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Abstract

Met al additive manufacturing (AM) continue
advancements aeehmattegyDue to theawiidlempraod it 1
abi loiftfieer sed by metal AM, it has the potenti al
given the growing emphasis on customization
studies have explored the effkestenofhdi peefen
gol f clubs and usemadonpemrc@@ipi o ms ,r etsteamre h r eg
The purpose of this research was to explore h

specifically in the feel of golf putters.

To accompime sABM tphuitatherriac alt @gderu sp mwd e+ BFgd f us
at the Center for Design awdtsdiath ediaadcaomngsnugnel x c
grade putter of ,phedecaame rhiteiaedin| dyersaidgint i on al me
met hods. RBRewskhbpetcterds t o strikes from aaputter
perf or medf accnmptatcrte el be,at ¢ e nsBlri, h @ yoper. wtaesshteinn g

perf dorymead i gy fefr s andwarheeciorr dfeede.d b a c k

Data from ti me aaudalfryeicesad ready nhonmaiancou st i c
some fferences between t heTlhe ngmdeadtsanrdiebr 3D hgr ii |
reveal ed mini malprdisfsfuereesnc eismpianctp eakme dur at i
each pPuomespectr al anal ysiimi,| arotcdurpwe tshrap eesx,h
magni tHodves/.er , the control putter produced s
frequency r3apgest ag@xdpiutthieteed hi gher magnitudes

ranges. Usli nsgt alriSd€rar bd8s@yleattceed v e d $doi ufdf neersesd |beyv elle



l1% et ween t haet tevaoc Ip uftfhee slhacagtnieessrs f or t he contr
6 .-8. 9% higher theBnomheh&Mppayerer t emsdritnigc ifpeaendt|

perceived the control putter to produce sharp

Ov ertaHdombi naguamt iotfati ve andaqouudtiitatave o
testongl uded ftahbartiucaa trpgudt meertread t AM dul | er,asdunds
these dmahfyebenpescei vable by playé&hsemaidredern y
of the acoustic characteristics oThaeshee ftiwodipn
serve as a preliminary test in the effects of
effebds fferent printing pprroicnets scergi,ocepnit oatt e koknisp @ |

techni quangodebbgbhben theAMemput todr.a met al
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Abbrevi atNoommesicdmad ur e

Abbreviati ons:

AM Additive Manufacturing
L-PBF L asPeorwBedusi on
CDME Center for Design and Manufactur
DAQ Data Ac&yssemi on
N | National l nstrument s
TTL Tr ansliraatnesri st or Logi ¢
BNC BayoMeitbhn€ctor
SNR Si gh#éalbi se Ratio
SPL Sound Pressure Level
FFT Fast Fourier Transform
| SO |l nternati onal Organi zation for S
Nomencl atur e:
MeaSquare of Signal with Noise
MeaSiquare of BackgrounMoiMea@a)s ur e mg¢
d B Deci bel s
dB( A) A-Wei ght ed Deci bel s
g Gr ams
Hz Hert z
mV Millivolts
cm Centi meters
OPa Micro pascals




Chaptlkemtdoducti on

As metal additive manufacturing continues |
i nt o new iunnd uosctkr ineesw adredsi gn opportuniysiteasn.d | n
to benefit from the rtaipmea, pamd odormpplnegx pardtu cgee
met al additive manufacturing. But first, it
additive manufacturing doess mdt tedckyv ecrlsueblsy. aNhfi
have an opportunity to be tested with AM, the
focus of this researlahestiudynanTuhfea cgtouarli nigs at og oc

has any significant effect on the feel of the
1.1 The Growth of Metal Additive Manufacturi n:

Met al additive manufacturing ( AM) i S an
fabricates parts by adding | adyieme nugpiogisld kayy er o
di f fveareingt i pnecek&ksatnbtl, an exhmpete powtd®EPBPFPed f u:

process used inFtigiug estudy is shown in

Laser .
Scanning
mirror

Unfused

Roller

=y
s

Powder feed Build Build Build
piston chamber piston object

Fi gir eSc h e haastBoevd@®eidFfu siPooncess (Patiparn, 20



Al t hough met al AM is stildl remaniuvy @lcy uniew
met hods, it has revolutionized the way engi n
compl ex parts that were once impossible to mi
alternative parts that aomanl|lbghsterondam, those
manufacturing processes. Additionally, iwast e
l eading to more ra@ d Whinlce i memtad | pAMtioa s palnrge g
| arge eisndwsstcthi as aerospace, automotive, and t
to gain from the benefits of AM.weWidthhs ta idruawio
on golf c¢clubs to increase the moment of inert
club designers to explore new and i nnovatiyv

performance.

1.2 The |I mportance of the Putter and Feel

The plhitd®re often regarded as the single m
one constant in every playerdés bag. An averag:
the avehagedi baghpl ayer 4t.akbBeamBi9ng,eroutoumfd t{ h

carried, roughly one third or more of a playe

FigreDi fTypesnl®dftt ers (Furyk, 2023)
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Compared to the otththerpuwtltudrs ius edwa md g8 €t h e

r shots at tAe shokRemrdti 9didocase eosma efsd dilet awd
er technology. Therefore, feel , al t hough st
oosing a putter.
Feel I's the subjectivdepdr exptsiten omf aa s@lew
Obaddé feel i's | argel.y Al eafutmblep tod tihetwyesr @
rception of feel, including:
T Sound of i mpact
T Vibrations felt in the hands

T Vi sual f eedback

these factors, due to the | ower speeds of i
|t in the handspepohi c sy timiess otbhned nndo s t i mp
ntribution to tlibe. ovVee adldifteedy off e @ad lpaudk emre.
ovides the golfer with i mmediate informati o
itch, shsaaymdcestsetveminodut e t o the sound producec
fluence the golfer ds peipc eyt ioadoynodfupcltdewde rc | u |
terviews regarding their perceptions of sou
perience with a ball t hat produced higher j
em to perceive the ballefdorfti tmemodnd winalge a;

il cofmageif tkegd ea tdoedrh.er pl ayer expl abphéedrt ha

nce it was easier to | wdgegd ed[§dQwaenrcael |a n dt hhea v

und of a gol f shot i's subjective, but cruc

subsequent confidence and performance with it
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Prior Research Exploring Feel

putt e

t he

abl e

d

di ffe

meas u

from

meas u

perce

ver su

of

t

h

noti c

1.

4

study éy(B8B06pssnvestigated the sound ch
r types. The results from the sound test
i fferent balls and putters. Comgprag iwmegr & h
to correcextyr bcoikkasdaotoér iad evatylse accur atel y
rent balls in 5 er mssiomi b a uentsl(t 220d0d5 )h wcr ABnmpdeasris

red values for a@daeusatnidc cporrogpeearhtt ieads iitmdesmg c

participants. Strong posquualiert adtdirnegs| aan c
red values for pressur e, |l oudness, and s
ubheads were perceived, but more subtl e

i vabl e by .t hfeddpiatritoincailplaynt st h[rough resear
s forged clubheads, Il ittleodi aBteusenhce wa:
e headd .uPporeriampactal | of these findings

e differences ibnalslasuwynadessl haenadd ofl. euebl in diff

Met al AM in Golf

While studheseékiest sonf di fferent clubhead

current research f aiwlhent ¢ oempmlro meg tmed ad. AM am

To

dat e, a few companies have experimented wi

(Fi g8daed Ody sbsoepyh ohdawceed fully AM designs but ng¢



FigBrePl NFBi 3IBued dhi mmesch, 2015)

the consumer mar ket or released8fat Lobnmdc darsc |
the only company to incorporate AM into a ¢

Grand3%orgtdyr eThi s design features an AM nyl on

Fig&reCobra Kinygf Goamas@aol ft)
the putter, i nctownngamndceungétesi wei ghts, ar

manufacturid®.t Scheocieques pri or research into A
clubs have to come to mar ket with significant

how AM affects the performance of a cl ub.



Whil e met al AM capabilities argo-srpiexiifg,c

performancehdnf temelaeieadrdoaduced fr om tsruacdhi t i or

as casting, forging, or milling. The key fact
changes in misuvuoé$trcectdefrest ssuland surface r o
technol ogy, i n which met aherp owdhearn giess menl tneidc rac
phases, grain size, and porosity are produced

propelrltidl es Addi t-sababublFyaceudefects such as voi

powder s cann bfeM IPraerstesmtipared to milling, AM al s
roughnesspbetessipgst |l f | eft unprocessed, the)
[4 . Combined, these i mperfections in AM parts

putters.

1.5 Research Goal and Significance

The goal of this research i s t me thaltde rt mivree
manufacturing affedtesrgtulad| yeaglhe orsde impelrt .
performance, it is the focus of this project.
gol f, it is necessary t o -pfeirrfsotr neaxnpcleo roef hao wp UAtM
confirmed that AM causes no significant chang:¢
explore more sadwvanAcM dd eassipgenc,t such as | attice
optimizatiopri nbf oeéetledd efefseirvepgdeceexsi stn feeteween t h
and AM fpuwrntlrers,investigation can be done to de

ways to alter them.



1.6 Thesis Overview
The remainder of this paper detianplascsttshe ft e
met al AM on feel, the results of these exper.

future work to be done.



Chapter 2: Met hodol ogy
2.1 Overview

To exhpdwrfee el i S i mpoancet ecdo-glsya dreertpault t M, pr od

—

raditional maaunfilaoner pogtmet podduceddfer omhme
same conditionsThien fa rssetr iseesg noefn té eosftl stte sotfiannga | cyc
putter stamméaei ompacopatfiaames ionf a hleaboratory s

segment cplnasy ert efde eadtb aacrk d uvetsd a aCgp mplriarce d ,c et e e

—

hese wascthédfesasnti tati ve sound dat agutahlaitt acta wle

|l ayer perceptions of the Teosndvoahd heélp dle

o T

i fferences iinf fesed dcifiakhdreeamobe sthigyi yJyeor d eirwe d

2.1 Test Putters

Both putters used in the testing consisted
and griphkkmyedi fference bewanwse etnhatfth gohteewadse pul tst
commercially prodmarwdf aicstiinrgi ng ardetth mdhsaland th

manufactur.ed prototype

The head mo®328Stuusdeido WeH sap afi itegstbr.e Thmo d dla f t
l engt h, and grip were asamnfidINC wBsl:a ckk8id CT AMceu |
Newport 2 (Fiugt)reas hfealdr ilecPaBtBend @Oyhseinn Addi t iaxe Pan
t CeDMBt The Ohi o Afttaere tUme veosti tyrocessing of
wei ghedeaB 2tSgpe Lwa h ea cibaAediptodf t er head to ensur e
was t haes staimee rccoi al | 'y pr odukiegodNepwprdrst th eh d aad |

of each putter and the component specificatio



FigbhreStandard Newport 2 Putter

FigareMetal 3D Printed Newport 2 Put



FigarePWCCompomBreadkdown



2.2 Acoustic Testing Setup

The data (abcAgQ)Y stiemomsed i n the atcwausDA@ t e
modul es, a mi cr o pahnodn ea na nedx tdetrendai Ih i tO&rA €y gneord. u |l e,
was responsi btltee froaw cabadN aetcitonaas! I nstruments ¢
NI 92&50Nati onal I nstruments Module NI 9402 was i
a trigger f oCrontnleett & Hifo®d dl wlaesB rau e | & Kjaer Diff
1/ 266 Type 4942 microphone withThe Bc aeartliviaansd n K|
set wead glhted filterifdpetNi O2gbostamal edt at alas .r
eachThesmi cr olpihmande tuhpp s he f ront polfaSielde hpst f € om

the cengcelrfacila hkhlees off t he grPiugddr,e as shown |

Fig&reMi crophone Pl acement



The putters wer e nneocriea doeud alelry psewwudrnug ubmy tee st
designed specitf inga li(fnygthroest h®t pdift t er s weae sec.l

grip holder and thmn attached to the pendul u

Figa&rePutter Pendul um

The pendulum was el eext enhnackolnttyriog g éerda tbeyd abny Aa
mi croconfTwol servo motors acted as | atches to

from the samencpoa kRatcth@EGmhgivkRs pressed
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Trigger System

dulum

SRR T

FiglbteAcoustic Testing Setup

Three i mpact | ocations on khéelanud tteae .f akcoers
strikes, att hegvialkahl It heascenter | ine of thlkedll ange
strikes, at hgndbd| dwavyasf rom the center HFiigqweren t

l2epacenheet ed,alnidneoe (blue | ine) strike.



Fi gl 2He gllooan@denBeri ke Locatio

A tot2a4l5 dafri als wer e rowmn.e afdhcahd uft3abe et rlioacl ast i
measur ement s wer e t aken of -tHhei senbrir anti o r oamc

Tayl or Made TougolR&lslposnwer Stusee for each trial

The acoustic tesltamngl Wlaks gtertfloe meaer dasnpace |
Ohi o Statdhédniseamsi tlye room were | ined with s

reduce the amount of noise present in the mea

2.3 AclTewsdtiing Procedur e

Astandard run ofwashefatbowsic testing

T Step 1: bAt d gtuhtét teee

T Stepwng beckrangdguster head between the se
T Step 3: Press 't hcei rbcuttitto nantdo raecltei avsaet et hteh es er
T Step 4: Dabeagiamgui sition

T StepPpubter swings and i mpacts ball

T Step 6: Raw data saved to MATLAB



2.4 Player Testing Methodol ogy

The second d$tagecdadl lomatait ndhagtta ssegnesrbc ept i ons
the two putters that aquwuahtds tdteihd djataa .odngataa & @
col |l waseldabdoBdont ri buting aspe€Erompomvitomdyeby

Robeertt(sa0D,01t)er ms such as o6deadbd, Opl easant 6,

t

7

C

0harddé, etc. were fragqalefriltflByotubad wbheabdbacyit

f otrhe -tpeosstt questi dmneai Meateuwdsyesd wo mesaech questi o

n

guestiweemambdmredn5dnd oopposite descriptive wor

responsgeash.eli gdbel ow tdgepe st i ons and response

Participant Questionnaire

Participant Information:

Initials: Handicap: Age: Ball Used:
Putter Preference [Circle one]: Blade Mallet Mid-mallet
Starting Putter: A B

Testing Information:
Location: Deate:

Post-Test Questions:
1. How did the putter sound on impact?
Putter A:
1 2 3 4 5
Dull Mushy «—— » Sharp, Clicky
Putter B
1 2 3 4 3

Dull. Mushy «——————» Sharp,. Clicky

2. How loud was the putter during shots?
Putter A
1 2 3 4 3
Quiet « » Loud
Putter B:
1 2 3 4 3
Quiet « » Loud

3. How did the shots feel in your hands?
Dutter A:
1 2 3 4 5
Soft < » Hard
Putter B:

Soft « » Hadd

Fi glbBeRbesstt Questionnaire (Page 1)

S



4 How did the putter look when standing over 1t?

Putter A:
1 2 3 4 5
Unappealing « » Appealing
Putter B:
1 2 3 4 5
Unappealing « » Appealing

3. How confident were vou with each putter?

Putter A:

Not very « » Very
Putter B:
1 2 3 4 h]

Not very « » Very

6. Rank the overall feel of each putter:

Putter A:
1 2 3 4 5
Unsatisfying. Bad « » Satisfying. Good
Putter B:
1 2 3 4 5
Unsatisfying. Bad « » Satisfying. Good

7. Which putter did you like better? [Circle one]:
A B Equal

Reasoning:

8. Any other specific feedback on either of the putters or test:

Fi gbdeRbesstt Questionnaire (Page 2)

2.Participant Selection

A variety of golfers of all skill shenpéles we
| n fttomemgloyf ers part iTdiep ad gaes i ha ®Eedarifebnedn t hei r
handi caps -il&ng2.d5n.f sbmr t | a handptapehiékia ymea

negatf)heaedmeaps avogdldf emreesd rtokebawvaeabtracted fr.



reaecvhpma(rQ) whereas a positivehds)thanabiclaipt ynetam

par and would need strokes added to their sco

2.6 Pllessyteéerng Condi ti ons

The same two puwtotuesnsd cuweddiimge bafagre t he pl ¢
wei ght s, gri ps, s h aufntcsh,a A@glledla 1 kkinrgg hen remai Be d
Newport 2 control putter was covatellrapst wer e

conductedodnoat poaceé i bet geresni mul.ate playing co

2.7 PlaykProdedureaeg

Before ehehpteséedur e was oauntbleitngeudd dttaoit otrihdee yp
were going to answer at .The padtoti pawtischwer &
putter was whi ch, or t heir di fferenckEasgh untii
partiva sp aandckoendp fteor e n s e s ufika pvtiet t se avoilit ht he t wo put
Af t efrict@dnreseputi sewere compl eted with each putt
backf amdh t hey pleased until thegtwguelsheeadyn al
starting putter forfreanch hga rctoirtdar prdendty cad trthss rrdavt
bias onThbheAMapatter was | abeled O6A6 Adnert he
compl eting the scaled responses on the questic
|l it ked betoremeovédreal, |l and to provi deTaryd aog dvaidreg

Tour Response golf balls were again used for



ChaptResBlLts
3.1 Acoustic Testing Data Overview

Te DAQ setup produced raw voltage versus t
was analyzed in MATLAB and conVeetmai n of phys i
anal ysis was on pressure dataThe gbaltbmet dom
of the testing was t obetowehdeu dae oiafp editfi feesr eorfc eesa

putter.

3.T2i me DAmail gsi s

The data acquisition perlHoweJars,t etdhel asweroa
durationd4mwials|l unne&@dedsf or @,n tchoempfairrn satg dtheep t i me
each test condition owvasst @rot wiunsdto wb et fhoer er atwh ed aitr

After windowi atgo aipsBeN@alt ayl &t igommdu svier e tphea ffoarm
YOY pt € 'Q— QNO0,

wheres theqmaaae of t he siigsnadlhewiotehm en wifs ¢ hand a
measur emeMltl s@NyRahle esul ted in values greater

noidsedsngni fi cantl y afHaeccht ptrhees snueraes uvreernseunst st.i m



and the maxi mum pressure Asalmpe ef @i ioE h @ 1s5 e ha win

Pressure Data for Control Heel Trial 19
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The averaged max pressur easr evielrslileheb ri3rdBat hi af s

three face | ocations, both the maximpolsamud e3D

Tablt eAverage Maxi mum Pressure Values for

Putter Type Impact Location Avg. Max. Pressure [Pa]
Center 1.2105
Control Heel 1.2407
Toe 1.3687
Center 1.2544
3D Printed Heel 1.214
Toe 1.3933

The percent differences bet ween thheeetlcad rktersolwea
3.56%, 1.78%, andl?2. 7%t heespeat svédiyogatclher o
and pl Btygk6eadliln t hree of ftolre efaacche pludactaetri opnrsoduc

shapes. All of the plots displ ayeadusgihmiyl adrmsp. e



Averaged Time Traces for Each Putter and Impact Location
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FigubBeAveraged Time Traces for Each Te

3.3 Spectral Analysis

Using the windowed poesswurceh aTmwedpeict man ,dve tr
calcul ated: Awmaigog h t epreessasmudrdel . TH SPUATLAB code wus
calcul ate the ispecinAmpmpede MDA axenpM AeT Lt AdBOotdEhe code
|l oops through each set of pressufMeaasflot mmeéF#&
using the fft /() command in MATEABakEhetabdgdols
negative frequency componentsnoifmalkkieHesd.ginmag .
window was usedeftfodotedtbe Sakagectr a, t he sa
t hematghne t udes were converted t o deTchieb ealvse ruasgienc

magni tude spectra for each f akiegll mekitgLdBne on t
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15 _Average Amplitude Spectrum of Each Face Impact Location for 3D Putter
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Frotnhese pl ot s, the toeOs2kmMHizk esanfger de aph ap
hi gher ampl it adhnesese amidk @ es Iciegihtelry hi é8h é&r kadmp | i
range. T éti 'se saageest r i k e shipgrpoed wcheed s ositndisk easn d
pr odtulcee | owe st pitched sdesgps tef thkbeet Bmael!l |
oveshbhprd peaksi mpathel dbateie dnsgldrees pvlearyys sai nsiull

comparing the magnitude frequency spectra for
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Fromgl® et he magnfiotru deea cshp epcuttrtaer wer e very s
for the overall shape of tOmee cdirfvfees3 Ramude i pidse ki
putter has slightl y hOi.g2hsekrH zp eraekg i moang nai ntde dt ehse osvt ¢

tbaesl ightly higher pedakHmagangedes over the 3

The samads arSePLs eseprecitnr a hpelFao tgsRfeoTrh ee adci hf fpeurt e
bet ween the SPL and magnitude ofotbeipréebatr e
di splay physical units that corTe8Plnsdp &€ ot rt & ep
for this data set shows that2 tahned. %HBe q U emagiee s
correspond to the | oudest compmastnt ®sr wrhi neret s
acoustic characteriAgddi ¢ $ ohad dtelse 1tnwos opuntdt elr esv. ¢
generally consOnley etdwp ep.e &k .via®h ¢ @nodfordesrd 5t kedz S P L

pl ditay & ediehces of at | east 3dB
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Whi$RL spectra plots can be used to compar
signal, they do not accurately repregZentkehe ¢
l oudness and sharpness cla3C U332 ndmsMaelr £AB pweir tf h
the Audi dh€®odloluadm.ess and sharpness values for
wi ndowed pressure data and Takduiea aspérayged hfecre
The over adfl héd odsitdmieldehse c ont rpault t eemabr geEDmeddIrf if retre d
by Il ess than 1% each6l & 0®h icgdnlearropl n epsust tvear| ude ss ptl
printed puwatl i @m,& hwh itodths er vat i on t hat hihgheacont

magnitudes in the highegr aprhesguency range of t

Tab2leSO -5 3koudness G@aldcSHatrpdEmsdh Condi ti on

Putter Type| Impact Location Loudness (sones) Sharpness (acums)
Center 59.8157 1.8839
Control Heel 59.4482 1.9405
Toe 59.8024 1.8340
Center 60.2319 1.7710
3D Printed Heel 60.0219 1.7752
Toe 59.6802 1.7225

3.4 Player Testing Data Overview

The scal ed responses from the pl ayer tes
di fferences ofn dachityeept r &g i migayer. The absol ut
wasot as I mportant as the rel ©Otvieveal dcaltihreg pfeo

of feel for both putters weretthemdhsd ywsud | elcs e



3.5 Scaled Responses Summary

FoQuest37o nosnP atrhtei @Qu esatnit d-n rgdiigaredeli (9 L freegar di ng
feel i n the mhaomds,deagre dreavreadte, | 2enpdk by wanreanlolt efde
di fference I hhéeé herestwopfputtlee vplda s ébieg hwte echi ft fheer A
putter and contralt egoties. wAt hhougheséehe resp

which putter was rated higher and no clear tr

The most sisgeitfiacuetetti oeand regarding the s
sound, all pl ayers answered that t Wy mgemdeiou
putter was perceived by 80% of the players to
The AM putten owdsaveperdwdil Weood i Qpast i soudsegard
sound | evel Bf0 % rog aagdtisamy caresraccoeni tvreodl tphuet t er t o b

the AM putter.

Overd4a0l% ,0f players rated the AM putter high
ratedonmnthrol putter higher, and 20% of players

partitapvyanéd the control putter overall and t

There were no noticeuadstei oersganodnseeee ltgopendegr

handicap, putter preference, or starting putt

3.6 Rel at i@uasn tBiettra@eiavhel Dat av e

Thguantismainidvelat a suggests that the contr
i mpact cempaded to the AM putter. Thedpdraoaoetve
have any significant differences and the over.

Pl ayers appear to correctly Hoeoewvietrwofahthadiut:



participants perceived diffebvbseneamat 80 % lhod Ipdw

foundonhheol put.ter to be | ouder



ChaptBrsdussi on
4 Alcoustic Testing

Data from both the ti metdamed afrree gruaerngd yn ad o nda |
t heecoustic sohfartalcd ecormsttn @l alrhde JDvegsrssumrdeetdi mpeait @

analryesviedah ®td t Bfeor mipatchta dp utthheersamearnd mree dwlrtad d

si mpkak prTéhses wrves.al | i mpul se shapes were si mi
The spectral anahgsfiacé ormpacth Ilpadattiron al so
the two putters. Overall, f ort whoo tphu tttheer smafgonlilt

same curve shape and hadi.hpeak d fatr ethlte ss avrae ef 1t
putter had slightly higheompnargend ttudaTehsé ect@ rihti ryohite
putter also yiel dedrskhopg hpenre svhael usetsr ifkoers Tthhtes e ac h
suggests that malpe odluaedadd gphaet tyerf i r mer soundi

putter.

4. 2 Player Testing

Thmajority of the questeorsvédomi xbd péesayk
parti dhpamdt $§ference bet ween ,dard trhees psomisiets b e to
putt efravwarsiet @d or ces t he s.ubTheectdamnley nsaitguirief iocfan

pl awere confident that the cont raonld pwatst elro updreor

4 BuantivusualveFandvags

Bot hguadret sbandv egautad ipleayi evre d attrae nrdesv etahlaetd s U

the control putstoemdpr addudc @8 CBualn FdreTbrCc6ES | n



appear to be discernable by thée&neakeycdpahese
t héd® % of ppelrecydwseadt ¢ hfer om t he contr ol putter t
suggests otherwise. From the perceivédikeelfoudne
the AM put tOamdwér & 7B364 k® nes ¢dwtwdeeirl, et htahne tthoee c
of t he AMOswenrees 0g uliQdPtaeag.eesTlhhé®edi haerent and ar
aonxrone. Theswoulid fleirkeenlcyesnot be perceawabif i
t hey wer e, the AM putter hasthhieggheat |loawaanteisesn
shows that td¢hd pattcorpantby identify the dif

l evel s of t Thhei st wmoa yp easlt seaa s sruegl a tsihoanrsphnieps sb el teweeel

perceived | oudness from users.
Overall, t pbe odoaeds atattian gl asbhowed margi nal
acoustic characteristics of both putters. Th

produced slightlTheshphparperci pamndscorrectly per
accurately compaHewthersetiiaagabhlsevVvates all o
except Weeumhae pl ayer testing stildl i ncludes t
vi brationsl abtdeadewhbéehraookd have i mpacted t

of thedowndser



Chapter 5: Concl usi on

5.1 Summary of Findings

Through t he comigunaedistamtaidwesdigst a d fapnladad y & e
perceptaopatter prodeceataesi dgl! met alkaANMds hdast
di f f emaeyicbees perceivabl e by pl ayBRatsh uphidepé day @d c
pressur e ftriemeu etnrcayc esp,ectra, amhlatpeexki lvietde d oa d
of similari tper deiswiing Ovaeredlislf f eklpaeplsayert & a't
di fferences they noticaethowerde asil egletn ampd itthdoier
they rated as having a better oVbrallufgebt al

producing a putter using metal AM does not ne

5.2 Limitations and Future Work

More testing needs to be done with players
putters aAenwpmebeaereiofedf. atherpl agpard el tengwreesatt h
swing comuwstitsitrerqrcyreemocentdest enaegedntdo be c¢com

representative dataset.

Additionall vy, t he ball used in tepsevhnguéas
studies and comments from players during this
effedthe sounds produced by shot s, regardl ess
di fferent golf ball s, ranging from very soft

react differently and produdersieqmrdi foif c & rhtel ys pce



The sound testing in this study was not pe
sound test ianngd dsuceicgidos|tt ri anent s. Whi l e t he SNR ¢
noi se was not significantly affecting the sigr

ambient noise and produce more accurate resul

| f further work continues to show | ittle d
heads to traditional heads, further testing c

infill percentages, desigrms.,, and material s on
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