EBARFEZMERE VYRS b

HOSEI UNIVERSITY REPOSITORY

PDF issue: 2025-05-09
F 4 VRGEE =AW EEB D

NAGAMATSU, Akio / KANAMARU, Hiroki / &%, Kt / EE,
Y58 / IWAHARA, Mitsuo / E#), BB / MATSUMURA,
Nobuhiro / AN, {E%

L

FEBARFRRAT 1 THEMREY Y —

FEBRARFERAT 4 THEMR LY I —HRIRE / EBKZREBRA T 1 THEH
Rty —MRERE

20

1

6
2007-03-20

https://doi.org/10.15002/00002016



FRORPEEZTRANEZEREARBOHR

wH ER
ERKZEARFRT MR EB T FER

£h Kt BE AE R BE
AR T EEEW TR

ASHINT T T TRIZ KT A 3—F, B UWOEATEENC X 2 REEEEEGE DR ED %, SLE L—/L EMEEND R
A N—r~y RORFMEEAEHHIT AHENEENT-. ZONL—E, ~v ROFTEEORKIIEEN 0.83 LI T T/ T
IR0 EWVNI HEOTYE. ZHUT KD, KT A /3=~y RIZBWCIIREEEERE CORER OEULBSREEIZ /2D >
HD. £ T, F-RAHIMEE E U THERE OLHE S0 ER ShvTn s, BEBRICBWT, B X F &Iz
OOFEDORIEBRTDHITIE, BREETEEZHEL, THT 2 HIENENTHD.

ﬁﬁ”i%®$$;0bT};@ﬁﬁﬁm@ﬁmﬁﬁ%&bék74ﬂ~ﬁ/%®W&W&L(T?5/%¢§”%
FAN T2 ZE S O AT - T

1. fEw
KIRIETLT 2 57, K54 A—OREOE]
mEEZBERE LTITo TS . BIEE TIZ, NASTRAN Input calculation conditions such as

CONZ X DRI B A ?Eﬁﬁ%@ﬁ CEERT VY r/‘ ________ middle filename analysis frequency,
(5) 234 Eval 3 o S = S Input calculation condition ) )
b ZEMH L, RS E THT 57077 AR ERL, damping ratio

Hx RET VIZBWTEMEORFEEATE . B i
Ei Té:g«if&ﬁ;'{ﬁ@‘?/b 3 ﬂ%ﬁ{)ﬁ[ EX&J’J:*& TAT Input finite element model and
Vs Ry R4 8—~y REFRIUME CIER S L eigenvalue results

BB CIToCE . ZOH T, FMRBAM TR, 74
T sy RIZBWTERMEEZ AL CE L.

FH oBIRZEEI T BV L, SESE TR E LT Calculate surfz:ce velocity Output the sound
ERR SN TWABT A T o~y RELITEY, HEEH and sound pressure in the pressure results in the

4%& %/ﬁ%ﬂ: £ tlég/ﬁ\ ]_/ﬁzﬁk é T3 jéil, 9%5% 75§§£§ frequency domain frequency domain
B EFB IR %hfb\iﬁb\%?ﬁi%Z bivd. ZDOMIZ,
PR 2SI (A PN C 0D 22 R T & % KRB~ oD R v

NEZBND. Input excitation wave
Zliﬂ:‘%]f“ﬂi, 3,_& \/@EP%% é”fﬁb ‘“CJ:%E@ 9 O@IE form and sound pressure
H@_Ob\"cggﬁﬁkﬁ»%@—m—‘@ﬁ)%*ﬁiﬁ%ﬁfb\ rh 72 jE results

ERICB T 272 T M AR LR 2R~ 5,

\ 4

| FFT the excitation waveform |—> Output the frequency
response function

2. BHEFHSwZ A

KHFFETIL, T— FETEGS O LHERT v L v
@E@/\ j’)ﬁfi %—5% ﬂ&@]*ﬁ is ZD o %‘fjﬁ %) 2 7 Inverse FFT of the frequency response
1 7 7% FORTRAN | i@@ﬁbt.fmﬁ?A@7
o —F v — b &K 1IZRT. EEE, NASTRAN (2 & 0 &

HENEAMEER, SERORMEE, HEHKT Y

VIXMEREL, fix ol ERHDELFICLY Ottt e e wave T
£14§@Er%5}€&)6.

BRICHELET — 2 %7 — Y =&, HETHIx v v

s %ﬁzﬁk‘j—é LWV FNIC S TN A, Make the batting sound by | Finish
basis of time waveform data

1. Ymr7Js570—Fv—Fh




3. tEE/TiAE AT
3.1 Body in white ¥

TR/ A S AR I
Z FREISzRg .

R R O, PR FIE

. Ry ABBET NI ALEFEHL, WAHHDE
ZAUCKIS T DG A FET 5.
2. {/wﬁgﬁ e RIRERICK L CRERR v 7 AR
LR TRESNT)MEERED Y A N ZXt45:
ﬁl, IROMBEZELT 5 .
a. MAHBEI & ICHBEREED D,
b. WOBARZE W THIAZESE O K Him DA kT
TIR ZRETD.

R =[N, s i =1,Ngrid /elem (1
N, AEEOHIA St

c. (AEHEFIZE-o TIRESNT) RO Z v
TR O Fi I * T % BAZE SEH 72 D
DEMENF ZRD %,

{F)=[IN [N las{p} 2)
p; AL RUE

d. BBV OB Z T O F o0 AR
X, . v,)ZRDL. BRIFKRAITRS.

grids Fi

X, =;E(x,-—xo) (3)
Ym_fg(X—x) @)

Xo - HHFERE O X, - B R OfEF O

e. WEI7RE— A FEMRAE R ORI IZX LT
EE R BEALEFN ST 2B ET 5720, KRR
AR L, SAEEERE ORI B D E AN
RO D PRI T B BB EE RO TEE
WEHEBLZBAEEE LTHWS. Rudmkic

5.
Ri
F}=WIRIRTWIR]™ 0 (5)
0
22T, {FHEJ HoOSMEEEROHSICHT

DEESATRY My, W]EERS A~ Y v 7 X,
[RlIxAIMZE R~ N Y v 7 ZTH 5.
f. WRIAEZOKEEIZOWT Z DAL A2 Y K

L, #EHRICBIT 21065 2Rk 5.

g. _®7w:)2Af11%L%$ﬂﬁw #5y
AIZHRIN TV BT E 9 hERl Téz%
R0, EICHAREERLETH D.

3. VIREEH & Z KGN T D ERFEIC OV TCHE

CALER 20 R L, MEH RICB T 2 I oAFHE K

H5.

3.2 FE— FHFEEROHR

Wik LG oES FRAIIROXTEEIND.
S SRS AR ©
-A" M, ||p 0 B|lp 0 Ki||p P,

<
MR, BB, K=MlbE, u=Zfr, p=E,
f =ik, A=ER~ RV v A, P=faifE

THRIIROXTHLND.

fu.}= o e o
fo}= (o . o
Do, {0 S — R, {0 i

R FEMBEREESTEE— 8, X7 Mg lBLW
ENEE— FIEIETHS. ZnborER6) ITFRAL,
E—HNY M) T AEENPSGEITDE, ROXERHED.

AN TR i ond H S B
-
AR R e R B
W OFFINIRSE P I 0 2 EFRT 5.
{}-oe a
--oe 12
XA DTFOITLY, ROXEED.

o'l (g} + o Jriob + [k Jled={Q ) (D



[z, ]2%D X5 icE®RT 5.

[2.]=[- @[, ] +iel, ]+ k. ]* (12)
T2,
¢ t=-0'z.]a] &} +[2. Q. } (13)

WRE— FESRITRO L 91 EHT 5.
[P]=[o T ] (14)

zz, [l mER S 7 0 OFRE— FIE
BRI ML Th D, HEE— RESRITKO &
HICEREND.

[P]=-o'[o Jz.Ja] [i£}] (15)
22T, [ EmER s b 7 ) OfEEE — FIE
BRI~ Z ML Th .

R EAGRITRO L 5 IR SIND.
[Rl=[oJz.]o/] (16)

TR/ G SNV T HRITRO LD ITEREND.

[R]=-o[® Jz.]o J[AL.[e.T{ )] (1n)

TR/ MG SRV FI R G RIIRO LD ITERSND.

[R] =-o'lo Jz.Jo T {a o 2] (18)

DT, (A JESERAE | O b & EOBER SR
BRI L7281, | ©, |13 SRV i ST D R
E—HNT MY T ZADITTHD.

3.3 EHEEFIVEE

TRCEHBEICH W T L O 2 R~
2, 3 1AM, HEIHEHLZET LV THD. ZOET IV
X, RORENTZHREFT V[, Zhoailihe 359
22TV AENTK D ZER IR SND. F, M
EIEFNFNES D shell BHETERL, EWITEH:
THAINTWAE M FE LOBEATIT, B2 830G TR
LTWA., 2250F solid EZETEZEL TWVA.

F LT NVOREITE NS EMGES 3.2mm, F-H
FIE Lomm, WMEAENE, FIBGEIZ 6-4 BT 22 0,
M EEIC TERMT 22 VTS, 22 o R
ILEBEOET VEFEITIER L.

£

e

WERTHLTEEL, A THLZERDEREHD
IZOWTRITRT .

1. HHARBEDRZRNIZH DHIR D E A % R D DT
IROBEENZ R IO EL L EH A (HIAREELL
THbHND). £, ACMODL % T, Wik -fE&ED
WA ERTD.

2. WARIZHHBEEIDDFEL, ThERBT 54,
PNFRMNMED EFED LT T, AR (A &
AT HIENTEIN 2, Wik B R FIZ G
TEHROIEF I/ NSV o VEFEEEFRL, 2T
BEINHHY TR EREERLET.

3. 2ZBTH MM EOHMEIE, FReoXEEH L.

k=Axpxg
AHI RIS DA, o RIREEE, gt BN

2. FHHEET NVRIKX

NAAATNIONS
A

NN
V|
A

wan N AY
ﬁﬁ‘um‘g’

k\\
\WAYA
£

4
.

Wiy, Vi
j_lmn}._l ‘

AVAVAN AV ANVAT AV 7

B
<
VA

A

3. FHRET VIR

TG A X 4 12T, BRI A 5SRO SR
T4 HFMEVFEZETETILERDL, £ 7LANY
< THIREZITV, W& %2 L —Y— Ry 77 —REEC
XOWET D, L—WP— Ry 77 —REFHE, IEEY
v 7Ty THEFEIT L D R EE ORI OREN~D
BAREEL, LVEBELRESNEDS, #HLE,
F7=, EfERA X7 NIMEEIT 5 4, 4 DXIHiz



N EBEEO X ) RIGETEEL, Ny~ iina
SEICEVIEINEZIT-7-. 2RO OFEICEY, E
Boks A B2 o 7.

FEBRE — NARATIE, T2 ARG OALE O SR E)
HOL—VP—HE2HE L USEEEEEL, N~D
RS Z2BE9 25 HEICEViTo72. WEX 1 DDA
IZ 5 BEPESTIT o 72, X 5 ITFEBRET — NEITICH W
TV EIRT.

A D FEBRE — REEITICB W TH IR, 2
ORI DT 7=, 2L, L—P— Ky 77—
it ORpE E, PR 2R U720 AR O IR E) o H|
ENMARARETH D2 FICERT 5.

o . - ER -
-» -

_— iy

1 [ —

) utaiciaad L;; SRR
e ey ;
o, | A
- s ;I| [

| :f
o —

[ 5. FEBRE— FIRHTET L
5. WEROHBLER

F9°, T— NERICBT 2FHREMER & EREROL
Bk LB THDH. HET— RN LDE—F
FERIE, WERDZERBNERICENET L EFRERIZ, M
fa & R DE— REREZMAGDEZLDOTH S,

4500Hz 1 £ T, &7V DM O o FARE
43 D IrH R EAR DR E — RIGR & RO & L
THND. FOH%ITET VIO EE S 0 I3 [ 5
ROBEKE— R ERERICIEE L, &EEERcE, [
WEHBOEKE— RR—EIZRS 2B TE— NFE
BN D, FEBRE— FENTIC X DR TIE, FHEE
— REAT & N D 7, EROE— RIIRIC
SWTIHHERTERV L OO, ERE— NIZBEL T
—&HLTW5.

X 6. 3 HEE— FIFHTIC L D 1 kDE— RIEIK
(VAR /R E R T V)

Mode Shape ¢ Order =2 f= 1904 4 {=00EN 00

7. FEBRE— FFITIC L5 1 IROE— FIIR

X1 6,712, fHEE— FEHTIC L 5 1 ROE— REIR,
EERE— REEHTIC L D 1L IRODE— RIBREZZNF IR
9. EROBLEOLEY, MHFOMKEILICHBGEHRIZE
WT1ROENFE— REIRZRL TS, ZHLREIC
BWTYH, WHOMEEN—HL TV D HELHER T,

eV T, AR CTHW A/ M E R £ 7 L &,
PERDOHIEDHDET V(K 8 M) & DFFEE— Nif
MR EDHEOFERITIKRDO LB THD.

8. FHEET— FEITICL D 1 kOE— FIIR
BEkDET L HEEDH))

R&EEs oy DIRENT— RIZBWTIE, WFDETIVIC
BWTHEAREE, €— FBRICBWT—FHLTH5.
Tz, AfETHORIK/EEERT T VO T,
R oREGE R UM EROE AT — RERN RN
N, ZOFE— FORMRIC L 2HEORET— Fidn
hola. JRIRE LTE, ZROEA RSN SHEE &
—H L TWARNWE, EXROEE T R/ —0NIEFIT/N
SWNEWIEREZBND. LY, FZEEORE
RENCB T DN OZERDEBII VI EEZHND.



structure model
air/structure model

mobility[mm/(sN)]

frequency[Hz] x 10*
9. T FIEOMIEIC LD ENENOET L LY
B S5 R EIRE ORI

B9 1%, AR THWZW R/ Mt 7 v &k O
3 O I D€ T )L O JE I BUS BT L 2 R imiREh &
g L7-7 T 7 Thd. HOKBBNERETVICLD
FER, RO/ SR T T M K DRERTE. %
HIRENC I 1T B B DB L2 £ 412, RmiEH
EEETAHETHRELMES, INESIZUTO LR
DN ThHD.

jjuﬂl:z‘)#:, J;E:g)f—i,
it | BET

3

B 10. FHER, EBRIZIST Dk Lo KRS T —
OHEBREE MR, B RALE & S5 )

X9 XV, #EkDET N EELIPHNERITIAD BTz
ETVTH, ERBICE B OMEBIEND TN D,
D, WEROETINOEIEEISEBE CITE R o
72— PEKQIC L HAREIRE~DRETIT e
Ezbhbd. Lnl, MEROLOEEREICED
v — 7 OfiE, i, WEOEFTVIIEBNT—FH LT
BY, NWEHOZEZIT LD ARG IR & D IRENVREN
RELEDLDL LV FHFRWEEILND.

mobility[mm/(s- N)]

frequency[Hz] x 10*

11, REIREIZI T 2 I8 L FHR Ok

X 11 1%, AR CHOWEZRE/EELET Mk b
FHIEE L, EBRICLD AE S N-REEBSHORED
ki ch s, ZoOXOREIRENL, X 10 & [FEEEOEHT
EIRS, INERE L THESNTZHDOTHS.

ZoEBY, HETIHEH TV ANEDZERDEEIC
XA FHETBOE— 7 1%, EEICETHE ST
FEQARMECES. FIKE LT, HEETAMIZEBWT
WNERDZER DI % T M LT, /NS RNERDZE5R
WZ X DBERA~OEENHAE ETCREIKBHINTZD
TRV EEZLND.

BT, ZD X o Tz lhzeiE BT 2eidt
W X D RHERIBEH~DORETEZ S0 E W) 5 R
2705, Lo T, FHUBMOPERMERIZEWNTD,
PER £ 30 OREER OB %2 Bl A% & R 2R O IR
OHEFHEL, TEERT DS TR a7 2 50
FERNEHTHDLEEZBND.

T2, ZOFEE, KOERANRRIA =~y K
WZBWTY, KFETHW-HZEE LR UMETHD
LBABTHDHLEEZOND.

6. FEEE

HhZE i A B0 2 ZER LN 12 X 2 MR 2w O HE Eh
R BB, A RIOMHTHER TIIRE < o Tz,
WoT, RTA =~y RERERBIEROFTERE T
WCBWTIL, EWE2EBLEBEOSWEEET LD
ERARO NG, UL, ~v RERRT D8~ 72
ERESLDBEAER, E < OEREDORDNNRE, PP O
BHEThD.

I 0 EHE A E R OFTERE PRICBS W TIE, FED
BWEYDOETT NWALNEEII /D4, TT WETED
M ERVEATHDLEEZLND.

7. 2EICER

1) Ry FHHUM, Sound and Vibration Simulation of the
Golf Club, (2006), VEEIKFEREBI AT E 2 —

2)MSC NASTRAN 2001 HAFEA v T A »~==T /L, MSC
Software, 2001

3) MSC NASTRAN 2004 U Y —AHA K, MSC Software,
2004

4) RIS, & — REHT AP, (1993), = v F#k

5) A RIEE T h, HaW TR0 iR - 5%
2, (2002), YA = At



¥k

B KB, Va2 b—a . ERE— N, AIREFRE, RimiRE)

Summary.
The research of the cavity resonance using the hollow tube made of the titanium

Nobuhiro Matsumura

Graduate course of mechanical engineering, Hosei University

Taiki Kanamaru

Department of mechanical engineering

Mitsuo Iwahara, Akio Nagamatsu

Department of mechanical engineering

In this present, the flight-distance performance of driver head was controlled by SLE rule which controls the
restitution coefficient of driver head from remarkable technological innovation of driver head. This rule decides
restitution coefficient of the stroke plane of the head is under 0.83. From this rule, it is difficult to make
discrimination in the flight—distance performance of driver head

Then, feeling merit of the batting sound is noticed as new added value

In the product development, the method for predicting the sound by design stage is effective in order
to pursue the sound quality, while time and cost are reduced. This study carried out the verification
using the driver head in which this sound decided added value of products. As the previous step, we

researched the cavity resonance study by using hollow tube made of the titanium.
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