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ABSTRACT KEYWORDS
Snatch process is the acting process that the human body consumes inter- Biomechanics;
nal energy and can drive the devices off the ground and over the head; in Function theorems;
its acting process, the body needs to receive force at reasonable posture. Snatch;

Thisarticle through biomechani cstheory and function transform theorem, Mathematic simulation.
conducts detailed analysis on the four stages of the snatch technology
process prophase of sguat, anaphase of squat, force and inertial rising, in
order to obtain the mechanical features and data characteristic of function
transform aspect of snatch technique; for body weight and snatch perfor-
mance it builds regression equation, conducts data simulation study, and
elaborates on the necessity of weightlifters’ reasonable lose weight from
the simulation image. By the studying results we conduct the biomechani-
cal description and argumentation on the overall process of weightlifting
snatch, confirm previous findings and the advantages and disadvantages
of existing technologies and make reasonable suggestions for the devel-
opment of movement technology.  © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION muscle-skeletd system. SportsBiomechanicsisatheo-

retical tool discipline. Historical experiencetdlsus ev-

With therapid devel opment of science and tech-
nology, sportsa so witnessed the vitality scene; asthe
theoretical disciplineto study sport the sports biome-
chanicshasalso constantly evolved. Fromthe devel -
opment trend of sports biomechanics, itsfindingsdi-
rectly affect themedical, industrial and sports. Accord-
ingto Nigger’s perspective, the development of sports
biomechanicsinthe 20th century, ismainly reflectedin
three aspects:. it becomesaprofessiona courseof uni-
versity, researchresultsisgradually used for practice,
and study theeffect of human animal and movement on

ery improvement of researchtoolswill bring abroader
devel opment spacefor the devel opment of variousun-
dertakings, and therelationship between weightlifting
sport asasnatch way and sportsbiomechanicsisvery
close.

Snatch technology isdivided into four stages, for
the research of above four stages many people have
madetheefforts, and with thefindingsof theseresearch-
ersthemovement technol ogy hasbeenin sustained de-
velopment, but studies on the combination of applica
tion mechanicsand mathematicsarefew and far. This
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articlethrough biomechanicstheory and function theo-
rem, conductsdetailed analysis on thefour stages of
the snatch technology process, anayzesthedifferences
of theathletes’ characteristics data using the research
results, confirmssnatch technique’s rationality and pro-
videsrationalization proposalsfor thetechnology.

BIOMECHANICALANALYS SOFTHE
VARIOUSSTAGESOF SNATCH

Squat motion process includes four phases:
prophase of squat, anaphase of squat, force and iner-
tid risng. Themovement processisthat the body con-
sumesinternal energy and actsit onthebarbell, making
the barbell quickly and successively reach two arms
fromtheweightlifting table, and then lift the barbell to
the head and unbend; thefollowingistheanalysis of
four stagesin the snatch process.

Squat preliminary stageanalysis

The prophase of squat isto preparethe barbell lift-
ing posture; excellent preparation posture playsavita
role on the final snatch performance. For thewhole
snatch process, one needs master the balance of the
body meanwhile sdlectsappropriate barbell crawl area
at thisstage. Herewe conduct theoretical analysison
thebody’s stability and the barbell crawl area.

Thefactorsaffecting the body stability have steady
angle, which isthe angle of the centroid lineand the
connection line of the supporting surface edge. Estab-
lishathree-dimensiona Cartesian coordinate system,
supposethe projection of gravity center of human body
in xoy surface locates in point O with coordinates
(0,0,0); twolanding points of the barbell are respec-
tively N,, N, with coordinates (x,, y,, 0) and (X,, y,, 0);
ahletes’ feet centroid when landing are respectively N,
N, with coordinates (x,, y,, 0) and (x,, y,, 0); and the
body’s center of gravity is point C, of the coordinates
(0,0, z); then the stability angle of thebody postureis
dividedinto around center of gravity, i.e., theangle of
vectora=(0,0,z,) with plane CN\N, isa a, ., the
anglewithplaneC NN, is«, ., theanglewith plane
CN\N, isa,,, andtheanglewithplaneC NN, isa, .
Human stability isdetermined by thesmalest angle be-
tweenthecenter of gravity lineand support surfaceedge
connection, expression of theangle o* that determines
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the body’s preparation operation stability degree is
showninformula(l):

a@* =MIN{@y e Frpr Py Fopd @

By theformula(1) it showsthat theminimum sta-
bility angle determinesthe stability degree of the body
preparatory actions, whichreguiresreasonablearrange-
mentsof athletes’ legs open distances, the position that
both handstakesthe barbell, the position of the body
center and centroid line.

For thesmooth going of thesubsequent threestages,
itisnecessary to determinethebarbell grab location,
thegravity of thebarbell needsto beall throughout the
arm and can not deviatefrom the node of the shoul der,
or itwould generatetherol e of rotationd torqueonthe
am, sotwohands’ crawling distance should be the same
asshoulder widthasshowninFigure 1.

A B
Figurel: Schematicof barbell capturelocation

InFgurel, A pointistheleft hand’s capture loca-
tion, B pointistheright hand’s capture location, C point
isthemidpoint of left and right hand’s capture position,
L isthedistance between thetwo hands. According to
abovedate, thevalueof L  should beamost thesame
withtheshoulder width.

Dueto human behavior, generaly the power of the
right hand isstronger than the power of thelefthand. In
order to keep the bar istrandational in risen process,
we should make the point C movein adirection to-
ward asmall force; that isto say when the power of the
right hand is stronger than the power of theleft hand,
weshouldlet themidpoint C of hishandsfall ontheleft
of barbell midpoint. The specificlocationshould bede-
termined according to theathl ete’s individual circum-
stances.

Squat late stage analysis

The purpose of squat anaphase stagesisto pre-
pare the distance of barbell off the ground and best
choiceof thecited knee efforts. When the barbell lifts
from the ground, the body completesthe action by the
snatch of thearm and reasonabl e support of theleg; in
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thisprocesswe should also pay attention to the body’s
stability. Leg contraction distanceinthevertica direc-
tionisthedistancethat leg support acts, which over-
comes the gravitational force of the bar at the same
timeadsoalowsthebar haveakinetic energy. Through
inter-coordination of various aspectsof the body, the
stretching movement of the support legsisthat theup-
per torso and upper limb provide vertical speed and
distance, so the squat anaphase has a very important
rolein thewholebarbell snatch process. Thehuman
action of thisstageisshownin Figure 2.

Figure2: Human action schematic of squat anaphase stage

InFigure 2, theathlete’s arm is in stretched state,
torso forward, hips back, and both legs contraction.
Whenthearmisin stretched state, it iseasy to make
thebarbell’s gravity acting on the arm; the purpose of
torso forward isto makethe projection point of body’s
center of gravity falsinthe supporting surface, which
hel psthe body to maintain stable; hipsbackward ac-
tions can help the smooth going on of thebody’s other
actions; legscontraction, theanglebetweenthelinewhere
thethighlocatesandthelinewheretheleglocatesshould
be 900, sincethebody rising processismainly thethigh
draight course, if wecan maintain thelargest forcearm
of the thigh wewill be able to save labor in motion
process, the horizontal distance between thecalf and
barbell should be reduced to help reduce rotational
torqueof thearm.

Particle’s mass is m, the distance between the par-
ticleand the shaft isr, then the product of the mass
and the distance meanstherotational moment of iner-
tia; for various aspects of the human body, therota-
tional moment of inertiahasthe additivity asshownin
formula(2).

l=mrl+myrZ+myri+mrZ=>mr? @
Wherein: | representsthebody’s total moment of

inertia, m r2(i=1,2,3,---,n) meansthe certain aspects’

rotationd inertiaof the human variousaspects. Thepa

rametersthat affect humanrotationd inertiaarequality
and distance, so the body can change the rotational
inertiaby changing body position or transform rotation
axis.

According to angular momentum we havethe ex-
pression of formula(3):

Y MAt=lo,-lo,= > M= ©)

Wherein: f meansthe changerate of angular speed
that istheangular accel eration vector.

Whenthebody isintrandation motion, somewhere
in the body suffersthe brake, the body will produce
rotation around the constraint points; part of thelinear
momentum beforerotation turnsinto rotation angular
momentum. Sincetheexpression of theangular vel oc-
ity istheratio of theline speed and therotation radius,
thegreater theline speed is, thegreater theangular mo-
mentumis; thegreater thesmaller therotationradiusis,
thegreater theangular momentumis.

Therefore, thesize of thetorqueisassociated with
therotation radiusand forces. When theforceiscon-
stant, the greater therotation radiusis, the greater the
torgue becomes. So when thethigh and calf isof 900,
and thetorqueis constant, theforcethat consumesis
smaller. Thesmaller the distance from calf to the bar-
bell is, thesmdler the rotation moment of inertiaof the
arminthelifting processis, and thesmaller thetorque
is, thusit will improvethe mechanicd efficiency of the
body on the barbell.

For ce stage analysis

Force stageisthe phasethat body actson the bar-
bell, whichincludesextend knee and raisebarbell, the
cited knee process, the movement of thebarbell isthat
lifting thebarbell off the ground to theknee, thento the
thighand finally the body stretchesfully tolift the bar-
bell fromthecited kneeend to theskeleton. Force stage
playsadecisiveroleon snatch performance, and the
action processof thisstageisshownin Figure 3.

InFigure3thebody consumesinternd energy, over-
comesthe barbell and self-gravity acting, makesthe
body part and barbell havekinetic energy and gravita:
tiond potentia energy. Assuming that theriseheight of
thebody center of gravity intheforce stageish,, the
height of the barbell from the ground isH,, the body
massism, the barbell massis M, the speed of the bar
movesto theskeletonisV,, thenthekinetic energy of
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the human body ise,, according to the law of energy
conservationwehaveformula(4):

E=mgh0+MgHo+%MVf+ek 4

In Formula (4) E representstheinterna energy
consumption of the human body. From the above equa-
tion, intheforce stagetheinterna energy consump-
tion of the human body can bedivided into two parts,
oneisacting onthebody itsalf, the secondisactingon
the barbell; if we can reduce the acting on the body;,
then we can increase the kinetic energy that barbell
has; acting on the human body ismainly reflectedin
overcoming theincrease of the body’s gravitational
potential energy, and thegravitationa potentid energy
of thehuman body ismainly reflected intherise height
of the center of gravity. Soto control theriseheight of
body center of gravity helpstoimprovethekinetic
and gravitational potential energy of thebarbell, itis
necessary to maintain the stable minor changes of the
body’s center of gravity.

Figure3: Human action schematic of for ce stage

In the force stage, the projection position of the
wholehuman body and barbell system’s center of gravity
should fal inthe supporting surface that two feet con-
stitute, which helpsincreasethe stability of the system,
so thehorizontal distance between thebarbell and the
human body must narrow reasonably.

Force stageisthe main acting stage of thebody on
thebarbell, so athletes’ limb should play a traction role
on the barbell, that is, beyond the equi pment move-
ment; the uplift procedure of armsand stretch proce-
dureof legsand the movement of other aspects of the

zlogeCAIIofo_W Ce—

body should dl beinforcestate. When theforce stage
ends, the human and barbell should reach their maxi-
mum kinetic energy.

Inertiarisingphaseanalysis

Theinertiarising phase can be understood asthe
rising phase that the force between the bar and the hu-
man body are greatly reduced relatively, i.e., thepro-
cessthat the bar goes up to the head by the speed at
theend of force phase, themovement isin Figure4.

Excludingtheair res sancethe motion state of bar-
bell can be denoted by formula(5).

AH =\2/—; ®

InFormula(5), V, meansthe speed of thebar when
theforce phase ends, AH meansthe height that the bar
canincreasewiththeinitial velocity V.

Human armshavekinetic energy along with free-
rise process of the barbell; if the body centroid at the
end phase of force can maintain unchanged, thenthe
momentum of thebody isshown intheformula(6):

p=mv
6= Lmy: [T PTVEME ©

Figure4 showsthat, after thefreerisingend the bar
will haveafalling trend, so athlete’s center of gravity
will fall againto support theweight of the bar. Inthe
body centroid decreasing process, the barbel | aready
hasasmal momentum P, but thistimethehuman body’s
Kinetic energy increases because the decrease of the
gravitationa potentia energy. Assuming thebody cen-
troid decreases by Ah, the momentum of the human
body (7)isshownin equation (7):

P, =p+my2Ah = /2me, +m+/2Ah @

In Formula(7), p, meansthe human body’s mo-
mentum after the centroid hasfalen.
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In the stabl e phase of human body and barbell it
maintainsavery short time, weseeno vertica displace-
mentsand internal forceisfar greater than the externa
force(gravity) and system cons sting of the human body
and barbell instantly satisfies conservation of momen-
tum. When the state of the human body and the barbel |
isastheright figurein Figure4, the bar and the body’s
momentum is both zero, we can draw the numerical
relaionshipinformula(8).

P =p, ®

SNATCH CHARACTERISTIC
DATAANALY SIS

Intheweightlifting process by snatchway, in addi-
tionto mechanical factorsof technical operation, it dso
sufferssomedatacharacteristics. By anayzingthere-
sultsdata of thistechnique, we can draw the notable
features of weight, snatch successrate and the acting
assignment problem, whi ch can provide some experi-
encefor snatch technique.

According to the competition rules of modern
weightlifting, athletesmust bewe ghed beforethegame.
When the weightlifting performanceresults are the
same, judge theranking based on theweight size be-
forethe game; the onewith asmaller weight wins, so
that thereisacertain rel ationship between the athlete’s
body weight and total score. The datais shownin
TABLE 1.

TABLE 1: Thecomparison table of snatch performance
and per sonal weight

Scale Max Weight Result
1 54 132.5
2 59 137.5
3 64 1475
4 70 162.5
5 76 167.5
6 83 180.0
7 91 187.5
8 99 185.0
9 108 195.0

10 Exceed 108 197.5

105
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1 2 3 H 5 6 7 8 9

Figure5: Themaximumweight changetrend with thelevel
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Figure7: Snatch performance changetrend with weight

Thel€eft in Figure 5 showsthetrend changefigure
of thesnatchleved andthemaximumweight of thislevd,
the horizontal axisisthe snatchlevel and thevertical
axisisthemaximumweight; using thelogarithmic re-
gression can obtainthetrend lineequation asshownin
theformula(9) bel ow:

Y, = 49.4676* 0®0) ©)

InFormula(9) Y; indicatesthat themaximumweight
of the corresponding level with unitinkilograms X,
meansthat thelevel hasnounit.

Thegtatistical parametersof Formula(9) trendline
equation areasfollows:

Residual sum of squares=4.6141*10-5
Sum of deviation squar es=0.4506

to draw theweight performancetrend figureshownin  Variance=4.6141*10-5

Figure5:

Thesimulation curve of regression equation (9) is
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showninFigure8:

In[23}= f[x ] = 49.4676 = Exp[0.0867 » x]
Plot[f[x], {x, 0, 10}]

Out[22}= 49.4676 7087

110}
1oo0f
sof
BOD |
70}

€0 |
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Out[24}=

Figure8: Thesimulation curveof maximum weight chang-
ingwith thelevel

= Graphics =

By theformula(9) and smulated curvesand statis-
tical parameters, weknow that snatch level and snatch
performance has a high correlation. The higher the
weightis, thehigher theleve is, theweight variesloga-
rithmicaly withtheindex.

Figure6 showsthetrend changefigureof thesnaich
level and thefind grade, thehorizonta axisisthesnatch
level and thevertical axisissnatch performance; usng
thel ogarithmicregresson can obtainthetrend lineequa:
tion asshownintheformula(10) below:

Y, = 122.7337 + 30.4954*In(X ) (10

InFormula(10) Y, indi catesthesnatch performance
of thecorresponding level with unitinkilograms.

Thestatistical parametersof Formula(10) trend
lineequation areasfollows:

Residual sum of squares=302.5288
Sum of deviation squares=4151.3889

M ultiple correation coefficient =0.9629
Variance = 302.5288

Thesmulation curveof regression equation (10) is
showninFigure9:

By theformula(10) and simulated curvesand sta-
tigica parameters, weknow that snatchleve and snatch
performance has a high correlation. The higher the
snachlevd is, thehigher thesnatch scoreis, theresults
vay logarithmicaly withthelevd.

Figure 7 showsthetrend changefigureof the maxi-
mumweight level andthefina grade, thehorizonta axis
isthemaximum weight level and thevertical axisis
snatch performance; Usingthelogarithmic regression
can obtain thetrend line equation asshowninthefor-

mula(11) below:
Y, =-242.1792 + 94.1929*In(Y ) (11)
Thedaidtica parametersof Formula(11) trendline
equation areasfollows:
Residual sum of squares=153.0943
Sum of deviation squares=4151.3889
M ultiplecorreation coefficient =0.9814
Variance = 153.0943
Thesmulation curveof regression equation (11) is
showninFigurel0:
In{271= £[x_1 = 122.7337 + 30.4954 » Log[x]
Plot[f[x], {x, 0O, 9}]

Out[27}=

122.734 + 30.45954 Log[x]

is0
i00

so

-s50

-100

—150

Out[28}= - Graphics -

Figure9: Thesmulation curveof snatch performance chang-
ingwiththelevel

In[23]:=

flx_ ] =-242.1792 + 94.1929 » Log[x]
Plot[f[x], {x, 50, 108}]

Out{33}= —242.179 + 94.1929 Log[x]

200

190 |

Out[34})= = Graphics -
Figure 10 : The simulation curve of snatch performance
changingwith thebody weight

By the formula (11) and simulated curves and
statistical parameters, weknow that maximum weight
level and snatch performance hasahigh correlation.
The higher theweight level is, the higher the snatch
scoreis, theresults vary logarithmically with the
weight.

Tosumup: whentheathleteslossweight instrength
undiminished circumstances, which helpsathletesget a
more prominent achievementsin alower level and may
break therecord achievement of thislevel.
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CONCLUSIONS

1) Inthesnatch process, weneed pay attention to the
stability, which requiresthe projection of thesystem
center of gravity ontheground fallsinthe support
surface;

2) Forcestageisacrucid stageduring the snatch pro-
cess, keeping adlight and stablerise of the body
center of gravity helpstoimprove conversion effi-
ciency of thehuman body internal energy;

3) Intheforcephase and theinertiarising phase, we
need to control the barbell reasonably closeto the
body center of gravity and arm, which hel psreduce
rotational torqueand hasagreat impact on the per-
formanceresults,

4) Attheend of themoment of inertiarising phase, the
body center of gravity decreases; gravitationa po-
tential energy transformsinto kinetic energy, inthe
collision coursewith the barbell it satisfies conser-
vation of momentum;

5) Attheend of theinertiarising phase, the descend
range of body center should be reduced, because
when thebarbell’s weight is greater, the impulse of
gravity isgreater, and when the body’s momentum
cannot ba ancethebarbdll’s momentum, the oppres-
sionforcethat body sufferswill increaseandlead to
sportsinjuries,

6) From the dataregression and regression equation
simulation imagesit showsthat thereexistsaloga-
rithmic function rel ati onship between the snatch per-
formanceandtheathlete’s weight;

7) Sportshiomechanicsand function theoremshasbeen
reasonably used in the snatch technique, which well
explainsthe mechanics of themovement, and has
been proved by the actual data.
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