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INTRODUCTION
THE NEED OF THE STUDY

The training program which emphasizes the reinforcement of body
muscle, and acquisition of techniquebased on dynamical principle are
thought to be very important factors in obtaining good scores in weight-
lifting competitions. In other words, when aperson who hasthe sameability
liftsamateria of thesamequantity, theresult will be very different according
to the ways in which the lift is accomplished. Thus, the purpose of this
study wasto help beginnersimprovetheir ability by analyzing the motions
of the athletes who have competed for more than 5 years as a high ranking
prize-winner and finding the dispersion of power exhausted according to
his motionsand the deficits of hisform.

Weight-lifters scoresdepend on physical, technical, and psychol ogical
elements, and strategic preparation. The basic principle of techniqueis to
lift the heaviest weight with the least power. Primarily, it is to overcome
theresistancewith theprovided skilled motionsby displayingthe maximum
power against the greatest resistance.

Dynamical efficiency over the resistance and the inertia of the bar
requires maximumpower, maintenanceof balance,andfinaly, thetechnical
ability which works near to thecenter-lineas devel oped in efficient training
programs.

PURPOSE OF THISSTUDY

Theam of thisstudy wasto measureand analyzethe centersof gravity,
the direction of strength, and the amount of torque shown in the snatch
actionsd threeKorean lifters. These participantsperformedfiverepetitions
of the movement to compareand analyze the differences.
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METHOD OF STUDY AND INSTRUMENT OF MEASUREMENT
Subjects

Three players with over five years of competitive experience chosen
werechosen astheparticipants. Demographicsaof the participantsareshown
inTable 1.

Tablel. The physical characteristics of subjects.

Subject Age(Years) Career (Years) Height (cm) Body Weight(kg)

Record(kg)

K. K. N. 194 6 162.0 67.0 1125
L.C.W. 19.7 5 168.0 59.0 100.0
PS W 189 5 165.0 95.0 115.0
M 17.0 36 165.0 736 1090.1
SD 0.17 0.47 244 543 6.56

Theinstrumentsof measurement used for thisstudy are shownin Table 2.

Table2.

[ nstruments.

| nstrument Type M aker

High speed camera 16mm Hitachi
Film A.S.A.400 Kodak
Analyzer 106B.350E Inter-Nac
Computer 16 bit AT HOST

Bar Bell Suwon-korea
Pressure plate sdf made

M easurement Board Af made

2. Method of Practice

Themotion analysisand pressureplate anaysisproceduresof thisstudy
areshownin Figures1 and 2. Figure 3 contai nsphotographsaf theequipment
used in the study.
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1. Camera Pressureplate

2. Film Strain gauge

3. Motion analyzer Amplifier

4. AID convert

5. Computer

6. Anayss (Displacement, Veocity, Acceleration,

Force, Angle, Angular Velocity, Torque)
7. X-Y plot

Figure 1. Analysissystem.

1. Pressureplate( Self-made)

2. Strain gauge(Type KFC-5-C1-11, length 5mm
resistance120)

3. Dynamic strain amplifier (Type DPM-6E, Kyowa)
4. AID convert (PCL-712, Pc-Labcards)
5. Computer (IBM PC/AT)

6. Anaysis

Figure2. Pressureplate analysis system.
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RESULTS
1. Angle Variation of Each Joint

Table3.
Thefinal angle of each unit of movement.

Angle Thigh and Calf Thigh and Trunk
Step Kag Lee Pak M D Kang Lee Pak M D

Start 304 359 375 346 304 694 669 746 703 32
Ist-pull 1247 1311 1279 1279 261 1164 1184 1213 1187 201
2nd-puii  180.2 181.2 1809 181.8 053 162.6 1654 1681 1653 224
Lock-out 386 402 523 437 611 378 236 383 332 681
Stand-up 160.4 152.8 1635 1589 449 1683 1724 156.6 165.7 6.69
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Figure3. Theanglefor Kang's thigh and calf, thigh and trunk

RESULTSAND DISCUSSION

The physical variables of the weight-lifting motions of three weight-
lifterswerecompared and analyzed. Each lifter had over five yearsof weight-
lifting experience. The resultsof the weight-lifting motions were analyzed
by two-dimensional film analysisasfollows:

(1) Theangles a each steps:

When thefirst motion has been completed, the mean angle of thefirst
pull motionswas 127.9( and theseangleshavelittledifferenceamong them.
At the 2nd-pull, the anglebetween thigh and calf is181.8( and Park’s thigh
and calf and thigh and trunk had the highest increase.
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(2) The velocity at each joint:

The experiments required a 0.16 - 0.18 sec readiness period. At the
first pull motion Kang's was 1.46 m/sec, Le€'s 1.54 m/sec, and Park's 1.47
m/sec. The times needed for thefirst pull motion were 0.57 sec, 0.33 sec
and 0.51 sec, relpectively. The times needed for the 2nd pull motion were
0.45sec, 0.33 sec and 0.36 sec. Thetimesneeded for thelock-out stepwere
0.78sec, 0.66 and 0.69 sec.

(3) Ground reaction force:

The vertical forceof first pull motionswere
154.1 kg, 147.5 kg and 190.4 kg. The phenomenon that ground reaction
forcedf the2nd-pull action hasthe sudden increasein spitedf thedecrease
of first pull action can be caused by the reaction forcefrom the strong push
off the ground. The phenomenon of small reaction force was broken out
just after the lock-out action might be caused by the jump action.

(4) Torque which hasan effect on al physica joints:

Thetorque which has an effect on every physical effect was arelated
continuance. Every weight from the bodies is supposed to work on the
peak of each joint, and thetorque rel ated with the bodies shoul d be affected
by the weight of the bar and the trainer. Kang's first pull action was 2444
kg-cm at the hip joint, 1410kg - cm at knee, and 685 kg - cm at shoulder.
Lee's were 2476 kg - cm, 572 kg - cm and 1222kg - cm. But the torque
valuedecreased at the second-pull. Kang's was highest a 2820 kg - cm of
shoulder at thelock-out step, Lee's was 276 kg - cm. Lee's wasthe highest
at 2440kg -cm of thefirst pull action at hip joint.

CONCLUSION

As to the snatch motion in weight lifting, the structural mechanism
and quality of motion was analysed by camera and force analysis. For
producing pressure plate, which make more generalizationsthe structural
mechanism and quality of motion technologic theory is introduced. Some
conclusions of thisresearch are;

(2) Motionof bar, coax, and articulation of theknee, aresimilar to one
another in S-formsbut in standup processall theweightsof three participants
showed a tendency to drop behind.

(2) Tolock out in thesnatch motion, the weight was pulled up to about
67% ofparticipant's height.
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(3) When the snatch motion was completed, the angle between thigh
and trunk was about 181.8 and the angle between thigh and calf was about
165.3. The angle velocity of theformer was about 174.9 deglsec, that of
the latter was about 254.9 deglsec. Thefinal angle velocity between thigh
and trunk was similar to that of Park but that of Leeis 199.9deglsec. The
final angle velocity between thigh and trunk of Lee was the greatest.

(4) Right after the beginning of 2nd pull, the velocity of weight was
maximum, 2.31 m/sec and the acceleration of the weight is5.01 m/sec2.

(5) Right after lock out in the snatch motion the velocity of each
articulation was maximum-- especially that of shoulder articulation which
was maximizedat 3.4 m/sec and theacceleration of that was 17.89 m/sec2.
Thedegreed thevelocity of each articul ation wasasfollows: coax > elbow
= knee> ankle

(6) In the snatch motion, the maximum vertical ground reactionforce
appeared at the and of the lock out motion. That of Kang was about 2.8
times (194.21kg) as heavy as his weight. That of L ee was about 3.2 times
(193.4 kg), and that of Park was about 2.5 times(237.5 kg). Right after the
beginning of 2nd pull, the maximum of vertical ground reaction force of
Kang was about 2.5 times (167.5 kg) as heavy as his weight, that of Lee
was about 2.9 times (171.1kg) and that of Park was about 2.4 times (228.1
kg).

(7) Comparingtorque peaksadf hipandkneejointin thesnatch motions,
the shoulder articulation in Kang’s and Lee's lock out motion was the
maximum, 2820
kg - cmand 2726 kg - cm. But the hipjoint in Park'sfirst pull motionisthe
maximum of 1440kg - cm, which was higher than that of the shoulder
articulation.

In addition,a follow-upshould be ableto redlizethe mean result achieved
by efficient motion analysishy meansof themorepractica andeasier motion
analysis machineand materials.

REFERENCES

Agudin, V. P. (1980). The rational use of assistance exercisesin the
snatch (Trandated by A, Andreev). International Olympic Lifter (in press).

AMT]1, (1987). Model OR6-5-1 Biomechanics platform instruction
manual.

Baumann, W., Gross, V., Quanda, K., Gabierz, P.,, & Schwizz, A. (1988).
The Snatch Technique of world class weightlifters a the 1995 World
championships._International Journal of Sport Biomechanics. 4, 69-99.

Breniere, Y., Bouisset, S. Gatti, L., & Cuong Do, M. (1979). Adynamic

436



analysis of weightlifting movement : squat snatch. In: Abstracts VII
International Congressof Biomechanics, Warsaw, Poland.

Burdett, R. G. (1982). Biomechanicsof the snatch techniquein high
skilled and skilled weightlifting. Research Quarterly for exerciseand sport.
Vol.53, pp. 193-87.

Campbell, D. E., Pond, J. W., & Trenbeath, W. G. (1979).
Cinematographicanaysisof varyingloadsof thepower clean. In:J. Terauds
(ed.), Science in Weightlifting, 3-13. Del Mat Californiac Academic
Publishers.

Cerquiglini,S., Figura, F., Marchetti, K., & Salleo,A. (1973). Evaluation
of athleticfitnessin Weightlifting through biomechanical . bioel ectrical and
bioaccoustical data. Medicine and Science in Sports and Exercise, 8:
BiomechanicsIIl, 189-195.

Dvolkin, L. S. (1984). Techniqueof executing weight lifting exercises
technical preparation of young weightlifters. Soviet Sports Review.19 (2),
85-90.

Edgerton, V. R., Garhammer, J. J., Simpon, D. R., & Campoin, D. S.
(1979). Case studies of competitive weightlifterstaking anabolic steroid.
Medicine and Sport Materialsof the Soviet-American Symposium, 133-
141. Leningrad.

Enoka, R. M. (1979). The pull in Olympic weightlifting. Medicineand
Sciencein Sports and Exercise. 11 (2). 131-137.

Enoka, R. M (1988). Load- and skill-related changes in segmental
contributionsto a weightlifting movement. M edicineand Sciencein Sports
and Exercise. 20(2), 131-137.

Garhammer, J., & Gregor, R. J. (1979). Force plate evaluation
of weightliftingand vertical jJumping. Medicineand Sciencein Sports and
Exercise. 11 (1). 106(abstract).

Garhammer, J. (1978). Longitudinal analysisof highly skilled Olympic
weight lifters. International Congress of Sports.

Garhammer, J. (1980). Power production by Olympic weightlifters.
Medicineand Science in Sports and Exercise, 12,

54-60.

Garhammer, J. (1982). Energy flow during Olympic weightlifting.

International Journal of Sports Biomechanics. 1,
122-130.
Garharnrner, J. (1985). Biomechanicsprofilesof Olympicweightlifters.

International Journal of Sport Biomechanics. 122-130.

437



Hall,S. J. (1985). Effect of attempted lifting speed onforces and torque
exerted on thelumbar spine. M edicineand Sciencein Sportsand Exercise,
17, 440-444.

Kopysov, V. S., & Lelikov, S. I. (1981). Successful comparative
activitiesof qualified weightlifters. Soviet SportsReview. 16 (4), 193-195.

Neson,R. C., Burdett, R.G. (1978). Biomechanica analysisaf Olympic
weightlifting. Biomechanicsof Sports and Kinathropometry. pp. 169-190.

450



2. Velocity Variety of Each Joint
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Figure 5. The angle for Park's thigh and calf, thigh and wrunck
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Figuse 4. The angle for Lee's thigh and calf, thigh and trunk
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