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Abstract
The familiar double-pendulum model of the golf swing was
applied to the downswing and follow-through swing planes of
low handicap golfers. Co-planar swings were predicted in
which downswing and follow-through clubhead displacements
follow the same plane. It was found that centrifugal forces
generated by the pendulum action are used by better players
to keep the clubhead on plane. Furthermore, centrifugal
force, rather than supination of the left wrist, provides
the mechanism to square the clubface at impact. The
clubhead was found to rotate about a central pivot.
Keywords; Golf Swing, Centrifugal Force, Double-Pendulum,
Planar.

Although the concept of centrifugal force is central to the
popular double-pendulum interpretation of the golf swing
(Cochran and Stobbs, 1968; Daish, 1972), there is
disagreement concerning the role it plays in golf swing
mechanics. According to the double-pendulum model (Daish,
1972 p.30), centrifugal force explains hOw' energy ...in
the upper lever is gradually ...fed outwards into the
implement being wielded.'. Hay (1973) p.282, on the other
hand, argues 'Thus, since ...centrifugal force ...acts not on
the club but on the hands, it cannot possibly be
responsible for pulling the clubhead outward.'.

According to Cochran (1993), centrifugal force' ...is an
inertial force, and to that extent is fictitious in the
same way that all inertial forces are. But the effect is
quite real.'. Fowles (1985) p.122 claims that' ...the
centrifugal force is the familiar force arising from
rotation about an axis. This force is always directed
outward and away from the axis of rotation and is
perpendicular to that axis.'. According to Daish (1972)
p.29 'The centrifugal pull on the hands ...will be over 320
N for the clubhead of a driver whirling at 45 m s·l.'. More
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recently, Milne and Davis (1992) have proposed that the
shaft obtains an extra bending stiffness due to large
centrifugal forces near impact. These claims suggest that
a model of movement during the golf swing should include
centrifugal force. Otherwise specific inertial effects
will be inadequately explained.

Our pilot investigations indicate that the centre-
fleeing effect of the forces generated during the swings
of better players are responsible for a planar clubhead
displacement. Furthermore, the downswings and follow-
throughs of elite players are approximately co-planar
when viewed along the x-axis, parallel with the target
line. Despite a negative finding by Neal and Wilson
(1985), various authors have argued for the planar swing
concept, in particular, Budney and Bellow (1982). Not-
withstanding these claims little formal support for the
planar swing concept has been generated by 3D
investigations using golfers. Literature reviews have
failed to reveal studies, prior to this, which have
compared the backswing, downswing and follow-through
swing planes of good golfers.

The present study investigated evidence of centrifugal
force in the swings of a group of low handicap golfers.
To do so, an experimental, swivel headed club, was
developed. The free hinge served to negate left wrist
supination in correctly aligning the clubface at impact.
This movement of the clubhead, according to Milne and
Davis, (1992) involves a rotation through a right-angle
about 50 ms before impact. It is proposed that the most
parsimonious explanation for this 'squaring' of the
clubface, should the rig be successfully implemented,
would be the centre-fleeing effect of the clubhead
undergoing rotation; its tendency, due to centrifugal
force, to achieve a position distal to the hands
throughout the swing.

The study also investigated the claim by Sanders and
Owens (1992) that the pivot, or hub, is not located in a
consistent position within the golfer throughout the
swing. Their finding is at odds with our pilot
investigations which found co-planarity in the downswings
and follow-throughs of low handicap golfers. We propose
this finding is most likely due to rotation of the
clubhead about a central pivot, fixed within the golfer.
The pivot, whilst maintaining the same relative position,
could shift according to the movements of the golfer
during the swing.

2.1 Design of experimental rig
In order to test the model, an experimental club, similar
in concept to that depicted in Cochran and Stobbs (1968)



p.146, was developed. A purpose built Lynson metalS-wood
was connected to a regular flex True Temper Lite shaft
via a ball and socket joint with a 30° cone of mis-
alignment, as shown in figure 1a. Figure 1b shows the club
in the address position. The lipstick camera is not shown.

A linear displacement transducer (L.D.T.), attached to
the long axis of the shaft, measured relative mass
displacements along the shaft axis. The proximal end of
the transducer was fixed to the shaft via a spring, whilst
the distal end; free to move in the axis of the shaft, was
fitted with a small mass. Radial displacement of the mass
was outputted as an electrical signal proportional to the
distance moved. The L.D.T. was calibrated in terms of the
force required to distend the spring. Signals from the
L.D.T. were acquired by computer with an acquisition rate
of 1kHz over a period of 5 seconds. A microphone marked
the time of impact.

A lipstick camera, mounted on the shaft near the L.D.T.
and focussed on the clubhead, showed clubhead position and
orientation relative to the shaft. Two S-VHS cameras were
positioned to enable 3-D video analysis of swing plane
geometry. PEAK 5.0 3-D software rotated the swing planes
so that the downswing and follow-through swing planes, if
possible, became co-planar (see sec.3 definition) .

2.2 Subjects
Five subjects; one professional and four amateurs,
participated in the study. Subjects 2 through 5; the
amateurs, were off handicaps of three, four, one and zero
respectively.

2.3 Experimental task
Subjects performed four medium paced swings with the
experimental club and, subsequently, four slower swings at
approximately half that pace. Subjects swung for rhythm
and accuracy, and were requested to hit each ball straight
out from the driving bay. Swings depicted in section 3 are
the best swing identified by each subject and achieved
realistic distance and accuracy.



Fig.2a. Subject 1 clubhead position at impact;
fig.2b. club suspended vertically.

Figure 2a shows the clubhead at impact for subject 1; the
professional. The position and orientation assumed by the
clubhead appears to be the same as when the experimental
club is suspended vertically (figure 2b). This finding
suggests that the centre-fleeing effect maintained the
radial alignment of the clubhead centre of mass as the
clubhead was swung through the bottom of its arc.

Figure 3 shows the force-time profile of the medium and
slow swings of subject 1. It is evident from these
recordings that the apparent weight of the L.D.T. is
changing with time during both swings and that the faster
swing (dotted line) produced larger displacements/forces
than the slower swing (solid line). Data from the microphone
indicated that maximum force was produced at contact with
the ball. Video data confirmed that maximum clubhead
velocity also occurred at this time. The data for this
subject were typical of the force-time profile for the other
subjects.

Successful ball-striking appears to be mediated by the
planarity of the swing. Subject 3 (figure 4), who had a non-
planar swing, experienced great difficulty hitting the ball.
This swing was defined as non-planar as none of the clubhead
displacements formed a straight line when viewed along the
X-axis. The swing planes of the other subjects, when viewed
from a similar perspective, show near co-planarity, as
indicated by the degree to which the downswing and follow-
through swing planes were parallel. These subjects had
little difficulty striking the ball with the articulated
club and appear to have utilised the planar geometry of
their swings to achieve a successful ball-strike.
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The results of this study indicate that centrifugal
forces were in operation when the experimental golfclub
was swung, and that these centre-fleeing forces aligned
the articulated clubhead in a position similar to when
the club is suspended vertically.

The finding of primarily co-planar clubhead
displacements in a group of low handicap golfers supports
the view that centrifugal forces, generated by the
pendulum action, were used by these players to ensure an
effective ball-strike. In particular, support was found
for the idea that better players primarily utilise
centrifugal forces, rather than supination of the left
wrist, to square the clubface, near impact. Successful
wielding of the articulated golf club was consistent with
the claim of Cochran and Stobbs, 1968 p.112 that 'One of
the most interesting and important discoveries of the
G.S.G.B. research programme is that, at impact, the
clubhead behaves as though it were freely moving and not
connected at all to the player.'.

Contrary to Sanders and Owens (1992), the golf club-
head, at least for most of this group, was found to
rotate about a central pivot. This claim is made as the
the downswing and follow-through swing planes of the
better players were co-planar. This finding does not
preclude upper body movement during the swing; rather it
suggests an internally consistent feature of an orthodox
swing may be a co-planar clubhead displacement.
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K. Kanwar
Professional Golf Teacher, Willingdon Sports Club, Bombay, India
and R.V. Chowgule
Bombay Hospital Research & Medical Centre, Bombay, India

Abstract
The aim of this study was to find out whether one particular swing
change-widening of the on-plane backswing arc of the right armduring
takeaway- can produce significant improvements in distance, direction
and trajectory. Seventeen right-handed amateur golfers, 13 male and 4
female, of ages ranging from 10 to 62 years, and handicaps from -6 to
-20 participated in this study. They attended 3 consecutive one hour
sessions and used their 5 irons, off a tee. Subjects were divided into
two groups depending upon their swing Type - Aor B, and specific
instructions were given to each group. The clearance angle, a measure
of the first wide position of the right arm as it passed the right side
of the body was noted, and comparedwith increase in distance. Results
for swing Type Ashowed an average distai",ce increase of B.5 yards and
accuracy increase of 0.8 yards. For swings of Type B, the average dis-
tance increase was 2. Byards with an accuracy increase of 0.8 yards.
Fromthe results of this short-term study it was concluded that the one
particular simple instruction imparted yielded an overall average dis-
tance increase of 6.16 yards with a marginal increase in accuracy of
0.76 yards.
Keywords: Widening SwingArc, SwingPlane, Takeaway, Clearance Angle.

Ever since the days of Harry Vardon, whengolf instruction was first
imparted in a formal manner, the same swing fundamentals are being
taught to all golfers.

Instruction today incorporates club positions as required by the
Ball Flight Lawsand body positions chosen from the Principles & Pre-
ferences of Wiren' s (1990) Teaching Model. Additionally instructors
mayor maynot follow what the Centinela Hospital Research Centre's
study (Jobe & Moynes, 1986) showsabout the big muscles producing power .
Specifically, that the left side, particularly the left hip pulls the
clubhead through impact, a fact which has been corroborated by
Williams (1969) .

All this makes golf instruction simply too diverse and complex for
the average golfer desiring quick improvement, especially in distance,
and without muchpractise. Could there be one backswing change which
would simultaneously improve impact and follow all scientific findings?
The objective of this study is to prove that widening of the on-plane
backswing arc of"the right arm during takeaway is one swing change,
which is in itself sufficient to improve ball-flight in every case.
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2.1 Subjects
Seventeen right-handed, amateur golfers, thirteen male and four female,
of ages ranging from 10 to 62 years, and handicaps ranging from -6 to
-20 participated in the study. Twentywas the cut-off handicap to
ensure consistency of starting swing.

The swings of all subjects were broadly classified into two basic
types. SwingTypeA is one having mostly an arms pick-up during
takeaway. SwingType B is one with mostly body rotation (i.e. an early
withdrawal of right shoulder, armand hip awayfrom target line) during
takeaway. There were 10 cases of swing TypeAand 7 of swing Type B.

(a) The camera used was a National NV- M7ENat a shutter speed of
1/1000 second. It was placed at a distance of 15 feet from the
ball. All swings were recorded from the face-on angle.

(b) Each subject used only his/her 5-iron off a tee.
(c) Oneset of 10 two-piece, 100-compression golf

balls was used throughout the experiment.

2 •3 Procedure
All subjects attended three consecutiv,o~one-hour sessions. During the
first session, after a fewwarm-upshots, the golfer wasasked to tee up
the ball as close as possible to a wooden2 X4 board placed on the
ground (Fig. 1) . The board was aimed at the target and helped ensure
consistent alignment. He/she then proceeded to hit a set of 10 shots
which was recorded. To allow for human-error factors such as camera-
shyness the subject could hit further recorded sets of 10, until
satisfied that a set was typical of his/her existing ball-striking
pattern. The criteria for selecting the best set of 10 required that
atleast 6/10 shots were good. The selected set comprised the 'before'
results. Exclusion criteria for individual shots of a set were (a)
completemishits, such as shankedandbadly toppedshots, (b) any shots
landing less than 50%of a subject's usual distance awayand (c) shots
more than 30 yards left or right of target. Such shots were omitted
from all calculations.

Next, instruction was imparted depending upon the subj ect' s basic
swing type. A12" stake was placed on the target line 3 feet away from
the ball. Asubject of swing TypeAwas told to either keep the club-
head moving lowandwide until itpassed the stake, or feel as if he/she
was trying to hit the top of the stake (Fig. 1) . Most importantly,
he/she had to feel that the right arm, not just the left, movedaway
from the right side of the body. This prevented early elbow and/ or
wrist fold.

For Swings of Type B, the same stake described above was used.
In addition, three lines were drawn on the ground. The body line along
the toes, the right elbow line parallel to it, and the target line
parallel to both the others (Fig. 2) .

Thesubject wasasked to start the backswingwith the arms-triangle,
whilst keeping the right-shoulder and -elbow along their respective
lines, and the clubhead along the target line, for as long during
takeaway as possible.

eschrol
Highlight



Every subj ect was asked to makeno intentional/ extraneous movements
of shoulders, hips, knees or ankles, during takeaway. The right
shoulder was not to tense-up in trying to widen the arc. After take-
away, the rest of the backswing to the top could continue as usual.

During the second and third sessions, the subj ect tried to implement
the above instructions, for 30 - 45 minutes, under supervision. At the
end of each session he/she was asked to hit one or two rounds of 10
shots, which were recorded. The best of the recorded sets requiring
atleast 6/10 good shots was selected and comprised the 'after' results.
Exclusion criteria for individual shots of a set were the same as
before.

Fig.1 Starting the
recommendedmove

Fig.2 Body-,right elbow-,
target-lines

Fig.3 Clearance
angle

2 .4 Measurementof 'Clearance Angle'
The clearance angle measures the first wide position of the right-arm
as it clears the right side of the body. 'Wide' means (a) before right
elbow and/or wrist fold take place, or (b) before abrupt withdrawal
away from the target line of the right arm and shoulder. This latter
movemanifests itself as the beginning of a 'reverse-pivot' with the
chest not moving towards its desired position over the right leg. It
is accompanied by an early disappearance of the right shoulder, when
seen from the face-on angle.

To calculate clearance angle each recorded swing was replayed. The
swing action was paused when the clubhead was grounded at address. A
line (AB)was drawn on the video screen, through the right arm in its
address position (Fig.3). The swing was then advanced frame by frame,
to catch the player's first wide moveaway from the right side of the
body. This position was used in all cases, although manyswings
continued to be wide well past this point. Asecond line (AC)was
drawn through the right arm at the above point. (Fig. 3) . The angle
between ABand ACwas measured using a protractor. This angle was
termed the 'clearance angle' .



The subjects selected were divided into two Swing Types - A and B.
Tables 1 & 2 show their original mean distance (OMD), increase in
distance (rD) - (a), orginal mean clearance angle (OMCA),increase in
clearance angle (rCA) - (~O ) , correlation between increase in clearance
angle and increase in distance (ax~), standard deviation of original
spray (SD-OS) and standard deviation of final spray (SD-FS) . The
correlation monitors the variation of one parameter (a) relative to
another (~) . Spray is the root-mean square deviation from target of
each set of 10 shots. Subjects are listed in descending order of
distance improvement.

Table 1. Swing Type A

Sr. H'cap OMD IO(a) OMCA rCA Correlation SD-OS SD-FS
No. (yds. ) (yds. ) (deg. ) (~O ) (ax~) (yds. ) (yds. )

1 20 118.0 15.6 23.6 6.6 102.96 13.9 10.9
2 12 159.4 12.85 15.55 12.575 161.58 13.3 12.8
3 17 142.1 12.6 25.5 8.92 112.392 8.8 8.0
4 7 186.9 12.4 20.0 9.55 118.42 10.7 10.7
5 20 175.8 8.4 22.57 16.715 140.406 14.2 13.7
6 10 174.2 6.6 27.5 6.5 42.9 11.1 7.9
7 12 121. 5 5.5 20.8 7.7 42.35 8.4 7.5
8 18 99.4 4.4 24.3 8.5 37.4 5.3 5.1
9 11 155.4 3.9 15.28 6.92 26.988 9.4 10.4
10 9 118.2 2.8 12.3 6.075 17 .01 7.9 8.9

Average 145.0 8.5 9.0 80.24 0.8

Table 2. Swing Type B

Sr. H'cap OMD IO(a) OMCA rCA Correlation SD-OS SD-FS
No. (yds. ) (yds. ) (deg. ) (~O ) (ax~) (yds.) (yds. )

1 20 74.5 12.1 30.75 4.375 52.937 4.5 7.5
2 20 116.7 5.3 22.4 5.04 26.712 5.8 6.9
3 14 163.5 4.0 19.0 7.5 30.0 11. 5 10.2
4 18 154.8 3.5 14.7 14.051 49.175 12.4 10.0
5 8 172.7 0.6 18.3 4.57 2.742 9.1 9.0
6 12 133.0 -1. 6 26.6 4.4 -7.04 4.8 4.2
7 6 191.3 -4.2 20.0 5.125 -21.525 12.0 6.4

Average 143.7 2.8 6.4 19.0 0.8

4 Discussion

Great technological advances have taken place in equipment design and
golf ball manufacture. However, golf swing instruction is still mostly
imparted in terms of the tried and tested methods of famous golfers
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rather than in terms of scientific validi ty. This study is aimed at
proving that one simple yet scientifically valid instruction is
sufficient to improve ball flight in every case.

The one simple instruction of widening the right arm backswing arc
resulted in distance improvement in almost every case. There was an
average distance improvement of 8.5 yards for swings of TypeAand 2.8
yards for swings of Type B. This is a significant improvement for the
average golfer because 5 - 10 yards represent a half to whole increase
in the number of iron to be used. Nodistance improvement took place
for subjects 6 and 7 of SwingType Bbecause they were still unable to
keep the right shoulder and arm from withdrawing too early from the
target line.

Observation madeduring the study showed that the right armmoving
away from the right side of the body, forced the left arm to movetoo.
This forced the entire left side (shoulder, hip, knee, ankle) to move,
in a synchronisedmanner and about the central spine, producing correct
pivot. This observation is substantiated by Leadbetter's (1990)
definition of pivot which takes place when (a) the chest turns
until it is over the right leg (b) the left shoulder is under the chin
and turned well behind a vertical line drawn up from the left hip. A
good pivot and weight-shift during the backswing should allow the left
hip to pull the clubhead through impact moreefficiently. This was found
to be so, especially with subjects whoshowedmarked improvement.

Distance improvementwas impressive in spite of the short duration of
the study. However, accuracy also improved marginally in 13/17 cases.
In 4/17 cases (9 and 10 of TypeAand 1 and 2 of Type B) accuracy
reduced slightly. This reduction of approximately oneyard in accuracy
was not a particular sacrifice for the average golfer considering the
size of most greens and the distance improvementmade. Accuracy
improvement took place because the subject was required to keep the
clubhead low to the ground and square to the target line longer during
takeaway. This bettered chances of the Ball Flight Laws (7) governing
direction (club face angle, club path and centredness) being obeyed.

Although this study did not measure trajectory, it was seen to
improve dramatically because the recommendedbackswing allowed a lower
angle of attack in the through swing, as desired by the Ball Flight
Laws (7) .

There was an increase in meanclearance angle of 9.0° for swings of
TypeAand 6.4° for swings of TypeB, with TypeAswings continuing to
remain wide well past this point. Maximumdistance improvement took
place with swings of TypeA, because these swings already incorporate
more elements of the recommendedprocedure, that is, arms starting
takeaway and swing on plane. TypeBdid not showcommensurate distance
improvement because a too early shoulder rotation prevented proper
weight-shift and an on-plane swing. Although manygolf teachers such
as Hebron (1984) require a shoulder turn to start the backswing,
this study showed that shoulder turn should be the effect and not the
cause of a correct backswing.

Whenthe twodifferent parameters clearance angle and distance, were
correlated it was found that cases 6,7,8,9 and 10 of swing TypeAand
2,3 and 4 of swing Type Brepresent the median, with an average
correlation of 36.163. The first five cases of swing TypeA (1,2,3,4
and 5) however, are in a league of their ownwith a correlation greater
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than 100. This can be attributed to the fact that the first five
subjects continued to swing wide for at least another 15 degrees past
the first clearance angle. They also exhibited the least amount of
extraneous lateral/vertical body movements during takeaway.

It was noticed that widening of the swing arc eliminated relative
movements of arm joints (wrist-cock, elbow fold, pronation-supination
of forearms), during most of the backswing, so that the arms had less
movements to reverse, while approaching the ball. This obviated the
need for grip improvement changes, which many feel is a vital key to
better impact.

Ashort-term study has been madeof one particular swing change and its
effect on distance and accuracy. The swing change madewas to move the
right arm as much away from the right side of the body as possible
before it folded at elbow or wrist. It was found that this simple
instruction yielded an average distance increase of 6.16 yards, with
marginal increase in accuracy of 0.76 yards. Better andmore consistent
results would certainly follow for the average golfer continuing
with this technique.

The authors wish to thank Dr. M.R. Press for all his help, particu-
larly in data analysis.
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16 Common pre-swing and in-swing tendencies of
amateur golfers

E. Alpenfels
Pinehurst Resort and Country Club, Pinehurst, USA

Abstract
This paper will offer an insight into the five most
common swing errors recorded of students attending an
instructional program for adult amateur golfers. Charts
are used to demonstrate the different handicap levels and
the most common swing errors along with pictures
demonstrating the correct and incorrect swing motion.
Keywords: Posture, Shoulder Turn, Stretch and Rotation,
start to the Backswing, Stable Lower Body, Swing Plane.

In this eight month stUdy, handicap levels among the golfers
varied from beginners in the game of golf to scratch
handicap level. To learn more about the swing tendencies of
the different levels of play, each of the 945 students (625
males and 320 females) were asked their current handicap
level. They were observed hitting full swing shots and then
they were video taped. Both the student and instructor then
viewed the video tape and determined the swing errors being
made and their effect on the pre-set criteria of performance
which consisted of: (1) the club traveling on the
individual's swing plane, and (2) an effective turn of the
body. Records were kept, noting the swing changes that when
accomplished would allow the student to fit these criteria
of performance. Early analysis of the two to three swing
changes needed enabled each student to focus on the major
problem areas and learn how the overall swing shape was
effected by his or her initial swing errors. Such a focus
narrowed both instruction and practice to meet the
individual needs of the student. Throughout the process
both student and instructor evaluated the changes made to
the swing as to their effect on the criteria of performance.
Upon completion of the program the student and the
instructor re-evaluated the areas addressed and settled upon
the two to three most important swing changes to designed to
help the student fit the criteria of performance.
Science and Golf II: Proceedings of the World Scientific Congress of Golf. Edited by AJ.
Cochran and M.R. Farrally. Published in 1994 by E & FN Spon, London. ISBN 0 419 18790 1



104 Common pre-swing and in-swing tendencies of amateur golfers

The following charts offer a comprehensive summation of
the most common swing errors addressed by students attending
the instructional program. Percentages indicate what
portion of each handicap group exhibited weakness in each
area.

Table 1. swing Tendencies of Kale and Female Amateur Golfers
Handicap

0-9 10-19 20-29 30+ ? Total

Posture 96% 91% 96% 88% 90% 94%
Shoulder Turn 51% 61% 73% 48% 71% 61%
Stretch and Rotate 38% 44% 56% 48% 77% 53%
Good Start 53% 52% 48% 32% 34% 41%
Stable Lower Body 20% 26% 24% 24% 20% 24%
? - Handicap unknown due to inconsistency in amount of play

Table 2. Swing Tendencies of Female Amateurs
Handicap

10-19 20-29 30+ ? Total

Posture 62% 89% 94% 77% 87%
Shoulder Turn 48% 83% 45% 51% 53%
Stretch and Rotate 34% 57% 56% 68% 57%
Good Start 28% 33% 22% 14% 23%
Stable Lower Body 10% 17% 24% 14% 20%
? - Handicap unknown due to inconsistency in amount of play

Table 3. swing Tendencies of Kale Amateurs
Handicap

0-9 10-19 20-29 30+ ?

Posture 96% 96% 98% 81% 99% 98%
Shoulder Turn 51% 63% 70% 52% 88% 65%
Stretch and Rotate 38% 46% 56% 39% 85% 51%
Good Start 53% 56% 52% 43% 50% 51%
Stable Lower Body 20% 29% 27% 24% 26% 26%
? - Handicap unknown due to inconsistency in amount of play



Of the five most common swing errors of the amateur golfers
studied, only the first, posture, was considered a pre-swing
activity. Because all golfers are individuals and possess
individual physical characteristics, each had slightly
different address positions to the ball. Correct posture to
a golf ball included three basic elements (see Fig. 1).
First, there was a slight knee flex at address. Second, the
spine was as straight as the individual was able to create.
Last, the chin was up. This address position allowed the
golfer the greatest opportunity to turn without creating any
excess lifting or lateral motion of the body in the
backswing. One of the more typical errant postures taken by
golfers when addressing the ball had the spine curved and
the chin down (see Fig. 2).

As the statistics show (see Tables 1,2 and 3) a high
percentage of golfers, both male and female needed work to
some degree on their posture. These needed adjustments
ranged from extreme alterations to very simple changes. For
example, some needed a slight change of a ball position from
a forward position to one that was more centered with irons
and slightly forward of center with the woods. Others
required more drastic work on posture due to an extremely
curved spine at address that affected the initial direction
of the swing.

The second most commonly addressed error for the amateur
golfers studied was the lack of a proper shoulder turn in
the backswing. A proper turn of the shoulders in the
backswing created a shoulder turn of ninety degrees at the
top of the backswing. This full turn positioned the left
shoulder behind the ball nearly over the right foot (see
Fig. 3). A full shoulder turn was crucial in allowing the
golf club to swing around the golfers body the necessary
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amount. If, for example, one did not turn the shoulders
enough in the backswing (see Fig. 4), the shaft of the club
would not travel enough around the body. Such lack of turn
produced downswings that traveled too much from out-to-in or
too steeply through impact. Often, a lack of shoulder .turn
in the backswing made it difficult for golfers to
effectively rotate the arms and body through impact. This
particular lack of rotation through impact often resulted in
an open clubface in the hitting area, producing slices.

The third most common area of swing changes addressed was in
the golfer's ability to stretch and rotate the arms through
impact. This stretch and rotation was crucial to producing
a consistently square clubface through the impact area. The
more common motion in the downswing was one in which the
golfer pUlled the arms toward the body through impact (see
Fig. 5). Such narrowing of the arms eliminated the golfer's
ability to rotate through impact, thus affecting the
clubface position. A correct arm motion through impact had
the arms extending out towards the target with the right arm
rotating over the left arm (see Fig. 6). The amount of
stretch and rotation of the arms through impact was often
the result of the clubhead path through impact. If, for
example, the golfer had a downswing that was traveling too
much from out-to-in, the angle of approach to the ball would
tend to be too steep. This steepness in the downswing
forced the golfer to pUll the arms into the body and open
the clubface in an effort to avoid the ground and shallow
out the steepness. In most cases the golfer's motion in
this area was a reaction and a compensation for what was
done in the backswing.
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The fourth most common area of swing changes addressed was
in the golfer's initial start to the backswing. A correct
start to the swing combined two elements. First, because
the golfer is positioned to the side of the ball, the club
had to swing in a circular motion around the body. Second,
because the ball was on the ground the club had to be swung
at an angle to the ground. The combination of these two
factors (the club swinging up and around the golfer's body)
was defined as the golfer's individual swing plane. A key
to one producing a swing that travels on his or her own
individual swing plane was through a correct start to the
backswing. A correct start to the backswing combined an up
and around motion that, if stopped at waist height, had the
shaft of the club parallel to the target line with the toe
of the club on the ball side of the shaft (see Fig. 7). The
more common start to the backswing tended to swing the club
too inside (see Fig. 8). This inside takeaway required the
clubhead and shaft at some point to be lifted to create the
missing angle in the backswing. Frequently this resulted in
a compensation being made at the top of the backswing or in
the downswing.
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, Common swinq Tendency Number pive: stable Lower Body
The fifth most common area of swing changes occurred in the
use of the lower body in the backswing. The ability of the
golfer to keep a stable lower body in the backswing had a
direct effect where the club bottoms out (hits the ground)
in the downswing. If, for example, the golfer had too much
lower body motion in the backswing (see Fig. 9) the club
sometimes bottomed out too far behind the ball. For some
golfers this error resulted in heavy and even thin shots. A
correct lower body motion in the backswing had the hips
turning a slight amount with the knees remaining in their
original flexed position and the space between them
remaining consistent (see Fig. 10). The more common lower
body motion in the backswing had the golfer moving his or
her lower body to a point where the original address
position was lost.

The study resulted in a clear indication of the five most
common swing errors among the amateur golfers studied. From
the student/instructor re-evaluations that took place
throughout the process, it became apparent that these errors
were often the result of intentional swing thoughts gathered
from other golfers, articles in golf magazines, etc.
However these swing thoughts became overdone or misapplied
the golfers studied in fact created their own swing errors.
As well, the strand of swing errors encountered tended to be
constant regardless of handicap (see Tables 1,2 and 3).
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Abstract
Ranking professional golfers is a special case of the following general rating problem: Rate each play-
er's pelfonnance relative to that of the other N-l players when N players have participated in varying
subsets ofM tournaments and there is no useful exogenous infonnation about the relative skills of play-
ers or about the relative difficulty of the tournaments. This paper describes an algorithmic approach to
solving this problem and presents some player rankings that result from applying the algorithm.
Keywords: Golf Statistics, Golf History, Perfonnance Ratings, Perfonnance Measures

The first difficulty in comparing professional golfers fairly is that there is an insufficient basis in com-
mon events to support the comparisons. Players, even two players on the same tour in the same year,
are apt to have a limited number of common events as a basis for fair comparisons; Faldo and Langer or
Price and Nonnan usually play in ten to fifteen common events and a like number of "uncommon"
events, events in which only one of the pair participates. For comparing many players across tours and
years, there is apt to be little or no basis for fair comparisons in common events; Faldo, Langer, Price
and Nonnan may all appear in only the Majors and a handful of other events such as the Memorial and
the Player's Championship. The most ambitious comparison, an all-time comparison including the likes
of Vardon, Taylor, Braid, Jones, Hagen, Sarazen, Nelson, Snead, Hogan, Palmer, Nicklaus, Watson,
Faldo, Langer, Price and Nonnan, has no possible basis in common events.
Comparing the perfonnances of professional golfers, then, requires the use of uncommon events,

events that often vary significantly in scoring conditions, purses, and field quality. The analysis is un-
usually difficult because there is no directly observable, uncontaminated dependent variable on player
perfonnance that can be used to understand the factors that affect perfonnance. We cannot know the
quality of a player's perfonnances until we understand the difficulty of the contexts in which the per-
fonnances occur; but we cannot know the difficulty of the contexts--the quality of the competition --
until we know the relative quality of individual players Solo third at The Open or the Masters is surely
a more significant accomplishment than solo third in the Gennan Open or the Hardee's Classic. But
how much more? Ultimately, the relative significance turns on the relative quality of the competition.
The second main difficulty in doing fair comparisons is choosing a base measure of perfonnance.

Candidate measures include money won, stroke average, total strokes, and various measures of rank
(e.g., # of top ten fmishes). Each of these candidates is flawed. Money won is grossly misleading in
intertemporal comparisons because both the value of money and the amount of money available to win
have changed significantly over time. Money won is also misleading in contemporaneous analyses of
perfonnance because purse sizes and the significance of the events are imperfectly correlated. Stroke
measures are treacherous because there are so many factors that have a profound influence on scoring
difficulty; high winds, wind from an unusual direction, soft fairways and hard greens, the speed or grain
of the greens, and a few nasty pin placements are some of the many factors that might inflate the scores
of any field on a given day. Scores have meaning only relative to the perfonnance of a field of known

Science and Golf II: Proceedings of the World Scientific Congress of Golf Edited by AJ.
Cochran and M.R. Farrally. Published in 1994 by E & FN Spon, London. ISBN 0419 18790 1
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quality on a given course and day. The ranking measures such as Top Ten Finishes, while they get a lot
of media play, do not deserve much comment here because they only have relative meaning and reduce
interval scale measures to a much less informative ordinal scale [see Larkey (1991b)].

The method proposed for comparing professional golfers consists of two parts: a measure of accom-
plishment for specific players in specific events and an algorithm for simultaneously determining the
quality of tournament fields and individual player quality.

2.1 The Measure of Accomplishment
Quality Points (QPS) are a measure of a professional golfer's performance based on how well he did
relative to how well he might have done. The best he might have done is win which is worth the win-
ner's share of the purse (usually 18 percent of the total) and 1.0 QPS. The worst he can do is fmish out
of the money which is worth 0 QPS. Second place to seventieth places are paid according to the PGA
TOUR's nonlinear purse distribution scheme (.108 of the total purse for second, .068 for third, ...., and
.00232 for seventieth). For QPS, second place is .108/.18 percent or .6 of the best the player might
have done; second place receives .6 QPS and so on down the line. The statistic is reported in two basic
forms, Total Quality Points (fQP) and Quality Points per Tournament (QP1) Symbolically, the
computations are:

TQPi,T = Quality Points for thejth player in the set ofT tournaments
mllXt=Winner's Share, tournament(.
woni,t =Amount won by player; in tournament,.

QPT is simply TQP divided by the nurnber of events entered. QPT can be interpreted as the average
place fmish in some set of tournaments (all tournaments in a year, all Master's since 1934, etc.) where a
QPT of 1.0 would signify that the player won all events entered and a QPT of 0 would indicate a
player failed to cash anywhere. A QPT of .378 is equivalent to finishing third place on average and
.267 is fourth place on average. TQP is most useful for understanding the cumulative accomplishments
of players; each TQP is equivalent to a win in unweighted comparisons. For comparisons, TQP favors
players who have played in the most tournaments. QPT without some restriction on the number of
events to be eligible for the comparison, conversely, favors those players with a few good performances.
QPS offer several advantages over alternative measures: 1) amateurs can be ranked with profession-

als by simply imputing the money they would have won and computing their quality point measures; 2)
for intertemporal comparisons the measures solve the problems of changing values in currency; 3) for
both intertemporal and contemporaneous comparisons, the QPS handle the difficulties of changes in
the schemes for distributing prizes and of changing purse sizes; 4) the measures can easily handle medal
play, match play, and Stableford Scoring events such as the International on the PGA TOUR; and 5)
the measures have fairly natural interpretations by reflecting the incentives in proportion to the mone-
tary incentives confronting players.
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The QPS measures by themselves enable systematic comparisons that have not heretofore been pos-

sible when it is reasonable to assurne that tournaments are equivalently difficult. For example, Table 1
shows the top twenty players ranked byQPT who played in five or more u.s. Opens since 1916

Table 1. U.S. Open From 1916to 1993

RANK PLAYER QPT TQP $$ STRKAVG EVENTS ROUNDS

I BOBBY JONES .53 6.40 0 73.85 12 48

2 BEN HOGAN .41 8.25 33,551 71.83 20 80

3 BYRON NELSON .32 2.88 3,359 73.42 9 36

4 HARRY COOPER .25 3.30 3,674 74.33 13 52

5 BOBBY LOCKE .25 1.75 5,060 72.46 7 26

6 WIFFYCOX .23 1.86 1,870 75.16 8 32

7 JACK NICKLAUS .23 8.53 330,870 72.39 37 136

8 WALTER HAGEN .23 4.36 3,104 75.13 19 76

9 RALPH GULDAHL .23 3.60 4,052 74.30 16 64

10 CLARENCE CLARK .22 1.09 1,171 74.05 5 20

II CRAlGWOOD .20 3.27 3,654 74.90 16 62

12 PAYNE STEWART .20 2.04 457,342 71.59 10 34

13 GENE SARAZEN .20 6.22 5,591 75.07 31 II5

14 LLOYD MANGRUM .20 3.16 9,415 73.08 16 62

15 CURTIS STRANGE .20 2.94 499,736 72.00 15 54

16 CLAYTON HEAFNER .19 1.32 3,666 73.40 7 25

17 HALEIRWfN .18 4.41 427,303 72.78 24 92

18 LEO DIEGEL .18 2.72 2,120 75.45 15 60

19 TOM WATSON .18 3.79 314,586 72.03 21 74

20 CARY MIDDLECOFF .18 2.84 13,795 73.55 16 53

Note the different rankings that would result from using TQP or money. So much for the Career
Earnings as a measure of career accomplishment!
Consider another ambitious ranking example. Table 2 ranks players by TQP in all Major Champi-

onships since 1960. Jack Nicklaus has amassed more than twice the QPS of anyone else and has av-
eraged between third and fourth place in 132 Majors. Nick Faldo has won more money, at least in
nominal dollars.
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Table 2. All MlYor Championships Since 1960

RANK PLAYER TQP QPT S$ STRKAVG EVENTS ROUNDS

1 JACK NICKLAUS 41.69 0.31 1,577,724 70.11 132 497

2 GARY PLAYER 19.14 0.17 583,184 71.85 116 421

3 TOM WATSON 18.51 0.23 1,428,245 70.38 81 301

4 ARNOLD PALMER 17.49 0.16 348,929 73.29 114 385

5 RAY FLOYD 14.10 0.13 1,225,522 71.84 107 392

6 LEE TREVINO 13.58 0.16 730,256 72.01 86 312

7 NICKFALDO 11.94 0.25 1,921,324 70.47 47 184

8 SEVE BALLESTEROS 11.38 0.18 1,107,332 71.45 63 225

9 BEN CRENSHAW 10.70 0.14 915,508 71.86 78 279

10 HALE IRWIN 9.7 0.13 810,470 71.86 74 282

2.2 The Quality Determination Algorithm
Ranking golfers requires simultanoously knowing the quality of the players and the quality of the tour-
nament. The approach is: (I) compute QPTfor each player in the set assuming that all tournaments are
equally difficult; (2) use the QPT from (I) to estimate the strength of each tournament field as the pro-
portion of the best forty players participating in tenns of QPT; (3) use the estimates of tournament field
strength as weights to reestimate QPT; (4) use the reestimated QPTs to reestimate tournament field
strength; and so on to convergence. Symbolically,

1 E {I, 2, , N} is an index of the players
j E {I, 2, , M} is an index of the tournaments

Pij == perfonnance in quality points for player i in tournament j.
~ == number of tournaments for player i.
mj == number of players in tournament j.

qr == Adjusted QPT of player i at ~ stage of algorithm.

dt == Difficulty of tournament j at I(h stage of algorithm.

For all i, initializeq? as standard QPT, i.e.,

I,Plj
oj.

qi == 1ij,1=1,2, ...,N

I,-.!l
. k-1

dk - -,-q_l-
j - mj , j == 1,2, .." M



I!1
k j d;

qj =fi/, i=I,2, ...,N

The algorithm has been applied to equivalent problems such as the on-time perfonnance of U.S. airlines
(Caulkins et ai, 1993) and to student academic perfonnance (Larkey and Caulkins) as well as to profes-
sional golf (Larkey, 1991a & 1991d). Many of the technical characteristics of the algorithm are ex-
plored in Yuan et al (1992) and Caulkins et aI (1993). Uniqueness is proven. Convergence has not yet
been proven but the algorithm has always converged quickly on the variety of data sets to which it has
been applied.
The best way to evaluate the algorithm is in tenns of its results. Does it yield plausible rankings of

tournaments and players? Table 3 shows the values for the strongest and weakest tournaments on the
PGA TOUR plus the British Open in 1993. The ordering should be intuitively plausible for most know
ledgeable observers of professional golf. While we can quibble about the fmer points such as whether
or not we should use a procedure that looks at fifty players or full fields rather than 40 which would
move some events, particularly the Players' Championship, up in the rankings, we should never forget
that the PGA TOUR's current procedure weighs every tournament at 1.0 except for the British Open
which it weighs at o. A dollar earned at the BC Open may spend the same as a dollar from the PGA
Championship but this does not imply that they were comparably difficult to acquire.

Table 3. Tournament Field Strength for 1993

RANK EVENT FIELD STRENGTH

BRITISH OPEN .980

2 PGA .970

3 USOPEN .955

4 PLAYERS .930

5 MASTERS .918

6 NES1LE .850

7 DORAL .813

8 MEMORIAL .801

9 COLONIAL .774

10 HERITAGE .767

II TOUR CHAMPIONSHIP .745

12 WORLD SERIES .721

41 SOUTHERN .399

42 BUSCH .371

43 BCOPEN .349

44 GUARANlY .120

Table 4 shows the top ten players on the PGA TOUR plus the British Open in 1993. Greg Nonnan had
a much better year than the post-season awards and conversation would seem to indicate.
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Table 4. PGA TOUR plus British Open in 1993

RANK PLAYER QPT TQP SS STRKAVG EVENTS ROUNDS

1 BERNHARD LANGER .43 2.98 730,117 68.30 7 24

2 GREG NORMAN .42 6.68 1,513,653 67.55 16 58

3 NICK PRICE .34 6.38 1,529,633 68.60 19 73

4 PAULAZINGER .26 6.40 1,464,654 69.88 25 85

5 NlCKFALDO .25 1.76 312,086 69.64 7 27

6 TOM KITE .22 4.52 911,241 69.51 21 72

7 DAVID FROST .21 4.86 1,043,653 69.40 23 77

8 FRED COUPLES .21 4.]] 835,849 69.63 20 75

9 VIJAYSINGH .20 3.06 664,029 69.83 15 53

10 PAYNE STEWART .18 4.84 1,015,984 69.43 27 100

3 Conclusion

The ways in which the PGA TOUR ranks professional golfers for the purpose of awards, eligibility, and
exemptions are, without exception, conceptually flawed. This paper has sketched a superior alternative.
The PGA TOUR should adopt something like it for important decisions on performance awards, for
maintaining the historical records on career accomplishments, and for determining exemptions for both
the regular and senior tours.
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Abstract
This paper discusses the importance of various golf shaft
characteristics and attempts to differentiate the
technical facts from the marketing hype. It concludes
that with the present understanding of the biomechanics
of the golf swing and the linkage between the golfer and
his equipment, the shaft designer should aim to provide
the widest envelope of characteristics in his product
range along with unambiguous data about these
characteristics to allow the club maker to make informed
choices. This leads on to a discussion of the
significance of new materials in the future development
of golf shafts.
Keywords: Golf Shafts, Swing, Bending Stiffness,
Torsional Stiffness, Bend Point, Weight, Materials.

Possibly more has been written about golf shafts than any
other sporting component of comparable simplicity.
Articles appear regularly in golf magazines on how choice
of shafts for your clubs can affect your golf game.
Shaft manufacturers and independent test laboratories
alike claim to have scientifically proved that one shaft
will hit balls further than another and the most
sophisticated analysis of ball dispersion patterns has
been used to prove that shot accuracy can be improved by
use of a particular shaft.

Are these claims justified or just examples of
advertising hype? What can be said about golf shafts
which will stand up to proper technical examination? A
good starting point is to look at the dynamics of the
swing which may provide some clues.

The trace shown in Fig. 1 is taken from strain gauges
attached to a shaft from which the bending and stress
levels in the plane of the swing can be deduced. This
trace is typical regardless of shaft design or golfer
ability. Note that over half the time covered by the
trace, 2 seconds in total, is taken up by the back swing,
that very violent vibrations occur in the shaft after
impact with the ball and that this impact is an event
which lasts a very brief moment indeed. In fact, for a
Science and Golf II: Proceedings of the World ScientifW Congress of Golf Edited by AJ.
Cochran and M.R. Farrally. Published in 1994 by E & FN Spon, London. ISBN 0 419 18790 1



typical driver, the contact between head and ball lasts
for around .0005 seconds (half a millisecond) .
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It can take up to 1 msec for the shock wave to travel
up a steel shaft (longer for some other materials) and
perhaps 20 times longer before the signal has been
processed by the golfer's brain. By this time the ball
is some distance from the club head travelling down the
fairway.

It is obvious that the golfer cannot use information
about the impact to influence the flight of the ball. We
may talk of the feel of a golf shaft but if we take this
word literally it seems that feel is largely
characterised by events which happen after impact. Its
importance is probably more psychological than anything
else, affecting the confidence that the golfer has in his
equipment and conditioning his attitude to his next shot.

Notice that during the down swing the shaft goes from
a bent backwards position to a bent forward position at
the moment of impact with the ball. Generally this
motion is referred to as the recovery of the shaft and
claims have been made about how different shafts,
particularly those made from certain materials, have a
faster recovery than others and can add to club head
speed. Perhaps this is how the term kick point came into



being, the notion that the shaft recovers and "kicks" the
ball providing extra distance. This belief is spurious.
The recovery is determined by the timing of the swing and
is largely a function of the centrifugal and inertia
forces, shown in Fig. 2, acting on the shaft from the
head and the golfer's hand action.

SHAFT BENT FORWARO AT I"'PACT WITH BALL

UNBENT SHAFT "/
'-----."

--
~

r-OFFSET

FIG 2 SHAFT BENDING IN THE PLANE OF THE SWING

The bending stiffness of the shaft must define the
magnitude of the movement from bent back to bent forward
but the time for the recovery should be independent of
the material from which the shaft is made.



The trace shown in Fig. 1 was actually recorded with a
driver using an S flex shaft. A club head speed of
approximately 95 mile/h {42.5m/s)was recorded at impact
with the ball. The recovery time of the shaft can be
measured as O.ls and the bending displacement from bent
back to bent forward was estimated at approximately 5"
(12.7cm). A simple calculation indicates that the
average head speed for this recovery to occur in this
time is 2.8 mile/h (1.25m/s) with a probable maximum
speed of around 4.5 mile/h (2.01m/s). While this maximum
speed is some 5% of the recorded club head speed at
impact, it is unlikely in this case that this recovery
component usefully increased the head speed from the
overall swing. At the point of impact with the ball the
shaft was bent forward and any head speed from shaft
recovery is certainly past its maximum and reducing
towards zero.

The bending stiffness of the shaft is undoubtedly an
important parameter. A more flexible shaft will bend
more due to the inertia forces acting on it and the
consequences of different timing in the swing will
therefore be greater. The more bent forward the shaft is
at the moment of impact the more will be the dynamic loft
imparted to the head which should lead to a higher ball
trajectory.

The above concerns bending in the plane of the swing
but the shaft will also bend in the perpendicular plane
again due to the centripetal force from the head. The
significance of this bending is easily demonstrated.

Fig. 3 is based on observations from testing a club on
an Iron Byron swing machine and shows how the address
position of the head must be offset to ensure the ball
makes contact with the centre of the head during the
swing.

This bending of the shaft is a handicap to the golfer
making the best contact between head and ball. Some
flexibility in the shaft in the plane of the swing may be
an advantage but high stiffness in the perpendicular
plane is also desirable. This was achieved in some early
steel shaft designs which used elliptical cross sections.
Unfortunately such shafts are now banned by the Rules of
Golf. The non symmetrical section directly conflicts
with Rule 4-1 (b) which states that shafts shall have the
same bending and twisting properties in any direction.

As described earlier, the fact that the shaft is bent
forward at the moment of impact with the ball will impart
a dynamic loft to the head. However as shown in Fig. 4
if the distribution of bending stiffness along the length
of the shaft can be varied then the magnitude of the
dynamic loft can be changed. A shaft which is more
flexible towards the tip should provide more dynamic loft
to the head than a shaft with a relatively stiffer tip
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FIG 3 SHAFT BENDING IN A PLANE
PERPENDICULAR To THE SWING

The significance of this depends on how much the
bending stiffness distribution can be varied in practice.
Some of the claims made are questionable but the effect
is real.

Most existing measurements for kick point are rather
incomplete attempts to quantify this bending stiffness
distribution. Clearly therefore bend point or flex point
are preferred terms to the commonly used kick point. A
shaft with a low bend point is more tip flexible and will
increase dynamic loft if all other parameters of the
swing are unchanged.



NOTE: BOTH SHAFTS HAVE
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SHAFT BENO Is EXAGGERATEO

FIG 4 EFFECT OF BENDING STIFFNESS
DISTRIBUTION ON DYNAMIC LOFT

Since graphite (carbon fibre - epoxy resin composite)
shafts were introduced there has been much discussion
about the "torque" of golf shafts. Torque as used here
is golf terminology and technically an incorrect term for
how much a shaft will twist under an applied torsional
loading. We should refer to the torsional stiffness of a
shaft being high and not that it is a "low torque"
design.

As well as bending the shaft forward at the moment of
impact with the ball the inertia forces also introduce a
torsional load which twists the shaft affecting head
alignment. Depending on the torsional stiffness and the



bend in the shaft, Fig. 5 shows that the head will always
be closed to some extent. A high torsional stiffness as
provided by steel shafts should therefore be an advantage
in making square contact between the head and ball.

FACE CLOSEO DUE To BENOING

AIle TWISTING OF SHAFT

\ I
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FIG 5 EFFECT OF TORSIONAL STIFFNESS ON

HEAD ALIGNMENT

In practice however it appears that a fairly wide
range of stiffness can be accommodated by players without
a serious effect on shot accuracy. The focus on the
torsional stiffness of graphite shafts may not be
unconnected with the relatively high cost of achieving



"low torque" as more expensive high modulus carbon fibre
must be used in the shaft construction.

It is interesting to note that much of the motion and
bending of the shaft discussed above is brought about by
the offset position of the centre of gravity of the head
from the longitudinal axis of the shaft. If this offset
were eliminated the challenge of making the best contact
between head and ball would be much simplified.
Unfortunately once again this contravenes the Rules of
Golf. Rule 4.1(b) states that the shaft shall be
attached to the club head at the heel.

So far the discussed characteristics of the shaft have
been more concerned with ball trajectory and shot
accuracy than distance. Assuming that good contact is
made with the ball, simple physics shows that for a given
head weight club head speed will govern distance. While
the overall timing of the swing is of great importance it
might seem obvious that longer shafts should also achieve
greater speed. However, simple mechanical analysis shows
this to be largely illusory, added to which it also makes
accurate club head contact with the ball more difficult.

Perhaps a more sound approach is to use lighter shafts
leading to overall lighter clubs but with the same head
weight which again the golfer may be able to swing
faster. Although this merits more research, what
experimental evidence exists suggests that the swing
speed achieved by an individual golfer is quite
insensitive to club weight variation introduced by the
extremes of shaft weight available today.

The reader by now may be thinking that the shafts in
his clubs really are unimportant. This is certainly not
the case. While the shaft designer cannot answer the
most common request to provide "the best golf shaft in
the world" giving maximum distance and accuracy, there is
little doubt that matching the clubs to the golfer can
bring benefits and that the shaft is the most important
element of the club in this respect.

At present we can often do no better than carry out
this matching on the basis of personal preference stated
by the golfer and observed performance - a rather long
winded way of saying trial and error. The understanding
of the biomechanics of the golf swing is still in its
infancy. It appears that the computer technology now
available to measure and record the swing is far in
advance of the ability to analyse and deduce from this
information what characteristics of the club best suit an
individual golfer which would put the matching of the
golfer and equipment on a sound technical footing.

While this remains the case the shaft manufacturers
should aim to offer the widest possible range of shaft
characteristics to the club makers and provide clear
unambiguous information so that informed choices can be
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made. In short educate rather than baffle with hype.
Here there is a fundamental problem because there are no
agreed standards for shafts which adds to confusion. It
would be quite wrong to standardize the actual
characteristics but nobody would be penalized by
standardisation of the test methods used to measure these
characteristics. The first tentative steps in this
direction have been taken by the recently reformed ASTM
Committee. Whether it is appropriate for such an
organization outside the industry to attempt this task is
perhaps arguable but in the absence of any other
initiative we should wish them success.

All the characteristics of a golf shaft ultimately
depend on the geometry and material used for its
construction. The rules of golf impose severe
limitations on the geometry but fortunately say nothing
about which materials can be used.

The adoption of different materials allows the
envelope of characteristics relating weight, strength and
stiffness to be enlarged. This is important as at the
simplest level the shaft designer aims to achieve a
defined stiffness at a particular weight with an
acceptable strength. The potential benefits of candidate
materials can be assessed by examining their specific
properties.

Fig. 6 shows a comparison of properties for some
materials which could be or have been used for golf
shafts. The specific strength (UTS/density) and specific
stiffness (elastic modulus/density) are shown and for
ease of comparison the specific properties of steel are
taken as unity.

Notice firstly that the specific properties of steel,
aluminium and titanium are very similar. Although
aluminium is a light material with a density
approximately '/3 that of steel, the elastic modulus and
tensile strength are similarly lower. This means that in
a golf shaft where the stiffness and strength
requirements are defined by its use, it is difficult to
make a lighter shaft using aluminium than achievable with
steel if the shaft is to have the same overall fitness
for purpose ie. playability and durability.

This does not mean that good golf shafts cannot be
made from aluminium and titanium as well as steel, but
that it is difficult to significantly extend the envelope
of characteristics using other monolithic metals
regardless of the claims made for these materials. Some
may see this as a simplistic view and admittedly .
secondary advantages can be gained such as higher damping
and absence of corrosion, but when manufacturing and
material costs, especially for titanium, are added to the
equation the real advantages of these materials become
questionable.
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Mlli.BlAl. fWIlk ~ tIDooY .s~ ~
Mooln.us ~ ~ ~
(E) (tY) (f) Elf' o-If
GP. MP. Mglm'

HS CARBONFIBRE 235 3400 1.79 5 7.5
VHS CARBONFIBRE 245 5000 1.8 5 11
1M CARBONFIBRE 294 5500 1.8 6.5 12
HM CARBONFIBRE 390 3400 1.86 8 7
UHM CARBONFIBRE 517 1860 1.96 10.5 4
KEVtAR 49 FIBRE 127 3445 1.45 3.5 9.5
E - GLASSFIBRE 72 3170 2.54 1 5
S - GLASSFIBRE 88 4600 2.49 1.5 7
BORONFIBRE 410 3450 2.6 6.5 5

Epoxy RESIN 4 50 1.3 0.12 0.15

STEEL 193 2070 7.8 1 1
AlUMINIUM 7075 69 565 2.8 1 0.8
TITANIUM6A-4V 103 1070 4.5 1 1
METAl COMPOSITE 93 650 2.83 1.3 0.86
( 7075 + 17% SIC)

!'illIE : THE SPECIFIC PROPERTIES AIu; SHOWN FOR CoMPARlTlVE PURPOSES. STEEL HAS BEEN

TAKEN As UNITY

FIG6 PROPERTY COMPARISON FOR SOME
MATERIALS USED FOR GOLF SHAFTS

The table shows the dramatic increase in specific
properties available from some high technology fibres.
Unfortunately these values are rather misleading in
isolation and cannot be achieved in an actual golf shaft.
For example a graphite shaft is a composite of carbon
fibre and epoxy resin usually containing between 35-45%
by volume resin. While the properties of the fibre are
very high the properties of the resin are very poor which
reduces the overall properties of the structure. The
properties also only apply along the fibres and fibre
placement in the structure is critical.

Even so, graphite shafts can be made with lower
weights than metal shafts and this must be their main
advantage. A rational technical explanation for the
current interest in "heavy weight" graphite shafts with
properties similar to shafts made from steel is hard to
provide.



The average golfer is unlikely to be aware of the
fibre used in his graphite shafts except when they
contain boron. The supposed advantages of using boron in
a golf shaft have been heavily promoted but this has led
to many incorrect perceptions and beliefs being held.
Boron has been associated with high torsional stiffness
in shafts and extra distance but the properties of this
fibre and the amount used in a shaft, commonly around 4%
by weight, cannot substantiate these claims. Boron can
be shown to have impressive compressive strength which
may help in re-inforcement of the tip end of shafts but
many shaft designs which do not use boron fibre have been
proven to have adequate tip strength.

Most graphite shafts are made from prepreg sheets of
carbon fibre wrapped around tapered mandrels using labour
intensive methods. Inevitably this produces seams or
discontinuities in the structure of the shaft where the
plies start and end. Coupled with the lack of tension in
the fibres this can lead to nominally identical shafts
having very different bending properties and even
individual shafts having different bending properties in
different planes.

Achieving with graphite the consistency expected from
metal shafts is challenging and some of the most poorly
made graphite shafts may technically not conform to the
rules of golf. Although automated manufacturing
techniques using filament winding or developments of the
pultrusion process coupled with over winding are now
being used which produce "seamless" structures, such
automated processes cannot yet fully compete with the
labour intensive prepreg wrapping method.

New metal composite materials are now becoming
available which on paper at least hold considerable
promise for use in golf shafts. First generation metal
composites are usually made from aluminium alloys
reinforced with ceramic powders or short fibres. The
reinforcement can provide improvements of up to 40% in
specific stiffness and modest gains in strength which
should make it possible to approach graphite shaft
weights. The cosmetic durability of such shafts would be
very good compared to todays painted graphite shafts.
The poor formability and especially the toughness (impact
strength) of these materials are the main barriers to
bringing them to the market place.

Golf still remains today more an art than science.
Although our technical understanding will continue to
improve it is unlikely that the element of magic will
ever be totally removed and this is probably for the good
if the game is to retain its attraction.

Of course it is valid to use technical feature to
promote product and we must hope for the health of the
industry that people continue to change their equipment



in order to improve their game. However shaft designers
should always guard against believing their own hype and
remember that golf is played on golf courses and not in
the laboratory.
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The papers contained within this book were presented at the World
Scientific Congress of Golf held at the University of St Andrews from
4th to 8th July, 1994.
The papers and their authors represent a wide diversity not only of

sciences themselves, but also of vocations - including golfers who also
happen to be scientists, scientists who see interesting applications in
golf, scientifically minded coaches and professional scientists working
for equipment manufacturers. The common element is a burning
interest in the game and the desire to find out more and establish hard
evidence on their particular aspects of it.
In producing this book we have followed the same policy as at the first

Congress, held in 1990, namely of issuing it in time for distribution at
the Congress. This imposes quite strict deadlines on authors and
reviewers and we wish to thank all of them for their co-operation.
The papers are grouped into three Parts, entitled The Golfer, The

Equipment, and The Golf Course and the Game. Within each Part,
similar topics are located as near to each other as possible.
Much of the work reported here was done primarily for interest's

sake; but we believe that coaches, equipment designers, golf course
maintainers, designers and planners and inquiring golfers generally, as
well as scientific researchers, will find something in the book that is of
use to them as well as of interest.

Alastair Cochran
Martin Farrally

The World Scientific Congress of Golf acknowledges financial support
from the Royal and Ancient Golf Club of St Andrews and the United
States Golf Association. It also receives patronage from the International
Council of Sport Science and Physical Education through the World
Commission of Sports Biomechanics.
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