosel insert. In certain embodiments, the screw head 
can make complete contact with the washer regardless of the 
position of the screw relative to the longitudinal axis of the 
hosel opening. 

For example, in the illustrated embodiment of FIG. 41, the 
head-shaft connection assembly employs a first hosel sleeve 
having a longitudinal axis that is co-axially aligned with the 
hosel sleeve opening longitudinal axis (i.e., the offset angle 
between the two longitudinal axes A and B is zero). The 
screw 1300 contacts the washer 1200 along the entire 
circumferential edge 1225 of the washer 1200. When the 
first hosel sleeve is exchanged for a second hosel sleeve 
having a non-Zero offset angle, as depicted in FIG. 42, the 
tapered washer surface 1220 and the tapered screw head 
surface 1320 allow for the screw 1300 to maintain contact 
with the entire circumferential edge 1225 of the washer 
1200. Such a washer-screw connection allows the bolt to be 
loaded in pure axial tension without being Subjected to any 
bending moments for a greater preload at a given installation 
torque, resulting in the club head 700 being more reliably 
and securely attached to the shaft 800. Additionally, this 
configuration allows for the compressive force of the screw 
head to be more evenly distributed across the washer upper 
surface 1210 and hosel insert bottom surface 1120 interface. 
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FIG. 43A shows another embodiment of a gold club 

assembly that has a removable shaft that can be supported at 
various positions relative to the head to vary the shaft loft 
and/or the lie angle of the club. The assembly comprises a 
club head 3000 having a hosel 3002 defining a hosel opening 
3004. The hosel opening 3004 is dimensioned to receive a 
shaft sleeve 3006, which in turn is secured to the lower end 
portion of a shaft 3008. The shaft sleeve 3006 can be 
adhesively bonded, welded or secured in equivalent fashion 
to the lower end portion of the shaft 3008. In other embodi 
ments, the shaft sleeve 3006 can be integrally formed with 
the shaft 3008. As shown, a ferrule 3010 can be disposed on 
the shaft just above the shaft sleeve 3006 to provide a 
transition piece between the shaft sleeve and the outer 
Surface of the shaft 3008. 
The hosel opening 3004 is also adapted to receive a hosel 

insert 200 (described in detail above), which can be posi 
tioned on an annular shoulder 3012 inside the club head. The 
hosel insert 200 can be secured in place by welding, an 
adhesive, or other suitable techniques. Alternatively, the 
insert can be integrally formed in the hosel opening. The 
club head 3000 further includes an opening 3014 in the 
bottom or sole of the club head that is sized to receive a 
screw 400. Much like the embodiment shown in FIG. 2, the 
screw 400 is inserted into the opening 3014, through the 
opening in shoulder 3012, and is tightened into the shaft 
sleeve 3006 to secure the shaft to the club head. However, 
unlike the embodiment shown in FIG. 2, the shaft sleeve 
3006 is configured to support the shaft at different positions 
relative to the club head to achieve a desired shaft loft and/or 
lie angle. 

If desired, a screw capturing device, such as in the form 
of an o-ring or washer 3036, can be placed on the shaft of 
the screw 400 above shoulder 3012 to retain the screw in 
place within the club head when the screw is loosened to 
permit removal of the shaft from the club head. The ring 
3036 desirably is dimensioned to frictionally engage the 
threads of the screw and has an outer diameter that is greater 
than the central opening in shoulder 3012 so that the ring 
3036 cannot fall through the opening. When the screw 400 
is tightened to secure the shaft to the club head, as depicted 
in FIG. 43A, the ring 3036 desirably is not compressed 
between the shoulder 3012 and the adjacent lower surface of 
the shaft sleeve 3006. FIG. 43B shows the Screw 400 
removed from the shaft sleeve3006 to permit removal of the 
shaft from the club head. As shown, in the disassembled 
state, the ring 3036 captures the distal end of the screw to 
retain the screw within the club head to prevent loss of the 
screw. The ring 3036 desirably comprises a polymeric or 
elastomeric material, such as rubber, Viton, Neoprene, sili 
cone, or similar materials. The ring 3036 can be an o-ring 
having a circular cross-sectional shape as depicted in the 
illustrated embodiment. Alternatively, the ring 3036 can be 
a flat washer having a square or rectangular cross-sectional 
shape. In other embodiments, the ring 3036 can various 
other cross-sectional profiles. 
The shaft sleeve 3006 is shown in greater detail in FIGS. 

44-47. The shaft sleeve 3006 in the illustrated embodiment 
comprises an upper portion 3016 having an upper opening 
3018 for receiving and a lower portion 3020 located below 
the lower end of the shaft. The lower portion 3020 can have 
a threaded opening 3034 for receiving the threaded shaft of 
the screw 400. The lower portion 3020 of the sleeve can 
comprise a rotation prevention portion configured to mate 
with a rotation prevention portion of the hosel insert 200 to 
restrict relative rotation between the shaft and the club head. 
As shown, the rotation prevention portion can comprise a 
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plurality of longitudinally extending external splines 500 
that are adapted to mate with corresponding internal splines 
240 of the hosel insert 200 (FIGS. 11-14). The lower portion 
3020 and the external splines 500 formed thereon can have 
the same configuration as the shaft lower portion 150 and 
splines 500 shown in FIGS. 5-7 and 9-10 and described in 
detail above. Thus, the details of splines 500 are not repeated 
here. 

Unlike the embodiment shown in FIGS. 5-7 and 9-10, the 
upper portion 3016 of the sleeve extends at an offset angle 
3022 relative to the lower portion 3020. As shown in FIG. 
43, when inserted in the club head, the lower portion 3020 
is co-axially aligned with the hosel insert 200 and the hosel 
opening 3004, which collectively define a longitudinal axis 
B. The upper portion 3016 of the shaft sleeve 3006 defines 
a longitudinal axis A and is effective to Support the shaft 
3008 along axis A, which is offset from longitudinal axis B 
by offset angle 3022. Inserting the shaft sleeve at different 
angular positions relative to the hosel insert is effective to 
adjust the shaft loft and/or the lie angle, as further described 
below. 
As best shown in FIG. 47, the upper portion 3016 of the 

shaft sleeve desirably has a constant wall thickness from the 
lower end of opening 3018 to the upper end of the shaft 
sleeve. A tapered surface portion 3026 extends between the 
upper portion 3016 and the lower portion 3020. The upper 
portion 3016 of the shaft sleeve has an enlarged head portion 
3028 that defines an annular bearing surface 3030 that 
contacts an upper surface 3032 of the hosel 3002 (FIG. 43). 
The bearing surface 3030 desirably is oriented at a 90-de 
gree angle with respect to longitudinal axis B So that when 
the shaft sleeve is inserted in to the hosel, the bearing surface 
3030 can make complete contact with the opposing surface 
3032 of the hosel through 360 degrees. 
As further shown in FIG. 43, the hosel opening 3004 

desirably is dimensioned to form a gap 3024 between the 
outer surface of the upper portion 3016 of the sleeve and the 
opposing internal Surface of the club head. Because the 
upper portion 3016 is not co-axially aligned with the sur 
rounding inner Surface of the hosel opening, the gap 3024 
desirably is large enough to permit the shaft sleeve to be 
inserted into the hosel opening with the lower portion 
extending into the hosel insert at each possible angular 
position relative to longitudinal axis B. For example, in the 
illustrated embodiment, the shaft sleeve has eight external 
splines 500 that are received between eight internal splines 
240 of the hosel insert 200. The shaft sleeve and the hosel 
insert can have the configurations shown in FIGS. 10 and 13. 
respectively. This allows the sleeve to be positioned within 
the hosel insert at two positions spaced 180 degrees from 
each other, as previously described. 

Other shaft sleeve and hosel insert configurations can be 
used to vary the number of possible angular positions for the 
shaft sleeve relative to the longitudinal axis B. FIGS. 48 and 
49, for example, show an alternative shaft sleeve and hosel 
insert configuration in which the shaft sleeve 3006 has eight 
equally spaced splines 500 with radial sidewalls 502 that are 
received between eight equally spaced splines 240 of the 
hosel insert 200. Each spline 500 is spaced from an adjacent 
spline by spacing S. dimensioned to receive a spline 240 of 
the hosel insert having a width W. This allows the lower 
portion 3020 of the shaft sleeve to be inserted into the hosel 
insert 200 at eight angularly spaced positions around lon 
gitudinal axis B (similar to locations A-As shown in FIG. 
20). In a specific embodiment, the spacing S is about 23 
degrees, the arc angle of each spline 500 is about 22 degrees, 
and the width W is about 22.5 degrees. 
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FIGS. 50 and 51 show another embodiment of a shaft 

sleeve and hosel insert configuration. In the embodiment of 
FIGS. 50 and 51, the shaft sleeve 3006 (FIG. 50) has eight 
splines 500 that are alternately spaced by spline-to-spline 
spacing S and S, where S is greater than S. Each spline 
has radial sidewalls 502 providing the same advantages 
previously described with respect to radial sidewalls. Simi 
larly, the hosel insert 200 (FIG. 51) has eight splines 240 
having alternating widths W. and W that are slightly less 
than spline spacing S and S, respectively, to allow each 
spline 240 of width W to be received within spacing S of 
the shaft sleeve and each spline 240 of width W to be 
received within spacing S of the shaft sleeve. This allows 
the lower portion 3020 of the shaft sleeve to be inserted into 
the hosel insert 200 at four angularly spaced positions 
around longitudinal axis B. In a particular embodiment, the 
spacing S is about 19.5 degrees, the spacing S is about 29.5 
degrees, the arc angle of each spline 500 is about 20.5 
degrees, the width W is about 19 degrees, and the width W. 
is about 29 degrees. In addition, using a greater or fewer 
number of splines on the shaft sleeve and mating splines on 
the hosel insert increases and decreases, respectively, the 
number of possible positions for shaft sleeve. 
As can be appreciated, the assembly shown in FIGS. 

43-51 is similar to the embodiment shown in FIGS. 18-20 in 
that both permit a shaft to be supported at different orien 
tations relative to the club head to vary the shaft loft and/or 
lie angle. An advantage of the assembly of FIGS. 43-51 is 
that it includes fewer pieces than the assembly of FIGS. 
18-20, and therefore is less expensive to manufacture and 
has less mass (which allows for a reduction in overall 
weight). 

FIG. 60 shows another embodiment of a golf club assem 
bly that is similar to the embodiment shown in FIG. 43A. 
The embodiment of FIG. 60 includes a club head 3050 
having a hosel 3052 defining a hosel opening 3054, which 
in turn is adapted to receive a hosel insert 200. The hosel 
opening 3054 is also adapted to receive a shaft sleeve 3056 
mounted on the lower end portion of a shaft (not shown in 
FIG. 60) as described herein. 
The shaft sleeve 3056 has a lower portion 3058 including 

splines that mate with the splines of the hosel insert 200, an 
intermediate portion 3060 and an upper head portion 3062. 
The intermediate portion 3060 and the head portion 3062 
define an internal bore 3064 for receiving the tip end portion 
of the shaft. In the illustrated embodiment, the intermediate 
portion 3060 of the shaft sleeve has a cylindrical external 
surface that is concentric with the inner cylindrical surface 
of the hosel opening 3054. In this manner, the lower and 
intermediate portions 3058, 3060 of the shaft sleeve and the 
hosel opening 3054 define a longitudinal axis B. The bore 
3064 in the shaft sleeve defines a longitudinal axis A to 
support the shaft along axis A, which is offset from axis B 
by a predetermined angle 3066 determined by the bore 3064. 
As described above, inserting the shaft sleeve 3056 at 
different angular positions relative to the hosel insert 200 is 
effective to adjust the shaft loft and/or the lie angle. 

In this embodiment, because the intermediate portion 
3060 is concentric with the hosel opening 3054, the outer 
surface of the intermediate portion 3060 can contact the 
adjacent surface of the hosel opening, as depicted in FIG. 60. 
This allows easier alignment of the mating features of the 
assembly during installation of the shaft and further 
improves the manufacturing process and efficiency. FIGS. 
61 and 62 are enlarged views of the shaft sleeve 3056. As 
shown, the head portion 3062 of the shaft sleeve (which 
extends above the hosel 3052) can be angled relative to the 
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intermediate portion 3060 by the angle 3066 so that the shaft 
and the head portion 3062 are both aligned along axis A. In 
alternative embodiments, the head portion 3062 can be 
aligned along axis B so that it is parallel to the intermediate 
portion 3060 and the lower portion 3058. 

Non-Metallic Connection Assembly 

The previously disclosed “head-shaft connection assem 
bly' and “adjustable lie/loft connection assembly' may be 
non-metallic, or incorporate non-metallic components. In 
fact, this section applies to any of the shaft sleeves disclosed 
herein, however references in this section will be made to 
shaft sleeve 100 merely for simplicity. Now, with reference 
now to FIGS. 102-126, the shaft sleeve 100 may incorporate 
a primary portion 10000 formed of a non-metallic material 
and a secondary portion 11000 formed of a metallic material. 
The primary portion 10000 has a primary portion proxi 

mal end 10010, a primary portion distal end 10020, a 
primary portion axis 10030, a primary portion shaft bore 
10040 for receiving and mounting the shaft, a primary 
portion volume, and a primary portion overlap region 10050. 
The primary portion 10000 is formed of a primary portion 
non-metallic material having a primary portion density of 
less than 2 grams per cubic centimeter, a primary portion 
tensile strength of at least 150 megapascal, and a primary 
portion percent elongation to break. References to tensile 
strength in this “Non-metallic Connection Assembly' sec 
tion refer to ultimate tensile strength. 

Further, the secondary portion 11000 has a secondary 
portion proximal end 11010, a secondary portion distal end 
11020, a secondary portion length 11025, a secondary por 
tion axis 11030, a secondary portion bore 11040, and a 
secondary portion volume. The secondary portion 11000 is 
formed of a secondary portion metallic material having a 
secondary portion density that is greater than the primary 
portion density, a secondary portion tensile strength that is 
greater than the primary portion tensile strength, and a 
secondary portion percent elongation to break. 
The connection assembly may include a screw, or other 

fastening device, to releasably join the shaft sleeve 100 and 
the club head. The screw may have a screw head and an 
externally threaded screw shaft extending from the screw 
head, wherein the secondary portion bore 11040 is releas 
ably securable to the club head by inserting the screw 
through the lower opening and tightening the screw into the 
secondary portion bore 11040. Alternatively, as will be 
disclosed later with respect to a family of embodiments in 
which the shaft sleeve is constructed only of a primary 
portion 10000, the screw may be inserted through the lower 
opening and tightened directly into a bore in the primary 
portion. The screw is formed of a screw material having a 
screw material density, a screw material tensile strength, and 
a screw material percent elongation to break. 
When the shaft sleeve 100 includes multiple materials, in 

this embodiment a non-metallic primary portion 10000 and 
a metallic secondary portion 11000, it has been discovered 
that strain relationships, and therefore relationships among 
the materials properties of percent elongation to break, are 
much more significant than traditional design practices of 
simply designing the shaft sleeve 100 to be as strong as 
possible within weight constraints. In fact, applying Such 
design practices to the design of non-metallic primary 
portion 10000 leads to a part formed of material having a 
high ultimate tensile strength, which is generally plagued by 
an elongation to break material property of 3.5% or less, and 
more commonly of 2.5% or less. Testing revealed that such 
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a design has a high probability to fail during impact testing 
of the connection assembly, which often consists of 5000 
off-center impacts of a golfball Striking the face, at multiple 
locations, at a velocity of 52 m/s. 

However, multi-material shaft sleeve 100 designs focused 
on unique strain relationships, and more specifically the 
percent elongation to break, of the different materials, rather 
than simply ultimate tensile strength, have proven to meet 
stringent off-center impact durability testing. In one Such 
embodiment the overwhelming majority of the shaft sleeve 
100 is formed of non-metallic material, in fact the volume of 
the primary portion 10000 is at least five times the volume 
of the secondary portion 11000, and yet preferential dura 
bility characteristics are obtained because the percent elon 
gation to break of the material forming the primary portion 
10000, i.e. the primary portion percent elongation to break, 
is at least four percent, and it is (a) at least twenty-five 
percent of the secondary portion percent elongation to break, 
and (b) at least twenty-five percent of the screw material 
percent elongation to break. 

Another embodiment exhibiting improved impact dura 
bility has a primary portion percent elongation to break that 
is at least fifty percent of the secondary portion percent 
elongation to break. In an even further embodiment the 
elongation relationships further incorporate the tensile 
loaded screw element, wherein the primary portion percent 
elongation to break is at least fifty percent of the screw 
material percent elongation to break. Still further, preferen 
tial durability characteristics have been found in an embodi 
ment in which the primary portion percent elongation to 
break is less than the secondary portion percent elongation 
to break, while in an even further embodiment the secondary 
portion percent elongation to break is less than the screw 
material percent elongation to break. 

While the secondary portion density is greater than the 
primary portion density, in one embodiment the secondary 
portion density is at least 2 grams per cubic centimeter, the 
secondary portion tensile strength is at least 250 megapas 
cal, and the primary portion tensile strength is at least forty 
percent of secondary portion tensile strength. While in an 
even further embodiment the screw material tensile strength 
is at least fifty percent greater than secondary portion tensile 
strength, thereby providing a three material connection 
assembly possessing unique relationships among the three 
materials to achieve the desired durability. 

Even further, in another embodiment durability is further 
enhanced when the primary portion percent elongation to 
break is at least six percent, the secondary portion percent 
elongation to break is at least nine percent, and the screw 
material percent elongation to break is at least nine percent; 
while another embodiment has a primary portion percent 
elongation to break that is 50-80% of the secondary portion 
percent elongation to break. Another way of expressing 
these unique relationships providing preferred durability is 
via the product of the primary portion percent elongation to 
break and the primary portion tensile strength in megapas 
cal, referred to as the primary portion product. In one Such 
embodiment the primary portion product is greater than 800, 
while in a further embodiment the product is greater than 
1000, and greater than 1250 in a further embodiment, and 
greater than 1500 in yet another embodiment. One particu 
larly durable embodiment is constructed of material having 
the primary product between 1250-2000, while in another 
embodiment the product is between 1250-1750. Likewise, a 
product of the secondary portion percent elongation to break 
and the secondary portion tensile strength in megapascal is 
referred to as the secondary portion product. In one Such 
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embodiment the secondary portion product is greater than 
1000, while in a further embodiment the product is greater 
than 1500, and greater than 2000 in a further embodiment, 
and greater than 5000 in yet another embodiment. One 
particularly durable embodiment is constructed when the 
secondary portion product is greater than the primary por 
tion product; while in another embodiment the secondary 
portion product is at least twice the primary portion product. 

Unlike prior connection assemblies that may incorporate 
a small non-metallic aspect Subject to little, or no, loading, 
the volume of the primary portion 10000 is at least five times 
the volume of the secondary portion 11000, and the non 
metallic primary portion 10000 receives the shaft and sub 
stantial load carrying requirements. In fact, in one embodi 
ment the non-metallic primary portion 10000 includes the 
upper annular thrust surface 130, seen best in FIGS. 2-3 and 
108, and in an even further embodiment the non-metallic 
primary portion 10000 includes the external splines 500, 
seen best in FIGS. 5-6. In yet another embodiment the 
non-metallic primary portion 10000 also includes a lower 
annular surface 140, seen in FIGS. 5 and 108. Further, in 
Some embodiments the primary portion volume is at least 
3.0 cubic centimeters and is at least ten times the secondary 
portion volume, while in an even further embodiment the 
primary portion Volume is at least fifteen times the second 
ary portion volume. Such shaft sleeve 100 embodiments 
composed overwhelmingly of the non-metallic primary por 
tion material are only capable of the required load carrying 
capabilities necessary to pass dynamic off-center impact 
durability requirements when the percentage elongation to 
break relationships are carefully designed and controlled. In 
still further embodiments the mass of the secondary portion 
11000 is less than 15% of the mass of the non-metallic 
primary portion 10000, and the combined mass of the 
primary portion 10000 and the secondary portion 11000 is 
less than 6.0 grams. In an even further embodiment the mass 
of the secondary portion 11000 is less than 12.5% of the 
mass of the non-metallic primary portion 10000, and the 
combined mass of the primary portion 10000 and the 
secondary portion 11000 is less than 5.7 grams; while in an 
even further embodiment the mass of the secondary portion 
11000 is less than 11.5% of the mass of the non-metallic 
primary portion 10000, and the combined mass of the 
primary portion 10000 and the secondary portion 11000 is 
less than 5.0 grams. 

In one embodiment the strain relationships are achieved 
by having the primary portion 10000 formed of a polyamide 
resin, while in a further embodiment the polyamide resin 
includes fiber reinforcement, and in yet another embodiment 
the polyamide resin includes at least 35% fiber reinforce 
ment. In one such embodiment the fiber reinforcement 
includes long-glass fibers having a length of at least 10 
millimeters pre-molding and produce a finished primary 
portion 10000 having fiber lengths of at least 3 millimeters, 
while another embodiment includes fiber reinforcement hav 
ing short-glass fibers with a length of at least 0.5-2.0 
millimeters pre-molding. Incorporation of the fiber rein 
forcement increases the tensile strength of the primary 
portion 10000, however it may also reduces the primary 
portion elongation to break therefore a careful balance must 
be struck to maintain Sufficient elongation. Therefore, one 
embodiment includes 35-55% long fiber reinforcement, 
while in an even further embodiment has 40-50% long fiber 
reinforcement. One specific example is a long-glass fiber 
reinforced polyamide 66 compound with 40% carbon fiber 
reinforcement, such as the XuanWu XW5801 resin having a 
tensile strength of 245 megapascal and 7% elongation at 
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break. Long fiber reinforced polyamides, and the resulting 
melt properties, produce a more isotropic material than that 
of short fiber reinforced polyamides, primarily due to the 
three-dimensional network formed by the long fibers devel 
oped during injection molding. Another advantage of long 
fiber material is the almost linear behavior through to 
fracture resulting in less deformation at higher stresses. In 
one particular embodiment the primary portion 10000 is 
formed of a polycaprolactam, a polyhexamethylene adipi 
namide, or a copolymer of hexamethylene diamine adipic 
acid and caprolactam, however other embodiments may 
include polypropylene (PP), nylon 6 (polyamide 6), poly 
butylene terephthalates (PBT), thermoplastic polyurethane 
(TPU), PC/ABS alloy, PPS, PEEK, and semi-crystalline 
engineering resin Systems that meet the claimed mechanical 
properties. 

In another embodiment the primary portion 10000 is 
injection molded and is formed of a material having a high 
melt flow rate, namely a melt flow rate (275°/2.16 Kg), per 
ASTM D1238, of at least 10 g/10 min. A further embodi 
ment is formed of a primary portion non-metallic material 
having a primary portion density of less than 1.75 grams per 
cubic centimeter and a primary portion tensile strength of at 
least 200 megapascal; while another embodiment has a 
primary portion density of less than 1.50 grams per cubic 
centimeter and a primary portion tensile strength of at least 
250 megapascal. A further embodiment is formed of a 
secondary portion metallic material having a secondary 
portion density of 1.8-3.0 grams per cubic centimeter and a 
secondary portion tensile strength that is greater than the 
primary portion tensile strength and at least 200 megapascal, 
while still maintaining a secondary portion percent elonga 
tion to break that is 75-200% of the primary portion percent 
elongation to break. While in yet a further embodiment the 
secondary portion metallic material has a secondary portion 
density of 1.8-3.0 grams per cubic centimeter and a second 
ary portion tensile strength that is greater than the primary 
portion tensile strength and at least 250 megapascal, while 
still maintaining a secondary portion percent elongation to 
break that is 100-185% of the primary portion percent 
elongation to break; and in an even further embodiment the 
secondary portion metallic material has a secondary portion 
density of 2.5-4.5 grams per cubic centimeter and a second 
ary portion tensile strength is at least 475 megapascal, while 
maintaining a secondary portion percent elongation to break 
that is 115-165% of the primary portion percent elongation 
to break 
Some examples of metals and metal alloys that can be 

used to form the secondary portion 11000 include, without 
limitation, magnesium alloys, aluminum/aluminum alloys 
(e.g., 3000 series alloys, 5000 series alloys, 6000 series 
alloys, such as 6061-T6, and 7000 series alloys, such as 
7075), titanium alloys (e.g., 3-2.5, 6-4, SP700, 15-3-3-3, 
10-2-3, or other alpha/near alpha, alpha-beta, and beta/near 
beta titanium alloys), carbon steels (e.g., 1020 or 8620 
carbon steel), stainless steels (e.g., 304 or 410 stainless 
steel), PH (precipitation-hardenable) alloys (e.g., 17-4, 
C450, or C455 alloys), copper alloys, and nickel alloys. 
The primary portion 10000 and the secondary portion 

11000 may be attached to one another using any attachment 
method that provides the required durability. In one particu 
larly effective attachment method embodiment, seen in 
FIGS. 102-126, a portion of the primary portion 10000 is 
molded around a portion of the secondary portion 11000 to 
define a primary portion overlap region 10050, seen in FIG. 
107, having a primary portion overlap region length 10052, 
wherein within the primary portion overlap region 10050 the 
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secondary portion 11000 has a secondary portion interface 
Surface 11100. While the embodiment of FIG. 107 illustrates 
the primary portion overlap region length 10052 being equal 
to the secondary portion length 11025, this is not required 
and a portion of the secondary portion 11000 may extend 
beyond the primary portion 10000, meaning that the primary 
portion overlap region length 10052 may be less than the 
secondary portion length 11025. In one embodiment pref 
erential loading and stress distribution is found when the 
primary portion overlap region length 10052 is at least five 
times the minimum primary portion bore wall thickness 
10042, seen in FIG. 104, while in an even further embodi 
ment the primary portion overlap region length 10052 is at 
least eight times the minimum primary portion bore wall 
thickness 10042. 
Now referencing FIG. 109, the secondary portion inter 

face surface 11100 may include a translation resistant sur 
face 11200 oriented at a translation resistant surface projec 
tion angle 11230 from the secondary portion axis 11030, 
seen in FIG. 115, of at least thirty degrees, and having a 
translation resistant Surface area of at least 7 square milli 
meters; while in a further embodiment the translation resis 
tant surface projection angle 11230 is at least forty-five 
degrees and has a translation resistant Surface area of at least 
10 square millimeters; and in yet a further embodiment the 
translation resistant Surface projection angle 11230 is at least 
sixty degrees and has a translation resistant Surface area of 
at least 14 Square millimeters. The translation resistant 
surface 11200 prevents the secondary portion 11000 from 
being pulled away from the primary portion 10000 as the 
screw is threaded into the secondary portion bore 11040. 
Further, secondary portion interface surface 11100 may 
include a rotation resistant surface 11300 oriented at a 
rotation resistant surface projection angle 11330 from an 
orthogonal extending from the secondary portion axis 
11030, as seen in FIG. 116, of no more than sixty degrees, 
and having a translation resistant Surface area of at least 7 
square millimeters; while in a further embodiment the 
rotation resistant surface projection angle 11330 is no more 
than forty-five degrees and has a translation resistant Surface 
area of at least 10 square millimeters; and in yet a further 
embodiment the rotation resistant Surface projection angle 
11330 is no more than thirty degrees and has a translation 
resistant Surface area of at least 14 square millimeters. The 
rotation resistant surface 11300 prevents the secondary 
portion 11000 from rotating with respect to the primary 
portion 10000 when the club head impacts a golf ball and as 
the screw is threaded into the secondary portion bore 11040. 

In one embodiment the translation resistant surface 11200 
projects outward from the secondary portion interface Sur 
face 11100 a translation resistant surface projection distance 
11210, seen in FIGS. 112 and 115, that is at least fifty percent 
of a minimum secondary portion bore wall thickness 11042 
within the primary portion overlap region 10050. Alterna 
tively, the translation resistant surface 11200 may projects 
inward, as seen in FIGS. 125 and 126, from the secondary 
portion interface surface 11100 a translation resistant surface 
projection distance 11210 that is at least fifty percent of a 
minimum secondary portion bore wall thickness 11042 
within the primary portion overlap region 10050. The trans 
lation resistant Surface area, the translation resistant Surface 
projection distance 11210 and its relationship to the mini 
mum secondary portion bore wall thickness 11042, and the 
translation resistant Surface projection angle 11230 ensure 
that translational movement between the primary portion 
10000 and the secondary portion 11000 is minimized, and 
localized deformation of the primary portion 10000 or the 
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secondary portion 11000 does not occur despite the utiliza 
tion of relatively high elongation materials, while incorpo 
rating Surface configurations that are beneficial to molding 
processes. In one embodiment the minimum secondary 
portion bore wall thickness 11042 is less than 1.00 milli 
meter, while in a further embodiment the minimum second 
ary portion bore wall thickness 11042 is less than 0.75 
millimeters. 

Likewise, the rotation resistant surface 11300 may project 
outward or inward from the secondary portion interface 
surface 11100. In one embodiment the rotation resistant 
surface 11300 projects outward, as seen in FIGS. 109 and 
112-116, from the secondary portion interface surface 11100 
a rotation resistant surface projection distance 11310 that is 
at least fifty percent of a minimum secondary portion bore 
wall thickness 11042 within the primary portion overlap 
region 10050. Alternatively, as seen in FIG. 126, the rotation 
resistant surface 11300 may project inward from the sec 
ondary portion interface surface 11100 a rotation resistant 
surface projection distance 11310 that is at least fifty percent 
of a minimum secondary portion bore wall thickness 11042 
within the primary portion overlap region 10050. The rota 
tion resistant Surface area, the rotation resistant Surface 
projection distance 11310 and its relationship to the mini 
mum secondary portion bore wall thickness 11042, and the 
rotation resistant surface projection angle 11330 ensure that 
rotational movement between the primary portion 10000 and 
the secondary portion 11000 is minimized, and localized 
deformation of the primary portion 10000 or the secondary 
portion 11000 does not occur despite the utilization of 
relatively high elongation materials, while incorporating 
surface configurations that are beneficial to molding pro 
CCSSCS. 

Further, as seen in the embodiments of FIGS. 110, 111 
113, and 117-124, the rotation resistant surface(s) 11300 
may be formed in the translation resistant surface 11200. 
These embodiments include at least one translation resistant 
flange 11240 that forms the translation resistant surface 
11200, which may include at least one recess in the trans 
lation resistant flange 11240 to form the rotation resistant 
surface(s) 11300. Such embodiments benefit from not reduc 
ing the minimum secondary portion bore wall thickness 
11042, regardless of the location of the translation resistant 
flange 11240. While these embodiments are generally illus 
trated as having the translation resistant surface 11200 with 
the translation resistant surface projection angle 11230 of 
substantially 90 degrees, and the rotation resistant surface 
11300 with the rotational resistant surface projection angle 
of Substantially Zero degrees, this is not required and one 
skilled in the art will appreciate that the same may be 
accomplished with the embodiment of FIG. 114. 
The secondary portion 11000 may include multiple trans 

lation resistant flanges 11240. For example, the embodiment 
of FIGS. 117 and 104 includes three translation resistant 
flanges 11240 but only two translation resistant surfaces 
11200 because the secondary portion distal end 11020 
cannot bear against a portion of the primary portion 10000. 
As seen in FIG. 118, the two translation resistant surfaces 
11200 of the proximal and medial translation resistant 
flanges 11240 are separated by a flange separation distance 
11245. One such embodiment that ensures adequate contact 
between the primary portion 10000 and the secondary 
portion 11000 has a flange separation distance 11245 of at 
least 25% of the secondary portion length 11025, and a total 
translation resistant Surface area of the two translation 
resistant flanges 11240 of at least 14 square millimeters, 
while in a further embodiment the flange separation distance 
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11245 is at least 75% of the secondary portion length 11025. 
In one embodiment the secondary portion length 11025 is 
less than 20 millimeters and less than 30% of the maximum 
length from the primary portion proximal end 10010 to the 
primary portion distal end 10020; while in an even further 
embodiment the secondary portion length 11025 is less than 
15 millimeters and less than 27% of the maximum length 
from the primary portion proximal end 10010 to the primary 
portion distal end 10020. 

In one embodiment the length from the primary portion 
proximal end 10010 to the primary portion distal end 10020 
is at least 40 millimeters and includes a ferrule 52, seen in 
FIGS. 2 and 108, formed integrally with the primary portion 
10000, as seen in FIG. 102; while in a further embodiment 
the maximum length from the primary portion proximal end 
10010 to the primary portion distal end 10020 is at 45-55 
millimeters, which includes the integrally formed ferrule 52. 
Incorporation of a ferrule 52 formed integrally with the 
primary portion 10000 presents challenges, particularly 
because of the loads experienced at the upper annular thrust 
surface 130, seen best in FIGS. 2-3 and 108, in addition to 
the extension of the ferrule 52 at least 10 millimeters beyond 
the hosel upper surface 395, seen best in FIG. 3, also referred 
to as the ferrule length 54 as seen in FIG. 107. In fact, 
durability testing with a 52 m/s ball speed showed that 
failure was common in the vicinity of the upper annular 
thrust surface 130, particularly when the impact location of 
the ball was low on the face, and increasingly so as the 
ferrule length 54 increased, and thus when the volume of the 
primary portion 10000 beyond the upper annular thrust 
surface 130, known as the ferrule volume, becomes a 
significant percentage of the entire volume of the primary 
portion 10000. In one such embodiment the ferrule length 54 
is at least 10 millimeters and the ferrule volume is at least 
15% of the total volume of the primary portion 10000; while 
in an even further embodiment the ferrule Volume is at least 
20% of the total volume of the primary portion 10000; while 
in an even further embodiment the ferrule volume is 25-35% 
of the total volume of the primary portion 10000. While the 
ferrule Volume is a significant portion of the primary portion 
10000 volume, the mass of the ferrule 52 is preferably less 
than 20% of the total combined mass of the primary portion 
10000 and secondary portion 11000, in fact in one embodi 
ment having the ferrule volume is 25-35% of the total 
volume of the primary portion 10000, the mass of the ferrule 
52 is less than 20% of the total combined mass of the 
primary portion 10000 and secondary portion 11000. 
Increasing the length of this exposed ferrule 52 portion, or 
ferrule length 54, provides for adequate area for bonding 
with the shaft and the ability to control the primary portion 
bore distal wall thickness 10046, seen in FIG. 104 and 
discussed in detail later, however it further necessitates the 
unique Strain based design of the connection assembly. 

Another embodiment ensures preferred load distribution 
within the sleeve 100 by controlling the distance from the 
primary portion shaft bore 10040 to the secondary portion 
proximal end 11010. As seen in FIG. 107, the primary 
portion shaft bore 10040 has a primary portion bore distal 
wall 10044 and a primary portion bore wall thickness 10042. 
and the distance from the primary portion bore distal wall 
10044 to the secondary portion proximal end 11010 defines 
a primary portion bore distal wall thickness 10046 that is (a) 
greater than the minimum primary portion bore wall thick 
ness 10042 and (b) at least 15% of the secondary portion 
length 11025. This is particularly beneficial in the embodi 
ments in which the primary portion axis 10030 is not parallel 
to the secondary portion axis 11030, as discussed above with 
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respect to the “Adjustable Lie/Loft Connection Assembly.” 
which are Subject to unique loading conditions. In a further 
embodiment the primary portion bore distal wall thickness 
10046 is at least 50% of a maximum cross-sectional dimen 
sion of the secondary portion 11000, which in the embodi 
ment of FIG. 117 would be the exterior diameter of the 
translation resistant flange 11240 located at the secondary 
portion proximal end 11010, however one skilled in the art 
will appreciate that the secondary portion may have non 
circular cross-sectional shapes. In an even further embodi 
ment the primary portion bore distal wall thickness 10046 is 
at least 75% of a maximum cross-sectional dimension of the 
secondary portion 11000. Even further, in one embodiment 
the primary portion bore distal wall thickness 10046 is at 
least 3 millimeters; while in another embodiment it is at least 
4 millimeters. Further, the location of the primary portion 
bore distal wall 10044 and the primary portion bore distal 
wall thickness 10046 play a role in selectively distributing 
the load in the primary portion 10000, and in one embodi 
ment they are selected so that the translation resistant flange 
11240 located at the secondary portion proximal end 11010 
is located between the lower annular surface 140, seen in 
FIG. 108, and the primary portion proximal end 10010. In 
one embodiment the length of the primary portion shaft bore 
10040 from the primary portion bore distal wall 10044 to the 
primary portion proximal end 10010 is at least 19 millime 
ters and the ferrule length 54 is at least 30% of the length of 
the primary portion shaft bore 10040 from the primary 
portion bore distal wall 10044 to the primary portion proxi 
mal end 10010; while in a further embodiment the length of 
the primary portion shaft bore 10040 from the primary 
portion bore distal wall 10044 to the primary portion proxi 
mal end 10010 is at least 25 millimeters and the ferrule 
length 54 is at least 40% of the length of the primary portion 
shaft bore 10040 from the primary portion bore distal wall 
10044 to the primary portion proximal end 10010. 

In addition to, or in lieu of the translation resistant Surface 
11200 and/or the rotation resistant surface 11300, the sec 
ondary portion 11000 may include an interlocking recess 
11400 is formed in the secondary portion interface surface 
11100 and extending an interlocking recess depth 11410 
inward toward the secondary portion axis 11030, as seen in 
FIGS. 111, 112, 113, 120, 121, and 125. In this embodiment 
the primary portion 10000 further includes a primary portion 
interlocking projection 10060, seen in FIGS. 107 and 108, 
that fills the interlocking recess 11400 thereby interlocking 
the primary portion 10000 and the secondary portion 11000 
and preventing movement of the portions with respect to one 
another. The interlocking recess depth 11410 is greater than 
a minimum secondary portion bore wall thickness 11042 
within the primary portion overlap region 10050, as seen in 
FIG 112. 
The interlocking recess 11400 has an interlocking recess 

length 11420 and an interlocking recess width 11430, as seen 
in FIGS. 111-112, which may be equal in the case of a round 
interlocking recess 11400, and in one embodiment produce 
a cross-sectional area of at least 1.5 square millimeters, 
which promotes adequate material flow when the primary 
portion 10000 is molded to the secondary portion 11000. In 
one embodiment preferential load distribution in the primary 
portion 10000 is produced when the interlocking recess 
depth 11410 is greater than both the interlocking recess 
length 11420 and the interlocking recess width 11430. Still 
further, in another embodiment the interlocking recess 
11400 has a volume that is at least 6 cubic millimeters, while 
in an even further embodiment the interlocking recess 11400 
has a volume that is at least 8 cubic millimeters, and in yet 
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another embodiment the interlocking recess 11400 has a 
volume that is at least 4% of the volume of the secondary 
portion 11000, further promoting the interlock between the 
portions. 
As seen in FIGS. 113 and 125, in one particular embodi 

ment the interlocking recess 11400 extends through the 
secondary portion 11000 from a first recess opening 11440 
on the secondary portion interface surface 11100 to a second 
recess opening 11450 on the secondary portion interface 
surface 11100, and the primary portion interlocking projec 
tion 10060 extends through the interlocking recess 11400. In 
such an embodiment the interlocking recess 11400 may 
extend straight through the center of the secondary portion 
11000, as shown, or may take an angled route or even a 
curved route. In one embodiment the interlocking recess 
11400 includes at least two recesses extending all the way 
through the secondary portion 11000, which pass, or inter 
sect, each other at a right angle. Accordingly, in these 
through bore embodiments of the interlocking recess 11400 
the primary portion interlocking projection 10060, seen in 
FIGS. 107 and 108, completely fills the interlocking recess 
11400 and becomes an integral extension of the primary 
portion 10000 passing through the secondary portion 11000 
from one side to the other thereby interlocking the primary 
portion 10000 and the secondary portion 11000 to distribute 
the load and prevent movement of the portions with respect 
to one another. 
Up to this point the “Non-metallic Connection Assembly' 

discussion has focused on a primary portion 10000 formed 
of a non-metallic material and a secondary portion 11000 
formed of a metallic material, however in another family of 
embodiments the entire shaft sleeve 100 is formed solely of 
a non-metallic primary portion 10000 without a metallic 
portion, although it may include multiple non-metallic 
pieces joined to form the non-metallic primary portion 
10000 and thus may include a non-metallic secondary 
portion 11000. In one particular embodiment the primary 
portion 10000 is an integrally formed single piece non 
metallic primary portion 10000. All of the disclosure applies 
equally to this family of embodiments, however a preferred 
embodiment further increases the primary portion tensile 
strength to at least 200 megapascal and increases the mini 
mum primary portion percent elongation to break to at least 
five percent, while maintaining the minimum primary por 
tion percent elongation to break of at least twenty-five 
percent of the screw material percent elongation to break, 
and having a primary portion density of less than 1.75 grams 
per cubic centimeter, while also incorporating an integral 
ferrule 52, and, in Some embodiments, integral rotational 
prevention elements, which may include the disclosed 
splines 500. In an even further embodiment the primary 
portion tensile strength is at least 220 megapascal, the 
minimum primary portion percent elongation to break is at 
least six percent, and the primary portion density is less than 
1.65 grams per cubic centimeter; and yet another embodi 
ment has the primary portion tensile strength of at least 240 
megapascal, the minimum primary portion percent elonga 
tion to break of at least seven percent, and the primary 
portion density is less than 1.50 grams per cubic centimeter. 

In this non-metallic primary portion 10000 family of 
embodiments of the shaft sleeve 100, the necessary strain 
and elongation requirements for durability must be balanced 
with the need for strength and durability in the connection 
with the screw and the connection with the shaft. As 
previously discussed, traditional design practices of simply 
designing the shaft sleeve 100 to be as strong as possible 
does not provide the needed durability in an entirely non 
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metallic embodiment of the shaft sleeve 100. In fact, apply 
ing Such design practices to the design of non-metallic 
primary portion 10000 leads to a part formed of material 
having a high ultimate tensile strength, but one that is 
generally plagued by an elongation to break material prop 
erty of 3.5% or less, and more commonly of 2.5% or less. 
However, a non-metallic shaft sleeve 100 design focused on 
strain, rather than stress, and more specifically the percent 
elongation to break, rather than simply ultimate tensile 
strength, offers improved durability, particularly when the 
primary portion 10000 incorporates an integral ferrule 52 
and has a volume of at least 3 cubic centimeters. Another 
way of expressing these unique relationships providing 
preferred durability is via the product of the primary portion 
percent elongation to break and the primary portion tensile 
strength in megapascal, referred to as the primary portion 
product. In one such embodiment the primary portion prod 
uct is greater than 800, while in a further embodiment the 
product is greater than 1000, and greater than 1250 in a 
further embodiment, and greater than 1500 in yet another 
embodiment. One particularly durable embodiment has a 
primary portion product between 1250-2000, while in 
another embodiment the product is between 1250-1750. 

Such non-metallic shaft sleeve 100 embodiments focused 
on unique strain relationships, and more specifically the 
percent elongation to break, rather than simply ultimate 
tensile strength, have proven to meet stringent off-center 
impact durability testing. Preferential durability character 
istics have been found in an embodiment in which the 
primary portion percent elongation to break is less than the 
screw material percent elongation to break. While in an even 
further embodiment the screw material tensile strength is at 
least fifty percent greater than primary portion tensile 
strength, thereby providing an assembly possessing unique 
relationships among the materials to achieve the desired 
durability. Even further, in another embodiment durability is 
further enhanced when the primary portion percent elonga 
tion to break is at least six percent, and the screw material 
percent elongation to break is at least nine percent 

Unlike prior connection assemblies that may incorporate 
a small non-metallic aspect Subject to little, or no, loading, 
the volume of the primary portion 10000 is at least is at least 
3.0 cubic centimeters, and the non-metallic primary portion 
10000 receives the shaft and substantial load carrying 
requirements. In fact, in one embodiment the non-metallic 
primary portion 10000 includes the upper annular thrust 
surface 130, seen in FIG. 108, and in an even further 
embodiment the non-metallic primary portion 10000 
includes the external splines 500, seen best in FIGS. 5-6. In 
yet another embodiment the non-metallic primary portion 
10000 also includes a lower annular surface 140, also seen 
in FIG. 108. Such shaft sleeve 100 embodiments are only 
capable of the required load carrying capabilities necessary 
to pass dynamic off-center impact durability requirements 
when the percentage elongation to break relationships are 
carefully designed and controlled. In still further embodi 
ments the mass of the primary portion 10000 is less than 5.5 
grams. In an even further embodiment the mass of the 
primary portion 10000 is less than 5.0 grams; while in an 
even further embodiment the mass of the primary portion 
10000 is less than 4.5 grams. 

In one embodiment the strain relationships are achieve by 
having the primary portion 10000 formed of a polyamide 
resin, while in a further embodiment the polyamide resin 
includes fiber reinforcement, and in yet another embodiment 
the polyamide resin includes at least 35% fiber reinforce 
ment. In one such embodiment the fiber reinforcement 
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includes long-glass fibers having a length of at least 10 
millimeters pre-molding and produce a finished primary 
portion 10000 having fiber lengths of at least 3 millimeters, 
while another embodiment includes fiber reinforcement hav 
ing short-glass fibers with a length of at least 0.5-2.0 
millimeters pre-molding. Incorporation of the fiber rein 
forcement increases the tensile strength of the primary 
portion 10000, however it may also reduces the primary 
portion elongation to break therefore a careful balance must 
be struck to maintain Sufficient elongation. Therefore, one 
embodiment includes 35-55% long fiber reinforcement, 
while in an even further embodiment has 40-50% long fiber 
reinforcement. One specific example is a long-glass fiber 
reinforced polyamide 66 compound with 40% carbon fiber 
reinforcement, such as the XuanWu XW5801 resin having a 
tensile strength of 245 megapascal and 7% elongation at 
break. Long fiber reinforced polyamides, and the resulting 
melt properties, produce a more isotropic material than that 
of short fiber reinforced polyamides, primarily due to the 
three-dimensional network formed by the long fibers devel 
oped during injection molding. Another advantage of long 
fiber material is the almost linear behavior through to 
fracture resulting in less deformation at higher stresses. In 
one particular embodiment the primary portion 10000 is 
formed of a polycaprolactam, a polyhexamethylene adipi 
namide, or a copolymer of hexamethylene diamine adipic 
acid and caprolactam, however other embodiments may 
include polypropylene (PP), nylon 6 (polyamide 6), poly 
butylene terephthalates (PBT), thermoplastic polyurethane 
(TPU), PC/ABS alloy, PPS, PEEK, and semi-crystalline 
engineering resin systems that meet the claimed mechanical 
properties. 

In another embodiment the primary portion 10000 is 
injection molded and is formed of a material having a high 
melt flow rate, namely a melt flow rate (275°/2.16 Kg), per 
ASTM D1238, of at least 10 g/10 min. A further embodi 
ment is formed of a primary portion non-metallic material 
having a primary portion density of less than 1.75 grams per 
cubic centimeter and a primary portion tensile strength of at 
least 200 megapascal; while another embodiment has a 
primary portion density of less than 1.50 grams per cubic 
centimeter and a primary portion tensile strength of at least 
250 megapascal. 

In one embodiment the length from the primary portion 
proximal end 10010 to the primary portion distal end 10020 
is at least 40 millimeters and includes a ferrule 52, seen in 
FIG. 108, formed integrally with the primary portion 10000: 
while in a further embodiment the maximum length from the 
primary portion proximal end 10010 to the primary portion 
distal end 10020 is at 45-55 millimeters, which includes the 
integrally formed ferrule 52. Incorporation of a ferrule 52 
formed integrally with the primary portion 10000 presents 
challenges, particularly because of the loads experienced at 
the upper annular thrust surface 130, seen in FIG. 108, in 
addition to the extension of the ferrule 52 at least 10 
millimeters beyond the upper annular thrust surface 130, 
also referred to as the ferrule length 54 as seen in FIG. 107. 
In fact, durability testing with a 52 m/s ball speed showed 
that failure was common in the vicinity of the upper annular 
thrust surface 130, particularly when the impact location of 
the ball was low on the face, and increasingly so as the 
ferrule length 54 increased, and thus when the ferrule 
Volume becomes a significant percentage of the entire Vol 
ume of the primary portion 10000. In one such embodiment 
the ferrule length 54 is at least 10 millimeters and the ferrule 
volume is at least 15% of the total volume of the primary 
portion 10000; while in an even further embodiment the 
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ferrule Volume is at least 20% of the total volume of the 
primary portion 10000; while in an even further embodiment 
the ferrule volume is 25-35% of the total volume of the 
primary portion 10000. In one embodiment the total volume 
of the primary portion 10000 is at least 3.0 cubic centime 
ters, while in a further embodiment the total volume of the 
primary portion 10000 is at least 3.5 cubic centimeters. 
Further, in one embodiment the ferrule Volume is at least 0.5 
cubic centimeters, while in a further embodiment it is at least 
0.8 cubic centimeters, and in an even further embodiment it 
is at least 1.0 cubic centimeter. One particularly durable 
embodiment has the ferrule volume in the range of 1.0-1.5 
cubic centimeters, with a ferrule length 54 that is at least 15 
millimeters, and a total volume of the primary portion 10000 
that is at least 3.5 cubic centimeters. Increasing the ferrule 
length 54 provides for adequate area for bonding with the 
shaft and the ability to control the primary portion bore distal 
wall thickness 10046, seen in FIG. 104, however it further 
necessitates the unique strain based design of the connection 
assembly. 

Another embodiment ensures preferred load distribution 
within the sleeve 100 by controlling the distance from the 
primary portion shaft bore 10040 to a screw bore formed in 
the single piece sleeve 100. As seen in FIG. 107, the primary 
portion shaft bore 10040 has a primary portion bore distal 
wall 10044 and a primary portion bore wall thickness 10042. 
and, although not independently illustrated but understood 
by one skilled in the art, the distance from the primary 
portion bore distal wall 10044 to the nearest portion of the 
screw bore defines a primary portion bore distal wall thick 
ness 10046 that is (a) greater than the minimum primary 
portion bore wall thickness 10042 and (b) at least 20% of the 
ferrule length 54. This is particularly beneficial in the 
embodiments in which the primary portion axis 10030 is not 
parallel to the secondary portion axis 11030, as discussed 
above with respect to the “Adjustable Lie/Loft Connection 
Assembly, which are Subject to unique loading conditions. 
In a further embodiment the primary portion bore distal wall 
thickness 10046 is at least 50% of a maximum cross 
sectional dimension of the screw bore. In an even further 
embodiment the primary portion bore distal wall thickness 
10046 is at least 75% of a maximum cross-sectional dimen 
sion of the screw bore. Even further, in one embodiment the 
primary portion bore distal wall thickness 10046 is at least 
3 millimeters; while in another embodiment it is at least 4 
millimeters. The location of the primary portion bore distal 
wall 10044 and the primary portion bore distal wall thick 
ness 10046 play a role in selectively distributing the load in 
the primary portion 10000. In one embodiment the length of 
the primary portion shaft bore 10040 from the primary 
portion bore distal wall 10044 to the primary portion proxi 
mal end 10010 is at least 19 millimeters and the ferrule 
length 54 is at least 10 millimeters, while in a further 
embodiment the length of the primary portion shaft bore 
10040 from the primary portion bore distal wall 10044 to the 
primary portion proximal end 10010 is at least 25 millime 
ters and the ferrule length 54 is at least 15 millimeters. 

Additionally, the hosel insert 200, seen in FIGS. 11-14, 
may likewise beformed of non-metallic materials having the 
unique relationships disclosed above with respect to the 
single piece non-metallic primary portion 10000 family of 
embodiments. 
An additional benefit of the disclosed designs is reduced 

cost. Traditionally connection assemblies have been com 
posed largely of machined aluminum. The cost of the 
asymmetric machining necessary to achieve a primary por 
tion axis 10030 that is not parallel to the secondary portion 
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axis 11030, and therefore affords the adjustability discussed 
in the “Adjustable Lie/Loft Connection Assembly' section, 
is significant. Injection molding of the shaft sleeve 100, or 
at least the majority of it, and its tilted primary portion shaft 
bore 10040 is estimated to reduce the cost of the connection 
assembly significantly, even if a secondary portion 11000 of 
metallic material must be symmetrically machined. 

Adjustable Sole 

As discussed above, the grounded loft 80 of a club head 
is the vertical angle of the centerface normal vector when the 
club is in the address position (i.e., when the sole is resting 
on the ground), or stated differently, the angle between the 
club face and a vertical plane when the club is in the address 
position. When the shaft loft of a club is adjusted, such as by 
employing the system disclosed in FIGS. 18-42 or the 
system shown in FIGS. 43-51 or by traditional bending of 
the shaft, the grounded loft does not change because the 
orientation of the club face relative to the sole of the club 
head does not change. On the other hand, adjusting the shaft 
loft is effective to adjust the square loft of the club by the 
same amount. Similarly, when shaft loft is adjusted and the 
club head is placed in the address position, the face angle of 
the club head increases or decreases in proportion to the 
change in shaft loft. For example, for a club having a 
60-degree lie angle, decreasing the shaft loft by approxi 
mately 0.6 degree increases the face angle by +1.0 degree, 
resulting in the club face being more “open' or turned out. 
Conversely, increasing the shaft loft by approximately 0.6 
degree decreases the face angle by -1.0 degree, resulting in 
the club face being more "closed” or turned in. 

Conventional clubs do not allow for adjustment of the 
hosel/shaft loft without causing a corresponding change in 
the face angle. FIGS. 52-53 illustrates a club head 2000, 
according to one embodiment, configured to “decouple the 
relationship between face angle and hosel/shaft loft (and 
therefore square loft), that is, allow for separate adjustment 
of square loft and face angle. The club head 2000 in the 
illustrated embodiment comprises a club head body 2002 
having a rear end 2006, a striking face 2004 defining a 
forward end of the body, and a bottom portion 2022. The 
body also has a hosel 2008 for supporting a shaft (not 
shown). 
The bottom portion 2022 comprises an adjustable sole 

2010 (also referred to as an adjustable “sole portion') that 
can be adjusted relative to the club head body 2002 to raise 
and lower at least the rear end of the club head relative to the 
ground. As shown, the sole 2010 has a forward end portion 
2012 and a rear end portion 2014. The sole 2010 can be a flat 
or curved plate that can be curved to conform to the overall 
curvature of the bottom 2022 of the club head. The forward 
end portion 2012 is pivotably connected to the body 2002 at 
a pivot axis defined by pivot pins 2020 to permit pivoting of 
the sole relative to the pivot axis. The rear end portion 2014 
of the sole therefore can be adjusted upwardly or down 
wardly relative to the club head body so as to adjust the “sole 
angle' 2018 of the club (FIG. 52), which is defined as the 
angle between the bottom of the adjustable sole 2010 and the 
non-adjustable bottom surface 2022 of the club head body. 
As can be seen, varying the Sole angle 2018 causes a 
corresponding change in the grounded loft 80. By pivotably 
connecting the forward end portion of the adjustable sole, 
the lower leading edge of the club head at the junction of the 
striking face and the lower Surface can be positioned just off 
the ground at contact between the club head and a ball. This 
is desirable to help avoid so-called “thin' shots (when the 
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club head strikes the ball too high, resulting in a low shot) 
and to allow a golfer to hit a ball “off the deck' without a tee 
if necessary. 
The club head can have an adjustment mechanism that is 

configured to permit manual adjustment of the sole 2010. In 
the illustrated embodiment, for example, an adjustment 
screw 2016 extends through the rear end portion 2014 and 
into a threaded opening in the body (not shown). The axial 
position of the screw relative to the sole 2010 is fixed so that 
adjustment of the screw causes corresponding pivoting of 
the sole 2010. For example, turning the screw in a first 
direction lowers the sole 2010 from the position shown in 
solid lines to the position shown in dashed lines in FIG. 52. 
Turning the screw in the opposite direction raises the sole 
relative to the club head body. Various other techniques and 
mechanisms can be used to affect raising and lowering of the 
Sole 2010. 

Moreover, other techniques or mechanisms can be imple 
mented in the club head 2000 to permit raising and lowering 
of the sole angle of the club. For example, the club head can 
comprise one or more lifts that are located near the rear end 
of the club head, such as shown in the embodiment of FIGS. 
54-58, discussed below. The lifts can be configured to be 
manually extended downwardly through openings in the 
bottom portion 2022 of the club head to increase the sole 
angle and retracted upwardly into the club head to decrease 
the Sole angle. In a specific implementation, a club head can 
have a telescoping protrusion near the aft end of the head 
which can be telescopingly extended and retracted relative 
to the club head to vary the sole angle. 

In particular embodiments, the hosel 2008 of the club 
head can be configured to support a removable shaft at 
different predetermined orientations to permit adjustment of 
the shaft loft and/or lie angle of the club. For example, the 
club head 2000 can be configured to receive the assembly 
described above and shown in FIG. 19 (shaft sleeve 900, 
adapter sleeve 1000, and insert 1100) to permit a user to vary 
the shaft loft and/or lie angle of the club by selecting an 
adapter sleeve 1000 that supports the club shaft at the 
desired orientation. Alternatively, the club head can be 
adapted to receive the assembly shown in FIGS. 43-47 to 
permit adjustment of the shaft loft and/or lie angle of the 
club. In other embodiments, a club shaft can be connected to 
the hosel 2008 in a conventional manner, such as by adhe 
sively bonding the shaft to the hosel, and the shaft loft can 
be adjusted by bending the shaft and hosel relative to the 
club head in a conventional manner. The club head 2000 also 
can be configured for use with the removable shaft assembly 
described above and disclosed in FIGS. 1-16. 

Varying the Sole angle of the club head changes the 
address position of the club head, and therefore the face 
angle of the club head. By adjusting the position of the sole 
and by adjusting the shaft loft (either by conventional 
bending or using a removable shaft system as described 
herein), it is possible to achieve various combinations of 
square loft and face angle with one club. Moreover, it is 
possible to adjust the shaft loft (to adjust square loft) while 
maintaining the face angle of club by adjusting the sole a 
predetermined amount. 
As an example, Table 5 below shows various combina 

tions of square loft, grounded loft, face angle, sole angle, and 
hosel loft that can be achieved with a club head that has a 
nominal or initial square loft of 10.4 degrees and a nominal 
or initial face angle of 6.0 degrees and a nominal or initial 
grounded loft of 14 degrees at a 60-degree lie angle. The 
nominal condition in Table 5 has no change in Sole angle or 
hosel loft angle (i.e., A sole angle=0.0 and A hosel loft 
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angle=0.0). The parameters in the other rows of Table 5 are 
deviations to this nominal state (i.e., either the sole angle 
and/or the hosel loft angle has been changed relative to the 
nominal state). In this example, the hosel loft angle is 
increased by 2 degrees, decreased by 2 degrees or is 
unchanged, and the sole angle is varied in 2-degree incre 
ments. As can be seen in the table, these changes in hosel loft 
angle and sole angle allows the square loft to vary from 8.4. 
10.4, and 12.4 with face angles of -4.0, -0.67. 2.67, -7.33, 
6.00, and 9.33. In other examples, smaller increments and/or 
larger ranges for varying the sole angle and the hosel loft 
angle can be used to achieve different values for square loft 
and face angle. 

Also, it is possible to decrease the hosel loft angle and 
maintain the nominal face angle of 6.0 degrees by increasing 
the Sole angle as necessary to achieve a 6.0-degree face 
angle at the adjusted hosel loft angle. For example, decreas 
ing the hosel loft angle by 2 degrees of the club head 
represented in Table 5 will increase the face angle to 9.33 
degrees. Increasing the sole angle to about 2.0 degrees will 
readjust the face angle to 6.0 degrees. 

TABLE 5 

AHosel loft angle 
Square Grounded Face A Sole (deg) 

loft loft angle angle “+ = weaker 
(deg) (deg) (deg) (deg) “-' = stronger 

12.4 1O.O -4.00 4.0 2.O 
10.4 8.0 -4.00 6.O O.O 
8.4 6.0 -4.00 8.O -2.0 

12.4 12.0 -0.67 2.0 2.O 
10.4 1O.O -0.67 4.0 O.O 
8.4 8.0 -0.67 6.O -2.0 

12.4 14.0 2.67 O.O 2.O 
10.4 12.0 2.67 2.0 O.O 
8.4 1O.O 2.67 4.0 -2.0 

12.4 8.0 -7.33 6.O 2.O 
10.4 14.0 6.OO O.O O.O 
8.4 14.0 9.33 O.O -2.0 
8.4 6.0 -4.00 8.O -2.0 

FIGS. 54-58 illustrates a golf club head 4000, according 
to another embodiment, that has an adjustable sole. The club 
head 4000 comprises a club head body 4002 having a rear 
end 4006, a striking face 4004 defining a forward end of the 
body, and a bottom portion 4022. The body also has a hosel 
4008 for supporting a shaft (not shown). The bottom portion 
4022 defines a leading edge surface portion 4024 adjacent 
the lower edge of the striking face that extends transversely 
across the bottom portion 4022 (i.e., the leading edge Surface 
portion 4024 extends in a direction from the heel to the toe 
of the club head body). 
The bottom portion 4022 further includes an adjustable 

sole portion 4010 that can be adjusted relative to the club 
head body 4002 to raise and lower the rear end of the club 
head relative to the ground. As best shown in FIG. 56, the 
adjustable sole portion 4010 is elongated in the heel-to-toe 
direction of the club head and has a lower surface 4012 that 
desirably is curved to match the curvature of the leading 
edge surface portion 4024. In the illustrated embodiment, 
both the leading edge surface 4024 and the bottom surface 
4012 of the sole portion 4010 are concave surfaces. In other 
embodiments, surfaces 4012 and 4024 are not necessarily 
curved surfaces but they desirably still have the same profile 
extending in the heel-to-toe direction. In this manner, if the 
club head deviates from the grounded address position (e.g., 
the club is held at a lower or flatter lie angle), the effective 
face angle of the club head does not change Substantially, as 
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further described below. The crown to face transition or 
top-line would stay relatively stable when viewed from the 
address position as the club is adjusted between the lie 
ranges described herein. Therefore, the golfer is better able 
to align the club with the desired direction of the target line. 
In some embodiments, the top-line transition is clearly 
delineated by a masking line between the painted crown and 
the unpainted face. 
The sole portion 4010 has a first edge 4018 located toward 

the heel of the club head and a second edge 4020 located at 
about the middle of the width of the club head. In this 
manner, the sole portion 4010 (from edge 4018 to edge 
4020) has a length that extends transversely across the club 
head less than half the width of the club head. As noted 
above, studies have shown that most golfers address the ball 
with a lie angle between 10 and 20 degrees less than the 
intended scoreline lie angle of the club head (the lie angle 
when the club head is in the address position). The length of 
the sole portion 4010 in the illustrated embodiment is 
selected to support the club head on the ground at the 
grounded address position or any lie angle between 0 and 20 
degrees less than the lie angle at the grounded address 
position. In alternative embodiments, the sole portion 4010 
can have a length that is longer or shorter than that of the 
illustrated embodiment to support the club head at a greater 
or Smaller range of lie angles. For example, the sole portion 
4010 can extend past the middle of the club head to support 
the club head at lie angles that are greater than the scoreline 
lie angle (the lie angle at the grounded address position). 
As best shown in FIGS. 57 and 58, the bottom portion of 

the club head body can be formed with a recess 4014 that is 
shaped to receive the adjustable sole portion 4010. One or 
more screws 4016 (two are shown in the illustrated embodi 
ment) can extend through respective washers 4028, corre 
sponding openings in the adjustable sole portion 4010, one 
or more shims 4026 and into threaded openings in the 
bottom portion 4022 of the club head body. The sole angle 
of the club head can be adjusted by increasing or decreasing 
the number of shims 4026, which changes the distance the 
sole portion 4010 extends from the bottom of the club head. 
The sole portion 4010 can also be removed and replaced 
with a shorter or taller sole portion 4010 to change the sole 
angle of the club. In one implementation, the club head is 
provided with a plurality of sole portions 4010, each having 
a different height H (FIG. 58) (e.g., the club head can be 
provided with a small, medium and large sole portion 4010). 
Removing the existing sole portion 4010 and replacing it 
with one having a greater height H increases the Sole angle 
while replacing the existing sole portion 4010 with one 
having a smaller height H will decrease the sole angle. 

In an alternative embodiment, the axial position of each of 
the screws 4016 relative to the sole portion 4010 is fixed so 
that adjustment of the screws causes the sole portion 4010 to 
move away from or closer to the club head. Adjusting the 
sole portion 4010 downwardly increases the sole angle of 
the club head while adjusting the sole portion upwardly 
decreases the sole angle of the club head. 
When a golfer changes the actual lie angle of the club by 

tilting the club toward or away from the body so that the club 
head deviates from the grounded address position, there is a 
slight corresponding change in face angle due to the loft of 
the club head. The effective face angle, eFA, of the club head 
is a measure of the face angle with the loft component 
removed (i.e. the angle between the horizontal component of 
the face normal vector and the target line vector), and can be 
determined by the following equation: 












































