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Table 1 Material parameters of composite softball bats
® LS-DYNA 24§ A
w O RO 1560 kg/m*
ENRES S EA 1.26¢11 Pa
R 1o A EB 1.26e11 Pa
IR GAB 4.22¢9 Pa
THAALE PRBA 0.02
EABETALIE S XT 2.23¢9 Pa
T 1) 7 i YT 2.23¢9 Pa
YN HE 5 XC 1.45¢9 Pa
i 1) 4 54 TC 1.45¢9 Pa
LRIl S sc 1.51e8 Pa
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AT TAT A 30 % fk, 3 0 G52« « AUTOMATIC _SUR-
FACE_TO_SURFACE” #5113 5l #pEE# R 51y
%0 0.2, LA Demarini 22 ER¥E 9], &2 5 bRl 22 Bk
PR 2Bk A BRI AN 2 i
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Table 2 Material parameters of softball

I LS-DYNA &% T E
w O RO 280 kg/m?
R BULK 11.39¢6 Pa
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Fig.2  Model of composite softball bat and softball
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Fig. 3 Comparison of impact force-time history curves

between numerical and experimental resulis'®!
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Table 3  Comparison of numerical results

and experimental results'!

A& R/ mm
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BN S

(—B/ZBy) 146/555  157/546  15/16 - - - -
/Hz
PRI

(—F/ZFY) 145071950 1393/2072 39/63 - - - -
/Hz
iy

WA 20.91 19.68 59 1797 141 19.02 9.0
/KN

HEf TR 1.03 1.01 20 101 20 101 20
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Contours of resultant displacement Fringe levels
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4.238¢-03 ]
8.505¢-05_|

(a) Louisville Slugger Z2:k#%
(FATHIR = 162 He, BACHRIT=41.6 cm)
(a) Louisville Slugger softball bat

(natural frequency =162 Hz, maximum amplitude=41.6 c¢m)

Contours of resultant displacement Fringe levels
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(b) Mizuno 2Bk
(A HER = 155 Hz, fix KRR =43.0 cm)
(b) Mizuno softball bat

(natural frequency =155 Hz, maximum amplitude=43.0 c¢m)
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(¢) Demarini 22ERF#
(FEA A4 = 157 Hz, e KIRM =41.7 cm)
('¢) Demarini softball bat

( natural frequency =157 Hz, maximum amplitude=41.7 c¢m)

K4 =Fh&2BRpE— P iR SR L (SR m)
Fig. 4 Comparison of the first bending modal shapes
among the three types of softball bats (unit; m)
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(a) Louisville Slugger 22 BRI
(EIA R =494 Hz, Fe KIRIF=41.3 cm)
(a) Louisville Slugger softball bat

(natural frequency =494 Hz, maximum amplitude=41.3 c¢m)
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(b) Mizuno 22Ek#s
(AW = 487 Hz, KPR IR =53.1 cm)
(b) Mizuno softball bat

(natural frequency =487 Hz, maximum amplitude=53.1 c¢m)
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('¢) Demarini 2FRIE
(EAHF% =546 Hz, fit KIRIR =28.9 cm)
('¢) Demarini softball bat

(natural frequency =546 Hz, maximum amplitude=28.9 c¢m)

Fl5 =k &2 Bt A S IR B H (A m)
Fig.5 Comparison of the second bending modal shapes
among the three types of softball bats (unit; m)
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(a) Louisville Slugger 225k
(AR AH = 1425 Hz, B RIRIE = 19.4 em)
(a) Louisville Slugger softball bat

(natural frequency=1425 Hz, maximum amplitude=19.4 cm)
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(b) Mizuno L2 FRHE:
(AW = 1323 Hz, e KIRIF =19.3 em)
(b)Mizuno softball bat

(natural frequency=1323 Hz, maximum amplitude=19.3 cm)

Contours of resultant displacement Fringe levels
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(¢) Demarini 223R#%
(A 4% = 1393 Hz, 3 KRR = 18.3 cm)
(¢) Demarini softball bat

(natural frequency = 1393 Hz, maximum amplitude=18.3 cm)

K6 = Fh Bk — BB AR A L (FA7 i m)
Fig. 6 Comparison of the first hoop modal shapes

among the three types of softball bats (unit; m)

Contours of resultant displacement Fringe levels
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0.000¢+00_|

(a) Louisville Slugger 22BkH%E
(AW =2113 Hz, e KPRIE = 18.6 cm)
(a) Louisville Slugger softball bat

(natural frequency=2113 Hz, maximum amplitude=18.6 cm)
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Contours of resultant displacement Fringe levels

min=9.86392e-08, at node#7311
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(b) Mizuno 223R¥
(B = 1979 Hz, e KPR MR =19.8 cm)
(b) Mizuno softball bat

(natural frequency=1979 Hz, maximum amplitude=19.8 cm)

Contours of resultant displacement Fringe levels
min=4.63661c-10, at node# 1102 178502
max=0.0178523, at node#2105
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1.250e-02 .
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e
(¢) Demarini 22ER#s
(BG4 = 2072 Ha, e KIRIE=17.9 cm)
(¢) Demarini softball bat

(natural frequency =2072 Hz, maximum amplitude=17.9 c¢m)

B 7 =Fh &R BkpE R ER 1 RS IRBS LE (BA  m)
Fig.7 Comparison of the second hoop modal shapes

among the three types of softball bats (unit; m)
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Table 4 Comparison of steady rebound velocities of softball

WA /mes™!
20 30 40 50

L2 PRIERT

Louisville Slugger 8.1 129 156 179
LR (0] 3L

-1

Mizuno 8.8 148 19.6 24.7
/me-s

Demarini 8.8 148 205 23.1
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Fig. 8 Comparison of softball speed-time history
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Fig. 9  Comparison of softball speed-time history
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NUMERICAL ANALYSES ON MODAL SHAPE AND IMPACT
PERFORMANCE OF COMPOSITE SOFTBALL BAT
XIE Xin', MAO Jia-jia*>, CHEN Ji-ye’"
(1. Department of Motion, Nanjing Sport Institute, Nanjing 210033, China;

2. Department of Basic, Nanjing Jincheng College, Nanjing 210000, China;

3. College of Civil Engineering, Nanjing Tech University, Nanjing 211816, China)

Abstract ; Comparied with the traditional aluminium alloy softball bat and wooden softball bat, carbon fiber

composite softball bat hare some major advantages, such as light in weight, high strength, high impact resistance,

and high fatigue life. In this paper, ANSYS/LS-DYNA finite element software was used to establish a composite

softball bat model. The experimental results'® could be predicted by the proposed numerical model with sufficient

accuracy. Moreover, the proposed numerical model was used to simulate three common composite softball bats on

modal shapes and softball rebound velocities. The results demonstrated that Demarini softball bat has smaller

bending modal shape and hoop modal shape, which resulted in good working performance, and such softball bat also

has better batting performance.

Key words : softball bat; composite; modal shape; rebound velocity
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