
Results of Robot Face Mapping   

 
Contents 
1. Introduction .............................................................................................................................................. 2 

2. Methods .................................................................................................................................................... 2 

3. Results ....................................................................................................................................................... 5 

3.1 Carry Distances ................................................................................................................................... 5 

3.2 Total Distance ..................................................................................................................................... 5 

3.3 Percentage distance lost ..................................................................................................................... 7 

3.4 Bounce and Roll .................................................................................................................................. 7 

3.5 Assessing Horizontal Impacts .............................................................................................................. 7 

3.6 Launch Conditions from Off Centre Impacts ...................................................................................... 9 

4. Discussion ................................................................................................................................................ 10 

5. References .............................................................................................................................................. 13 

Appendix A – TrackMan Trajectory Images Wooden Calibration ............................................................... 14 

Appendix B – TrackMan Trajectory Images New Calibration ..................................................................... 17 

Appendix C – TrackMan Trajectory Images Ping 3 Wood ........................................................................... 20 

Appendix D – Rotation Matrix Additional Notes ........................................................................................ 23 

Appendix E - Raw data for Carry Distance .................................................................................................. 24 

Appendix F - Raw data for total .................................................................................................................. 26 

Appendix G – List of Figures ........................................................................................................................ 29 

Appendix H – List of Tables ......................................................................................................................... 29 

 

 
  



 

1. Introduction 
The moment of inertia (MOI) of a rigid body is a tensor that determines the torque needed for a desired 
angular acceleration about a rotation axis. In golf, the MOI influences ball speed in off centre shots. A 
higher MOI restricts clubhead rotation and therefore more energy is transferred to the ball, since less is 
lost through rotational energy. The current MOI limit for a clubhead is 5900 gcm² (R&A and USGA, 
2006). The aim of this report is to measure the distance lost for off centre impacts relative to face centre 
using clubheads with different moments of inertia.  

2. Methods 
All testing was conducted at the R&A Equipment test centre, Alan Robertson House. The GolfLabs robot 
(Golf Laboratories Inc, San Diego, CA) was set up to achieve pre-2004 Actual Launch Conditions (ALC) 
(109 ± 0.5 mph, 10 ± 0.5°, 2520 ± 120 RPM), using the R&A/USGA calibration ball, with a further 
condition that the shot was straight (spin axis tilt <2 ± 0.5°). The robot was used to ensure repeatable 
impact conditions throughout the test. The balls were stored in an incubator at 23.9°C prior to any 
testing as per standard procedure.  

In addition to face centre, there were 12 off centre impact positions (Figure 1). These were achieved by 
moving the tee position 12.7 mm (0.5 inches) in both the vertical and horizontal axes. Calibration balls 
were used to achieve launch conditions for each club and, once successful, 10 shots from each impact 
position were performed using a modern tour ball (Figure 2). Each ball was numbered from 1 to 10 and 
the same order was maintained for each impact position. A fourteenth impact location was measured 
for Club C and D. This was to check to the face centre impact location remained repeatable after testing 
was completed on the other impact locations.  

 

Figure 1 The 13 impact positions on the club face : 1. Face centre, 2. Toe centre, 3. Toe centre 2, 4. Heel centre, 5. Heel centre 2, 
6. High centre, 7. High Toe, 8. High toe 2, 9. High heel, 10. Low centre, 11. Low toe, 12. Low heel, 13. Low heel 2. 

 



 

Five clubs with a range of MOI values were selected for this study, Figure 3. The clubs were selected to 
give the greatest range of MOI, as well as including wooden and titanium clubhead properties. A 3-wood 
was also chosen for the testing to compare the differences between driver and 3-wood. Table 1 shows 
the characteristics of each club. There appeared to be some strange effect occurring during shots from 
location 8 and 13 on Club C. This was likely to be due to effects of the edge of the club, where the ball 
was not wholly impacting the face. For this reason, these shots were not included in the report. 

The ball launch conditions for each impact position were recorded using the GCQuad launch monitor 
(Foresight Sports Inc, San Diego, CA). The delivery of the clubhead was controlled using three OQUS 
motion capture cameras (Qualisys, Sweden), which measured the position of 3 reflective markers placed 
on the crown of each clubhead (Betzler et al., 2012). From this, the clubhead parameters: clubhead 
speed, face angle, club path, dynamic loft and lie, and attack angle were calculated. Once the launch 
conditions were achieved, the clubhead parameters were controlled and monitored to ensure there 
were no changes other than impact position throughout the testing. 

The carry and total distances were simulated using the ITR conformance simulation, (the aerodynamics 
of the modern tour ball were used in the simulation). The measured launch conditions from the GCQuad 
(ball speed, launch angle, total spin, spin axis and azimuth) were input into the simulator and the carry, 
total and offline distance were simulated. TrackMan (TrackMan, Denmark) trajectory data was also 
collected, for the purpose of having visual data for the trajectories, refer to Appendix A, B and C.  

The mean carry and total distance as well as offline position for each impact location was then 
calculated. For each club, the rotation matrix was used to rotate each point by the average azimuth 
angle of the face centre shot, to ensure the face centre shot was straight after the simulation. For 
additional notes on the methods, see Appendix D. 

Figure 2 Calibration balls used for setting up ALC launch conditions  

 



 

Figure 3 The five clubs used within the study, A) Wooden calibration driver c.1984, B) Steel driver c.1998, C) Titanium fairway wood 
c.2014, D) Titanium driver c.2017, E) Small titanium driver c. 2018.  

 



Table 1. Club names and characteristics.  

Club ID MOI (gcm²) Mass (g) Vol (cc) CT (µs) CoR From Model 

A 1665 197 186 73 (*) 0.748 

B 2287 201 202 205 0.807 

C 3365 221 218 224 0.815 

D 5128 200 457 240 0.822 

E 2319 200 233 204 0.806  

* Pendulum not designed to calculate the characteristic time (CT) of wooden clubs, hence 73 is unlikely to be a true 
representation of the performance of the head.  

 3. Results 
3.1 Carry Distances 
The mean carry distance was plotted against the mean offline carry position for the 13 impact locations 
for each club (Figure 4). 

 
Figure 4. Simulated carry position for the 13 impact locations for the five clubs studied. Ellipses enclose 95% of the points 
measured. Impact locations are detailed in Figure 1. Club A: Wood, Club B: Steel, Club C: 3 Wood, Club D: Modern, Club E: Small 
modern.  



3.2 Total Distance  
The mean total distance was plotted against the mean offline position for the 13 impact locations for 
each club (Figure 5). 

 

Figure 5. Simulated total position for the 13 impact locations for the five clubs studied. Ellipses enclose 95% of the points measured. 
Impact locations are detailed in Figure 1. Club A: Wood, Club B: Steel, Club C: 3 Wood, Club D: Modern, Club E: Small modern. 

  

 



3.3 Percentage distance lost  
The total distance was further analysed by calculating the percentage distance lost for each impact 
location relative to the average face centre shot for each impact location. The results are displayed in 
Table 2.  

Table 2 Percentage distance lost from face centre position for each club. The original face centre total distance (yards) is displayed 
in the top row labelled face centre and the respective percentage lost distances are displayed underneath. Club A: Wood, Club B: 
Steel, Club C: 3 Wood, Club D: Modern, Club E: Small modern. 

Impact  
location 

Impact 
position 

Club A 
% 

Club B 
% 

Club C 
% 

Club D 
% 

Club E 
% 

Face Centre 1 269.7 273.7 276 275.6 271.9 
Centre Toe 2 6.5 3.1 2.0 -0.1 4.0 

Centre Toe 2 3 10.8 10.8 12.0 3.9 12.7 
Centre Heel 4 5.7 2.3 4.0 2.8 3.0 

Centre Heel 2 5 15 9.2 14.1 9.2 10.3 
High Centre 6 6.7 3.1 6.2 1.7 4.0 

High Toe 7 9.3 5.7 7.9 2 10.2 
High Toe 2 8 14.8 13.1  6.2 19.6 
High Heel 9 14.5 5.3 10.3 4.2 3.2 

Low Centre 10 16.5 7.4 6.1 6.3 11 
Low Toe 11 10.6 10.5 7.2 6.5 10.7 
Low Heel 12 22.9 10.2 10.9 8.3 14.9 

Low Heel 2 13 22.1 16.4  15.1 17.5 
 

3.4 Bounce and Roll 
The bounce and roll was also calculated for each impact location with each club. This was done by 
subtracting the offline carry and carry distance from the offline total and total distance. The results are 
displayed in Table 3. 

Table 3 The bounce and roll distance for each club at each impact location. Club A: Wood, Club B: Steel, Club C: 3 Wood, Club D: 
Modern, Club E: Small modern. 

Impact 
location 

Impact 
position 

Club A Club B Club C Club D Club E 
Offline 
(yards) 

Carry 
(yards) 

Offline 
(yards) 

Carry 
(yards) 

Offline 
(yards) 

Carry 
(yards) 

Offline 
(yards) 

Carry 
(yards) 

Offline 
(yards) 

Carry 
(yards) 

Face Centre 1 0.0 22.6 0.0 22.4 0.0 21.3 0.0 21.5 0.0 21.1 
Centre Toe 2 5.5 26.5 2.9 22.7 3.9 21.9 1.4 19.4 2.6 23.3 

Centre Toe 2 3 6.8 28.5 4.7 24.1 8.1 23.9 3.6 18.3 4.8 27.5 
Centre Heel 4 -4.7 19.4 -1.9 24.4 -2.8 21.4 -1.7 22.8 -3.0 18.5 

Centre Heel 2 5 -6.3 21.0 -3.0 28.5 -5.9 25.6 -4.0 25.2 -5.5 20.1 
High Centre 6 0.0 8.3 1.0 21.6 0.7 13.0 0.8 23.1 1.2 25.5 

High Toe 7 2.2 12.5 1.9 21.7 2.4 14.2 3.0 23.0 3.2 28.1 
High Toe 2 8 1.1 15.0 0.6 15.5   5.5 23.4 3.5 30.4 
High Heel 9 -0.5 6.9 0.1 17.1 0.2 9.7 -0.7 23.2 -1.1 22.6 

Low Centre 10 -2.7 9.3 -0.7 24.5 -1.4 26.3 -1.6 18.9 -1.8 13.6 
Low Toe 11 -1.8 16.7 2.1 27.7 2.9 27.6 0.3 15.7 0.0 20.1 
Low Heel 12 -4.2 9.9 -2.5 33.4 -4.9 33.2 -3.0 22.7 -4.1 14.3 

Low Heel 2 13 -7.3 29.3 -3.2 41.6   -5.7 29.7 -7.8 29.4 
 

  



3.5 Assessing Horizontal Impacts  
To further understand the differences between clubs, the horizontal impacts, impact locations 1-5 
(Figure 1) were analysed separately. Figure 6 and Figure 7 display the carry and total distance loss with 
the relative horizontal impact distance, where 0 is the face centre and positive values represent impacts 
towards the toe and negative towards the heel. 

 
 
Figure 6. Change in carry distance lost across horizontal face impact locations. Club A: Wood, Club B: Steel, Club C: 3 Wood, Club 
D: Modern, Club E: Small modern. 

 
 

Figure 7. Change in total distance across horizontal face impact locations. Club A: Wood, Club B: Steel, Club C: 3 Wood, Club D: 
Modern, Club E: Small modern. 



3.6 Launch Conditions from Off Centre Impacts   

The launch conditions for each shot were measured and the average for each impact position was 
calculated. Four launch conditions (ball speed, launch angle, total spin and spin axis tilt) were analysed 
and the results are displayed in Tables 4 - 7 respectively.  

Table 4 Displays the difference in ball speed (mph) for each impact location relative to the face centre position for each club. Club 
A: Wood, Club B: Steel, Club C: 3 Wood, Club D: Modern, Club E: Small modern. 

Impact  
location 

Impact 
position 

Club A 
mph 

Club B 
mph 

Club C 
mph 

Club D 
mph 

Club E 
mph 

Face Centre 1 154.4 157.1 157.7 158.4 155.8 
Centre Toe 2 3.9 3.1 0.5 -0.7 5.0 

Centre Toe 2 3 7.0 12.0 7.6 2.5 15.3 
Centre Heel 4 3.1 2.3 3.9 3.4 0.4 

Centre Heel 2 5 13.4 10.3 14.4 10.7 7.0 
High Centre 6 7.8 7.8 10.0 4.5 6.6 

High Toe 7 12.3 11.0 11.8 3.6 13.3 
High Toe 2 8 22.2 19.7  6.4 26.0 
High Heel 9 8.6 10.9 12.8 8.3 6.9 

Low Centre 10 3.6 4.0 0.2 3.0 4.6 
Low Toe 11 4.9 7.2 1.3 2.4 8.5 
Low Heel 12 8.4 5.4 3.2 6.3 5.4 

Low Heel 2 13 15.5 8.3  12.6 9.9 
 

Table 5 Displays the difference in launch angle (°) for each impact location relative to the face centre position for each club. Club 
A: Wood, Club B: Steel, Club C: 3 Wood, Club D: Modern, Club E: Small modern.  

Impact  
location 

Impact 
position 

Club A 
degs 

Club B 
degs 

Club C 
degs 

Club D 
degs 

Club E 
degs 

Face Centre 1 10.2 9.6 10.3 9.5 10.2 
Centre Toe 2 -0.5 0.2 -0.2 -0.2 -0.3 

Centre Toe 2 3 -0.7 0.3 -0.1 -0.4 -0.8 
Centre Heel 4 0.6 0.1 0.6 0.1 0.9 

Centre Heel 2 5 0.9 0.5 1.3 0.3 1.4 
High Centre 6 -7.6 -4.4 -5.6 -2.6 -2.9 

High Toe 7 -6.8 -4.2 -5.7 -2.6 -3.5 
High Toe 2 8 -7.1 -5.2  -2.6 -4.5 
High Heel 9 -7.5 -5.2 -5.7 -2.7 -3.1 

Low Centre 10 4.5 4.6 6.3 3.2 3.4 
Low Toe 11 4.6 5.1 6.1 3.0 3.5 
Low Heel 12 5.2 5.4 7.0 3.1 4.4 

Low Heel 2 13 6.5 5.2  4.0 6.2 
 

  



Table 6 Displays the difference in total spin (rpm) for each impact location relative to the face centre position for each club. Club 
A: Wood, Club B: Steel, Club C: 3 Wood, Club D: Modern, Club E: Small modern.  

Impact  
location 

Impact 
position 

Club A 
rpm 

Club B 
rpm 

Club C 
rpm 

Club D 
rpm 

Club E 
rpm 

Face Centre 1 2608 2677 2757 2899 2741 
Centre Toe 2 346 -111 156 -162 183 

Centre Toe 2 3 510 -267 -8 -325 491 
Centre Heel 4 -635 118 -208 142 -437 

Centre Heel 2 5 -751 267 -133 198 -520 
High Centre 6 -1147 606 -338 722 997 

High Toe 7 -504 493 -179 747 1314 
High Toe 2 8 -332 -481  691 1528 
High Heel 9 -1977 -59 -899 663 648 

Low Centre 10 -2228 -911 -811 -866 -1305 
Low Toe 11 -1544 -825 -640 -1085 -875 
Low Heel 12 -2291 -323 -418 -598 -1432 

Low Heel 2 13 -1244 295  -262 -765 
 

Table 7 Displays the difference in spin axis tilt (°) for each impact location relative to the face centre position for each club. Club 
A: Wood, Club B: Steel, Club C: 3 Wood, Club D: Modern, Club E: Small modern. 

Impact  
location 

Impact 
position 

Club A 
degs 

Club B 
degs 

Club C 
degs 

Club D 
degs 

Club E 
degs 

Face Centre 1 -2.2 1.4 -0.4 -1.1 0.5 
Centre Toe 2 18.0 5.6 10.4 2.0 4.5 

Centre Toe 2 3 23.1 7.6 22.6 7.6 7.1 
Centre Heel 4 -12.6 -1.8 -6.0 -2.4 -7.5 

Centre Heel 2 5 -12.5 1.5 -11.3 -6.1 -12.3 
High Centre 6 -0.4 4.4 4.0 3.2 3.9 

High Toe 7 8.4 2.5 8.3 8.5 6.3 
High Toe 2 8 -3.9 -5.4  15.0 -0.7 
High Heel 9 -1.9 5.7 3.3 1.5 -1.4 

Low Centre 10 -14.3 -1.3 -3.0 -4.9 -7.4 
Low Toe 11 -9.6 1.3 4.5 -1.1 -4.0 
Low Heel 12 -18.0 0.1 -7.6 -6.5 -13.1 

Low Heel 2 13 -5.4 11.8  -8.4 -11.6 
 

4. Discussion  
The purpose of this report was to be able to understand how the MOI of a golf club affects the distance 
lost from off centre impacts. Five clubs were chosen with different properties and a range of MOI, the 
ball launch conditions from 13 impact locations were measured and the carry and total distances were 
simulated from these conditions. Only 11 off centre impacts were recorded for Club C, impacts 8 and 12 
were disregarded as the data had low repeatability and it was concluded that another effect could be 
occurring to cause this. Generally, the results show, as the MOI of a club increases, less distance is lost, 
and less offline dispersion occurs for off centre impacts when compared to face centre impacts.   

A further fourteenth impact location was added for Club C and Club D. This was a validation check for 
the face centre position, to ensure it remained repeatable after testing the 13 impact locations. There 
was good agreement between the carry and total positions of these repeated conditions. This shows 
that the study had good repeatability.  



Figure 4 presents an overview of the carry positions for each club from each impact location. A general 
overview shows the smallest MOI club, Club A, has the largest distribution of the 13 points. The spread 
of the distribution decreases as you move from Club A to Club B, which had the next highest MOI. This is 
highlighted in the offline dispersion. This could be due to the improvement in bulge and roll design of 
club heads to account for the gear effect. When Club B is compared to the next highest MOI, Club C, the 
results of these two clubs are similar. Whilst Club B appears to show more consistency with offline 
dispersion, Club C shows more consistency with less distance lost. The highest MOI driver, Club D, shows 
the smallest distribution of results, particularly when comparing distance lost. Club E was most similar to 
Club B, whose MOI was most closely matched. 

Figure 5 presents an overview of the resulting final total positions from the 13 impact locations. The 
total distances differ from the carry as there is an element of bounce and roll included in the simulation. 
In general, Figure 5 shows Club A had the largest spread of the final simulated positions whereas Club D 
had the least spread of final positions. Club B, Club C and Club E were similar again, although overall 
Club B was more consistent throughout the 13 positions in maintaining offline position, whereas Club C 
lost less distance over the 11 impact locations.  

Table 2 shows the distance lost as a percentage of the face centre position. There are only two impact 
locations where the percentage distance lost for Club D was not the minimum distance lost compared to 
the other clubs. At the heel centre location, Club B lost 2.3% distance compared to 2.8% for Club D. At 
the high heel location, Club E lost 3.2% distance compared to 4.2% for Club D. There were also two 
impact locations for Club D where the average percentage distance lost was the same as another club.  
For every other impact location, Club D lost the least percentage distance. In comparison, Club A or Club 
E lost the highest percentage distance relative to the other clubs in all impact locations. Generally, Club 
C loses more percentage distance than Club B, but these results are mixed. Since Club C has a higher 
club head mass, this could influence the results here. 

Table 3 displays the average bounce and roll for each impact location of each club. The average bounce 
and roll for each club at face centre was similar, around 20 yards. The general trend showed for an 
increase in MOI, the offline bounce and roll would decrease, and the carry bounce and roll would 
increase, especially when Club A is compared to Club D. Although there were three points were Club A 
had a further carry bounce and roll than Club D, toe centre, toe centre 2 and low toe. There were some 
inconsistencies between Club B, Club C and Club E. The majority of the carry bounce and roll between 
the clubs was similar, however, there were three impact locations, high centre, high toe and high heel 
where the carry bounce and roll for Club C was around 10 yards less than for Club B. Interestingly, these 
impact locations and including high toe 2 were the only impact locations were Club D had a further 
average carry bounce and roll than Club B. In all other impact locations, Club B had a further carry 
bounce and roll. Club C also had consistently more offline bounce and roll than Club B. This agrees with 
earlier findings that Club C, has more dispersion for the off-centre impacts compared to Club B. 
Generally, Club D has the least offline bounce and roll, and Club A has the most. As these results are all 
from simulations there should be caution as to how comparable the simulation is to the real world.  

Figure 6 and Figure 7 display the distance lost for the impact positions which are horizontal across the 
face. Both graphs show similar findings and are therefore are in good agreement. Both figures show 
similar trends for all clubs with off centre impacts toward the heel, however Club D loses significantly 
less distance for off-centre impacts towards the toe. 

The launch conditions for each of the impact positions for the four clubs show interesting results. Table 
4 displays the ball speed differences for each club at each impact location relative to the ball speed at 
face centre. The results show that as the impact distance from the centre increases, the ball speed 



decreases. Furthermore, there is a trend such that as the MOI of the club increases less ball speed is lost 
for off centre impacts. This is particularly apparent at the extremities.  

Table 5 displays the launch angle differences for each club at each impact location relative to the face 
centre launch angle. Across all clubs there are similar changes between impact positions, and these 
changes are as expected. Club D, however, has the least change in launch angle for low and high impact 
positions. This demonstrates that a high MOI driver is more successful in retaining launch angle then the 
other clubs. 

The results for spin were varied. The lowest MOI club, Club A, the spin increased for all off centre 
impacts except for the centre toe shots, where the spin decreased. In comparison, the spin varied for off 
centre impacts for the other clubs. Club D lost spin on the shots that were high of face centre and 
towards the heel. Since on high shots, a higher launch angle will be achieved, the lower spin from these 
impacts could help maintain the distance.  

The changes to spin axis tilt, also varies between clubs. For toe centre shots, (impact position 2 and 3) all 
clubs have a negative spin axis, this indicates a left spin axis. Club C generally has a greater spin axis than 
Club B, however generally the spin axis decreases with increasing MOI for these impact positions. The 
heel centre (impact positions 4 and 5) gives a positive spin axis, this indicates a spin axis tilt to the right. 
Club B however has one impact position, heel centre 2 where the spin axis is to the left. At impact 
location, 8 (high toe 2), Club D has the largest spin axis tilt, this is surprising since generally the spin axis 
tilt remains small for all other impact positions. For low shots, Club B tends to have a positive spin axis 
whereas all other clubs have a negative spin axis. This could indicate that the CG position for Club B is in 
a different location compared to the other clubs. Analysing the changes in the launch conditions for the 
off-centre impacts helps to gain an understanding of how these results might look if the centre launch 
conditions were modified i.e. 113 MPH, 8 degree launch angle, 2800 RPM and Spin axis < 2 degrees.  

This study is subject to several limitations. Firstly, since there is no statistical analysis involved in the 
analysis, no power calculations could be completed to ensure the sample size would be effective. The 
chosen analysis was the percentage difference of the means for each impact location. In order to further 
validate these results, more shots could be hit at each impact location, over a range of set up conditions 
to ensure that this result is not just applicable to these launch conditions.  

There was also no record kept of any shots hit with the R&A and USGA calibration ball to confirm pre-
2004 launch conditions. This would have been beneficial since statistical analysis could have been 
performed on the launch conditions achieved to confirm there were no statistically significant 
differences between club head speed, launch angle, spin or spin axis. Without this analysis there is a 
possibility there were differences between the launch conditions and this could have affected the 
results. Nonetheless, each club achieved launch conditions to the same degree of tolerance and this 
tolerance is used in the overall distance symmetry protocol (R&A and USGA, 2006) and is therefore an 
industry accepted value. This should mean the launch conditions achieved allow for comparison, 
although future work should ensure the launch conditions are recorded to ensure a thorough protocol.  

Another limitation of this study occurred during the setup of Club A. Launch conditions were difficult to 
achieve and were only achieved when the face centre impact location was measured 4-5 mm above the 
geometrical face centre. All other impact locations were taken relative to this point. It is hypothesised 
that this will likely have an effect on the results and direct comparisons between clubs, however the size 
of the effect is unknown. Future work should be conducted to ensure exact launch conditions are 
achieved at the geometric face centre and to therefore confirm the results found in this study. However, 
as well as this, a section of the clubface became dislodged during the testing. The section was replaced 
and levelled to repair the club but the likelihood that the club was identical to before the event is small. 
Again, it is not known how much this could affect the results. The ideal scenario is that a new wooden 



calibration club could be tested, and the results checked against this, however since the model of the 
club is pre-2004 this is unlikely.  

Overall, the results indicate as the MOI of a club increases, less distance is lost, and less offline 
dispersion occurs for off centre impacts when compared to face centre impact. Further work should be 
conducted to confirm these findings, by increasing the population of club heads which are in the desired 
range and increasing the number of shots to further validate these findings.  
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Appendix A – TrackMan Trajectory Images: Club A, Wooden 
 
These images are not the same results as the data represented in the above results. After data collection 
seven face impact locations were repeated and the data was captured using TrackMan to give visual 
representation of the results.  
 

a) Face Centre      b) Toe Centre  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

  



c) Toe Centre 2      d)  Heel Centre 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e)  Heel Centre 2     f) High Centre 

 

  



g) Low Centre  

 

 

 

 

 

 



Appendix B – TrackMan Trajectory Images: Club D, Modern 
 

These images are not the same results as the data represented in the above results. After data collection 
seven face impact locations were repeated and the data was captured using TrackMan to give visual 
representation of the results.  
 

a) Face Centre     b) Toe Centre 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 c)  Toe Centre 2     d) Heel Centre 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e) Heel Centre 2     f) High Centre 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



g) Low Centre 

 

 

 

 

 

 

 

 

 



Appendix C – TrackMan Trajectory Images: Club C, 3 Wood 
 

These images are not the same results as the data represented in the above results. After data collection 
seven face impact locations were repeated and the data was captured using TrackMan to give visual 
representation of the results.  
 

a) Face Centre       b) Toe Centre 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



c) Toe Centre 2     d) Heel Centre 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e) Heel Centre 2      f) High Centre  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



g) Low Centre 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NB. There are no TrackMan trajectories images available for Club B or Club E. This is because no further 
validation work was done with these clubs.   



 

Appendix D – Rotation Matrix Additional Notes 
Face centre was measured as per the procedure for the pendulum. It should be noted that face centre for 
the wooden calibration club was taken to 5 mm above this measurement as it fitted with the score lines 
marked on the club.  

Impact GUI was used to measure and verify the position of impact.  

Shots which did not follow normal trends were repeated, an average of 2 shots per ten were repeated.  

The system was calibrated inbetween at least each 5 impact positions, the tee table was moved back to 
the origin for this procedure to happen.  
 
In between each shot the face was cleaned and the tee table position was checked to ensure it had not 
moved.  
 
The world was rotated using the rotation matrix for each club to ensure that face centre shot was a 
straight shot and the total distance was exact.  
 

(𝑥𝑥,𝑦𝑦) =  � 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐� 

 
 
  



Appendix E - Raw data for Carry Distance 
 
Key: 

x – Offline Carry Position      y – Carry Distance  

x1 – Rotated Offline Carry      y2 - Rotated Carry Distance  

xstd – Standard Deviation of X1    ystd- Standard Deviation of Y1 

Table 1. Club A raw data  

x y x1 y1 xstd ystd 
3.1 247.0 0.0 247.0 1.93 0.92 

37.4 225.2 34.5 225.6 1.85 3.35 
42.9 211.6 40.3 212.1 1.29 3.30 
-38.8 235.3 -41.8 234.8 2.12 1.12 
-48.0 208.7 -50.6 208.1 2.04 1.38 
4.5 243.1 1.4 243.2 2.98 2.59 

34.0 231.7 31.1 232.1 1.78 1.87 
27.4 214.5 24.7 214.8 3.10 1.07 
-15.8 223.8 -18.6 223.6 3.20 1.95 
-29.2 216.1 -32.0 215.7 3.46 4.70 
-4.1 224.4 -6.9 224.3 2.02 0.82 

-45.8 198.6 -48.3 198.0 4.30 4.29 
-41.0 181.2 -43.3 180.7 2.09 3.41 

 

Table 2. Club B raw data  

x y x1 y1 xstd ystd 
-4.9 251.2 0.0 251.2 3.00 0.95 
20.6 243.0 25.3 242.6 2.78 1.25 
32.8 220.7 37.0 220.1 1.36 0.77 
-23.3 242.7 -18.6 243.1 2.83 0.76 
-31.2 219.4 -26.9 220.0 2.29 1.66 
2.0 243.7 6.7 243.6 3.79 0.55 

14.8 236.8 19.4 236.5 2.58 0.59 
15.0 222.6 19.3 222.2 2.65 1.79 
-13.3 241.7 -8.7 241.9 2.10 0.50 
-8.5 228.8 -4.1 228.9 2.33 1.57 
12.1 217.6 16.3 217.4 1.67 1.18 
-21.1 212.0 -17.0 212.3 2.58 3.46 
-20.2 186.9 -16.6 187.2 2.95 5.67 

 

  



Table 3. Club C raw data  

x y x1 y1 xstd ystd 
1.6 254.7 0.0 254.7 2.73 0.67 

34.3 248.4 32.7 248.6 2.37 1.15 
56.6 218.7 55.2 219.1 1.73 1.61 
-24.5 243.6 -26.1 243.4 2.43 1.17 
-39.4 211.7 -40.7 211.4 1.60 1.41 
8.7 245.8 7.1 245.9 2.15 0.78 

32.3 239.7 30.8 239.9 2.63 1.08 
-6.2 237.9 -7.7 237.8 3.99 0.53 
-7.1 232.7 -8.6 232.7 1.40 2.15 
20.8 228.3 19.3 228.5 2.06 1.40 
-25.2 213.0 -26.5 212.8 1.37 3.56 
10.5 253.2 8.9 253.2 3.71 1.32 

 

Table 4. Club D raw data. 

x y x1 y1 xstd ystd 
-8.3 254.0 0.0 254.1 2.34 0.79 
8.8 257.0 17.3 256.6 2.12 0.60 

30.4 247.8 38.6 246.7 2.71 0.83 
-25.1 244.5 -17.0 245.2 2.65 1.13 
-38.6 223.8 -31.2 225.0 2.23 1.33 
-2.5 248.0 5.7 247.9 2.95 1.10 
17.0 247.9 25.1 247.2 2.99 1.74 
36.3 236.6 44.0 235.2 3.30 2.12 
-17.9 240.3 -10.0 240.7 4.40 1.09 
-20.2 238.9 -12.3 239.5 2.36 1.07 
-0.6 242.2 7.4 242.1 2.31 0.50 

-30.6 229.2 -23.1 230.0 2.50 2.61 
-40.5 203.2 -33.8 204.4 1.62 3.69 
-4.8 256.0 3.6 256.1 2.46 0.52 

 
  



Table 5. Club E raw data. 

x y x1 y1 xstd ystd 
3.9 250.8 0.0 250.8 5.42 0.49 

26.6 237.3 22.8 237.7 3.18 0.94 
37.0 209.3 33.7 209.9 2.28 1.75 
-25.3 245.8 -29.1 245.3 6.56 2.53 
-43.3 224.6 -46.9 223.9 2.33 1.57 
12.0 235.3 8.3 235.4 4.46 2.25 
26.2 215.8 22.8 216.2 2.51 1.87 
26.2 187.7 23.3 188.1 2.46 2.38 
-7.2 240.6 -11.0 240.5 4.85 1.25 

-11.3 228.4 -14.9 228.2 3.33 1.80 
11.4 222.6 7.9 222.8 4.14 0.87 
-35.6 217.7 -39.0 217.1 2.88 1.69 
-40.6 195.5 -43.6 194.8 2.33 4.48 

 

Appendix F - Raw data for total 
Key: 

x – Offline Total Position      y – Total Distance  

x1 – Rotated Offline Total     y2 - Rotated Total Distance  

xstd – Standard Deviation of X1    ystd - Standard Deviation of Y1 

Table 1. Club A raw data  

x y x1 y1 xstd ystd 
3.6 269.6 0.0 269.7 2.18 0.65 

43.4 251.5 40.0 252.1 2.25 2.52 
50.3 240.0 47.1 240.7 1.61 2.66 
-43.1 254.9 -46.5 254.3 2.42 1.33 
-53.8 229.9 -56.9 229.1 2.51 1.23 
4.8 251.4 1.4 251.5 3.14 2.94 

36.6 244.2 33.3 244.6 1.95 2.84 
28.9 229.5 25.8 229.8 3.52 1.73 
-16.0 230.7 -19.1 230.5 3.37 2.11 
-31.7 225.5 -34.7 225.1 3.67 6.09 
-5.5 241.1 -8.7 241.0 2.31 2.48 

-49.8 208.6 -52.6 207.9 4.71 5.17 
-47.8 210.6 -50.6 209.9 2.43 1.26 

 

  



Table 2. Club B raw data  

x y x1 y1 xstd ystd 
-5.4 273.6 0.0 273.7 3.41 0.50 
22.9 265.8 28.2 265.3 3.17 1.03 
36.9 245.0 41.7 244.2 1.56 0.61 
-25.9 267.0 -20.5 267.5 3.28 0.54 
-34.9 247.9 -30.0 248.5 2.68 1.19 
2.5 265.3 7.7 265.2 4.34 0.51 

16.2 258.6 21.3 258.2 2.98 0.60 
15.1 238.1 19.9 237.8 3.04 2.82 
-13.7 258.8 -8.6 259.0 2.37 0.78 
-9.8 253.2 -4.8 253.3 2.76 0.91 
13.6 245.4 18.4 245.1 2.01 0.96 
-24.4 245.3 -19.5 245.7 3.03 1.75 
-24.3 228.4 -19.8 228.8 3.26 4.07 

 

Table 3. Club C raw data  

x y x1 y1 xstd ystd 
1.8 276.0 0.0 276.0 3.06 0.27 

38.3 270.3 36.6 270.5 2.71 1.00 
64.9 242.5 63.3 243.0 1.79 1.14 
-27.2 265.0 -28.9 264.8 2.76 1.17 
-45.1 237.3 -46.7 237.0 1.88 1.22 
9.5 258.8 7.9 258.8 2.38 1.66 

34.8 253.9 33.2 254.1 2.88 1.65 
-6.0 247.6 -7.6 247.5 4.30 1.04 
-8.3 259.1 -10.0 259.0 1.70 0.84 
23.8 255.9 22.2 256.0 2.47 1.02 
-29.8 246.2 -31.4 246.0 1.63 1.82 
12.0 275.5 10.2 275.5 4.27 0.81 

 

  



Table 4. Club D raw data. 

x y x1 y1 xstd ystd 
-8.9 275.5 0.0 275.6 2.61 0.87 
9.8 276.4 18.7 275.9 2.32 0.46 

33.6 266.2 42.1 265.0 3.09 0.64 
-27.4 267.3 -18.8 268.0 3.01 0.73 
-43.2 248.9 -35.2 250.2 2.54 1.04 
-2.3 271.1 6.4 271.0 3.32 0.51 
19.4 270.9 28.1 270.1 3.45 1.13 
41.2 260.1 49.5 258.6 3.83 1.82 
-19.2 263.5 -10.8 263.9 5.04 0.72 
-22.2 257.8 -13.9 258.4 2.68 0.62 
-0.6 257.9 7.7 257.7 2.60 0.80 

-34.2 251.8 -26.1 252.8 2.86 2.61 
-46.9 232.7 -39.4 234.1 1.80 2.07 
-4.8 277.7 4.1 277.7 2.77 0.31 

 

Table 5. Club E raw data. 

x y x1 y1 xstd ystd 
4.2 271.9 0.0 271.9 6.12 0.67 

29.4 260.6 25.4 261.0 3.70 0.85 
42.1 236.8 38.4 237.4 2.67 1.64 
-28.1 264.3 -32.1 263.8 7.48 2.80 
-48.6 244.8 -52.4 244.0 2.76 1.17 
13.5 260.8 9.5 261.0 5.13 2.06 
29.7 243.8 25.9 244.2 2.93 1.91 
30.2 218.0 26.8 218.5 2.91 2.43 
-8.1 263.3 -12.1 263.1 5.61 0.58 

-13.0 242.1 -16.7 241.9 3.72 2.60 
11.7 242.7 7.9 242.9 4.79 1.26 
-39.5 232.0 -43.0 231.4 3.06 2.33 
-48.0 225.0 -51.5 224.3 2.53 1.52 
4.2 271.9 0.0 271.9 6.12 0.67 

  



 

Appendix G – List of Figures 

Figure 1 The 13 impact positions on the club face : 1. Face centre, 2. Toe centre, 3. Toe centre 2, 4. Heel 
centre, 5. Heel centre 2, 6. High centre, 7. High Toe, 8. High toe 2, 9. High heel, 10. Low centre, 11. Low 
toe, 12. Low heel, 13. Low heel 2. ................................................................................................................ 2 
Figure 2 Calibration balls used for setting up ALC launch conditions ........................................................... 3 
Figure 3 The five clubs used within the study, A) Wooden calibration driver c.1984, B) Steel driver 
c.1998, C) Titanium fairway wood c.2014, D) Titanium driver c.2017, E) Small titanium driver c. 2018 ..... 4 
Figure 4. Simulated carry position for the 13 impact locations for the five clubs studied. Ellipses enclose 
95% of the points measured. Impact locations are detailed in Figure 1. ..................................................... 5 
Figure 5. Simulated total position for the 13 impact locations for the five clubs studied. Ellipses enclose 
95% of the points measured. Impact locations are detailed in Figure 1. ..................................................... 6 
Figure 6. Carry distance lost across horizontal face impact locations. ......................................................... 8 
Figure 7. Total distance lost across horizontal face impact locations. ......................................................... 8 
 

Appendix H – List of Tables 

Table 1. Club names and characteristics. ...................................................................................................... 5 
Table 2 Percentage distance lost from face centre position for each club. The original face centre total 
distance (m) is displayed in the top row labelled face centre and the respective percentage lost distances 
are displayed underneath. ............................................................................................................................ 7 
Table 3 The bounce and roll distance for each club at each impact location. ............................................. 7 
Table 4 Displays the difference in ball speed (m/sec) for each impact location relative to the face centre 
position for each club. .................................................................................................................................. 9 
Table 5 Displays the difference in launch angle (°) for each impact location relative to the face centre 
position for each club. .................................................................................................................................. 9 
Table 6 Displays the difference in total spin (rad/s) for each impact location relative to the face centre 
position for each club. ................................................................................................................................ 10 
Table 7 Displays the difference in spin axis tilt (°) for each impact location relative to the face centre 
position for each club. ................................................................................................................................ 10 
 


	1. Introduction
	2. Methods
	3. Results
	3.1 Carry Distances
	3.2 Total Distance
	3.3 Percentage distance lost
	3.4 Bounce and Roll
	3.5 Assessing Horizontal Impacts

	4. Discussion
	5. References
	Appendix A – TrackMan Trajectory Images: Club A, Wooden
	Appendix B – TrackMan Trajectory Images: Club D, Modern
	Appendix C – TrackMan Trajectory Images: Club C, 3 Wood
	Appendix D – Rotation Matrix Additional Notes
	Appendix E - Raw data for Carry Distance
	Appendix F - Raw data for total
	Appendix G – List of Figures
	Appendix H – List of Tables

