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1.1

An Introduction To MOI
Top  Next

Before proceeding, it will be useful to gain a feel for what is meant by
moment of inertia, or MOI, when we refer to the fully assembled golf club. We
know that when we try to move any object, it resists our efforts according to
its mass. If a mass is altached to the end of a rod and swung from point A to
point B, it offers a certain resistance to our efforts. If the rod is lengthened, it
is more difficult to make the swing in the same time as before because the
MOI of the entire mass and rod as one object has been increased.

Therefore, if we consider the object in our example to be a golf club, the MOI
is a measurement of the golf club's ability to resist our ability to rotate the golf
club around our body.

We can then say that MOI is the parameter that resists our efforts to swing
and rotate the club around our body in the swing. The MOI can be increased
by increasing the length through which the mass of the club is rotating and/or
by increasing the mass of the club itself. Or, the MOI can be decreased by
shortening the length and reducing the mass of the club. In addition, MOI
can be changed by altering a combination of the length and mass of the golf
club.

A golf club that has a large MOI will require more effort to swing than a golf
club that has a smaller MOI. The proper MOI of the golf club for the golfer
thus has a direct bearing on the golfer's strength, swing speed and the
amount of control that the golfer has on the golf club when accelerating
during the downswing. This generates the energy potential needed to propel
the golf ball some distance away and along a desired trajectory. The energy
potential of the golf swing can therefore be optimized by adjusting the MOI of
the golf club to suit a particular golfer.

One of the goals in the fitting process will be to determine what exact MOl is
best for each golfer. If that can be identified, then the MOl Speed Matching
System will enable clubmakers to build golf clubs to a matched MOI so that
all of the clubs in a set will require the same effort to swing. If this is done,
the golfer should experience an improvement in consistency in being able to
strike the ball on-center a higher percentage of the time, which in turn will
translate into greater distance and better accuracy overall.

Golf Club Swing Weight & MOI
Previous Top  Next

In the 1920s, the concept of swing-weight was introduced as a simple-to-understand
approximation of MOI matching. Along with it, a device was created for making
swing-weight measurements called a swing-weight scale to enable clubmakers to
build golf clubs to a specific swing-weight measurement. If a set of clubs having the
same exact grips and completely identical shafts trimmed incrementally are
matched by swing-weight using only the club head for making adjustments, then the
MOI of each club will be reasonably matched.

This was the original intent for the swing-weight process and worked reasonably well
for the clubs of the time. However, because swing-weight is a static property of a club
and moment of inertia is a dynamic property of a club, swing-weight matching is, at
best, an approximation of the technically more useful MOI matching. Also, with more
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An Introduction To MOI

modern shafts, that have purposeful variation along their length, and the tendency to
mix and match a variety of shafts and club-heads within a single set, the less likely it
is that a swing-weight matched set will resemble an MOl matched set.

The moment of inertia contributes to the swinging feel of the golf club and thus also
influences the golfer's ability to swing the club with consistency. But because the
swing-weight scale is not an MOl measurement device it does not produce a set of
clubs with matching moment of inertia.

Matching Clubs Using MOI
Previous Top  Next

Golfers believe correctly that consistent performance is significantly improved by the
use of a matched set of clubs. However in the context of MO, the term "matched set"
truly means that all the clubs in a set will each require the same exact effort and
feel exactly the same when they are swung . There is only one way to realize

such a set of clubs as follows:

‘All of the clubs are the same length

-All of the clubs use the same exact shaft and grip models with all of the shafts
and grips being of equal weight and balance point.

-All of the club heads in the set weigh exactly the same with each head's center
of gravity in the same location from head to head. If such a set of club heads
can be obtained, the shot making ability of each club for spin and distance and
trajectory will be controlled by loft alone. The lie angle of each club in the set
would have to be the same since all clubs are made to the same playing length.

Clubs designed in this manner will have three equal parameters: first and second
moments (first moment is the swing-weight, second moment is the MOI), and equal
weights. All three of these parameters must be precisely equal to achieve a truly
matched set of clubs.

However, because of tradition, clubs designed in this manner which have been
introduced in the golf industry failed to gain enough acceptance to be commercially
successful. In so doing, golfers indicated their preference for sets made with
graduated lengths and head weights for the clubs within their sets of woods and
Irons.

It is not physically possible to match all three parameters of first moment (swing-
weight), second moment (MOI) and total weight in a set of clubs made with graduated
lengths. However, it is possible to match the most important of these three
parameters and realize improved performance. That parameter is the second
moment, called the Moment of Inertia, or called just the MOL.

The MOI is technically defined as the sum of all of the individual masses of a system
times the square of the distance of the center of gravity (CG) of each mass from the
center of rotation plus the MOI of each of the components about its own CG. In other
words, if we divide a object that is to be rotated into different 'chunks' of mass, the
MOI of each 'chunk’ is equal to its mass times the square of the distance from its CG
to the center of rotation plus the MOI of the chunk about its own CG. To find the total
MOI of the object, we merely add up the MOI contribution of each 'chunk'. This
definition helps in a scientific understanding how the MOl is affected by changes in
each of the parameters.
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When the length of a golf club is increased, or if mass is added anywhere to the club,
the MOI will increase. Therefore, if the MOI of each club in a set is determined, the
set can be matched by adding the correct amount of weight or making a length
adjustment to each club so that the MOI of every club equals the club with the
preferred MOI of the set. Weight may be removed to lower the MOI of a particular
club to that of the club having the smallest MOI; however, it is virtually impossible for
clubmakers to remove weight from existing golf club heads, shafts or grips. As an
alternative, the MOI can be reduced by decreasing the shaft length. Of course there
is a chance this may result in the lengths of the clubs not being a good fitting match
for the golfer, so this is only considered an acceptable way to reduce the MOI of a
club if the length decrease required to match the MOI of all clubs allows the playing
length of each club to still fit the golfer.

For those who are already familiar with prior attempts at MOl matching before the
advent of the MOI Speed Matching System, these methods were approximate at best
because they did not include a way to precisely measure the true MO/ of any golf
club . Thus, these prior methods are in fact no better than swing-weight matching.

Optimizing Feel Through MOI
Previous Top  Next

The MOI of a golf club is a quantifiable, real physical property that best describes the
"feel" of a golf club during the swing before impact and how it relates to the individual
swing of a golfer. A club that “feels right" enables the golfer to develop more
consistency and thus achieve his or her maximum shot potential. A club or clubs that
do not feel right will result in inconsistency and a higher percentage of poor shots.

The MOI of a golf club and how it relates to the golf swing is an example of how well
the various components of the golf club can be made to inter-act with each other and
ultimately with the golfer's swing characteristics. The golf club, the golf swing and
their interaction can never be separated from each other or dealt with from an
analytical stand point as two separate and unrelated entities. Likewise no single
component of either the golf club or the golf swing can be singled out as the ultimate
determining factor for performance enhancements.

The effect of MOI on the performance of the golf clubs within a set, as well as the
effect of golf club MOI on golfers can be easily observed and experimented with on a
daily basis. Let's consider the following facts and how they relate to MOI.

For the purpose of illustration a golfer can be described as a motor that creates
energy for swinging a golf club and ultimately launching a golf ball. The energy
potential that is available from this "motor" (the golfer) is a finite quantity that is used
to impart motion to the golf club. Each golfer can generate their particular level of
energy, regardless of the club MOI, based on their strength, and athletic ability. How
efficiently this energy potential can be converted into clubhead speed is determined,
in large part, by the golfer's swing mechanics. The golfer's energy can be delivered
to the golf club as both translational and rotational motion of the golf club. The
rotational mation (in this case rotation about a pivot at the golfer's wrist; about the butt
of the club) can be scientifically related to one half of the product of the MOI and the
square of the angular velocity about the pivot point. Increasing the MOI of the club
decreases the angular velocity able to be generated by the golfer, which will result in
less clubhead speed. Conversely, reducing the MOI of the club will result in greater
angular velocity and, potentially, greater clubhead speed.

The physical relations governing the collision between two bodies tell us that, for a
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An Introduction To MOI

constant clubhead velocity, the greater the mass of the clubhead, the greater the ball
velocity. Simply increasing the clubhead mass, however, will not necessarily produce
a higher ball velocity for a given golfer, as increasing the clubhead mass without
changing the shaft and grip will increase the MOI of the club and, for a constant effort
from the golfer, result in a lower angular velocity and a reduction in clubhead speed.
This reduction in clubhead speed will offset the ball velocity gains from the greater
clubhead mass. The challenge for the clubmaker is finding a combination of
compenents, a particular MOI, which provides an optimum performance for the golfer

The total moment of inertia of a golf club is the sum of the MOI of the three main
components, which can be varied in combinations to preserve the original MOI of the
club and provide improved performance for the golfer. The primary components that
we can vary to optimize club performance are the shaft and the clubhead. For
instance, increasing the head weight and lowering the shaft weight appropriately so
that the original shaft length can be retained will preserve the original MOl and can
result in increased ball velocity.

Although the grip has a significant effect on swing-weight, its effect on MOl is
minimal. This is because the CG of the grip is relatively close to the rotational axis
which is used in determining the MOI.

There are an infinite variety of combinations of shaft and head weight that will
produce a given club MOI. We must constantly remember that our goal is a set of
clubs optimized for a particular golfer. This means that the MOI of the clubs in the
set should be optimized for a particular golfer's swing characteristics and the
clubhead weights and shaft lengths and weights determined to provide uniform
distance increments for each club in the set. This is in addition to all the other
parameters we adjust to fit a set of clubs to a particular golfer.

Keep in mind that these discussions assume a constant effort from the golfer.
Improvements in the golfer's strength or improvements in swing mechanics that will
improve the conversion of energy in the golfer's swing to clubhead speed are also
effective ways of improving a golfer's performance.

Conclusion: Using the moment of inertia of golf clubs to enhance the fitting process
is an exciting capability now available to clubmakers. It is new to most clubmakers
and even newer to their customers. It has the potential for substantial improvements
in a golfer's swing consistency and reliability and provides a true value added
capability for the clubmaker. As we continue to improve our fitting techniques and
our ability to communicate to our customers the benefits and importance of MOI
matching, our, and their, understanding and appreciation will rapidly grow.
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1.5 MOI Speed match Software
Previous Top  Next

The MOI Speed Matching system is build around classic concepts in physics.
This software can be very accurate. There are no assumptions withing the
equations or the operational logic. The degree of accuracy is dependent on
accuracy of the instrumentation used to collect the data and the users
patience.

At this writing, the definition of an adequate moi match is not known. An
acceptable moi difference between clubs is probably related to the golfer's skill
level, To overcome this lack of knowledge, this software permits the user to be
as accurate as desired, within the limits of the instrumentation.

After studying this instruction manual You will be ready to use the software.
After a couple of tries, you will be proficient enough to build clubs to an MOI
match.

2 MOI Matching Methods

Previous Top Next

There are three methods which may be used to determine club MOI and the
means to achieve an MOl match:

1) MOI matching of Assembled Clubs
2) MOI matching of Un-assembled clubs by Weight
3) MOI matching of Un assembled clubs by length

The first two methods take a "hands on" approach where key measurements taken
from the clubs or components to be assembled are used to calculate the MOI of each
club in the set after which any weight adjustments needed for an MOl match are
performed. Both methods are straight forward and afford the clubmaker a high level
of accuracy. However, the clubmaker is limited to making headweight
adjustments to achieve the desired club MOI.

The third method is quite similar to MOl matching of un-assembled clubs by weight
and an additional step that requires the Clubmaker to tip trim the shaft by some
quantities to determine the MOI change and the corresponding shift in the shaft
balance point and weight when the shaft is trimmed to the calculated length for
achieving the MOI match.

Please Note: Other possibilities for weight adjustment locations are discussed here

IMPORTANT POINT!! [t should be noted that it is best to MOl match irons-to-irons
and woods-to-woods, and at this point in equipment technology, not to attempt to
make the woods and irons within a set both to the same MOI. The reasons for this
are that the club length difference between woods and irons is quite substantial and
conveniional clubhead construction does not alfow for significant weight variation up
or down Thus if one was to match a set of woods and irons all to the same MOI, the
iron clubs will end up requiring far too much weight or too substantial length
adjustments as to render the set unplayable. One has to remember that club length
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21.3

]

and head weight are major factors in the MOl formula and thus the longer the club or
the heavier the head, the larger the MOl

MOI Matching Assembled Clubs
Previous Top  Next

This MOI matching method addresses the need of those clubmakers to MOI
match a set of existing clubs. It is done in three distinct steps:

1) Key measurements are taken for each club in the set and tabulated to facilitate
error free data entry into the MOI matching software.

2) When the data entry is complete; the MOl matching software calculates the MOI

for each club in the set. The golfer's favorite club is measured and its MOl input into

the program so that any weight adjustments required for each club can be calculated
for an MOI match.

Please Note: possible locations for weight adjustment are discussed here .

3) The weight adjustments calculated by the MOI matching program are then used to
re-balance each club in the set using familiar weight adjustment techniques as
practiced by clubmakers when building sets of clubs from components.

Parameters to be Measured
Previous Next

s Golf club length (inches)

s Golf club MOl in Kg-cm?2

» Clubhead location where additional weight can be added to alter the club's MOI
(inches)

Equipment Needed

Previous  Next

= Masking tape

s Accurate 48" clubmaking ruler

e Scale capable of accurately and repeatedly resolving to 1 gram or less 0.5 gram
resolution or better is preferred

Golf Club MOI measuring scale

Lead tape

MOI worksheet for Assembled Irons or Woods

You will also need to make a note of the golfer's favorite iron, andf/or wood.

Measurements

Previous Next

During the matching process, there are some required measurements. To
achieve accurate results, club makers need to be familiar with the equipment
and procedures for collecting the data. Remarks below may be of value.
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MOI Matching Methods

_® |

MOI SCALE

Before using your MOI scale for the first time, you will need to level it off on
your workbench and calibrate it as instructed in the manual, Turn you scale on
and slide the golf club on the beam. You may haveto lock the club in to
eliminate backlash, as the club oscillates. Twang the beam and take a reading.
Two sucessive readings should be less then 1% appart at most. Use the first
four digits and ommit the rest.

WEIGHT SCALE

Calibrate the scale when you first receive it and check it periodically. Turn on
the scale and allow it to stabilize. Place the object to be weighed on the tray
and take the reading after the scale settles down. Use all the digits.

RULER

This is used to determine the balance point of the clubs. Balance the club with
its shaft on an edge and measure the distance between the end of the grip and
that Point. Try to take this measurement to at least the nearest 1/16 inch, or
better if possible.

Measuring the Clubs

Previous Next

For each club, including the "favorite" , starting with the longest or shortest
club:

1) Determine the Length of the club Show Me

TIP: You can enter these values directly into the program, but it is generally quicker
to write down all the measurements required on an MO| worksheet and then transfer
them all into the program.

2) Weigh the club and record the weight in grams, to the resolution of your scale.

3) Determine each club's Moment of inertia Show me

4) Assuming that you will be using lead tape to adjust headweights, determine
where it will be placed Show me

When you have measured all the clubs, your MOl worksheet should look similar the
example below. In this case, the golfer's 6 iron is the favorite:
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2.1.5

MOl Pro =
Assembled Clubs MOI Worksheet Irons
Favorite club: 7 MOI: 2525.54
Club Weight
‘i::b ?L:l:“ﬂgl Length | Position G{:}gs
v | (inch) | (inch)
1
2
3
4 2557 94 37.b 05
[ 2553.93 37 0.5
6 2519.13 36.5 05
7 2525 .54 36 0.5
8 2485 61 355 05
9 2548 65 35 0.5
PW 253528 34 5 0.5
SW 251717 34.5 05
Uw

Calculating the MOI Match
Previous Top Next

The MOI software will utilize the information obtained by measuring the clubs

to be matched, as well as the information about the golfer's "favorite club", to

calculate how much weight should be added to or subtracted from the golfer's
other clubs to achieve an MOI match.

The MOI of the golfer's favorite club will then be used to calculate how much
weight should be added to or subtracted from the golfer's other clubs to
achieve an MOI match.

1) Start the MOl Speed Match program.

2) Click on the window tab Assembled clubs to begin recording the measured
information of the clubs to be matched.

3) Enter the relevant information for the set such as the set name and the set
description

4) Click on the Set rows tab and pick a number that matches the numbers of clubs
that need analyzing.

5) Add the measured information for each club and record where any needed
headweight will be added

6) Enter the MOI value for the "favorite club's" MOI so the other clubs can be
matched against it

7) Determine the headweight adjustments needed for each club so that they can
match the "favorite club".

8) Make the needed adjustments

9) Document your set specifications and save your file in the working directory and
you are done!
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MOI Matching using Components
Previous Top  Next

This MOI matching method addresses the need of those clubmakers who wish
to build a set of MOI matched clubs from components. This method works just
like the procedure described for matching sets of assembled clubs, only it
uses "dry-assembled" clubs.

It should be noted that the MOI matching using components requires
additional measurements, which are used in the MOI matching calculations, to
predict what the characteristics of the clubs will be before final assembly. This
will allow the club maker to make the necessary adjustments that will be suit
the needs and abilities of the golfer to be fit.

MOI matching using components is restricted to the weight adjustment method
which is more practical and give satisfactory and predictable results for most
golf club fitting applications.

Please Note: possible locations for weight adjustment are discussed here.

MOl matching of components is done in three distinct steps:

1) Key measurements are taken for each club in the set and tabulated to facilitate
error free data entry into the MOl Speed Matching software.

2) When the data entry is complete; the MOI matching software calculates the MOI
for each club in the set. The favorite club in the set is "hand picked" and its MOI input
into the program so that the weight adjustments required for each club can be
calculated for an MOl match.

14
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2.2.2

2.2.3

3) The weight adjustments calculated by the MOI matching program are then used to
re-balance each club in the set using familiar weight adjustment techniques as
practiced by clubmakers when building sets of clubs from components.

Parameters to be Measured
Previous  Next

Golf club length (inches)

Golf club total weight (grams)

Golf club balance point (inches)

Golf club MOI using the MOl scale

Clubhead location where additional weight can be added to alter the club's MOI
(inches)

. @ * @

Equipment Needed

Previous Next

« Knife edge on which to balance the club, e.g., blunt clubmakers' knife or length of
hacksaw blade

e Masking tape

Accurate 48" clubmaking ruler

Scale capable of accurately and repeatedly resolving to 1 gram or less. 0.5 gram

resolution or better is preferred

MOI measuring scale

Lead tape, weight plugs, or shaft tip weights

Split grip identical to the one to be installed on the new set of clubs Show Me

MOI worksheet for Components MOl matching

« Pocket calculator to carry out simple arithmetic

Reminder!
You will also need to make a note of the golfer's favorite iron and/or wood

Set Up

Previous Next
« Perform all required tip and butt trimming for the shafts and secure each head to its
shaft without epoxy so the head will not fall off the shaft when measuring the club
MOIL.

« Dry-Assemble the clubs, apply any grip build-up tape (if required in the golfer fitting)
to the shaft bults so that its weight is accounted for in the MOI measurement.

« Prepare a split grip of the same make, model and size as will be fitted to the
finished clubs by cutting two longitudinal slits in it, 180° apart and to within 0.5" of
the grip cap.

© 2006 ... Your company
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MOI Matching Methods

Measuring the Clubs

Previous  Next

For each club , including the "favorite” , starting with the longest or shortest
club:

1) Push the split grip on to the shaft butt and ensure that it is fully seated. Apply a
wrap of masking tape around the bottom of the grip to ensure that the grip cannot
slide off the shaft.

2) Find the Balance Point of the club Show e
3) Determine the Length of the club Show Me

TIP: You can enter these values directly into the program, but it is generally quicker
to write down all the measurements required on an MOI worksheet and then
transfer them all into the program in one session.

4) Weigh the club and record the weight in grams, to the resolution of your scale.
5) Determine each club's MO| Show me

6) Next, decide on how any needed weight will be added o the heads and record
the appropriate measurement, as the measurement methods are different .

Please Note: The measurements will ultimately be entered as inches. However,
many club head measurements are expressed in millimeters. Divide the mm value
by 25.4 to convert it fo inches.

If you will be using lead tape to adjust headweights, record:
Middle of the lead tape to the ground line Show Me
If you will be using weight plugs at the bottom of the hosel bore , record:

HTS (Hosel To Sole length) less the HBD (Hosel Bore Depth) plus one-half the length
of standard weight plug. Based on information available from most component
suppliers, the heaviest weight plug designed to fit inside a weight port is 9 grams in
weight,13 mm long and 7 mm in diameter. the smallest weight plug is 2.5 grams and
13 mm long. If during an MOI match the weight addition is to be less than 2.5 grams
cut the weight plug length in half. The position error for most cases using this weight
plugs will be less then 3 mm at most. Show me

If you will be using shaft tip weights |, record:

HTS (Hosel To Sole length) less HSD (Hosel Shafting Depth) plus one-half the length
of the tip weight Show Me

When you have measured all the clubs, your MOl worksheet should look similar to
the example below. In this case, the golfer's 7 iron is the favorite.

Please note:

HTS, Bore Depth, and tip weight length are the measurements needed to derive
the position on the club where additional mass can be added for an MOI match.
These measurements are not entered in the software. The weight position must
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be calculated manually and the result for each club in the set is then entered
into the software.

Components MOI ﬁatchlng Worksheat |

Customer name: Trial iron set
Favorite club: #7 ___ | (Ye]] 2671.55 Kg-¢m "2
Ciub | Balance | Club Bore | 1/2tip | Weight
ct:';b Length Point | Weight &:‘2“'? Aozlj :::;f' depth | weight | Position
_|_(inch) finch) | (qram) inch | length | (inch)
1
2
3 39.25 2984 | 3583 275459 2.5 1.26 0.5 175 |
4 38.75 29.68 3g7.7 | 2733487 2.5 1.20 0.5 1.75
5 38.25 295 395.1 2730.18 2.5 1.25 0.5 1.75
] 31,75 29.16 401.1 271_0,3!5 2.5 1.25 0.5 1.75
7 37,256 28,94 403 2671.55 2.5 1.25 0.5 1.75
8 3675 | 2894 4076 | 2676.58 2.5 1,25 0.5 1.75
] 36 28.56 414.4 2649.66 2.5 1.25 0.5 1.75
PW
SW
us

Calculating the MOl Match

Previous Next

The MOI software will utilize the information obtained by measuring the clubs

to be matched, as well as the information about the golfer's "favorite club”, to

calculate how much weight should be added to or subtracted from the golfer's
other clubs to achieve an MOl match.

The MOI of the golfer's favorite club will then be used to calculate how much
weight should be added to or subtracted from the golfer's other clubs to
achieve an MOl match.

1) Start the MOI program and click on the Component MOI matching worksheet tab.
2) Enter the information for the set in the appropriate section and add the measured
information for each club and record where any needed head weight will be added.
Save the file to your working directory when done.

3) Click the calculate button. The weight adjustments for each club in the set is
calculated, along with the actual swing weight of the clubs before MOI matching along
with the COP (center of percussion).

4) Make the needed adjustments, and recheck the clubs on the MOI scale.

5) Document your set specifications save your file and you are done!

Very Important!
The swing weight and the COP for the set are calculated for the actual clubs

and not the MOI matched clubs. If you wish to find out what the projected
swing weight and COP is going to be you need to take a new set of
measurement once the clubs are assembled and the data entered back into the
program as a separate file.
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Assemblad Club MO1 T MOI Matehing by Length | Component MO Malching
L‘f‘w Sel;
|L‘nrmm Test Set
Description:
Ted Set bult uting diy flted comparants 1o aliow lod weighl acdustments down the cub head hotel to achieve an MOl march ;l
.4
Sel Hnm:] 7 vI Favaiite Club: ]? Favorita Club MOI: |26H 55 Plot I Calculate |
Chb Balarce i 5
ChbMo | Lengh | Ponl
(nch} | (mch)
1 3 NS5 2
2 4 B 263
3 5 £ 9%
4 E 3B 2918
5 7 NS 894
[3 8 %75 09
7 9 B0 28 nl L L
ha
4 | o[

MOI matching by Length
Previous Top Next

Club sets normally has a length increment of 1/2 inch between numbered clubs.
When moi matching by means of trimming only, these increments will not be equal
because of typical production variations in head weights. However, weights may
be added to to the head to create an increase in moi. This process is similar to that
described in previous sections. So we will focus on MOI matching using length
only.

Please note that in general, the favorite moi for irons will differ from that for woods
because of the significant difference in length and head weights. It is however
possible possible to use the same moi but at the expense of much higher iron moi
ans slower swing speeds.

Equipment Needed

Previous  Next

Masking tape

Accurate 48" clubmaking ruler

Scale capable of accurately and repeatedly resolving to 1 gram or less. 0.5 gram
resolution or better is preferred

MOI measuring scale

Lead tape, weight plugs, or shaft tip weights

« Split grip identical to the one to be installed on the new set of clubs Show Me

s MOI worksheet for MOI Matching by Length

= A pocket calculator to carry out simple arithmetic
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2.3.2

2.3.3

2.3.4

Reminder!
You will also need to make a note of the golfer's favorite iron and/or wood

Step 1 Component Selection

Previous Next

Matching a set of golf clubs using the length method requires a careful selection
of the components to be used, with the aim of minimizing weight variations on
grips and shafts, and that the weight increment between club heads is consistent
throughout the set, to ensure that the weight distribution of the clubs when
assembled will produce an MOI matched set, where the length of the clubs are
manageable for the golfer.

For the sake of simplicity, MOl matching by length should be limited to shafts of
the same weight, make and model. The same applies to the grips to be used. View
the tight manufacturing tolerances that are now achieved on shafts, weight sorting
should not be an issue since most manufacturers now have tighter specifiations.

The components that you will need are:

Untrimmed shaft,

Golf grip split down the middle.
Grip tape

Club head set ( Woods or Irons)

e & & @

Step 2 Club Head preparation

Previous Next

1) Weight all the club heads and make sure that they have an even weight increment
throughout the set like 7 grams increment for irons and 10 grams for woods. If the gap
between clubheads need adjusting, this is best carried out by adding the appropriate
amount of weight down the hosel bore. Record the weight of each club head on the MOI
matching by length worksheet. Show me

2) Measure the HTS dimension on all the club heads. Show me

3) Measure the HID (Shafting depth) on all the clubheads. Show me

Step 3 Shaft preparation
Previous Next
1) Weight and sort the shafts so that they are all within (+/-) one gram of each other.

2) Measure the length of an uncut shaft and enter the measurement into the data
gathering form.

3) Take an untrimmed shaft and cut approximately one inch from its tip. Measure
the length and Weigh the cut section and enter both measurements on into the data
gathering form.

4) Slip the split grip on an untrimmed shaft and secure it with grip tape. You may need
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to apply any grip build-up tape (if required in the golfer fitting) to the shaft butts so that
its weight is accounted for,

5) Set up the MOI Scale and take an MOI reading for the headless club. ( Headless
club referes to the assembled grip and shaft only. No heads are involved at this
stage).

Step 4 MOI Measurement

Previous  Next

1) One by one, install the heads to the Headless club. You may use a paper shim to
wedge the shaft into the hosel should the clearance between the hosel and shaft
be too big for a tight dry fit

2) Set up the MOI scale and take an MOI reading for each club in the set. Enter the
data on the data gathering form. Remember that the same shaft and grip will be
used for each measurement, and that the MOI to be measured is the MOI of the
club with the untrimmed shaft length.

When you have measured all the clubs, your MOl worksheet should look similar to the
example below. In this case, the golfer's 7 iron is the favorite.

MOI Matching By Length Worksheet

Customer name: Trialiron set

Favorite club #7 MOl 27065.08
Raw GuETip | Section Headless | Headless
Shaft Section | Weight
Length Length | (grams) Club MOI | Club MOI
40.26 1 3.2 437.186 437 .186
Head HTS
Club No.| Weight | Tip trim | Club MOl [HID (Inch)r (Inch)
(grams)
3 247 3 3229.37 1.25 2.55
4 254 .7 3317.11 1.75 255 |
5 260 3372 .66 1.25 2.55
6 268 4 3466.14 1.25 2.55
7 276.2 3666.54 1.25 2.55
g 283.3 3642 .5 1.28 2.55
9 285 .3 3638.3 1.25 2.55
PWV 2896.3 3800 .34 1.25 2568

Step 5 Calculating the MOI match

Previous Next

1) Launch the MOI matching by length module.
2) Enter the set name and description.
3) Enter the Headless club MOI, Raw shaft length, Tip section length and weight.

® 2006 ... Your company
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4) Enter the favorite club MOL.
5) Enter the data gathered for the untrimmed clubs, making sure not to mistype the
values to be entered.

6) Click Calculate. The following operations are performed

* The MOI adjustments required for each club in the set are calculated first.

* The trim adjustment for each club in the set to achieve and MOI match by length
* The Projected club length once the shafts are trimmed to spec for the MOI match.
* The percentage MOI error that will result in the match.

* The butt trim once tip trimming is performed.

Asserrbled Club MO I MOI Matching by Length 1 Component MOI Matching
Ithb L “Headless Club MOl - ==
Headless Shalt
e Headlat [7ies Ponty [03
i Tip
Whgh: P2 Length [
. F it e e
Sotfowsi[s =] favorite [ Favorlte (205,054 Pt | Optinizo | Colcutate |
Cub | CubMOl | HSD wrs | et | i e =
Mo | [haem2 | (nch) | finch) | jgim| fchi
= 2 393 1% 255 M0
2[5 371 128 285 25470
3| s 3266 125 285 26000
e 7 614 15 285 26840
5| ® #5125 255 27620 00 [
6| 9 BR50  15 255 28330 L 270as
7 | Pw 33830 125 255 28560 : 23007
8 | sw 30034 15 285 29690 4. 50[ e
v
| o]

Percentage error Explanations:

The software iterated the shaft length and calculated the moi for shaft length and
compared it with the desired MOI value. When the MOI of the favorite club and the clubs
to be build match to an acceptable accuracy, the amount of trim is then shown with the
moi and percent accuracy between the calculated moi and the desired moi for each club.
If the clubs are trimmed to the value shown, the resulting moi will be very close to that
shown. You may trim at either end of the shaft but the total trim must equal the
calculated value.

Please note:

As far as MOl matching by length is concerned, butt and tip trim are
interchangeable with no particular side effect. One has to remember that the MOI
calculations in this instance rely on two key variables which are:

A) The club head weight
B) The club length which is the radius of gyration from the butt end of the shaft to
the club head CG.

When we cut the small tip section of the shaft, measured its length and weight, the
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2.3.7

information is used to determine the MOI change due to the loss of material from
that end. Weight losses due to butt trimming's only effect on the club MOl is to
reduce the radius of gyration, noting that the fulcrum / pivot point is at the butt end
of the shaft. The length variation throughout the set is what sets the MOI match,
keeping in mind that we started the matching process using identical shafts and
grips.

For the sake of consistency, the shaft should always be trimmed at the tip as
directed by the manufacturer to achieve the desired flex characteristics and then
trimmed to length at the butt to achieve the MOl match.

Step 6 Length Optimization

Previous Next

The club length displayed, assumes that the the shafts will be trimmed as indicated by
the software. The club length is derived by subtracting the amount of shaft to be trimmed,
the shafting depth (HID) , the Hosel to Sole measurement (HTS) and the headless club
length.

More often then not, the amount to be trimmed off the shaft for an MOl match by length,
will not provide the incremental progressions golfers are used to.Thus a clubmaker may
wish to adjust the length to provide a relatively smooth transition from club to club, but
also to simplify the trimming process. Thus for practical purposes a clubmaker may elect
to round up or down the values to the nearest fraction they can reliably achieve. Once
the trim is adjusted, the software re-calculates the club length and the MOI and the
percentage error that will result for that trim.

Adjusting shaft trim

1) Click the calculate button to refresh the data grid.

2) Round the trim value for each club as desired. This is done by editing the values in the
data grid directly.

3) When done click "Optimize". The MOI of each club, club length and percentage errors
are automatically re-computed. -

4) You may wish at this stage to re-adjust again the amount to be trimmed off the shaft to
reduce the percentage error to an acceptable level.

Club Club MPI I_-lSD HTS \‘L—I:-;ﬂt Tip Trim Ad'!duatr d La:?_th Enors
No. (kg-cm™2) [inch) l[ﬂﬁh] (aram) (inch) lkg-cm“Z] {inch) (%)

1 4 322037 125 255 247.30 : Y046 '

2| 5 337010 125 255 25470 ; 2104105

3| s 337266 125 255  260.00 2yogia]_rog]

4| 7 | MEEN4 125 255 26840 270427

5 | 8 365659 125 256  276.20 i J70A6G

6 | 9 364250 125 255 28330 ?

7 | PW 3638300  1.25| 255 2085.60

g | sw 380036 125 255  296.90)
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2.3.8

2.3.9

Step 7 Validating the MOI match

Previous Next

To aid in the evaluation of the accuracy of measurements, a menu item called Plot Check
has been added and which purpose is to show the measured data graphically. The club
MOI, Club total weight and balance point increment between clubs should approximate a
straight line. Club makers should be suspicious of points clearly outside the lines, and the
measurments for the invalid points should be repeated.

If you wish to spend the extra time at it, cut the shafts to the desired trim and permanently
install the grips. Temporarily install the heads on the correct trimmed shaft. Measure the
period, club weight and balance point for each and enter the data in a new file, to check
the results. You can easily correct some errors through the addition of headweight to the
club.

You are now ready to use the software. After a couple of tries, you will be proficient
enough to build clubs to an MOI match.

Important notes

Previous Top

Note 1

When working in the MOl matching by length module, the club head weights are
used for calculating the MOI adjustments needed for an MOI match in with respect
to the measured MOI of the headless club and the MOI of the clubs in the un-
trimmed state.

Thus If the club head weights are changed, the MOl of the untrimmed clubs has to
be re-measured to take account of the weight added and the new MOi values
entered in the software so that the length adjustments can be re-computed.

Note 2

For the sake of consistency, the shaft should always be tip trimmed as directed by
the manufacturer to achieve the desired flex characteristics and then butt trimmed
to length to achieve the MOI match. If the MOI matching by length prove to be
unworkable after the clubs have been dry fitted, the clubs can always be butt
trimmed again to produce clubs with an incremental trim and the MOl match
achieved through weight adjustment instead.

Note 3

As far as MOI matching by length is concerned, butt and tip trim are
interchangeable with no particular side effect. One has to remember that the MOI
calculations in this instance rely on two key variables which are:

A) The club head weight
B) The club length which is the radius of gyration from the butt end of the shaft to
the club head CG.

When we cut the small tip section of the shaft, measured its length and weight, the
information is used to determine the MOI change due to the loss of material from
that end. Weight losses due to butt trimming's only effect on the club MOl is to
reduce the radius of gyration, noting that the fulcrum / pivot point is at the butt end
of the shaft. The length variation throughout the set is what sets the MOI match,
keeping in mind that we started the matching process using identical shafts and
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grips.

Reference

Previous  Top  Next
There are a number of reference materials provided to simplify your
MOI matching, some of which are listed in this section.

Frequently Asked Questions

Assembled Clubs and Component MOI Matching Example
Listed Component MOI Matching Example

Period Counter Setup and Use

Golf Club Length definition

Golf Club Balance Point definition

HTS, HSD, and HBD head measurement definitions
Measurements needed for adding head weight

MOI Worksheets

Fraction to Decimal conversions
Millimeters to/from Inches conversions
Club Locations where mass can be added

Frequently Asked Questions
Previous  Next

The following are some of the more frequently asked questions that arise when
MOI matching clubs. MOI matching is an emerging clubmaker's tool that has the
potential to solve a lot of problems encoutered when fitting golfers of all abilities.
The Dynamics of MOI chart provided in this manual, should be a good stating
point to learn more about the mechanics involved.

Does MOI matching change the fitting process for the golfer?

Are there any golfer observations that would valuable in MOI fitting?

What will a golfer notice when switching from swingweighted to MOI matched club

s?

Is there any aspect of the performance of the shafts that is changed by MQOI matchi

ng?
How is the right MOI determined for each golfer?

Which club should be used for the "favorite club"?

I'm building a set from listed components, what should | do if the golfer has no "“fa

24

vorite club"?

Will woods and irons all be built to have the same single MOI?

If | take a set of MOI matched clubs and then measure each club on a swingweight

scale, what will | see?
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What about the wedges — should they be built to have the same MOI as all of the re
st of the irons?

How about the putter — should it be MOl matched?

How closely matched does an MOI-matched set of clubs need to be?

Can | still use my swingweight scale?

When building from components how do you handle headweight differences?

When using the Period Counter, how precise do the measurements need to be?

If | change a club's length to achieve a desired MOI will it have an effect on the club's di
stance?

Can | MOI match a club with an Iron head and Woaod shaft?

If | change a club's lie angle will it have an effect on its MOI?

How does MOI affect building to a butt frequency progression of the shafts?

Q: Does MOI matching change the fitting process for the golfer?

A: Not to any significant degree. MOI matching is a replacement for swingweight
matching in the fitting process. Clubmakers will fit golfers for the best clubhead, shaft,
grip, and length based upon their normal fitting procedures. Once these are determined
then MOI matching is used to guide the clubmaker on how the clubs will be assembled
with regard to final headweight, and in some cases, final length adjustments.

Q: Are there any golfer observations that would valuable in MOI fitting?
A: The following are typical tendencies that may be of help in fine tuning a golfer's MOI
match:
-Slower and smoother swingers like an MOI on the lower side of the spectrum.
‘Faster and more aggressive hitters like an MOI on the higher side of the spectrum.
If the MOl is too high for a golfer, it usually will cause an early release of the wrist-cock
on the downswing.
JIf the MOl is too low, and the golfer doesn't feel the proper "resistance”, it can resultin a
faster tempo and more off-center hits.

Q: What will a golfer notice when switching from swingweighted to MOI matched
clubs?

A: No BS, we have vet to hear from a clubmaker using the MOI system who reported
that a golfer for whom MOI matching was performed did not notice a difference in the
swing feel of all of the clubs in the set, and an increase in the percentage of solid, on-
center hits with the clubs. If the golfer "waggles" each MOl matched club, they may think
that they detect a little different head feel. But as soon as the clubs are swung full, the
golfers all report that they can close their eyes, switch clubs in the set, and not really
detect any difference in the total swing feel of the clubs from each other.

Q: s there any aspect of the performance of the shafts thatis changed by MOI
matching?

A: Very Rarely, if ever. The selection of the shaft is made on the basis of the same
fitting procedures the clubmaker is comfortable with using. However, it is very likely that
because of the final head weighting requirements of the MOI Match, the frequency

progression of the shafts will be different than it would be if the clubs were only
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swingweight matched. Normally, if the progression in butt frequency was 4cpm between
clubs in a swingweight matched set, the progression will change in some cases, but only
because of the headweight changes in the MOI set, and NOT because of any change in
trimming of the shafts. In all of our testing, and in the reports of actual MOI fittings that
clubmakers are performing, we have yet to hear of one case in which the golfer required
an adjustment in the tip trimming to offset the progression of frequency from shaft to
shaft within the set. In short, MOl matching will not affect the golfer's perception of the
shaft fitting.

Q: How is the right MOI determined for each golfer?

A: Virtually all golfers who play regularly have noticed they have a “favorite club” or clubs
within their current or previous set of clubs. They have confidence in hitting these clubs
more consistently on-center and solid than other clubs in their set. We believes that the
reason for this is that these clubs' MOI happens to match the strength, tempo, and swing
mechanics of the golfer noticeably better than their other clubs. Therefore, the concept of
MOI Matching is based initially on asking the golfer to bring forth their “favorite clubs" to
be MOI measured and thus form the guide to which the MOI of all other clubs will be built.
However, if a golfer does not have a favorite club they can still be correctly fitted,

see below.

Q: Which club should be used for the "favorite club"?
A: As shorter clubs are by nature easier to hit, the longest club the golfer can reliably hit
should be used. This will help avoid possible assembly problems, while at the same time
providing the golfer with a well-fitted set of clubs. In general, as MOI-matched clubs get
shorter their swingweights increase. Conversely, as the clubs get longer their
swingweights decrease. If a golfer comes in with his PW as a "favorite club"” constructing
the longer clubs in the set can become a challenge, as very light headweights may be
required to achieve the proper MOI. Experienced MOI-matching clubmakers are
learning to push the golfer past the use of short clubs as their "favorite club” and ask
them to bring in the longest club that they hit the most solid, or the longest club that they
like the most, as a way to avoid this problem.

Q: I'm building a set from listed components, what should | do if the golfer has no
"favorite club"?
A: In this case, you don't have a clue as to what MOI is good for the golfer, because you
don't have the favorite club MOI.

There are a few ways to solve this problem. The first using a test club, the second by
looking at the data from the listed component computations.

Using the first method, many clubmakers have had MOl matching success with building a
test 5 or 6 iron or a test 3 or 5 wood for the golfer. The golfer hits the test club and, using
lead tape, they find the headweight that results in the golfer experiencing the best on
center hit percentage. Once that is found, then this test club becomes the "favorite club”
and it becomes the MOI basis for the set being built.

Using the second method, enter the basic information for the set, using standard tip
trims, then calculate the "largest club" MOI and look at the data. You will see that the MOI
for each club is calculated, along with the swingweight, and the club total weight. Now you
can see what the difference is between clubs, selecting any of the criterions. If you like
the swingweight and total weight of say the 5 iron you can elect to use that club as the
reference club, since it looks like it is suitable for this particular golfer. Now you have a
favorite club and you know its MOI. So take the MOI of the 5 iron just selected and key it
into the favorite club MOI. Run the program using the MOl Speed match system and voila
you matched the other clubs in the set to the 5 iron just picked.

Q: Will woods and irons all be built to have the same single MOI?
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A: No. Testing along those lines showed that because woods and irons are so different in
their length and headweight ranges, better results were obtained by matching all woods
to a "favorite wood" MQI, and then matching all irons to a "favorite iron" MOI.

Q: Ifl take a set of MOl matched clubs and then measure each club on a
swingweight scale, what will | see?

A: Depending on the MOI of the "favorite club", the swingweight of the clubs in a set will
normally increase from the longest club in the set to the shortest. However, what the
longest club's swingweight is compared to the shortest, and what the progression in
between can be quite different, again, depending on the MOI to which the clubs in the set
are built, the lengths each club is it to the golfer, and the weight and balance point of the
shafts in the set as well.

Q: What about the wedges — should they be built to have the same MOI as all of
the rest of the irons?

A: No. Any of the wedges that are used by the golfer for less than a full swing most of
the time the wedge is used, it should not be matched to the same MOI as the rest of the
irons which are almost always used for a full swing. In general, because many golfers
do use the PW and AW (gap wedge) more for full swings than they do the SW and LW, it
is ok to make the MO of the PW and AW the same as the rest of the numbered irons.
But for the SW and LW, they are better off being built to a lower MOI than the rest of the
Irons.

Q: How about the putter — should it be MOl matched?

A: Most definitely finding the right MOI of the putter for each golfer would improve
performance on the greens. However, that is far easier said that done at this point in our
MOI research. In the woods and irons, because there are multiples of each type of club,
it is not difficult to ask a golfer to provide a present or past wood and iron that has been a
"favorite club”, to which all of the other woods, and then all of the other irons would be
MOI matched. But with the putter, it is not that practical to ask a golfer who is not putting
all that well to bring in a “favorite putter” to act as the MOI guide — logic says if the golfer
had/has a favorite putter, he would be using it at present and thus not need to change the
MOI. However, if the golfer DOES presently like the feel of their putter but was
interested in trying a different head model in a new putter, then the favorite putter should
be MOI tested to provide the MOI benchmark for building or altering the new putter so
that it had the same stroke feel the golfer likes.

Q: How closely matched does an MOI-matched set of clubs need to be?
A: Testing has shown that if all clubs are within a one percent MOI range, high to
low,that golfers will not note the difference whatsoever.

Q: Can | still use my swingweight scale?

A: Yes, because you can use it in a "more familiar” way to guide your MOI assembly.
Here's why and how - when The MOI Speed match makes its calculations it tells you
how many grams of weight to add or remove from the head of each club/clubhead to
achieve the MOl match. In the section of the MOI speed match where you can match
assembled clubs, MOI Speed Match tells you the existing swingweight of each club and it
tells you how many grams of weight to add or remove from each club to reach the target
MOI. So, in the case of a weight addition to get the MOI match, you could either just
measure the weight on your gram scale and add it, or you can look at the club's
swingweight and equate the weight to add to a new swingweight for each club, using the
2g = 1 swingweight point basis.

In the section of the MOI Speed match where you are building clubs from components,
the MOI Speed Match tells you both the gram weight to add/remove from each head in
the set, as well as tells you what the final swingweight of each club will be to achieve the
MOI match. So you could again just measure the headweight change in grams, or you
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can build the clubs to the swingweight needed to achieve the MO| match.

One additional use to verify the correctness of measurement data you've entered for an
assembled club. If you have measured everything correctly, the swingweight predicted
by MOI Speed match should be within 0.2 swingweight points of what your swingweight
scale shows.

Q: When building from components how do you handle headweight differences?
A: MOI PRO assumes that all heads exactly match their designed headweight. If you
have heads that are +/- the specification, simply subtract or add the difference to the
gram weight adjustment that is suggested for MOI matching.

Q: When using the MOI Scale, how precise do the measurements need to be?

A: MOI sensitivity is length dependent .\When measuring MOI A difference of no more
than 0.01% should be obtained within two consecutive readings. If a club measures
2,700 Kg-Cm*2 a 0.01% deviation will equate to an MOI difference of 2.7 kg/cm2 - well
within the acceptable MOI range bearing in mind that a one gram weight addition at 45
inches from the fulcrum equatee 1.44 Kg-Cm*2 and 0.44 Kg-Cm*2 at 35 inches.

Q: If | change a club's length to achieve a desired MOI will it have an effect on the
club's distance?
A: Club length changes of less than one-half inch will have virtually no effect on the club's
distance.

Q: Can | MOI match a club with an Iron head and Wood shaft?
A: Yes. You can. You only need to dry fit the shaft and head of yoru choosing, measure
the relevant parameters and perform a match.

Q: If I change a club’s lie angle will it have an effect on its MOI?
A: Yes, just like a substantial bend will alter the swingweight, so too it will alter the MOI of
the club, but it will be such a small amount that it can be ignored.

Q: How does MOI affect building to a butt frequency progression of the shafts?

A: The conventional swingweight method of assembling clubs, with each club increasing
in the butt frequency reading by the same increment, is based upon a club-to-club
change of 1/2 inch in length (irons) and a 7 gram change in headweight. This results in
an even progression of butt frequency through the set. An MOI matched set will have a
different butt frequency progression - how much different depends upon the profile of the
shaft and the MOI of the clubs. In an MOl matched set the swingweight progresses
higher for each club through the set. Thus the butt frequency progression will change as
well. However, TWGT believes that butt frequency is not as important for shaft fitting and
matching as previously thought. The shaft's "bend profile" is what is key. If you wish to
retain a consistent butt frequency progression in an MOl matched set, then gradually
increase the tip trim through the set over what is normal. However, you can still account
for a heavier or lighter headweight the same way you always have when accommodating
a higher swingweight.
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Measuring club MOI

Previous Next

o e -

Plug in the pawer supply and turn

the instrumentto ON, The Caption
@ On MO will shew on the Display.

ihen placing a dlub onthe beam it is not necessaryte
tszeure the olub with the thumb screw, 35 long asthe dub
pointstoe towards the ground and does not wobble
during an osdliation cycle.

sidestop. Release the beam and press the reset

® Resat

SRS TEFLN 0, (R (524

£

Pell alil o

Mount the club to be measured on the Auditor
MSM, and gently pull the beam until it contacts the

button
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3.3

Tranzfr the measurement tothe worksheet, and procied
with the next olub in the sat when done.

&
.@,
Please ncte:

The Auditor MSM can perform an MOI match on a 1l sat
ofolubs, one club at atime, withoutthe need br
additional hardware or software. Checlk your user manual
for details.

Golf Club Length

Previous Next

For the purpose of MOI matching the length of the golf club is measured from the
center of the golf club sole right up to the very end of the grip end cap, with the
golf club resting in the correct lie angle position. Length is measured in inches to

the nearest 1/16 inch (0.0625").
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Measuring Golf Club Balance Point

Previous Next

You will need a knife edge on which to balance the club, e.g., blunt clubmakers'
knife or length of hacksaw blade, a vise, and masking tape to perform this
measurement.

Place the knife edge in the vise, so that its top edge is approximately level and
several inches above the bench top. If using a hacksaw blade, put the plain (non
serrated) edge uppermost.

Find the approximate balance point of the club in by first balancing it on the tip of
your finger. Apply a short length of masking tape (approx 1%" - 2") at that point.
This will both protect the shaft finish (particularly in the case of graphite shafts)
and/or prevent the shaft slipping.

Carefully balance the club on the knife edge and adjust until the shaft is horizontal.
Mark the balance point of the club with a marker pen.

The balance point is measured from the end of the grip in inches. An accuracy of
1/16 inch (0.0625") is recommended.

4 A
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3.5 Measuring HTS, HSD, and HBD

Previous Next

HTS "Hosel to Sole Length " is used to determine the golf club playing length. It is
the height, in millimeters, between the club head sole and the top of the hosel
bore, measured between perpendiculars.

Measuring hosel to sole length using a dip stick ruler

HSD "Shafting Depth " This is the amount of shaft tip, in millimeters, that's
inserted inside the hosel. The insertion depth is measured with a pair of calipers or

a bore depth gauge

Measuring Shafting Depth (HSD)

® 2006 ... Your company
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3.6

3.6.1

MO Pro

HBD “"Hosel Bore Depth " This is the measurement, in millimeters, from the top of
the hosel to the bottom of the weight bore. This is measured with a pair of calipers
or a bore depth gauge

Hosel Bore Depth can also be calculated as HSD (Shafting depth) plus the weight
bore depth.

Measuring Hosel Bore Depth (HBD)

Adding Head Weight
Previous Top  Next

Headweight can be added in a number of ways, each has different measurements
that will affect the MOl computations. Each method is described as follows:

Lead tape

Weight plu

Shaft tip weight

Please Note: There are other methods of locating the weight. They are discussed
here .

Lead Tape

Previous Next

Decide where the middle of the tape will be positioned on each clubhead. Then
measure the vertical height from there to the ground line and record that
dimension in inches, to the nearest 1/16 inch (0.0625") or better.




Reference

3.6.2

3.6.3

1 — \
\ /s Ll
\ ( { Leadtape ) :

Welght position on elubhoad measured from the ground line to the
conter of the led tape

Weight Plug

Previous  Next

If you are using the clubhead weight bore to adjust the MOI headweight, calculate
the clubhead weight position as follows:

HTS (Hosel To Sole length) less the HBD (Hosel Bore Depth) plus one-half the
length of the Weight Plug

Hosel Bore Depth can also be calculated as HSD (Shafting depth) plus the weight bore
depth.

Head welght adjustment Using Welght Plugs

1-HTS - HBD + ¥ Weight Plug Length [ Walght Plug

Tip Weight
Previous  Next

If you are using shaft tip weights to adjust the MOl headweight, calculate the
clubhead weight position as follows:

34
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HTS (Hosel to Sole length) less HSD (Shafting depth) plus one-half the length of
the tip weight

Head weight adjustmentusing Tip weights

1-HTS - HSD + ¥ Tip Welght Length B shant 1ip welght

3.7 MOI Worksheets

Previous Top Next

The following worksheets are provided for recording the information needed for
various kinds of MOI matching:

Assembled Irons Worksheet

Assembled Woods Worksheet

Unlisted Component Worksheet
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3.7.1 Assembled Irons

Previous Next

Assembled Clubs MOl Worksheet Irons

Favorite club: MOI:
Club | Weight

(i'll;b ilg;‘t:rmgl Length | Position G(r:zzs

) {inch) {inch)

1

2

3

4

5

6

7

8

9

PW

SW

UwW

3.7.2 Assembled Woods

Previous Next

Assembled Clubs MOl Worksheet Woods

Favorite club: 5 MOl:
ub Weight
Club No. iIUb M,gl Length | Position Gl:ms
g-em”2| "ok | iney | &7
Driver

2

3

4

5

6

7

9

11
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3.7.3 Components

Previous Next

Components MOl Matching Worksheet |

E_ustom er name/ Set hame:

Favorite club: [[e]] Kg.cm"2

Club Balance Club
Club No, | Length Point Weight
{inch) {inch) {gram)

Bore 12tp | Weight
iHTSInch depth | welght | Position

inch length finch)

Club MOI
(kg-cm*2)

3.7.4 By Length

Previous

MOI Matching By Length Worksheet
Customer name /Set Description

Favorite club MOl Kg.Cm*2
Shaft and Grip Description
P pt Raw | CutTip |Section| . . ..
Shaft Section | Weight Club MOI
Length | Length | (grams)
Head
Club MOI with
Club No. | Weight | TipTrim [ (o0 00 o “':'31) HTS (inch)
(grams)
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Mass Location
Top  Next

When adjusting of a set of clubs for an MOI match it may be more convenient to
add weight instead of adjusting the playing length of the club. When additional

mass has to be added, it is important that location of the additional mass be taken . .

into account within the MOI calculations.

The additional weight is usually best added just behind the CG of the golf club
(M1) or in the hosel weight bore (M2 ). If this is not possible the additional weight
can be added externally to the shaft (M3 ). In all instances the mass location is
measured from the clubhead sole (origin) and cannot extend more than 20" inches
above the club head and preferably below the balance point (Bp) of the golf club,
otherwise the additional weight becomes ineffective.

Please Note: The default weight location is always assumed to be the bottom of
the club head sole (0) unless otherwise specified.

X =8
\

Measurement Convertion

Millimeter-Inch Conversion
Top  Next

Club and clubhead measurements are often expressed in a combination of
millimeters and inches. At times, itis necessary to convert from one measurement
from another when using MOI PRO. The following formulas will assist you.

Millimeters to Inches
Take the number of millimeters and divide by 25.4.

@ 2006 ... Your company




39

MOl Pro

4.2

Example: 40 millimeters is approximately 1.6 inches, calculated as 40 / 25.4 = 1.575

inches

Inches to Millimeters
Take the number of inches and multiply by 25.4.

Example: 2 inches is approximately 51 millimeters, calculated as 2 * 25.4 = 50.8
millimeters

Inch Fractions To Decimals

Previous Next
Millimeters | Fractions | Inches Millimeters| Fractions | Inches
0.397 1/64 0.01563 13,097 33/64 0.51563
0.794 1/32 0.03125 13.494 17/32 0.53125
1.191 3/64 0.04688 13.891 35/64 0.54688
1.588 1/16 0.0625 14,288 9/16 0.5625
1.984 5/64 0.07813 14.684 37/64 0.57813
2.381 3/32 0.09375 15.081 19/32 0.59375
2.778 7/64 0.10938 15.478 39/64 0.60938
3.175 1/8 0.125 15.875 5/8 0.625
3.572 9/64 0.14063 16.272 41/64 0.64063
3.969 5/32 0.15625 16.669 21/32 0.65625
4.366 11/64 0.17188 17.066 43/64 0.67188
4.762 3/16 0.1875 17.462 11/16 0.6875
5.159 13/64 0.20313 17.859 45/64 0.70313
5.556 7/32 0.21875 18,256 23/32 0.71875
5.953| 15/64 0.23438 18.653| -47/64 0.73438
6.35 1/4 0.25 19.05] 3/4 0.75
6.747 17/64 0.26563 19.447] 49/64 0.76563
7.144 9/32 0.28125 19.844 25/32 0.78125
7.541 19/64 0.29688 20,241 51/64 0.79688
7.938 5/16 0.3125 20.638 13/16 _ 0.8125
8.334| 21/64 0.32813 21.034 53/64 0.82813
8731 11/32 | 0.34375 21,431 27/32 0.84375
.9.,128| 23/64 | 0.35938 21.828 55/64 0.85938
= 9,525 3/8 0.375 22,225 7/8 0.875
19.922|  25/64 0.39063 22.622 57/64 0.89063
> 10.319 13/32 | 0.40625| | 23.019 29/32 0.90625
10.716| 27/64 0.42188 23.416 59/64 0,92188
11.112 7/16 0.4375 23.812 15/16 0.9375
11.509| 29/64 0.45313 24.209 61/64 0.95313
11.906] 15/32 0.46875 24.606 31/32 0.96875
12.303| 31/64 0.48438 25.003] 63/64 0.98438
12.7 1/2 0.5 25.4 1. i
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5 MOI Speed Match Software
Top  Next

1) To access the MO!I Speed Match modules, launch the program from your window
task bar,

i N peneoe

“Eﬂ Fowt Yoxa 1

B | s o1 e

ol cemcrn tioers

f‘jj St $recg e ared Comf s

SR .
L T
QR ST * i et
4 Quraber Hobin LRRTRE =22
24 vl b st 3 » L o il bert
+ [5 mosit bt
(4 Bt Brbiret St

= Jicnaseh Offce
3

2) Click on the Splash Screen to begin.

¥ MOI Speed Match System

Product ID:300230

UDITOR

Precision Galf instruments

hitpiwwnw.golfmechanix.com
Copyright 2005. Technorama Co., Lid.

51 File Menue

Previous Next

The File menue for the MOl Speed match is common to all three modules, each
having its own file structure. Thus it is not possible to open a file unless the file
extension matches that of the module from which it orginated. Howver, for ease of
convenience all three modules can be opened at once but only the active module
can be viewed. This makes it easy to toggle back and forth hetween modules
should the need arise.
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b |

New:

Start a new file for the active module. The software will issue a prompt that it is
about to start a new file. Save your work before hand or the active file will not be

saved.

Irh' Help

% led Clubs 1 MOI Malching by Lenghh |

Sava Fila
Prink Preview
Exit

Open File: ;
Opens an MOi speed match file located on your drive or directory.

Hoen EREEE . 21
Look i [ 53 MOISpeedMatch ~| « & e

|j Source
(s8] MOIS1.cm1

File name; | ‘ Open l
Files of ype: |Mass Adjustment Datas{*.cm1) -l Cancel |

[~ Open as read-only

Save File:
Save a new work file your drive or directory. Type in a relevant file name and click

save.
You can save your work to a different directory by clicking on the file tab.
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i it 2 y Lﬂ!l

Savein: | (3 MOISpeediatch ~| = @ ok @

[:' Source

MOIS1.cmi
| Filename:  [MOIS1.cm1 ‘ Save

Save as lype: |Mass Adjustment Datas(*.crl) > Cancel |
Save as:
Save the current file under a new name to a drive or directory.

21|

Save in:lﬁMmSPﬂﬂdMﬂlﬂh ':' = @ ck -
Source
[ MOIS1..cm1

File name: ~ [MOIS1.cm! ‘ Save I
Save as type: Iﬁass Adustment Datas(*.cm1) |_:| Cancel |

Plot:
Launches the graphic representation of the data used for the MOl match
Click on the appropriate button to display the values on screen.
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h“mmg Chb MOl | ClubLength | Weight Paint | [ Gram /- |‘ Closi i |

Print Preview
Launches the print preview mode for the current file. You may select the various
controls, to view, zoom and print your file

a 2em | & P | (7 Sewo Poge1d1 1 tiee |
Assembled Clubs

Chab Sat:

Deseription:

Favoile MOI: 75742

Club He, | ClukMOIGgem™2) | Ciak Laspth (ineh) Waigh! Point [asa) Gramarl)

1 3 215454 ¥ 26 (T3 RE
T r 37350 Wi 0.00) 018
3 ] 273010 2 0.00) 550
4 L] 271039 nrs 0.00] <304
5 7 207183 LT 0.00 [E
) (] 207024 w70 00 01
7 ] 200269 300 000 281

5.2 Assembled Clubs Module

Previous Next

The assembled club module is primarily used for MOl matching already assembled
clubs through weight adjustment only.

The data entry requirements have been kept as simple as possible to speed up the
matching process .




MOI Speed Match Soft_wa_rgL a4 ‘

Assembled Clubs 1 101 Matching by Length | Component MOI Matching

Club Sat: Iu-n Sel

Description: [
Set Hnm:I? "I Favorite Club: | Favorite Club MOI: |2$?4.‘.?B Calculate I
ChoMOI | Club | Weight P el |

| O [ gen'd)| Lengh |Partlinc| O ) ; ' il
1 3 2754 59 0.00] 813 o
2 4 N(T BT 6

BaE| B 273018 3825

o ] - 27038 75

5 7 %7155 3725

[ 8 %7658 3675

7| 3 maes  ®00

J L

Club Set:
This is a brief description for the set to be analyzed for an MOi match.

Description:
A detailed description of the club set along with additional details that may be
usefull to the clubmaker.

Set Rows:
Activates the data entry grid and the number of rows needed is set from the tab.
The number of row is limited to 12 clubs maximum.

Favorite club:
The club to which all other clubs will be matched against. While not necessary the
entry is usefull for identifying the club.

Favorite club MOI:

This is the MOI of the favorite club. This value must be determined in advance
using teh MOI measuring scale. The value must be in Kg-Cm"2 and must be
entered into the text box as measured.

Plot:
Allows a visual representation of the data enetred into the worksheet.

Calculate
Instructs the MOI Speed Match to compute the results. The computations have to
be performed each time the data in the worksheet is changed.

Club No:
This can be an alpha numeric entry that refers to the club to which the data
pertains.
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Club MOI Kg-Cm*"2:
This is the MOI of the club as measured on the MOI scale. The value must be
entered as measured.

Club Length:
The club length measured in Inches. Show Ne

Weight Port:
This is where additional weights can be added to the assembled clubs. Show Me

Grams (+/-):

The amount of weight that needs to be added or subtracted at the weight port to
achieve an MOI match.

Please note that if the weight port value is 0, The MOi speed match will assume
that weight has to be removed from the bottom of the club head sole.

5.3 MOI Matching By Length Module

Previous  Next

The MOI Matching By Length Module is used when an MOI adjustment by weight is
not desirable. A combination of both length and weight adjustments can be
performed simultaneously for an MOI match as long as the MOI of the club that
needs tuning is re-measured between weight adjustments and the value entered
into the worksheet, since any weight addition to the club heads will affect the MOI
of the club.

Please note: The MOI of the clubs that will be length adjusted is based on dry
fitting an untrimmed shaft to each clubhead in the set and using the same grip.

Show Me
Assembled Club MOI | MOI Matching by Length 1 Compenent MOI Matching
Im"b Set: -Hoadless Club MOl —— —
Hoadless (137186 Phalt 4025
Description: Club MOI: ji3z.108 hnalhl
1i
L 20 LR 5
4 Favorite Favaiite = . i e
SetRows:[5  v] Fovorte [ Favaite  [zros06e Plot | Optinize | Calcutato |
Cub | CubMal | HSD | HTS | (S | T 2
Mo' | lhoend) | och) | fosk) | (R | e
P | %237 1.5 285 24730 100
2 [ % M2 125 285 26470 1.50)
3| s w266 125 285 26000 200]
4| 7 | meswu 125 255 26840 250
i FE6SI 125 255 27620 i
5| 3 BRSO 125 255 28330
7| Pw %3180 125 255 28560
8| Sw | W03 125 285 2830 4K
4 1+
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Plot
Plots grphically the MOI variables for the MOI matching by Length

Optimize Show me
Unlocks the Length (+/-) column to allow manual corrections to the shaft trim for
an acceptable club length increment.

Headless Club MOI Show me
The MOI of a headless club. This is the raw uncut shaft with a grip installed. The MOl is
measured on teh MOI scale and the value entered as is in the relevant data entry box.

Shaft Length:
The length of the shaft untrimmed and which will be used for the set to be built. The raw
shaft length must be in Inches.

Tip Weight: Show me
The weight of a tip section cut from one of the shafts to be used for the club set to be
built. Weight is in grams.

Tip Length:
The length of the cut tip section in inches. Show me

Club MOI Kg-Cm*2:
The measured MOI for the untrimmed clubs. Show me

HSD:
Shaft insertion depth allias Hosel shafting depth. Show me

HTS:
Hosel to sole length allias club height. Show me

Tip Trim:

The amount of shaft tip to be removed incrementally for each club head in the set for the
shaft to achieve its desired playing characteristics. If Tip trim is left blank or Zero the
program will assume that the shafts are to be butt timmed to length.

Adjusted MOI:

The Calculated MOI for each club in the set assuming that the shafts will be cut as
instructed by the software. The projected MOi after trimming to length is used to
determine the percentage error that will result from the trim.

Length (+/-) Show me
The calculated shaft trim that needs cutting to achive the MOl matching by length.

Once the calculations are performed, the values can be adjusted manually before
optimization. To adjusted the calculated values, simply clik in the cell of interest
and change the trim as desired. If the Tip trim value is entered into the worksheet,
the clubs will be trimmed to length at the butt.

% Error Show me

The software iterated the shaft length and calculated the moi for shaft length and
compared it with the desired MOI value. When the MOI of the favorite club and the clubs
to be build match to an acceptable accuracy, the amount of trim is then shown with the
moi and percent accuracy between the calculated moi and the desired moi for each club.
If the clubs are trimmed to the value shown, the resulting moi will be very close to that
shown. You may trim at either end of the shaft but the total trim must equal the
calculated value.

© 2006 ... Your company



47 MOI Pro

Club Length Show me
The final club length once butt trim and tip trim are accounted for with respect to the HTS
and HSD.

Butt Trim

The amount of trimming required from the butt end of the shaft, needed to achieve the
MOI match once tip trimming has been accounted for. If the Tip trim equals zero, the buit
trim and the Length (+/~) will be the same.

Component MOI Matching

Previous Next

The Component MOI matching module provides an extensive analysis for club
sets to be assembled for an MOl match by weight using the dry fit assembly
technic. The module can also be used with assembled clubs provide additional
information for the balance point and club total weight are entered into the
module.

Very Important!
The swing weight and the COP for the set are calculated for the actual clubs

and not the MOl matched clubs.

If you wish to find out what the projected swing weight and COP is going to be
you need to take a new set of measurement once the clubs are assembled and
the data entered back into the program as a separate file.

Astambled Club MOI T 1401 Matching by Length T Component MOl Matching
Club Set:

I

Description:

Set Rows: |6 vl Favaiite Club: |5 Favaiite Club MOI: |2531.13 Plot I | Calculate l

Cub | Balance | Cwb | &
ChbNo. | Lengh | Pt | Weigh C’-{"'“%
o) | o) | e | boe
1 3 38 393 38080 2557.9400)
2| 4 3700, 2381 3560 25539300
gl & ®e0 2243 3me0] 26191300
[ 6 %00 2331 3/6ED 25255400
5 7 IS0 2300 W00 24956100
ReR 8 | 300 883 39430 20426500
4 [» [
Club Length:

The club length measured in Inches. Show Me

Club MOI Kg-Cm*2:
This is the MOI of the club as measured on the MOI scale.
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Club Weight
The total weight of the club in grams.

Weight Port:
This is where additional weights can be added to the assembled clubs. Show Me

Grams (+/-):

The amount of weight that needs to be added or subtracted at the weight port to achieve
an MOI match.

Please note that if the weight port value is 0, The MOi speed match will assume that
weight has to be removed from the bottom of the club head sole.

Swing Weight

The swing weight of the clubs based on the balance point and total weight entries
made into the worksheet. The swing weight is based on the 14" fulcrum scale. The
swing weight is calculated for reference purposes only and has no bearing on the
MOI match.

COP Sole End

This measurement refers to the center of percussion on the golf club. The lower
the COP the more solid the impact with the ball and greater is the energy transfer.
The dimension is given in inches with the base line at the bottom of the clubhead
sole. Show me

Export Copy & Paste
Previous Top Next

The MOI speed match system is compatible with Microsft excel spread sheet and data can
be transfered both ways via the clip board.

Exporting data to MS Excell

1) Select the data grid or portion of interest using the mouse Click & drag function.

2) From the Key board press Ctrl +C to copy the data to the clipboard

3) Start MS excell

4) Locate mouse cursor where you want the data pasted. From the Key board press CTRL+V

Exchanging data within the MOI Speed match system modules.
The procedure is identical. Use the CTRL+C to copy and CTRL+V lo paste.

Installation

Insert the program CD into your
computer CD loading tray. After few
seconds, the program auto run
installation feature will take you
through the rest of the installation
process.

If the auto run feature fails to load:
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From the Window desktop menu bar
click run.

g
-l

ﬂl b Y P
‘ g (P b d
Q‘a:-j (I

o BANRHALRIR O SHD D=0 v B | osns o gete |
Navigate to your CD drive and select

setup program icon. Click open. Follow
the installation procedure on Screen.

6.1 Registration

Enter topic text here.

@ 2006 ... Your company



d02
J8Mo]

sea16 1oy

paads ” 10y
lieg [BA0UD

+

0] sajesuelL

01 WDedses
Yum LDNRIBRITE
sazuixey oW Suenuo?

spuadap |20 S12WNIN U YDIymM
uo siopoe) fopalen pedw) 1so4

saqeuea
uoneziundo [eafuU) WoN

saoueyul

Jgjsuen Abuaug
- G

ul paienbg
S14OIUM (" wbueq
10} ¢ . #a\
pezIIXE Sl
AW=ION 01 Joadsal upm
10 Jojoej solew g s)
DRZIIXEW
Jo Bojeuy 0] 1oadsal yum
|euoneol + Jojoey sofew e S|
Ciow =1 sy si 01 1Padsas UM < TBRM
. 10)98) B 10U Sj V[@\
=I=2UM

. o wbem

o@D @ D
o1 sppY

pessaudxe 5| ﬁ %g/_

au) 8)esa)8adYy panu
ol sey

C} sppy

papma

s ey
4q paiduini e e
URUAA YIUAN

wbem

|[eob sa|qeuen indul uo puadap
uoneziwndo 1Byl 10308} [euanbasuod

Burziugdo paau 1B eziwndo 0}
S9|qELIBA S|EUCHIE PUE [EDRUD 1NJILID 34T 1L SiSlBwWeIed

«IOW,: VILY3NI 40 LNJWOW an1d 47109




UDITOR

Mol SPEED MATCH

GOLF CLUB MOMENT OF INERTIA MEASURING
INSTRUMENT & MOI MATCHING SYSTEM

OPERATION MANUAL
070200

Technorama Co.Ltd 781, Fong Lin Road Sec 4, Ta-liao, Kaohsiung Taiwan R.0.C
Tel:886 7643 6516 Fax: 886 7643 6528 E-mail: Sales@Golfmechanix.com
Http: //www. golfmechanix.com



/\UDITOR MSM

PART-1 SETUP AND INSTALLATION

/AUDITOR® Y 1'm,

Inch  Gram Kg-Cm’ Lb-In" Slug-Fr'
On Zero Reset Mode off

KEYBOARD FUNCTIONS

ZERO Tares the display back to zero, This subtract
ohe measurement from another to produce a
net inertia measurement. Such as a gripped
versus a grip-less MOl measurement.

RESET Clears the current measurement and starts
the next measurement cycle.

MODE Unit selector and converter

(¥*) Changes selected value incrementally, Used
to input calibration values, club weight and
balance point when in Moi matching mode

— Move and select on digit at a time from left to
right.

Set  Save input values to memory.

g~ Unit and Function indicator

Specifications

Max weight load 750 grams
Maximum moment load Factor* 6
Maximum radius of gyration** 40 inches

Minimum radius of gyration** 25 Inches

Resolution 1/1000

Maximum measurable MOI 5000 Kg.Cm®
Minimum measurable MOI*** 0.005% TI*
Accuracy +/-0.5%
Operating Temperature range -20~60 C°
AC/DC adapter 9V 500Ma

*Club balance point divided by the club total
weight.( Inches and ounces or grams and mm)

** Club balance point must be between 40 and 25
inches measured from the end of the grip cap.

*** glven as a percentage of the tare inertia of the
system

s ® =P se ¥

First time operation:

Upon unpacking the Auditor MOI Speed Match its
box, it is preferable not to operate the machine
straight away.

1) The machine should be installed first on a wobble
free, flat and level surface. The machine should be
placed away from ventilation vents, direct exposure to
sun light and other sources of heat and draft.

2) Even though the Auditor CGM is EMI shielded, the
machine should be placed away from potential
sources of electromagnetic interference such as
bench grinders, micro wave ovens etc...

3) Level the machine as accurately as possible using
the built in bubble level or a carpenter spirit level for
greater accuracy. If the Auditor MOI Speed match is
not properly leveled, inertia measurements will be
inaccurate and the message bad run “B Run” will be
shown on the display.

4) The Auditor MOI Speed Match is a spring Damped
instrument and the accuracy depends very much on
the spring linearity. To prevent damaging the damping
spring the following precautions should be taken:

* Do Not overload the beam by placing on it other
then conventional golf clubs of standard weight and
length not exceeding 48 inches.

* Do not override the side stops that restrict the beam
amplitude. Greater Angles will merely stress the
spring and result in premature failure.

* When loading a club in the measuring fixture avoid
excesslive force to prevent twisting the beam.

5) An MOI calibration stick is provided with the
machine to ensure the instrument is functioning
correctly.

* Do not disassemble the calibration stick end weight
* Always tighten the two rods correctly to maintain the
correct length for the stick.

*Do not drop the calibration stick. If the end weight is
marred, the MOI callbration value will be affected as a
result of the change in geometry of the end weight.

* Do not bend the calibration stick and Store properly.

* Do not use the calibration stick for calibrating
frequency analyzers, swing weight scales or similar
devices.

Calibration stick
Individually calibrated. Refer to value on stick
before calibrating the Auditor MSM,
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PART-2 INSTRUMENT & CALIBRATION CHECK

the longer clubs.

Augiree
. e
'2,;—,“‘ e e vt NZ!
Locate the Auditor MSM on a work surface near the Mot Plug in the power supply and turn
edge to facllitate the mounting and un-mounting of the instrument to ON. The Caption
golf clubs. Enough clearance should be provided for @® ON MOI will show on the Display.

Level the Auditor MSM as accurately as possible
using the built in bubble level. Leveling the
instrument is done by dialing the leveling feet.

Assemble the calibration stick and tighten the two
rod sections together. The Calibration value is
inscribed on It for easy reference,

To improve the instrument accuracy, the use of a
precision spirit level Is recommended. Leveling
must be carried out. Along the bean and across.

o @® Reset
-
AALIDITER
"‘__’_‘.“______,_.-.—_"'|
—_— - — _'"_H—-'-.--#

Mount the calibration stick on the Auditor MSM, and
gently pull the beam until it contacts the side stop.
Release the beam and press the reset button
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PART-2.1 INSTRUMENT & CALIBRATION CHECK

@ Reset

\—__. rl ' ‘;.-:-.ml"-
A —':-—-_'-T'—ﬂ&,

The Calibration stick will oscillate gently for few seconds
before the measured MOI value is displayed. Note the
value mentally and press the reset button again to take a
second and a third reading.

The MOI measurament is in Kg.Cm*2 by default. To
convert to Lb.In*2 press MODE to toggle between the two
sets of units. Slug.Ft*2 is not an available option on this
instrument.

Example

1) Mount the calibration stick on the instrument and
initiate the count cycle.

| RESET| | 25800 |

| RESET| | 25805 |
| RESET| | 25815 |

The difference between the three consecutive readings
Maxima and minima is less then 0.05% of the calibration
value. When all three readings are within 1% of the
calibration value the instrument is setup correctly and
does not require calibration.

Important Note:

The oscillations imparted to the beam decays over time
due to gravity and air friction. This introduces small
errors into the measured inertia values. A maximum of
three counts taken at the beginning of the cycle and at
short interval are sufficient.

W

AAdmvEeer s,

L !

When placing a club on the beam it is not necessary to
tsecure the club with the thumb screw, as long as the club
points toe towards the ground and does not wobble
during an oscillation cycle,

POSITIONING THE GOLF CLUB
For those club-makers familiar with

MOI measurements using the

pendulum method, the golf club

lays on a plane controlled by

The club head center of gravity.
This in fact shortens the effective
pendulum length which is not taken
into account when calculating the
inertia of the golf club using the
standard pendulum equation, since
the balance point of the club is
measured parallel to the shaft
centerline and not parallel to the
pendulum plane. — 5

This small error in the effective
pendulum length results in an MOI
slightly larger then the frue MOI. The
effective pendulum length and
experimental errors can add up to
2~3% of the effective MOI.

When measuring the MOI of a golf
club using the direct method using
the Auditor MSM, the golf club lies
parallel to the principal inertia axis,
with the club head balance point
parallel to it. This fact must be taken
into account when comparing MOI
results gathered using the two
methods.

It must be noted that when
measuring the MOI using the direct
method on the Auditor MSM, the
reduction in golf club length due to
shaft bending under load will also
result in small experimental
arrors,

Pendulum Parallel
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PART-3 COMPARING THE MOI OF 2 CLUBS

1 3 b
o . et m‘,
‘ r--'] ﬂ.lmw‘\
ﬁ (?; EECEITGORTESR

Mount the first club on the beam and take an MOI
reading. Press ZERO to clear the display and remove the
club. Mount the 2nd club on the instrument and take a
measurement. The reading is the MOI difference.

Example

1) Mount the 1st club on the instrument and initiate the
count cycle,

[ RESET| | 23008 | | ZERO |

2) Remove the 1st club and mount the 2nd club on the
instrument and initiate the count cycle.

| RESET| | 0056.0]
The MOI difference between the two clubs

3) To analyze more clubs repeat step 2.
4) To exit the ZERO mode simply turn the instrument
to off then back to on again.

[ oFfr|[ oN| moi | [ RESET|| 00000 |

Mount the second club and take a measurement. The
MOI difference between the 1st club and the 2nd club
is shown. If the MOI of the 2nd club is larger, the MOI
difference is positive, If smaller the difference is
negative.

| ERR DU |

This error message is displayed when the instrument
cannot compute the MOI difference between two
clubs when:

1) The MOI difference between the two clubs is very
small and thus exceeds the resolution of the
instrument

2) The MOI value of one of the clubs that is being
compared is very close or equal to the calibration
MOI, which is equal the value of the calibration stick
provided with the instrument.

It must be noted that the tare value MOI (ZERO)
cannot equal the calibration MOI. This causes a
divide by zero error and the solution cannot be
resolved. When the error occurs the instrument
must be re-started. To clear the tare value.

PART-3.1 MOl MATCHING OF A SET OF CLUBS
Step-1

[ MODE | | On | | M0i M |

Do not release the Made button until the function is initiated
Step-2

[ mooE | [ Fma |

Step-3

Mount the favorite club on the Auditor MSM. When done
pull the beam against the side stop and release the beam
gently. Press RESET to start the count cycle.

Step-4

[ mopE | [ mai2 | [ mopE || 00000 |

Mount the club that needs MOI matching on the instrument.
And initiate a count cycle.

[ RESET| [ 0000G | | 1636.¢ | [ MODE |
[ muoc] | mopE| | 00GC |

Inch

Use the ZERO and the RESET key to enter the Distance in
inches from the grip end to where additional weight can be
added or removed from the club head. For this example
additional weight can be located 32 inches from the grip
down the shaft.

[ 3200 | [ moDE]| [ oMG |

Gram

In this example an MOI| match between the favorite club
and the club that needs matching requires that 0.40 grams
be added 32 inches from the grip end.

Step-5

To match additional clubs to the favorite club MOI

repeat step-4. If you wish to terminate the MOI matching
mode turn the instrument to OFF

PLEASE NOTE:

1) The Standard units for when in MOl matching mode are
Kg.Cm*2, Grams and inches. It is not possible to convert to
Lb.In*2 or ounces.

2) The reset key can be used any time during a measuring
cycle to Interrupt the cycle or to re-take a 2nd
measurement for verification purposes. Pressing the mode
key will automatically save the last measurement to
memory for further computations.

When one of the clubs to be MOl matched has the same
Mai as the favorite golf club the caption “Match” will appear
on the display. Press MODE to resume MOI matching
another club in the set.

ENTERING THE MASS LOCATION ( Inches only)

To input the distance from the grip end to where additional
can be added or removed from the club head use the
ZERO and the RESET key as follows:

Each press will increment the active digit
ZERO (+) by one from 1-9

Each press will activate the next digit to
RESET-->| 6 right.
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PART-4 AUDITOR MSM CALIBRATION

The Auditor MSM requires calibration at regular
intervals. The procedure assumes that the instrument
is properly leveled. Prior to calibration, ensure that
the instrument is still, since outside factors such as
wind draft may interfere with the calibration. The
calibration stick should be inspected and the
calibration value known before initiating the
procedure,

Step-1 (zero Reset Mode must be pressed down
simultaneously and hold while pressing the On
button. Do not release the zero reset mode buttons
for at least 10 seconds. until Cal P1 is displayed.

[zERO||RESET|[MODE| [On| | CAL P! |
Step-2

MODE]| 00000 |

Step-3 Pull beam and release gently (Do not place
the calibration stick on the beam)

Step-3-1

[RESET| [ 00000 | | 02660
[RESET| [ 00000 | | 62660
[RESET| | 00000 | | 0.2660 |

All three readings should yield the same result +/- 1
If the results do not agree. Repeat step 3 through 4
If the results agree proceed to next step.

Step-4

| MODE | | CRL P2 |

Step-5 Place the calibration stick on the beam.
Step-6

[ moDE | | 000C0 |

Step-7 Pull beam and release gently

Step 7-1
RESET| [ 60000 | | 13631]

| RESET| | 0o000 | | 13038 |

| RESET]| [ 00000 | [ 3040]

All three readings should yield the same result +/- 3
If the results do not agree. Repeat Step 7.
If the results agree proceed to next step.

Step-8
[ MODE | | C MOt |
| moDE | | 25800 |

This Is the calibration stick value as set at the factory.
If the calibration stick value matches the value
displayed proceed Press Mode To finish. The
instrument will shut down and restart automatically.

If not proceed to Step 8-1

Step-8-1
| MODE | | CMG! |
| moDE | | 25600 |

If the Instrument MOI calibration value and the
calibration stick value do not match proceed as
follows:

Each press will increment the active
ZERO (+) digit by one from 1-9
RESET--> Each p!'eﬁ-‘.'i will activate the next digit
to the right.

Finish entering the MOI calibration stick value, as
directed.

Step-9 ‘
[mopE | | Mot |

The instrument will shut down and restart automatically

Step-10

With the calibration stick still on the beam.
Pull the beam gently against the side stop and release.

| RESET| [ 00000 | | 25195 |
| RESET| | 00000 | | 25800 |

RESET| | 00000 I 256805 |

All three readings should yield the same result within
1%. The Auditor MSM is now calibrated.

You may wish to continue working or you can turn off
the instrument. The settings will not be lost.

Remark

During the calibration procedure it is not possible
to skip between settings and the procedure must
he followed exactly as directed.

If a step is missed, the calibration procedure must
be repeated all over again.

Page 6



