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Summary

The most common commercial pitching machines for baseball are the "roller" type and the "arm" type.
These machines are very difficult to simultaneously change ball speed, direction and variations. In the
present study, the design and development of a new "intelligent" pitching machine which is able to pitch
repeatedly with selectable speed, direction and ball types, are described. The machine has three rollers
which are independently controlled by a hierarchical neural network. The network accepts ball speed,
direction and rotation as inputs and produce detailed motion control of the three rollers, horizontal and
vertical angles as output. The pitching machine has high performance which adopts wide range of speeds of
up to 44.4m/s (160km/hr), ball types (the fast, curve, screw and fork balls) and a wide range of arbitrary
direction hoped for, can be pitched. '

Next, the moving behavior and contact stress state of the ball pitched with the rollers type pitching
machine is analyzed using dynamic finite element analysis. And the effect which a seam of a baseball gives
to the throw accuracy is analyzed numerically. The initial velocity and the spin rate of the pitched ball are
filmed using a high-speed videograph, and those pictures are compared with the finite element analysis.
The results show that the ball's velocity and spin rate are relatively unaffected by the seam orientation,
while the throw's horizontal and vertical angles are notably affected by the relative angular velocity of the

rollers and the orientation of the seam.
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Fig.3 Experimental results using NN control
—626—



BZENPHALERDBN, NN EZANVNSZETEOBRBERRLRD, WS DRADORKZZIT> THAT
— 5% NNI5A BT EICL>T, NN H S2AMNMOBEGE%E (BTMEME) L, ELWL
HAHETBES RS, WA, AT OXITT I BEORED, ZOBMNZBERME
JFIESITREINS XD RIERITHEMEE
SOEBEMEHLT, NN ZEbHTHS) e
RFEBREBVESLEEZISNSD. 2.:
Rz, 115 AORRERT -5 2¥Bs ¥ 2 bl
7o NN 2 AW T REREORRERE(T o 12 .
N, HEMUDFEITZI-RALADD 05 Lo
BR# (70, 90, 110, 130, 150 km/h) BX oAl St o Sorem
CHEDOOMRME (EK, >>Hh—, h—7, ¥ Fig.4 Relation between ball's speed error and ball
a—h) ZROFET HHIREBIRT 5. NN types
PATAE, THHOANERERICED— 160
SEERBIUTS S ORRAEHAL, © o
N5 & AWTHRIRERZ{TY, BERFE TG fﬁf
Z{ro .
BRERERO—HZ2K 3 ITRT. KHHD

Speed error: AV (%)

60 |-
40 -
20 -

* IV > 72 a— 248 (WOEH), OlZE 0 . S

B, D >h—, ARAI—7, Oldya— (o fetbal o Shiler o Cuve Serew
Fig.5 Relation between distance error and ball

MEEZNTIURL TS, ZhiD, HRED types

BRAFEIC & 2 BRI AR BABEIER IR I A B iz

2, WTNOHRRBZDNTYFEH 55 DOHBMBRLAICR-IBDH L TNEZ E2bhb.

Tz, TORFHTHDIRE 150 km/h DR =)V EIZT®D, WTFNOR—IL b FDABITALGHE

NDARSA TV —=2ZANTRWRWHEREEZ. I5NOREEERMICHEMET 274D, R

M AV BLOMBEEAr £ XX TEHT 5.

V' -V

Distance error: Ar (mm)

AV=, x100 (D

ZIEL, VoiBRE (BEME, VvV BE (ERE)

Ar = J(X' - XY+ -Y) e (@)

ZREL, X (xR (BRE, X @ xEBE (ZERHE)
Y iy BiE (BEM, ¥V ooy BE (ERHE)

B 413, FEBREEMNET 2 RIROMEBE AV OFHE R WO OWME S L ICEH LR %
RLEDBDTHS. KD, BREICKOEDNSTVFNHDHDDZFDEITR/IMET 2.6%, B
ETH 34%THYD, ZOREIEBTIIWERER- A, T, B 5 EFLEI—-XERBT S
BRIROMEREAr OFHEE AV AREDOOREZ S CEH U EBRERLEDOTHS. T
KD, RERZELFK, HKEICKDEINTVERELCTWBHODZFDET, B/NOBEIKTIE
106mm, |ADI 2— K TH 150mm THo7z. F—IVOBEENK 7T0mm 2D T, FOHEET
Al 2 EBRERCNELS TS, INXD, AL U BERCEVRREEER2AL TV &N
bhs. 2k, ZOEEZECTWSREREL TR, BERABFRA—IVEEOBWEICE> To—

T EOBEMRBIEMICELLT HDICR IS EFHIENS.
—627—



3. EvFrIes o ORBEERLE

T, ABLEEYF I idEnE
REEEZEL TWED, A EERALT
IR REE, SORARRBERN LNLE
LB, ZDEDHITIE, R—IVOENEIZK
ZERBEOEEEERLIEyF I
> DRE  BEMBEARTARTH 5. £I T,
HRERE (FEM) 2HWT, EvFr U<
voon—35 ERAFRA-IOBNEIEL
ZERRBEOHEEERL, ISRIWIRE
Em EEOREETS.

M 1o0=0—-5RIIOBKETFTIEKN
6 ITRT. FETIE, < o IR O RIS ()
® 1.0m/s, AE># 273 min')) ZR—)ILIZE
A, &E0—SEEHEEL LI T TITo =
BEGER 1 IORY. £, F—I)VOEER
FrEL T, BAEBNZEENS = —A
BIXUOMERNZE—ARH D, HNWEE
BEEZXT-HDEENEOEN (B £5
IWEERL, BOWENGASEEIIDNTR
FHUE. 2B, BIRIIZNASNERERR
#rV 7 Rz 7 ANSYS/LS-DYNA W=,

RATRRO—FIEL T, BBy 22 E
TEZEDT—A2BLNr—R 2 DTRTOO—
SEESE 167 5oLt & 20OFR—ILEEDR
REAMEER 7 IR, B&D, WTNORKET
HR—)IAO— T E Ui 5 & RBITHEEMN
ERL, VU—ADEFNIE—IZELC TN,
—%, UU—ZHIFIE—EDORE TRV
HRINTWABZ E0%hhs., 8 1%, HIREFRMRE
WicLBZ—Ah, r—R 2 (B OFR—)LOF
FEFAERY. £, FERERGHICBT 23RE
BRONTEEEEETANAT (nak H : f-k3)
EZRNT Ims MR TIRE L. TOEROET %
9 I1ZRY. BAREBHR—IUINY I AES Ui
MHERAL, TOHFIILS—HLTWBZ &N
Dins.

B 10 13, R—IVRIRBE DM A 0 /3R
BILICERLEBDTHS. 2 —LDER

Baseball

Rubber tire

Baseball with seam

Aluminum flange

Fig.6 Finite element models of baseball and three
rubber rollers (15 104 elements)

Table 1 Analytical conditions

unit (min™)
N, N, N, N +N+N,
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

Velocity (m/s )

25 30

Fig.7 Time history of velocity for pitched fast ball

Fig.8 Behavior of the ball using finite element
analytical results in Fast ball (V' = 25.1 m/s)

m

s/flame

Fig.9 Behavior of the ball using high-speed camera

in Fast ball (V'= 24.2 m/s)
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Fig.10 Comparison of vertical angle 0 of pitched
ball by experimental and analytical values
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Fig.11 Relation of horizontal angle ¢ and radius r
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