
 

 

 

The Impacts of 

Metal Additive Manufacturing 

on the Feel of a Golf Putter 

 

 

Undergraduate Honors Thesis 

 

Presented in Partial Fulfillment of the Requirements for 

Graduation with Honors Research Distinction in the  

Department of Mechanical Engineering at 

The Ohio State University 

 

by  

 

Alex Chester 

April 2024 

 

Advisor: Professor Annie Abell 

 

 



Abstract 
 

Metal additive manufacturing (AM) continues to grow and spread into new industries as 

advancements in its technology are made. Due to the wider design freedom and rapid prototyping 

abilities offered by metal AM, it has the potential to reshape club design within the golf industry 

given the growing emphasis on customization and revolutionary designs in clubs. While prior 

studies have explored the effects of different material clubheads and balls on the performance of 

golf clubs and usersô perceptions, there remains a gap in research regarding metal AM in clubs. 

The purpose of this research was to explore how metal AM affects the performance of golf clubs, 

specifically in the feel of golf putters.  

To accomplish this, a metal AM putter fabricated using laser powder bed fusion (L-PBF) 

at the Center for Design and Manufacturing Excellence (CDME) was tested alongside a consumer-

grade putter of the same head design, produced commercially from traditional manufacturing 

methods. Both putters were subjected to strikes from a putter pendulum and acoustic analysis was 

performed on three face impact locations ï heel, center, toe. Blind player testing was then 

performed by a variety of golfers and their feedback was recorded.  

Data from time and frequency domain analysis revealed many acoustic similarities and 

some differences between the control and 3D printed putters. The pressure data for the impacts 

revealed minimal differences in peak pressures, impact time durations, and impulse shapes for 

each putter. From spectral analysis, both putters exhibited similar curve shapes, frequencies, and 

magnitudes. However, the control putter produced slightly higher magnitudes in the higher 

frequency ranges and the 3D printed putter exhibited higher magnitudes in the lower frequency 

ranges. Using ISO 532-1 standards, the calculated perceived loudness levels differed by less than 



1% between the two putters at each face location. The sharpness values for the control putter were 

6.2-8.9% higher than the AM putter. From the player testing feedback, 80% of participants 

perceived the control putter to produce sharper and louder sounds.  

Overall, the combination of quantitative and qualitative data from acoustic and player 

testing concluded that a putter fabricated using metal AM creates duller sounds during putts, and 

these differences may be perceivable by players under typical playing conditions. The remainder 

of the acoustic characteristics of the two putters displayed marginal differences. These findings 

serve as a preliminary test in the effects of AM in golf putters. Subsequent testing can explore the 

effects that different printing processes, infill percentages, print orientations, post-processing 

techniques, designs, and golf balls have on the feel of a metal AM putter.  
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Chapter 1: Introduction 
 

As metal additive manufacturing continues to grow and develop, it has the ability to spread 

into new industries and unlock new design opportunities. In particular, the golf club industry stands 

to benefit from the rapid prototyping, reduced lead-time, and complex part geometries offered by 

metal additive manufacturing. But first, it must be determined that producing parts from metal 

additive manufacturing does not adversely affect the performance of the clubs. While all clubs 

have an opportunity to be tested with AM, the putter and how ófeelô is affected by metal AM is the 

focus of this research study. The goal is to conclude if manufacturing a golf putter using metal AM 

has any significant effect on the feel of the club.  

1.1 The Growth of Metal Additive Manufacturing 

 

Metal additive manufacturing (AM) is an advanced manufacturing technique that 

fabricates parts by adding layer upon layer of material to create a three-dimensional object. Many 

different variations of AM processes exist, and an example of the laser powder bed fusion (L-PBF) 

process used in this study is shown in Figure 1. 

 

Figure 1: Schematic of Laser Powder Bed Fusion Process (Patiparn, 2020) 



 

Although metal AM is still relatively new, as compared to traditional manufacturing 

methods, it has revolutionized the way engineers can manufacture parts. With its capabilities, 

complex parts that were once impossible to mill, cast, or forge are now a reality. AM provides 

alternative parts that can be stronger, more durable, and lighter than those created using traditional 

manufacturing processes. Additionally, waste and lead time can be reduced during production ï 

leading to more rapid functional prototyping [2]. While metal AM has already positively impacted 

large industries, such as aerospace, automotive, and the energy sector, the golf industry could stand 

to gain from the benefits of AM. With a growing focus on the optimization of weight distribution 

on golf clubs to increase the moment of inertia, the design freedom offered by AM could allow 

club designers to explore new and innovative designs that push the boundaries of club 

performance.  

1.2 The Importance of the Putter and Feel 

 

The putter (Figure 2) is often regarded as the single most important club in golf; it is the 

one constant in every playerôs bag. An average player on the PGA tour has 29 putts per round and 

the average high-handicap player takes 39 per round [4]. Meaning, out of the fourteen clubs 

carried, roughly one third or more of a playerôs round will be played with the putter.  

 

Figure 2: Different Types of Golf Putters (Furyk, 2023) 



Compared to the other clubs used in golf, the putter is swung at the lowest speeds and used 

for shots at the shortest distances. As a result, there is an increased focus on feel and aesthetics 

over technology. Therefore, feel, although subjective, is one of the most important factors in 

choosing a putter.  

Feel is the subjective perception of a club to its user. Feel exists on a spectrum and ógoodô 

or óbadô feel is largely left up to the userôs interpretation. A number of factors combine to form the 

perception of feel, including:  

¶ Sound of impact 

¶ Vibrations felt in the hands 

¶ Visual feedback 

Of these factors, due to the lower speeds of impacts, and therefore lower ball speeds and vibrations 

felt in the hands upon impact, sound ï specifically pitch and volume ï is the most important 

contribution to the overall feel of a putter [5]. The auditory feedback received from hitting a ball 

provides the golfer with immediate information regarding the quality of their shot. Factors such as 

pitch, sharpness, and sound level contribute to the sound produced from a putting stroke and can 

influence the golferôs perception of the club. For example, a previous study conducted player 

interviews regarding their perceptions of sound during golf shots. One participant described their 

experience with a ball that produced higher pitched, ñclickyò noises upon impact. This caused 

them to perceive the ball as firmer and make a conscious effort to not swing as hard, since the ball 

will come off the face quicker and go further. Another player explained that they liked a softer feel 

since it was easier to judge distance and have more control over the shot [5]. Overall, the ideal 

sound of a golf shot is subjective, but crucial to a playerôs perception of the club and their 

subsequent confidence and performance with it.   



1.3 Prior Research Exploring Feel 

 

A study by Barrass et al (2006) investigated the sound characteristics of different ball and 

putter types. The results from the sound testing were then compared with golfersô perceptions of 

the different balls and putters. Comparing these results and rankings showed that the golfers were 

able to correctly characterize the extremes but did not always accurately perceive and rank the 

different balls in terms of sound and hardness [5]. A similar study by Roberts et al (2005) compared 

measured values for acoustic properties of golf shots and correlated them to qualitative ratings 

from participants. Strong positive correlations existed between these qualitative ratings and 

measured values for pressure, loudness, and sharpness levels. The data suggested that differences 

in clubheads were perceived, but more subtle differences between two similar clubheads were less 

perceivable by the participants [6]. Additionally, through research into the performance of cast 

versus forged clubheads, little difference was found in the natural frequencies or acoustic response 

of the heads upon impact [7]. Overall, all of these findings suggest that golfers, to an extent, can 

notice differences in sounds and feel in different balls and types of clubheads.  

1.4 Metal AM in Golf 

 

While studies exist on the effects of different clubheads and balls on the feel of golf shots, 

current research fails to explore these outcomes when comparing metal AM and traditional heads. 

To date, a few companies have experimented with AM and produced prototype putters. PING 

(Figure 3) and Odyssey have both produced fully AM designs but never made them available to  



 

Figure 3: PING 3D Printed Putter (Thimmesch, 2015) 

the consumer market or released data and conclusions on their performance [8][9]. Cobra has been 

the only company to incorporate AM into a commercially available design in their King 

Grandsport-35 (Figure 4). This design features an AM nylon inner lattice of the body. The rest of  

 

Figure 4: Cobra King Grandsport-35 (Cobra Golf)  

the putter, including face, chassis, crown, and tungsten weights, are all produced from traditional 

manufacturing techniques [10]. Since no prior research into AM golf clubs is available, and no 

clubs have to come to market with significant AM composition, there is an opportunity to explore 

how AM affects the performance of a club.  



While metal AM capabilities are rising, certain limitations can cause golf-specific 

performance differences when compared to club heads produced from traditional methods, such 

as casting, forging, or milling. The key factors of AM that could affect the feel of a putter are 

changes in microstructures, sub-surface defects, and surface roughness. Due to powder fusion 

technology, in which metal powder is melted and fused together, changes in microstructure from 

phases, grain size, and porosity are produced. These effects can result in changes in mechanical 

properties [11][12]. Additionally, sub-subsurface defects such as voids, delamination, and leftover 

powders can be present in AM parts [13]. Compared to milling, AM also results in a higher surface 

roughness before post-processing. If left unprocessed, they can lead to adverse performance effects 

[14]. Combined, these imperfections in AM parts may lead to differences in feel when applied to 

putters. 

1.5 Research Goal and Significance 

 

 The goal of this research is to determine if fabricating a golf putter using metal additive 

manufacturing affects the feel. Since feel is arguably the most important facet of putter 

performance, it is the focus of this project. Because there is no previous research regarding AM in 

golf, it is necessary to first explore how AM affects the base-performance of a putter. If it is then 

confirmed that AM causes no significant changes in feel or overall performance, future testing can 

explore more advanced aspects of AM design, such as lattice structures in clubheads, weight 

optimization, infill density, print orientation, etc. If differences in feel do exist between the control 

and AM putters, further investigation can be done to determine the source of these differences and 

ways to alter them.  



1.6 Thesis Overview 

The remainder of this paper details the testing methodology used to test the impacts of 

metal AM on feel, the results of these experiments, conclusions, limitations of the study, and 

future work to be done.   



Chapter 2: Methodology 
 

2.1 Overview 

 

To explore how feel is impacted by metal AM, one consumer-grade putter produced from 

traditional manufacturing methods and one putter produced from metal AM were tested under the 

same conditions in a series of tests. The first segment of testing consisted of acoustic analysis of 

putter strike impacts on various locations of the putter face in a laboratory setting. The second 

segment consisted of player feedback testing at an outdoor practice green. Combined, the goal of 

these two tests was to collect quantitative sound data that could then be compared to qualitative 

player perceptions of the sound and feel characteristics. This would help determine if (i) 

differences in feel exist and (ii) if those differences are able to be perceived by golfers.  

2.1 Test Putters 

 

Both putters used in the testing consisted of the same head design, shaft model, shaft length, 

and grip model. The key difference between the two putters was that one of the heads was 

commercially produced using traditional manufacturing methods and the other was an additive 

manufactured prototype.  

The head model used was a 333g Studio Stainless Newport 2 (Figure 5). The shaft model, 

length, and grip were as follows: KBS CT Tour, 34 inch, and PING Blackout. The metal AM 

Newport 2 putter head (Figure 6) was fabricated using L-PBF on the Open Additive Panda 06 at 

the CDME at The Ohio State University. After the post processing of the metal AM putter, the head 

weighed 325g. Lead tape was added to the sole of the AM putter head to ensure that the weight 

was the same as the commercially produced Newport 2 head. Figure 7 depicts the full breakdown 

of each putter and the component specifications.  



 

Figure 5: Standard Newport 2 Putter 

 

 

Figure 6: Metal 3D Printed Newport 2 Putter 

 



 

Figure 7: Putter Component Breakdown 



 

2.2 Acoustic Testing Setup 

 

The data acquisition (DAQ) system used in the acoustic testing consisted of two DAQ 

modules, a microphone and conditioner, and an external trigger. The main DAQ module, which 

was responsible for collecting the raw data, was a National Instruments cDAQ A/D Module 

NI9250. A National Instruments Module NI9402 was included to accept a TTL pulse that acted as 

a trigger for the DAQ code. Connected to the NI9250 module was a Bruel & Kjaer Diffuse Field 

1/2ôô Type 4942 microphone with a Bruel and Kjaer Conditioner Type 1704. The conditioner was 

set to A-weighted filtering throughout all trials. The NI9250 sampled at a rate of 25600 Hz for 

each test. The microphone was lined up with the front of the putter face and placed 5 inches from 

the center of the golf ball and 5 inches off the ground, as shown below in Figure 8.  

  

Figure 8: Microphone Placement 



The putters were mechanically swung by a home-made putter pendulum testing apparatus 

designed specifically for testing in this study (Figure 9). The putters were securely attached to a 

grip holder and then attached to the pendulum. 

 

Figure 9: Putter Pendulum 

The pendulum was electronically actuated by an external trigger controlled by an Arduino Uno 

microcontroller. Two servo motors acted as latches to hold the putter head in place and release it 

from the same spot each trial once a button was pressed (Figure 10).  



 

Figure 10: Servo Latch System 

Each time the servo motors were released, and the putter head was swung by the pendulum, a 5mV 

pulse was sent to the NI9402 using an Arduino BNC cable to trigger the data acquisition period in 

the NI9250. Figure 11 shows the entire testing setup.  



 

Figure 11: Acoustic Testing Setup 

Three impact locations on the putter faces were studied: center, heel, and toe. For center 

strikes, the ball was aligned with the center line of the flange of the putter head. For toe and heel 

strikes, the ball was aligned 1.5 cm away from the center line in their respective directions. Figure 

12 depicts a center, heel (red line), and toe (blue line) strike.  



  A total of 245 trials were run. Each face location on each putter had 35 trials and 35 

measurements were taken of the ambient room noise for signal-to-noise ratio calculations. 

TaylorMade Tour Response Stripe golf balls were used for each trial due to their ease of alignment.  

 The acoustic testing was performed in lab 171E at the Aerospace Research Center at The 

Ohio State University. The door seams of the room were lined with sound proofing foam to help 

reduce the amount of noise present in the measurements and increase accuracy and repeatability.  

2.3 Acoustic Testing Procedure 

 

A standard run of the acoustic testing was as follows: 

¶ Step 1: Align the ball to the putter face 

¶ Step 2: Swing back and secure putter head between the servo motors 

¶ Step 3: Press the button to activate the circuit and release the servo motors  

¶ Step 4: Data acquisition begins  

¶ Step 5: Putter swings and impacts ball 

¶ Step 6: Raw data saved to MATLAB 

Figure 12: Heel, Toe, and Center Strike Locations (Left to Right) 



2.4 Player Testing Methodology 

 

The second stage of testing focused on collecting qualitative data on usersô perceptions of 

the two putters that could then be compared to the quantitative sound data. All qualitative data 

collected was related to the contributing aspects on the feel of a shot. From a previous study by 

Roberts et al (2001), terms such as ódeadô, ópleasantô, ódullô, óexplosiveô, ócrispô, ósharpô, ósoftô, 

óhardô, etc. were frequently used when describing a golf shot [15]. Similar vocabulary was selected 

for the post-test questionnaire used in this study. The responses to each question on the 

questionnaire were numbered from 1 to 5 and opposite descriptive words were used to scale the 

responses. Figure 13 and Figure 14 below depict the questions and response scaling used.  

 

Figure 13: Post-Test Questionnaire (Page 1) 



 

Figure 14: Post-Test Questionnaire (Page 2) 

 

2.5 Participant Selection 

 

A variety of golfers of all skill levels were selected to gather a more representative sample. 

In total, twenty golfers participated in the test. Their ages ranged from 19 to 52 years old, and their 

handicaps ranged from -18 to +2.5. In short, a handicap is a measure of a playerôs ability. A 

negative (-) handicap means a golfer would need to have strokes subtracted from their score to 



reach even par (0), whereas a positive (+) handicap means a golfer has the ability to shoot under 

par and would need strokes added to their score for them to score even.  

2.6 Player Testing Conditions 

 

The same two putters used in the acoustic testing stage were used for the player testing. All 

weights, grips, shafts, and lengths remained unchanged. All branding on the Scotty Cameron 

Newport 2 control putter was covered up to reduce preconceptions and judgement. The tests were 

conducted outdoors on a practice green to better simulate playing conditions.  

2.7 Player Testing Procedure 

 

Before each test, the procedure was outlined to the participants and the questions that they 

were going to answer at the end of the test were explained. The participants were not told which 

putter was which, or their differences, until after their questionnaire was completed. Each 

participant was asked to complete five consecutive six-foot putts with each of the two putters. 

After the five consecutive putts were completed with each putter, they were then allowed to switch 

back and forth as they pleased until they were ready to answer the post-test questionnaire. The 

starting putter for each participant alternated from the control to the AM to reduce any ordering 

bias on the data. The AM putter was labeled óAô and the control putter was labeled óBô. After 

completing the scaled responses on the questionnaire, each participant was asked which putter they 

liked better overall, or neither, and to provide reasoning and any further feedback. TaylorMade 

Tour Response golf balls were again used for each test. 

  



Chapter 3: Results 
 

3.1 Acoustic Testing Data Overview 

 

 The DAQ setup produced raw voltage versus time data for each test. All of the raw data 

was analyzed in MATLAB and converted to physical units for inspection. The main focus of the 

analysis was on pressure data in the time domain and frequency spectra. The goal of this portion 

of the testing was to conclude if differences existed between the acoustic properties of each 

putter.  

3.2 Time Domain Analysis 

 

 The data acquisition period lasted 1 second for each trial. However, the average impact 

duration was under 4 milliseconds. Therefore, the first step in comparing the time trace data for 

each test condition was to window the raw data to start just before the impacts and end just after. 

After windowing the data, signal-to-noise (SNR) calculations were performed using the formula 

ὛὔὙρπὰέὫ  Ὥὲ Ὠὄ, 

where   is the mean-square of the signal with noise and   is the mean-square of the background 

measurement signal. All of the SNRs resulted in values greater than 20 dB. Therefore, the room 

noise did not significantly affect the measurements. Each pressure versus time plot was inspected 



and the maximum pressure value for the impact was logged. A sample plot is shown in Figure 15. 

The averaged max pressures over the 35 trials for each putter are listed in Table 1. For each of the 

three face locations, both the control and 3D printed putters produced similar maximum pressures. 

Table 1: Average Maximum Pressure Values for Each Face Location 

 

The percent differences between the control and 3D putter for the center, toe, and heel strikes were 

3.56%, 1.78%, and 2.17%, respectively. All of the trials for each condition were averaged together 

and plotted in Figure 16. All three of the face locations for each putter produced similar curve 

shapes. All of the plots displayed similar peak pressures and impact durations of roughly 4ms.  

 

Putter Type Impact Location Avg. Max. Pressure [Pa] 

Control 

Center 1.2105 

Heel 1.2407 

Toe 1.3687 

3D Printed 

Center 1.2544 

Heel 1.214 

Toe 1.3933 

Figure 15: Time Trace for Control Putter Heel Impact Trial 19 



 
Figure 16: Averaged Time Traces for Each Test Condition 

 

3.3 Spectral Analysis 

 

 Using the windowed pressure and time data for each condition, two spectra were 

calculated: magnitude and A-weighted sound-pressure-level (SPL). The MATLAB code used to 

calculate the spectra for each test is shown in Appendix D: Sample MATLAB Code. The code 

loops through each set of pressure and time data and calculates the Fast Fourier Transform (FFT) 

using the fft() command in MATLAB. The absolute value of the FFT is taken to discard the 

negative frequency components of the signal. The spectra were then normalized. A Hanning 

window was used to reduce leakage effects. For the SPL spectra, the same steps were used and 

then the magnitudes were converted to decibels using a reference pressure of 20 ÕPa. The averaged 

magnitude spectra for each face location on the two putters is shown in Figure 17 and Figure 18.  



 

Figure 17: Average Magnitude Spectra for Standard Putter 



 
Figure 18: Average Magnitude Spectra for 3D Printed Putter 

 

From these plots, the toe strikes for each putter in the 0.5-2 kHz range display slightly 

higher amplitudes and the center and heel strikes show slightly higher amplitudes in the 3-3.5 kHz 

range. This suggests the center and heel strikes produce higher pitched sounds and toe strikes 

produce the lowest pitched sounds of the three locations. Despite these small differences, the 

overall shapes and peaks of the three impact locations are very similar. Figure 19 displays a subplot 

comparing the magnitude frequency spectra for the control and 3D printed putters.  



 

Figure 19: Comparing Magnitude Spectra for Each Putter 



From Figure 19, the magnitude spectra for each putter were very similar. Consistent trends 

for the overall shape of the curves and peak locations are seen. One difference is the 3D printed 

putter has slightly higher peak magnitudes over the 0.75-2 kHz region and the standard putter tends 

to have slightly higher peak magnitudes over the 3-4.5 kHz range.  

The same trends are seen in the SPL spectra plots for each putter (Figure 20). The difference 

between the SPL and magnitude plots is that the SPL plots scale the FFTs of the pressure data to 

display physical units that correspond to the frequencies present in the signal. The SPL spectra plot 

for this data set shows that the frequencies belonging to the ~0.5-2 and ~3-4.5 kHz range 

correspond to the loudest components of the signal and are therefore the most prominent in the 

acoustic characteristics of the two putters. Additionally, changes in sound level of 3dB are 

generally considered perceivable. Only two peak locations, 1.75 and 2.25 kHz, on from the SPL 

plots have differences of at least 3dB.  

 



 

Figure 20: Comparing SPL Spectra for Each Putter 



 While SPL spectra plots can be used to compare the frequency compositions of a sound 

signal, they do not accurately represent the perceived loudness of those sounds. Therefore, Zwicker 

loudness and sharpness calculations were performed using ISO 532-1 standards on MATLAB with 

the Audio Toolbox. The loudness and sharpness values for each trial were calculated using the 

windowed pressure data and then averaged for each test condition. Table 2 displays these values. 

The overall loudness of the strikes for the control and 3D printed putters are marginal and differ 

by less than 1% each. The control putter displays 6.18-8.90% higher sharpness values than the 3D 

printed putter, which aligns with the observation that the control putter exhibited higher 

magnitudes in the higher frequency range of the spectra graphs.  

Table 2: ISO 532-1 Loudness and Sharpness Calculations for Each Condition 

Putter Type Impact Location Loudness (sones) Sharpness (acums) 

Control 

Center 59.8157 1.8839 

Heel 59.4482 1.9405 

Toe 59.8024 1.8340 

3D Printed 

Center 60.2319 1.7710 

Heel 60.0219 1.7752 

Toe 59.6802 1.7225 

 

3.4 Player Testing Data Overview 

 

 The scaled responses from the player testing questionnaire were analyzed by the 

differences in the two ratings of each putter given by the player. The absolute scale of the responses 

was not as important as the relative scaling for each playerôs responses. Overall, the perceptions 

of feel for both putters were highly subjective for each golfer, but some trends were observed.  

 



3.5 Scaled Responses Summary 

 

 For Questions 3-7 on the Participant Questionnaire (Figure 13 and Figure 14) regarding 

feel in the hands, appearance, confidence level, and overall feel, at least one player noted no 

difference in the two putters. The rest of the players perceived slight differences between the AM 

putter and control putter within these categories. Although, the responses were mixed in terms of 

which putter was rated higher and no clear trends were observed.  

 The most significant trends were that for Question 1 regarding the sharpness of the impact 

sound, all players answered that they perceived a difference between the two putters. The control 

putter was perceived by 80% of the players to have produced sharper impact sounds during shots. 

The AM putter was perceived to have duller impact sounds. For Question 2 regarding the overall 

sound level of impact sounds, 80% of players also perceived the control putter to be louder than 

the AM putter.  

 Overall, 40% of players rated the AM putter higher in terms of overall feel, 40% of players 

rated the control putter higher, and 20% of players rated the two putters the same. Half of the 

participants favored the control putter overall and the other half favored the AM putter. 

 There were no noticeable trends relating the questionnaire responses to age, gender, 

handicap, putter preference, or starting putter.   

3.6 Relations Between Quantitative and Qualitative Data  

 

The quantitative sound data suggests that the control putter produces slightly sharper 

impact sounds compared to the AM putter. The perceived loudness levels for each putter did not 

have any significant differences and the overall frequency content of each putter was very similar. 

Players appear to correctly identify the differences in sharpness. However, all but two of the 



participants perceived differences in the loudness levels of each putterôs shots and 80% of players 

found the control putter to be louder.  



Chapter 4: Discussion  
 

4.1 Acoustic Testing 

 

Data from both the time and frequency domain suggested there are marginal differences in 

the acoustic characteristics of the control and 3D printed putters. The pressure versus time data 

analysis revealed that the impacts for both putters had the same time durations and resulted in 

similar peak pressures. The overall impulse shapes were similar for each putter and test condition. 

The spectral analysis for each putter and face impact location also displayed many similarities in 

the two putters. Overall, for both the magnitude and SPL spectra, the two putters followed the 

same curve shape and had peaks at the same frequencies. The differences were that the standard 

putter had slightly higher magnitudes at higher frequencies compared to the 3D putter. The control 

putter also yielded higher values for the average sharpness in the strikes at each face location. This 

suggests that the standard putter may produce slightly firmer sounding shots than the 3D printed 

putter.  

4.2 Player Testing  

 The majority of the questions from the player testing received mixed results among the 

participants. The difference between the responses from each player, and the split between which 

putter was favorited, reinforces the subjective nature of feel. The only significant trend was that 

players were confident that the control putter produced sharper sounding shots and was louder.   

4.3 Quantitative vs. Qualitative Findings 

 

 Both the quantitative sound data and qualitative player data revealed trends that suggest 

the control putter produces sharper sounds during putts. The 6.18-8.90% differences in sharpness 



appear to be discernable by the participants in normal playing conditions. One key difference is 

that 80% of players perceived the shots from the control putter to be louder, but the sound data 

suggests otherwise. From the perceived loudness calculations, the strikes at the center and heel of 

the AM putter were 0.4160 and 0.5736 sones louder than the control putter, while the toe strikes 

of the AM were 0.1220 sones quieter. These changes are less than 1% different and are all less than 

a one sone. These differences would likely not be perceivable in normal playing conditions, and if 

they were, the AM putter has higher loudness levels for two of the three impact locations. This 

shows that the participants did not correctly identify the differences, or lack thereof, in loudness 

levels of the two putters. This may also suggest a relationship between sharpness levels and 

perceived loudness from users.  

 Overall, the sound data produced in a lab-setting showed marginal differences in the 

acoustic characteristics of both putters. The only noticeable trend was that the control putter 

produced slightly sharper sounds. The participants correctly perceived this difference but failed to 

accurately compare the loudness levels. However, the lab-setting isolates all other variables of feel 

except sound. Whereas the player testing still includes the other aspects of feel such as shaft 

vibrations and overall clubhead appearance, which could have impacted the playerôs perceptions 

of the puttersô sounds.  

  



Chapter 5: Conclusion 
 

5.1 Summary of Findings 

 

Through the combined analysis of quantitative sound data and qualitative player 

perceptions, a putter produced using metal AM creates duller sounds during putts, and these 

differences may be perceivable by players under typical playing conditions. Both putters displayed 

pressure time traces, frequency spectra, and perceived loudness values that exhibited a high degree 

of similarity, despite players perceiving some differences. Overall, the players expressed that the 

differences they noticed were slight and their responses showed an even split between which putter 

they rated as having a better overall feel and which putter they liked better. This suggests that 

producing a putter using metal AM does not negatively affect the feel in any major ways.  

5.2 Limitations and Future Work  
 

More testing needs to be done with players to have a better understanding of how the two 

putters are perceived. A number of factors can influence the player testing setup, such as weather, 

swing consistency, putting green conditions, and more tests need to be completed to have a more 

representative dataset.  

Additionally, the ball used in testing has a major impact on the results. From previous 

studies and comments from players during this testing, the differences in golf balls have significant 

effects on the sounds produced by shots, regardless of the club being used. Further testing using 

different golf balls, ranging from very soft to very hard, would be useful to see if the putter heads 

react differently and produce significantly different results on either end of the spectrum.  



The sound testing in this study was not performed in an acoustic sound room intended for 

sound testing due to time and scheduling constraints. While the SNR calculations concluded the 

noise was not significantly affecting the signal data, future testing in a sound room would eliminate 

ambient noise and produce more accurate results.  

If further work continues to show little differences in the acoustic properties of AM putter 

heads to traditional heads, further testing can explore the effects of different print orientations, 

infill percentages, designs, and materials on the feel of putters. 
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Appendices 
 

Appendix A: Putter Pictures 

 

This appendix includes images from SolidWorks of the reverse-engineered Newport 2 putter head 

model used in this study. As well as pictures of the 3D printing process including: a CAD depiction 

of the support material locations, the removal of the supports using EDM, and side-by-side 

comparisons of the 3D printed putter and the original putter. 

 

 

Figure 21: Rendered Putter CAD Front-View 

 

 

Figure 22: Putter CAD Face-View 



 

Figure 23: Putter CAD Sole-View 

 

 

Figure 24: Putter CAD Top-View 

 

Figure 25: Putter Support Parameters 

 



 

Figure 26: EDM Removal of Supports 

 

Figure 27: Top-View Putter Comparison 

 



 

Figure 28: Face-View Putter Comparison 

 

  



Appendix B: Additional Data Plots 

 

 

Figure 29: All Noise Time Traces 



 

Figure 30: All Center Strike Control Time Traces 



 

Figure 31: All Toe Strike Control Time Traces 



 

Figure 32: All Heel Strike Control Time Traces 



 

Figure 33: All Center Strike 3D Time Traces 



 

Figure 34: All Toe Strike 3D Time Traces 



 

Figure 35: All Heel Strike 3D Time Traces 






































