A study on throw simulation for baseball pitching
machine with rollers and its optimization
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A Study on Throw Simulation for Baseball Pitching Machine
with rollers and its Optimization
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Pitching machine is widely used in venues ranging from professional baseball stadiums to
batting centers. However, the throw performance of the pitching machines that have been developed
so far for use during batting practice is not very high. Pitches such as the fastball, curveball and
screwball are easily achieved by the pitching machine with three rollers which were developed by the
authors. In this study, the moving behavior and contact stress state of the ball pitched with the three
rollers type pitching machine is analyzed using dynamic finite element analysis software (ANSY'S/
LS-DYNA). The effect of the seam of a baseball to the throw accuracy is analyzed numerically. In
the analysis, the finite element models of a detailed baseball with a seam and a pitching machine with
three rollers are used. Additionally, convex and concave rollers are made and those are analyzed.
From the analytical results, it is understood that the convex roller is higher than other rollers in throw
accuracy. The convex roller geometry is optimized, and the optimum conditions (shapes and material
properties) of the convex roller are decided. Moreover, the validity of the condition is confirmed by
the throw experiment.

Key Words :Baseball, Pitching Machine, Finite Element Method, Experimental Mechanics,

Simulation, Optimum Design

1. # B

VT I, BREROME S DNy T
7 H—Te TR RIS TS, BIE, filkSh
TWABE YT T, [EEDT—RTR—VERT
INFHZ LT, o), Fxli=onu—T %
WEEn—T R F L I U BEL, TOMGEREE
AToTE OO LnL, ZONMEERET, HAEFER
—VORENER R —F LET 5 Z LTl o T, Ao
[RHACRITANIIN AL, ZORER, REREAMET
55 Z ENERINTA S E T T2 O,

ZZCAREY, BRATRESERNT A VT = —T
'y F oS OIS S 2 L— g URITER T, R
BRRFDOR— VO HINRRREL (AEY) ZREDR—L

*JFAEZAT 2008 4 5 7 14 H.

NER, SRKFETHAS (T920-1192  &RifAfkeD) |
ZER, awY (T107-8414 HUREMEXHRE “TH3E65) .
BIER, &RTEESHMYR (T921-8601 &IRMiAZ 2-240) .
UIER, 4B, SIRKE T,

E-mail: sakai@t.kanazawa-u.ac.jp

DERPFREI AR L, <~ ATRASNDR—LORENH
PENT LD BERIE OB O U, F, Fnb
DFEHTHES SR BN > THERISEEDME F LI <
WE—TF OIPRSIEOE Y m 3R Men—T (i e
—Z) ITOWTHRE Lz &bl SbNI-ReiHc
/e —7 2 RUWEL, ZHvaERVARERSERC LY, R
MR DA EORETEZ] T T

2. FREYFUITLUDEE L ERE

B LIt —n—7 Xy F L /< U 2 TR
T AR UBBEREE DI 120° [ CGRE S =
DA LT —T L OESE AR L CRERSID. Fr—
FWUATENENET—Z EREL, v PRI~ 2
RORAEREA O, FREHAAG,, & AIZSd DAL, &
NHITFT_RTOS—YFLarta—4% PC) 1Tk T
IR VA, 7ol S —J Ol I =2—7
Ty NT—=T %R, m— T ERESTR EORFR T A —
ZEPTEL NS, ZIEY, A A3 TR DR
W ZMER ERFE) OR— A REIRD 2 — A SRR S
Z LN TEA.



g, R—VORENBLENTTE, TR EERY
72 ORENER T EERINS s —A LTS SO L PUEER,
NABW A —L0355. 70k, HATTPERSED, —
= DDSTIR— L DTEHERCE RN IE D, 3T 2V
S BERBEE R ERAME SIS O

3. E0—3HKE Vv F I L U OEBKERN

3-1 ARERETIVEEEEH —“rn—IAX
v F o= Ou—ZEH S AR — L OATRE
FRETNVBIOENLOENEEZX 2 \TRT. AT
TlE, TV 7T IO EH Ee il e <
BB NCTHLT=0RIRE L, R— T2 OB
PEZZRE URIER L U729, fifire s v obbEERE:
RVITRT. 2B, THETOME, R —10
FEWE L, MENEEL D b DR EERRRE 8
THILEHERLTEBY, RN—/LAEKL R CHEEE
ZHWTNS.

FENTAI S, R—L & S Lm—T ORIMESEREL 1=05,
FEFTN 0.1 BV TI TV, AR— U HIRESERE Vy=1ms, 4]
W HEE ) =2856 radis 2 5-2 7= 7085, uDlEEEDIN
SOFEHTEAHT, SO T 7 ATTR—IVHMEA
SNAETHEREET AN AT TIREL, ORI
BHLTWS O,

PERGAHE, 22 1O X o e FREOE (s
EER H—7) LU N, Ny, Ny I3&u—S ez
HY, Z oD —F[EHRERORFN 4500 min TEE L~

72k, AR TERRTRESAT 7 b ANSYS/
LSDYNA ZH\ e F£7e, BEBHGE G Y U —2E%E
THEMTRIERE L, U ) —2ROR—VORFHIGE 35E
LTV, ZOBEICOVWTE, Z 2T A%
BIER6) 1 ZZ DA DR LA,

3-2 RBUOEZEBEFETILORKGHR AL
DREN B RoZ DB X D BERDFBEE TR D120,
A, U — BB LUV H O R—L (FEK)
D=ZODFET IV EAT o T2, ~ 2 OFRERKE LIS,
UV —=2%DR—IVOEKEV, A w, IO

Y HiFZS) |, FEHRA¢ GZ M E+) B
R—=/VOHNIFAET D IRR I — B RIS & il AL
L7

0.6 .‘ O No-seam B 2-seam [J4-scam|
O T
-0.6 F

No-spin ball Fastball

Vertical angle , g [ deg]

Curveball

Fig.3 Influence of stuff on vertical angle &

Roller 3

Roller 2
\

N:

Motor
NN System
M

| Program of
[ Ni L.

throw decision

1.8m

Roller 1

Controller

a3 0.7m >|

Fig.1 Constitution of three rollers type pitching machine

Baseball

Rubber tire

Y
L/" x Baseball with seam
7 [Unit: mm]
Aluminum flange

Fig2 Finite element models of baseball and three rubber
rollers (15 104 elements)

Table 1 Material properties of rubber tire and baseball

Property Rubber tire Baseball
Density, p (kg/m’) 1000 835
Young's modulus, £ (MPa) 100 -
Poisson's ratio, v 0.45 —
Istantaneous modulus, G, (MPa) — 46.15
Relaxed shear modulus, G ,, (MPa) - 8.85
Bulk modulus, K (MPa) - 100
Decay constant, S ™ - 7000
Table2 Analytical conditions o
unit (min")
N, N, Ny N |+N,+N3
Case 1 (No-spin ball) 1500 1500 1500 4500
Case 2 (Fast ball) 1700 1400 1400 4500
Case 3 (Curve ball) 1325 1750 1425 4500
o 1.2
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Fig4 Influence of stuff on horizontal angle ¢
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Fig.7 Time series of ball's velocity in two-seam fastball
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Table 3 Design variable

Radius of curvature Center distance Young's modulus
R [mm] 7 [mm] E[MPa]
10
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Fig.11 Response surface by interpolation calculation (E =50MPa)

Table4 Design variable

Radius of curvature Center distance Young's modulus
R [mm] 7 [mm] E[MPa]
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Fig.12 Response surface and optimum solution in curveball
(R=100mm)
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Fig.14 Behavior of ball using high-speed videography in
curveball (V=91.1km/h, @ =820min™)

Fig.15 Behavior of ball using FEM results in curveball
(V=89.9km/h, ®=810min™)
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