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Many itting kills are involv in sports activities. Each respective skill r quires 
a specific striking instrument to chieve its own purpose. In the cas of b .seb 11 
hitt1ng, a ba must produce maximum velocity at the ball contact to get maXLmum momentum 

nd . s t nce of the ball. However, very few inves tiga bons h ve so f r been cond cted on 
the k~ etic and kinem tic of swinging bat. Race (1961) analyzed reI tive angular 
movement of the baseball ba prior to its contact wi h the ball nd found chat the bat 
had sharply increasing r te of vel oci ty as it approached the ball. He also suggested 

h t res nsibility for this rate w s m by sequenti 1 action of body seaments 
pcogcessLnq from the stcLdi 9 of a foot, the hi rota ion and to the h nds-and-wrists 
action. But he id not an lyze the changes in the movements of a bat and body segments. 
oncerning softball itting for female, M ssiee and Owen (1984) examined he three

dLmens10nal linear and angular bat kinematic parameters n c lculated instAntaneous 
values f r sultant bat veloci y and kinetic enorgy during the sw"n. They discussed 

heze alues 10 comparison wLth those prevLous1y obtained from baseball hitting without 
ref' ring 0 the action of e body segments. ay filming baseball hi ers from above, 
Mclntyre and pfau ch (1982) analyzed angular movements of 1 f arm segments when ..itting 
a baseball to the s e and opposite fLelds. Based on the resul they concluded tha 
angular dis !.acements of th left wrist nd left elbow joints and temporal characteristics 
of he sW10g contributed 0 these hitting techniques. 

onside ing the instruction given by baseb 11 coach s that hitters should not rotate 
th ir hLps too early when pitch ball travels at them. it may hav 60me meanin s to 
calculate the kinematics of 6winging a at an to examine the mechanics of hi ting from 
th st ndpoint of hip rotation. 

PROCEDURE 

ive k'lled and 2 unskil1 Japanese college baseball players (all right ha cd) 
consente t participate in this study. The subj c were sel~ct d according to 
the evalu ion made by their coach on a standpoint of their .Ii,. rotation gain~t a pitched 
ball. Age (yc), body height (cm), body weight (kg), time from the landing of a striding 
foot to h contac of a bat with a ball (sec) and maximum linear velocity of the bat at 
the oint of ball cont ct (m/sec) are list in TABLE 1. 

Each subject was asked to attach a celluloid plate (3cm wide, 6cm long) on both sides 
of the iliac crest to ascertain the hip rotation from above and was requested to hit 
a 1tched basab 11 with a wooden bat (mass=O.9kg). Each trial was film d from above 
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Figure 1 Schema of the movement of the baseball bat 
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TABLE 1 
SUBJECT INFORMATION CONCERNING HITTING PERFORMANCE 

subjects Age Height Weight ST* Vi** 

(yr) (cm) (kg) (sec) (m/sec) 

skilled 
Y.J. 21 178.0 75.0 0.20 33.7 

I.H. 21 177 .5 72.5 0.19 34.9 

T.H. 22 177 .2 70.0 0.20 28.7 

M.I. 21 180.5 77 .5 0.19 26.1 

F.J. 20 175.6 66.5 0.20 32.3 

unskilled 
M.N. 22 180.2 67.0 0.19 28.1 

K.A. 20 167.3 63.0 0.20 27.2 

* ;time on landing the striding foot prior to contact 
**;linear bat velocity at point of ball contact 

r','-
l/' ... 

~~ ... :-: ... 

(about lOm high) by the use of a l6nun cinecamera (200Hz), for movements of a bat and body 
segments were assumed to move through primarily in a horizontal plane. In order to 
analyze the identical hitting pattern, this procedure was applied repeatedly until each 
subject could hit a ball effectively to the same field. 
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The film was digitally analyzed with a motion analyzer for 0.3sec prior to the ball 
contact. Two-dimensional coordinates in a horizontal plane were obtained from the tip 
and grip end of the bat, both iliac crests, both shoulder joints, left elbow joint and 
left wrist joint. Coordinates of the center of gravity of a bat (C.G.), which was 
def~ned as the one-third length from the tip of the bat, were calculated and then 
t.ransformed into the linear ( V ) and angular ( w ) velocities of C.G. as seen in Figure 
1. These velocities were caJculated Over the time for hitting the "ball with 
the smoothing method of 5 point moving averages. Furthermore, the instantaneous kinetic 
energy of a bat was calculated according to the following equation; 

K.E. = 1/2mV'+ 1/2Iw· 
where K.E.=total kinetic energy of a bat, m=mass of a bat and I=moment of inertia of C.G. 
about the perpedicular axis. Variations in potetial energy of a bat during the swing 
WC're considered negligible with respect to the kinetic energy. 

RESULTS 

Changes in linear ( V ) and angular ( w ) velocities of C.G., with respect to swinging 
time for hitting performance, are illustrated in Figure 2. Patterns of curves between 
the skilled and the unskilled were observed to be similar in w, but different in V. 
V for the skilled was kept constant after landing of the striding foot (51') and it was 
rapidly increased O.lsec prior to the ball contact (C), whereas for the unskilled V was 
gradually increased after ST. For the skilled the mean maximum values of V and w obtained 
at C were 22.6m/sec and 42.0rad/sec, respectively. On the other hand, for the unskilled 
those, which occll.rred at an average of O.Olsec prior to C, were 19.9m/sec and 41.8rad/sec, 
respectively. 

The time course of the total linear and angular kinetic energy of a bat during 
the swing are shown in Figure 3. Mean maximum values of the total kinetic energy were 
274.0J for the skilled and 227.SJ for the unskilled, respectively. The difference in 
these values wa'O; due to thn difference in the ma.ximum values of the li.near kinetic energy; 
t~3t is, the skilled had greater V than the unskilled immediately prior to C. But, 
the unskilled showed the greater values of total kinetic energy by 0.04sec prior to C. 

In order to investigate the difference in the action of a bat produced by each hitting 
group, angles of the bat (8B) and the hip (eH) in a h.orizontal plane were defined as seen 
in Figure 4 and the relationship obtained between SBand eH during the swing .,as shown in 
Figure 5. In spite of the coincidence of the relationship for both groups at the start 
of hitting performance, the unskilled showed greater displacement and earlier increase in 
8H with respect to 38 than the skilled. Concerning the change in the angular velocity of 
eH, which was obtained by the same method as w, it was indicated that the unskilled 
showed earlier and lower mean maximum value of the angular velocity in eH than the skilled 
(Figure 6). 

Furthermore, from the measurements of angles of bat-left forearm (SF), left elbow joint 
(GE) and left shoulder joint (OS) in a horLz.ontal plane during the swing, defined as shown 
in Figure 7, following results were obta~ned ( Figur£ 8); for the unskilled, 
1) the steepest phase of increase in SF appeared earlier, 2) the increment of eE appeared 
at about 51' and its greater value .,as kept contant until C and 3) the decrease in 85 
occurred at ST and its lower value was held just prior to C. 

DISCUSSION 

The rapid increase in the linear velocity of C.G. of the bat during the swing for 
the skilled was observed at about O.lsec prior to contact (Figure 2). Similar results 
were obtained from other hitting skills such as softball and golf. Messier and Owen 
(1984), using eight female softballers as SUbjects, reported that a rapid increase in bat 

24 



and the hip8B 

I I 
I I 
t 1 
" ) 

" I" ' 8B ',V/ 

,---,;.:, 
" "I I \ 

1 • \ 
\ ;. \ 
'... ",,...-' " 

I I 
, I 

' --

(radl 
7 

• skilled 
o unskilled : 0 

6 0 
0

• 0 

+J • 0 
III • 
.0 5 
Q) 

.c 
+J 

.... 
0 4 
Q) .... 
0

~ 
3 

ST 

2 
2 3 4 5 6 7 (rad) 

angle of the hip 

..-".,'" ,, .,J, ... , ...... , \ 

I 
I 

25 

Figure 5 Relationship between angles of the hip 

and the bat during the swing 
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Figure 7 Angles of bat-left forearm ( 6F ), 
elbow joint ( 6E ) and shoulder 
joint ( 65 ) 
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figure 6 Changes in angular velocity of the hip 
during the swing 



velocity directed toward the pitched ball began l20msec prior to cant-et. And by 
the three-dimension 1 analysis for the golf swing of 4 professional and 2 low-hand~cap 

amateur golf s. it was found th t the sharp incre se i velocity of the center of 
gravity of he club corre onded to th time of rapid wrist uncocking which eg n between 
lOOmsec and 80msec prior to impact (Nea1 and Wilson, 1985). Thus, ~ is co sidered to be 
lh characteristics of the skill that they produce rapid increase in he v locity of 
the striking instrument just prior to contact od get the greo er velocity at contact. 
On the other h nd, the linear velocity for the unskill d gradually increased aft r ST 
and its nle n m...ximum valu" was obtained at O.04sec prior to C. Although the decrease 
in the velocity of h b t is eco nized in a few inv stigatio s (Messier nd Owen, 1984; 
MClntyre nd P au Sd1, 1982), sev ral reasons re attributed 00 this phenomenon; .g., 
misuse of the hip rotation Like the unskille I n ,this study, fault of timing f()r 
the onset of th swing and so on. So, it is possible that ven the skill indicates 
the deer se in the velocity of the b t. Reg ding the angular velocity of the bat, 
there was nO distinct d~fference in the pattern between the skilled and the unskilled. 

cc (1961) (ound that he bat velocity, which ",as estimated by qular displacement of 
the bat, increase just prior to contact. The same result was obtiined in this s udy. 

Figure 3 shows Lhe grc ter value of the mean m ximum tot 1 kinetic energy for 
th skilled (274.0J) th for unskilled (227.5J) at th nd of the swing. C nsidering 
hat changes in tile mechanical energy of the bat are u I to the amount of th work do e 

by the hitter, the unskilled seems to work inadequately for the energy Elm, from body 
segmen s to the b t in this phase of the swing. 

'x inations of the act10ns of the hip and the left arm segments of h hitter were 
carried out with such consideration. F'rstly, the ction of t e hip rotation was 
attracted the dttention because i has been s id that the movements in a successfully 
executed ~N1n proceed 1n a sequential fashion with the hips, shoulder, arms, and 
finally the wrists and the bat bain driven forcefully around to front (Hay, 1978). 
From the reIa ionshi1' between an les of the bat (8B) and th hip (811) dudng the sw1nq 
(Figura S), he unsk1l1ed show gre ter displacem<mt of eH and e rli incrc< se in eH 
ith respect to Ga th n the skilled. Although it is considered that the great r 

the displ cement in eH is, the more the am unt of the work the hitter I?roduces, 
the m ximum an ular velocity of eH for he unskille resulted in the lower value 
{Figure 61. The part of the reasons for this lower value n, y be U 0 the e lier 
increase in eH wi h res ect to BB. Both curves 0 the angular v Lacity of H ha one 
pe k valu , but the skilled ind' cat sharper p n than the unskilled. Furthermo e, 
the m an maximum value of the angular velocity of H app ared within O. Lsec prior to C. 
Th1s patt rn for the skille is also supported by investigation made on the h ndball 
throwing (Joris etal, 1985), •...hich emonstra e th t the main differences between 
the good and th poor throwers appear to b highe.r maxi,mal segmental velo ities and 
stronger deceleration of these segments achieved in the last SOmsec. 

Secon 1y, wh taking int-D consider tion of the ac 'on of the left arm seqrnents of 
the hi ter during swing (Figure 8), it is proposed by Jorgensen (1970) that from 
the analysis for the golf swing a d lay in the ncocking of the wrists w ul tend to 
ben fit the at inroen of ma imum segmental angular velocities. As the common aim between 
t.he golf swing and the bas wall hi tting is to hi t a ball w' th a greater im ct, 
the pattern of d' spl cement in BE" for the unskilled, which show wrist uncockin earlier 
th n he skill d, is not preferable. lt may be considered th t the horizon I flexion in 
es and the xtension in BE at the start of the swing in the unskilled tend to make 
the mome.nt of iner 'a of arms larger and th t it is diff' cult for the llnskill d to 
inc"ease the velocity of the distal segments such as wrist and hand. The speed of 
the wr' st at the onset of wrist and fing flex ion is said to be an importan pr reql.lis~te 
for higher work don in th last 50msae of handball throV/ing (Joris et al, 1985). It 
miaht be suggested that these actions of the lef t arm gments in he unskill d were 
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Figure 8 Displacements in SF, SE and as during 
the swing 
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