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INTRODUCTION

The purpose of this investigation is to measure the variation in
time of the forces applied on a hockey sﬁick by playefs while shooting at a
target. Thé different shots performed are fhe sweep, the wrist and the slap
shots, at rest and in motion. The velocities of the puck for slap shots are
' also measured and the influence of the shape of the time dependent forces on

these velocities is studied.

During the course of this investigation, nine skillful adult amateur
hockey players were used as subjects. Some of their characteristics are listed
in TABLE 1. The>subjects were not familiarized with the instrumented hockey
sticks before the experiment. This fact could have had some influeﬁce on their -
performance since the umbilical cord is somewhat cumbersome at first. The

experience was carried out in an indoor arena on october 17, 1974.

A list of reference on the subject of ice hockey shots have been

. presented in a previous publication and is given in appendix for the benefit

of the reader.



METHODOLOGY

The fdrces produced by both hands and the reaction of the ice and of
the puck on the stick were obtained using strain gages appropriately located
along the handle apd<the blade of the stick (FIGURE 1). The technique has
been previously tested in laboratory (see Ref. 22). Seven Wheatstone bridges
were formed in such a way as to compensate for temperature variations during the
tests (FIGURE 2). The output signals of thesé seven bridges and the three
equilibrium force equations are, in principle, sufficient to determine the eight

forces and the distances X » X, as shown in FIGURE 3. G, and G, represent

2 1 2
the reaction of the ice and of the puck on the blade, G3 ’ G4 and G5 are the
three components of the action of the upper hand on the handle and G3' s GA'

and GS' represent those of the.lower hand. The parameters a and b, giving the
location of the hands, were measured for each subject and for each type of shots.
Tﬁe output signals were amplified and continously recorded on photosensitive

paper travelling at a speed of 1 m/sec (FIGURE 4). The puck velocity was measured
using a digital time counter, triggered and stopped by microphqnés sensitive to
the nolse of the impact of the blade on the puck, and the puck on the target.

It was possible to calculate the velocities knowing the distance between the

initial position of the puck and the target.

The instrumented hockey sticks have been statically calibrated to
obtain the response of the Wheatstone bridges under flexion or traction of
both blade and handle. The force analysis was performed, using the recorded
outputs and the calibration constants, for time intervals verying from 0.0l sec.

to 0.1 sec. depending on the rate of variation of the recorded signals.



RESULTS

The puck velocity was measured for slap shots at rest and in motion.
Each subject made five of each type of shots. The mean value and the standard
deviation of the velocities for the nine subjects as a group are given in
TABLE 2. The mean value of the velocities for each of the nine subjects is

given in TABLE 3.

Some of the time-dependent force diagrams obtained during this
experiment are presented in FIGURE 5 through FIGURE 25, Forces G3 and G§
(FIGURE 3) could not be obtained accurately because of the relatively low
sensitivity of thektwo Wheatstone bridges made of gages 5, 6, 7, 8 and 11,
12, 13, 14. Ho&ever, the maximum value of these two forces is of the order
of 20 Kg. For all timé, G3 and G3‘ are approximately of equal.intensity
and act one against the other. Since these components of the hand reactions
along the axis of the stick do not contribute to the puck velocit&, it was

not necessary, in our study, to determine their value with good accuracy.
It was also difficult to obtain experimentally any meaningful value for the
distance Xye This is due primarly to the relatively short spacing of gages

15 and 16. The value of the ice reaction G, was computed assuming the dis-

1

tance Xy to be 2,5 cm. Of all measured forces, G5 and GS' are the mosf
significant since they contribute directly to accelerate the puck., For all
force diagrams, the time axis has been set such that the peak value of GS'
occurs at 0 sec. In some diagrams, as in FIGURES 7 and 23, the curves are

truncated at the beginning or at the end of the shoﬁ; this is due to the late

starting or early stopping of the recording system during the test.



INTERPRETATION OF RESULTS

The analysis of the results has revealed that some difference exists
in the shape of the force-~time diagrams between different type of shots
performed by the same player (see FIGURES 5 - 10 for subject 1 and FIGURES 15 -
19 for subject 4). This difference should be visualized by studying the varia-
tion of G4' and GS' representing the action of the lower hand on the stick.
For subject 1 (FIGURES 5 - 10), the maximum value of the most significant
force GS' is nearly a constant equal to lOlKg except for the slap shot at
rest (FIGURE 9) where, oddly enough, this maximum value is somewhat lower.

This last result seems to indicate the importance of the impact of the blade
on the puck for slap shofs since, usually, the velocity of the puck for that
type of shot is somehow higher than for the other types. This remark also
applies for subject 4 (FIGURES 15 - 19). Even though these differences exist
- between different type of shots performed by the same player, a general

pattern can be identified through the various diagrams, making possible the

recognition of the "signature" of a player.

However, much dissimilarity exists in the force diagrams of different
players performing the same sweep and slap shots. These differences can.be
visualized by comparing FIGURES 5, 13 and 15 for the sweep shot at rest,

FIGURES 6, 14 and 16 for the sweep shot in motion, and’FIGURES 10 and 20 or

21 for the siap shot in motion. Surprisingly, the diagrams are quite repeatable
from one player to another for the wrist shots, as can be seen by comparing
FIGURES 7, 11 and 22 (at rest) and FIGURES 8, 12 and 24 (in motion). This
similarity could be explained by the fact that the wrist shot is less elaborated
to perform than the other shots and thus allows a more uniform pattern for

all players.



In the case of repeated shots in the same standard conditions by
one player, the shape and intensity of the force-time diagrams do not show
the similarity one could have expected. This dissimilarity is noticeable by
comparingvthe curves Gé' and GS' for the pairs of figures 16 - 17, 20 - 21,
22 - 23, and finally 24 - 25. Such non-uniformity may affect the velocity and
the precision of the shots. vAgain, it is for the wrist shots‘that the pattern
is mostly preserved.

The puck velocity for slap shots is not directly related to the
maximum force intensity a player can produce on the stick. Figure 10 shows

the maximum value of G and GS'

to be 6 Kg and 10 Kg respecpively while, for
slap shots in motion the mean puck velocity is 26 m/sec for subject 1

" (TABLE 3) where as these maxima are only 5 Kg and 2 Kg in FIGURE 21 yielding
a puck vélocity for subject 5 of-3d,8 m/sec (TABLE 3). Therefore, the puck
velocity seems to be highly sensitive to the shape of the diagrams and not so

much to the maximum forces produced. This last observation indicates the

importance of the kinematic of the motion performed while shooting.



CONCLUSION

Even though the present investigation do not produce numerous prac-
tical results, it has prooved the usefulness and the effectiveness of the
instrumented hockey sticks for force measuremenfs. The recent development of
a system using photoelectric cells to measure accurately the puck velocity
for any kind of shot Qill permit a complete correlation between the dynamometric
results and the puck velocities. The coupling of high speed photography with
these methods of measurements will also permit to analyse the influence of the
driving motion and of the applied forces on the efficiency of the shots. The
use of instrumented sticksbof various flexibilities will allow the evaluation
of the influence of the characteristics of the stick itself on the maximum
forces applied by the hands and on the puck velocity. These experiments will
be carried out in the near future using highly skilled subjects of different
levels. Ultimately, these studies will permit a better understanding of the
kinematic and the kinetic of the different hockey‘shots in ordef to develop
modern methods of training for young hockey piéyers and to design hockey sticks
that will be better adapted to the skill and the level of the players and to the

type of shots most frequently used.



ACKNOWLEDGMENTS

The authors are greateful to Professor André Bazerguil whose advices
concerning the arrangement of the Wheatstone bridges and the utilisation of the

measuring ‘equipment were most valuable and to Dr. Aouni Lakis for reading and

correcting the manuscript.

This research is supported by the National Research Council of Canada

(Grant No. A 7513) and by 1'Université Laval.



BIBLIOGRAPHY

10.

11.

12.
13.

14.

Alexander, J.F. et al. Comparison of the Ice Hockey Wiist and Slap Shois
§on Speed and Accuracy. Research Quarterly. (1963), 34:259-266.

Alexander, J.F. et al. Effect of Strength Development on Speed of Shooting
0f Varsity Tce Hockey Playens. Research Quarterly. (1964)
35:101-106. |

Brunelle, R. Le Lancern frappe. Hockey-Québec. (1972) 1:15-16.

Chao, E.G. et al. Mechanics of Tce Hockey Injuries.  Mechanics and

Sport. American Society of Mechanical Engineers. 1973

Cotton, C. Comparison of the Ice Hockey wiist, Sweep and Stap Shots gon
Speed. M. Sc. Thesis, University of Michigan, 1966.

Fédération du Hockey sur Glace du Québec. Manuel du Professeur.

Grade III. Montréal, 1973.

Fryzek, V. Zncadlo Hokeje. Sportovni A Turisticke Mokladatelstvi,
Praha 1961.

Furlong, W.B. How Science i Changing Hockey: 80 mph Mayhem on Ice.
Popular Mechanics. February (1968) pp. 110-114.

Hayes, D. A Mechanical Analysis of the Hockey Stap Shot. Journal of the

Canadian Association for Health, Physical Education and Recreation.

(1965) 31:17.

Hull, B. Hockey is My Game. Longmans Canada Limited, Don Mills, Ontario
1968.

Jeremiah, E. Ice Hockey. The Ronald Press Co. New York 1958.

Kostla, V. Utok V Lednim Hokeji. Sportovni a Turisticke Mokladatelstvi.
Praha 1963.

Lariviere, G., H. Lavallée. Evaluation du niveau technique de jouewts
de hockey de catégonie moustique. Mouvement (1972) 7:101-111

L'Heureux, W.J. Hockey for Boys.  Follett Publishing Co. New York,
1962 '



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,
25.

26.

Mahovlich, F. Ice Hockey. Pelham Books. Toronto, 1965.

Meagher, J.W. Coaching Hockey. Prentice-Hall of Canada. Scarborough,
Ontario 1972. »

Mikita, S. Inside Hockey. Henry Regnery Co. Chicago 1971.

Percival, L. The Hockey Handbook. Coop Clark Publishing Co. Toroato
1957.

Riley, J. The Young Sportman's Guide to Tce Hockey. Thomas Nelson and
Sons, New York, 1962.

Romechevsky, I. Methodological Tnvestigation of the Basic Techniques
of Tce Hockey {en nusse).  Soviet. Jour. Theor. Pract. Phys.
Culture (1974) 4.

Roy, B. Facteurs biomecaniques caractinistiques des differents types
de fancers au hockey sun glace. Mouvement. (3 paraitre)

Roy, B. Doré, R. Incidence des caractenisiiques des batons de hockey
sun L'efficacits gestuelle des fLancers. Proc. of the 1st -
Annual Meeting of the Canadian Society of Biomechanics,
Universify of Alberta, Canada, 1974, pp. 1-19. Reproduced in

1'Ingénieur, Ecole Polytechnique de Montréal, mars-avril 1975.

Sullivan, .G. Better Ice Hockey gor Boys. Dodd, Mead and Co. New York
1965.

Sullivan, G. Face-0ff. Van Nostrand Reinhold Co. New York 1968.
Walford, G.A. Ice Hockey. The Ronald Press Co. New York 1971.

Watt, T. How to Play Hockey. Doubleday Canada Limited, Toronto,
Ontario 1971.



TABLE 2

PUCK VELOCITY FOR NINE SUBJECTS

(Mean value and standafd deviation)

TYPE OF SHOT | - VELOCITY (m/sec )
Mean value Standard deviation
Slap shot at rest 26,9 1,5

Slap shot in motion 29,0 . 1,4




TABLE 3

PUCK VELOCITY FOR SLAP SHOTS

(Mean value for five shots)

Subject VELOCITY (m/sec)
~Slap shot at rest Slap shot in motion
1 24,6 26,0 ‘
2 28,3 29,8
3 25,2 28,7
4 28,3 29,4
5 28,5 30,8
6 27,5 28,0
7 27,6 29,7
8 26,9 29,6
9 25,8 29,4
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FIGURE 1 - LOCALIZATION OF THE STRAIN GAGES ON THE STICK
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NOTE: Distances a and b known.:

FIGURE 3 - FORCES ACTING ON THE HOCKEY STICK

15



OSCILLOGRAPHIC

WHEATSTONE RECORDER
BRIDGES  AMPLIFIER (8 CHANNELS)

UMBILICAL
CORD (o m)

"! CONDUCTORS TIME
e COUNTER
. ﬁ

L SN—
7/[

e 7 g

Col § o

\ ©

i 4

FIGURE 4 - MEASURING AND RECORDING SYSTEM

91



17

Kg. 06 -05 -04 -03 -02 -0 O Ol 02 0> 04 05 06 07 08 SEC.
G 0
3| —
G 5
o .
o e g Y o e ™ . — s
- T‘A\E
-5
Kg
G 15 A
44—
e}
N
Gs___ 7\
5 e
ol d_|_emm= ~
o = B ;
<= il —r= TIRE
..-5 Gs Gy,
-0
K. 4
’ 20
4.———.
y 15
Gs -
10 7T\
5 /’ \! o
AT __/ % N
O [=Dbwwr;; w7
i L=
-5
~lo
-15

-06 -05 -04 -0d -02 -0f O Ol 02 a3 04 05 06 07 08 SEC.

FIGURE 5 - FORCLES VS TIME, SUBJECT 1, SWEEP SHOT AT REST



18

Kg | -06 -05 -04 -03 02 -1 © oI 02 03> 04 05 06 07 08 SEC

' 5
62.-—— ‘-L, GL— ~,,:{::‘==.% i Gush SRk »
' TME

()

ut

1

|

i

5

<
)

~d

s

5 ".~"l,‘lﬁ

.06 -05 -04 -03 -02 -0f O Of 02 a® 04 05 0o 07 08 SEC

FIGURE 6 - FORCES VS TIME, SUBJECT 1, SWELEP SIOT IN MOTION



19

Kg 06 -05 -04 -03 -02 -0} O O 02 0> 04 05 0o 07 08 SEC

g

|
\
%
,%

i \ N -
© ~ )y e T

XL

-06 -05 -04 -0 -02 -00 O Of 072 a3 04 05 06 07 08 SEC

FIGURE 7 - FORCES VS TIME, SUBJECT 1, WRIST SHOT AT REST



20

Kg. -06 -05 -04 -03 -02 -0l O Ol 02 0> 04 05 06 07 08 SEC
G_"° |
| —
G 5
2
o
0 R =y i =
-5
Ka
. |
44—
o] Y
65@_.,%.. ,' Q :
5 y) 3 e
""~~‘ Ty
P \ U™
o p== > 3 — 2o
™ T gl I TE
"5 10s : . G
-0 x
Kg. |
y 20
4, ———
6’ 15
5=—= LN
10 AR
5 | PR VAY.4
/V' g™ 4 ' 4 ‘\ ‘.—"
O P Se \\..,l % — _—
> - R TIME
-5
-0
-15
06 07 08 SEC.

-06 -05 -04 02 -02 -0f O Ol 02 03 04 05

FIGURE 8 - FORCES VS TIME, SUBJECT 1, WRIST SHOT IN MOTION



21

Kg | -06 -05 -04 -03 -02 <01 © oI a2 0> 04 05 06 o7 08 SEC.
G 0
)| —
5
62"'—"" "’.-.L-..-\Q anft SR G (N0 ewD
O f » Y et GED S NS GG w
-5
Kg.
G 15 g
4
(o]
Gs___
5
o
-5
-0
Ko
’ 20
4-——
6, 15
5 e
e}
o)
....5.
-lo
-5

-06 -05 -04 -0 -02 -0 O Of 02 03 04 05 06 0OF 08 SEC

FIGURE 9 - FORCES VS TIME, SUBJECT 1, SLAP SHOT AT REST



22

Kg. .06 -05 -04 -03 -02 -0 O ol 02 0> 04 05 06 07 08 SEC.

GZ—.—_ amd eD exi amn Gin o - qum I“. — -~
o k /\::'n::: T?M”E_
-5
Kg
o |
4 —
(@)
Gs___
5 A
e WJIJ o o
-Q.“_q- o \'me-ﬂ’ Jd T‘Mé
.-5 GOs . G,
-10 x
K.
y 2%
4 ——
y 5
Y
0
-5
M‘
O
-5
-lo
-15

-06 -05 -04 -0

-02

of 0 OI 02 03 04 05 06 07 08 SEC

FIGURE 10 - FORCES VS TIMI, SUBJECT 1, SLAP SHOT IN MOTION



23

' Kg 06 -05 -04 -03 -02 -0l © O 02 0> 04 05 06 07 08 SEC
0
Q—
5 ;
-5
- Kg #
5
Ga A
‘O ’ 1
’
Gs___ 'A_‘
5 'Y
i/ |\ \
O i A St aum e
-5
-0
Kg.
y 20 A
4 —
' 15
Qs - ,’ i
; r’ Y™\
5 - ‘\ AN
-5
-0
-15

-06 -05 -04 -0 -02 -0 O oI 02 a3 04 05 06 07 08 SEC.

FIGURE 11 - FORCES VS TIME, SUBJECT 2, WRIST SHOT AT REST



24

Kg 06 -05 -04 03 02 -0 O Ol 02 0> 04 05 06 07 08 SEC
G 0
| —
G S5
p J— D e N
'-*w <o
o ﬁ-.--o—""~-—~,_.—...—-" e et e X L TME
-5
Kg
G 15
4 —
G {e] 'i“\‘
|
5 i B amN
T / ‘\ \
© = - TIKE
_5 Gs Gn
-—|O X2
K !
y 20
J4 —
, 15
- Y
: 10 ,"“
5 5’/ \ \
\
.:.\" e o \\-‘,-—-—-.
-5
-lo
-15
06 -05 -04 -0 -02Z -0l O O 07 a3 O4 ’05 o6 07 08 SEC

FIGURE 12 - FORCES VS TIME, SUBJECT 2, WRIST SHOT IN MOTION



25,

02 03> 04 05 06 07 05 SEC.

Kg. -06 -05 -04 -03 -02 —;).I o ol
6 0
2| :
5
62——— f -
) ’%‘;-.ﬁw-—-"u’mu{f -'1-—-‘ ) T‘\E—
-5
Ka
G 5
Y Q—
65 10 ;IWQ‘
5 -""l!\\\;b
o o= Ao
...5 ‘hn
-0
Ke |
’ %
4 ——
y B
5 o
1o fﬁ\
A
T Y
o y
-5 b=
-1O
-15

-0 -05 -04 -0d -02 -0l O of 072 0> 04 05 06 o7 08 SEC.

FIGURE 13 - FORCES VS TIME, SUBJECT 3, SWEEP SHOT AT REST



26

Kg. 06 -05 -04 -03 -02 -0l © O 02 0> 04 05 Go Q7 OB SEC
G 0
| ——e
5
Goo_ L
B e ey —-
-5
Ka
G 15 1
— *g
Gs___"° IR
5___ .
. ;fﬁ%
””“.NN"B ‘\QM
O : | -~
T A Mﬁw e
-5 % Gs ' Gy
N
—lo X8
Kg
y 20
A —
y 5
Qs ———
e}
5
O
-5
-0
~-15
-0 -05 -04 01 -02 -00 O Oi 0Z G% 04 05 w6 07 08 SEC

FIGURE 14 - FPORCES VS TIME, SUBJECT 3, SWEEP SHOT IN MOTION



27

Kg -06 -05 -04 -03 -02 -0} O Ol 02 0> 04 05 06 07 08 SEC

o) m ahe G ¥

Qs

Q}”-'-"-

ma@ﬂ“’

06 -05 -04 -03 -02 -0 O Ol 02 a3 04 05 06 07 08 SEC.

FIGURE 15 ~ FORCES VS TIME, SUBJECT 4, SWEEP SHOT AT REST



28

| Kg 06 -05 -04 -03 -02 -01 O ol 02 0> 04 05 06 07 08 SEC
G @)
| —
5
Go__ S
o p—r=3 e T S — TlM’;:—
-5
Kg
G 15 é
4
10
s S
y N
o _‘__--ﬁr--' TIME
“5 X X G' G;
-10 =
Ko
y 20
4——.—
6, 5
5 e
@) 7 %
] mo~lf |\ -
\‘U-u—"’
-5
-lo
-15

-06 -05 04 -0d -02 -0f O Ol 02 @ 04 05 06 07 08 SEC

FIGURE 16 - FORCES VS TIME, SUBJECT 4, SWEEP SHOT IN MOTION (FIRST)



29

Kg | 06 -05 04 0302 -0 © o 2 05 o4 05 06 07 08 SEC.

D
ut
i
i
j
e}
‘Q§~’A

I Sy

- -05 04 -0d -02 -0f O OI 02 a3 04 05 06 07 08 SE .

FIGURE 17 - FORCE VS TIME, SUBJECT 4, SWEEP SHOT IN MOTION (SECOND)



30

-0b -05 -04 -03 -02 -0I O Ol 02 0> 04 05 Ob 07 08 SEC
SN
Lo o TIME
AY
2N VN
- I r\ 32
\----uq""’ TIKE
Gu
L~
X
Gs
! ,
b
- 'f‘ \‘
1 \"la!, -\ R
‘\u.u—-——-"'“

06 -05 04 03 -02 -0/ O Ol 0Z a3 04 05 a6 07 08 SEC.

"FIGURE 18 -~ FORCES VS TIME, SUBJECT 4, HALF SLAP SHOT AT REST



31

‘Kg -06 -05 -04 -03 02 -0l O Ol 02 0> 04 05 Qo 07 08 SEC

o -us=--‘-il='—' x “'&hg"_ _WE-

\l

/P
4
\

5 N\
FaMyINRS
o - S A“llh-._qﬂd ‘nMé»'

X8

10 ”»

NV
5 : ey f \.\ -\k
o ;,M .--;\g’m’@ \'%\

"™ g

06 -05 -04 -0d -02 -0f O O1 0Z a3 04 05 06 07 08 SEC.

FIGURE 19 = FORCES VS TIME, SUBJECT 4, HALF SLAP SHOT IN MOTION



32

Kg 06 -0S -04 -03 -02 -0} O Ol 02 0> 04 05 06 07 08 SEC.
G 0
P |
C S
[\ I o e b TME
-5 A
Kg
G 5 A
4 —
(@)
Gs_——
5 ——
O -::N WL— ’{ ‘~4-8&
T et TINE
-5 Gs G
“‘O %t
Kg. L
' 20
4-—-—-—-
' 1)
5 e
10
5 -—ﬂ'm\l/\ %
" . " g,
s WY L o Nl . |
© _—— T %hdm-.—d:& T‘M’E"
-5
-lo
-15

06 -05 -04 03 -02 -0f O OI 07 G 04 05 06 oy o8 SEC

'FIGURE 20 ~ FORCES VS TIME, SUBJECT 5, SLAP SHOT IN MOTION (FIRST)



32

Kg | -00 -05 -04 -03 02 -1 O oI 02 03 04 05 06 07 08 SEC
G 0
| ——
6 5
p S
o} = —
) S I TIHE
-5 -
Ka
. |
Y p—
e}
Gs___
5 — { —
o
i A ~~”F“" S
O == =L. \G-o’ . TIAE
.-5 Gs » G
'—‘O AL
Kg |
’ 20
4__—-.
' 5
5 e
10
VA
7~ - N, : M
s _ » iy :
© rd = b -hg.{hc-im -l.-.u?f TW(F
-5
~-ic
-15

-06 -05 -04 -0 -02 -0f O Ol

FIGURE 20 -~ FORCES VS TIME, SUBJECT 5, SLAP SHOT IN MOTION

01 a® 04 05 06 07 08 SEC.

(FIRST)



33

Kg -06 -05 -04 -03 -02 -0 © Ol 02 0> 04 05 06 07 08 OSEC
6 | 8)
| ——
G 5
e o O™ S agp OF0 W \\". N S -“ME
-5
Kg
G 5
Y Rp—
le]
Gs___ )
5 >
-
' i \~:§m.?“:;~._-
© . “‘“%ms. 7 TIAE
& oo o G,
-5 A "
.-‘O o)
Kg A
y €0
4, e
6, 5
- S
10
f‘a
5 _,/A ‘Nﬁ\\
o ;h\\ \""-w
e owFy 'ﬂw.ﬁ‘%'&j { hs-_,fn..‘ [r—_——
-5
-0
-5

05 -05 -04 -03 -02 -00 O 01 02 a3 04 05 06 OF o8 SEC.

FIGURE 21 - FORCES VS TIME, SUBJECT 5, SLAP SHOT IN MOTION . (SECOND)



34

Kg -0b -05 -04 -03 -02 -0 O Ol 02 0> 04 05 06 07 08 SEC
0
G—
G 5
y | o,
o Agi'::"’l; ] —
} THE
-5
Kg |
15
Gy
1o i’ \\
65 - 5 ‘/ \
o ;.-v’ / \\.:\‘:h
R cdi TIKE
""5 Gs . G
-lO Xt
Kg
' 20 A
4.___.
y 15 _
- Q—
o 5
/ N
5 /XN
=Y NN |
© | ‘“s'?’%q(: e
-5 ,
-lo
-15

06 -05 -04 -03 -02 -0f O Ol 072 > 04 05 06 07 08 SEC

FIGURE 22 - FORCES VS TIME, SUBJECT 6, WRIST SHOT AT REST (FIRST)



-lo

-15

-0b -05 -04 -03

-2

-0l

o

ol

02 0> 04 05 00 07 08 SEC

D

4“

’I

Gs -G

© el

-06 -05 -04

-Qd -02

-0

o

Ol

07 03 04

05 06 07 08 SEC. -

FIGURE 23 - FORCES yS TIME, SUBJECT 6, WRIST SHOT AT REST (SECOND)



36

Kg | 06 -05 -04 -03 02 -0t 0 a1 02 0> 04 05 06 07 08 SEC
G—"° |
¢ | e
G 5
2 s N .
-5
Ka.
G 5 A
4 e o
A
(@) ?
Gs.__ i “'\
5 - N
pu———y -!'-J \ \\ . .
© e N » TIKE
-5 Gs Y
_lo X2
Ke
y 20
4 ——
y 15
5
10
5
I S SR gy ¢
O pre—
-5
-lo
-15

-06 -05 -04 0> -02 -0f O Ol 02 @3 04 05 0o 07 08 SEC

FIGURE 24 - FORCES VS TIME, SUBJECT 6, WRIST SHOT IN MOTION (FIRST)
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FIGURE 25 - FORCES VS TIME, SUBJECT 6, WRIST SHOT IN MOTION
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