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Tém tit:

Nghién clru nay xay dung mo6 hinh m6 phong khi
dong hoc nham phan tich anh huong ciia chuyén dong
xodn co tay trong k¥ thut quat ngang thiét con, duoc
ly twong hoa nhu mot vat thé try dai chuyén dong quay
két hop. Chuyén dong vung ngang dong thoi voi xoan
doc truc tao ra lyc Magnus phan b6 theo chiéu dai gay,
anh huong dén quy dao va dong hoc dau giy. Hé
phuong trinh dong luc hoc phi tuyén duogc giai bang
phuong phap Runge—Kutta bac boén. Két qua cho thay
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hoc ctia lyc Magnus trong cac hé vat thé dang dai quay
két hop.
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Abstract:

This study develops an aecrodynamic simulation model to
analyze the effect of wrist rotational motion in the horizontal
swing technique with a metal staff, idealized as a rotating,
elongated cylindrical body. The simultaneous horizontal
swinging motion and axial rotation generate a distributed
Magnus force along the length of the staff, affecting the
trajectory and dynamics of the staff tip. The nonlinear
system of dynamic equations is solved using the fourth-order
Runge—Kutta method. Results indicate that wrist rotation can
cause a deviation of the staff tip trajectory up to 11.5 mm
and alter the contact timing by approximately 20ms at high
velocity, thereby clarifying the role of Magnus force in
regulating the dynamics of rotating elongated bodies.

Keywords: aerodynamics, Magnus force, dynamic
modeling, metal staff.
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DAT VAN BE

Cac vat thé dang dai nhu gdy, con hay truong
1a nhitng hé dién hinh trong co hoc tng dung,
c6 kha nang tao dong nang lon thong qua
chuyén dong quay theo cung tron. Trong cac mod
hinh dong hoc c6 dién, chuyén dong cua cac hé¢
nay thudng dugc mé ta chii yéu bang chuyén
dong vung trong mit phang va md men quay
quanh tryc cam, trong khi anh hudng cua luc khi
dong hoc thuong bi gidn lugc hodc bd qua
(Houghton et al., 2017). Céch tiép can nay nhin
chung phu hop trong nhiéu bai toan k¥ thuat,
nhung c6 thé chua day du trong diéu kién van
tdc cao va ton tai chuyén dong quay phirc hop.

Trong khi dong hoc, hi¢u tng Magnus mo ta
luc vudng goc v6i hudng chuyén dong phat sinh
khi vat thé quay trong moéi trudng chat luu va
da dugc nghién ctru rong rai ddi véi céac vat thé
quay dang ciu, cho thay anh hudng dang ké dén
quy dao va thoi gian bay (Mehta, 1985; Watts
& Ferrer, 1987; Nathan, 2008; Alam et al.,
2010). Tuy nhién, cac nghién ctru dinh lugng
d6i v6i vat thé dang tru dai, dic biét khi ton tai
chuyén dong vung két hop xoan doc truc, van
con han ché. Cac mo hinh truyén thong thudng
b6 qua chuyén dong xodn doc truc, trong khi
chuyén dong nay c6 thé tao ra luc Magnus phan

bd theo chiéu dai vat thé, anh huodng truc tlep
dén quy dao va dong hoc dau vat thé. Do d6, mo
hinh hinh tru déc véi luc Magnus tich phan doc
than duoc sir dung lam co so 1y thuyét cho
nghién cltru nay.

Trong thyc hanh vo hoc ) truyén chau A,
nhiéu ky thuat st dung vii khi dai khai thac
chuyén dong nay nham diéu chinh quy dao va
thoi diém tiép xtic (Jiang, 1930; Ngo, 2009),
song cac co ché vat 1y lién quan chua duoc phan
tich day du. Trén co s& d6, nghién ctru nay dé
xut mot mo hinh mé phong khi dong hoc cho
chuyén dong quat ngang cua vat thé try dai c6
chuyén dong quay két hop, tap trung lam rd vai
tro ctia chuyén dong xoan doc truc théng qua
luc Magnus.

PHUGNG PHAP NGHIEN CUU

Nghién ctru xay dung mo6 hinh khi dong hoc
nham phan tich anh hudng cta chuyén dong
xodn co tay dén quy dao va dong hoc dau gay
trong k¥ thudt quat ngang thiét con ctia mon
phai Nhit Nam, théng qua co ché luc Magnus.
Thiét con dugc mo hinh hoa nhu mét hinh tru
dic co phan bd khéi luong déu, chiéu dai 1,8m,
duong kinh 40mm va khéi luong 3kg, phi hop
véi diéu kién luyén tap thuc té.

.

[

—

Bang 1. So sanh mé phéng 2D giira c6 va khéng c6 lwc Magnus

Chuyén dong cua thiét con duoc mo ta nhu
mot hé chuyén dong kép, bao gdm chuyén
dong quay quanh truc cam c¢b dinh va chuyén
dong xoan quanh truc doc than giy dudi tac
dong cua ) tay. Hai kich ban dugc xem xét:

1) chuyén dong vung ngang trong mat phang,
va 2) chuyén dong vung két hop md men xoan
doc truc. Van téc dau gay duoc thiét lap trong
khoang 50-100 km/h, trong khi van téc goc
xo0dn ¢6 tay duoc chon & muc 25 rad/s, dai
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dién cho diéu kién thuc hién k¥ thuit & cudng
d0 cao.

Céc lyc khi dong tac dung 1én thiét cén bao
gé)m luc can khong khi va lyc Magnus. Luc
Magnus dugc mo hinh héa nhu mdt dai lugng
phan bd doc theo than gay va duoc xac dinh
thong qua tich phan theo chiéu dai, véi cac hé
s6 khi dong duoc hiéu chinh theo ) Reynolds
tai ting phan doan. Hé phuong trinh chuyén
dong phi tuyén, phu thudc thoi gian, dugc giai
s6 bang phuong phap Runge—Kutta bac bon. M6
phong dugc thuc hién trong khong gian hai
chiéu va mé rong sang ba chiéu nham danh gia
do léch quy dao do luc Magnus. Céc dai luogng
dau ra bao g@)m quy dao dau gay, do léch cuc
dai va th(‘yiq gian tiép xuc muc tiéu.

KET QUA NGHIEN CUU VA BAN LUAN

1. Két qua mé phong trong méi trwong
hai chiéu (2D)

M6 phong hai chiéu duge thuc hién nhim
phan tich dong hoc quay cua thiét con trong mit
phang vung 1y tuong va ¢ 1ap anh hudng cia
luc Magnus khi chua xét dén do léch khong
gian. Hai kich ban duoc so sanh gdm chuyén
dong vung thuin tuy va chuyen dong két hop
thém mé men xodn cb tay. Két qua trong Bang
1 cho thiy trong diéu kién 2D, lyc Magnus
khong lam thay d6i déang ké hinh dang quy dao
tong thé ctia than gdy. Tuy nhién, m6 men xoin
doc truc tao ra m6 men phu vuong goc vO1 mat
phang chuyén dong, din dén thay doi rd rét van
tbc goc va thoi gian hoan tat pha quat. Cu thé,
thoi gian quay 90° tang khoang 8—12% khi co
xodn ¢o tay, voi muc anh hudng ting theo van
toc dau gay.

Céc két qua quy dao va phan b luc theo thoi
gian dugc minh hoa trong hinh 2 va biéu do 1.

Bang 1. So sanh mé phoéng 2D giitra c6 va khéng c6 lwc Magnus

Vin toc N 2 A A
diu gay Trudng hop Thoi gian G1’am0t0c Mo-men phu Nhan xét
(km/h) quay (ms) | goc (%) Magnus
Khong xoin 70 25 Khong Quy dao on dinh
100 . . )
C6 xofn 78 31 Xuithiénro | D¥C Magnus lam
léch mo6-men
0 Khong xoan 95 18 Khong Giam toc déu
C6 xoan 103 22 Vira phai Hiéu ung 1d
50 Khong xodn 120 10 Khong Thuan tay ving
C6 xoan 132 13 Nho Magnus yéu

Hinh 2. Quy dao toan gay va cac lwc cua gay trong mé hinh 2D
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Biéu dd 1. Quy dao chuyén dong cua than gay

Céc hinh va biéu dd cho thay quy dao than
gdy trong truong hop ¢ xodn cb tay xudt hién
d6 “phdng nhe” ra khoi mit phing ban dau,
phan anh tac dong khi dong hoc phu cua luc
Magnus. Mic du do 1éch nay khong da 16n dé
thay d6i huong chuyén dong chinh trong moi
truong hai chiéu, né cho thy sy phan phdi lai
mo men trong hé chuyén dong kép.

2. Két qua mé phong trong méi trwéng ba
chiéu (3D)

Khi m6 phong dugc mé rong sang khong
gian ba chidu voi mit phing chuyén dong
nghiéng 1 d9, anh huong cua luc Magnus tro
nén rd rét thong qua do léch quy dao dau gay
theo phuong vudng goc v6i mit phiang vung
chinh. Pay 1a thanh phan khong thé quan sat
trong mo hinh 2D va c6 y nghia thyc tién quan
trong trong diéu kién thi trién k§y thuat thyc té.

Céc két qua dinh lugng dugc tong hop trong
bang 2 cho thiy d¢ 1éch cuc dai ciia dau gay ting

manh khi co chuyén dong x0an cd tay, dac bi¢t
tai cac van toc cao. O van téc 100 km/h, d6 1éch
dat gia tri cuc dai khoang 11,5 mm tai vi tri dau
gdy, trong khi truong hop khong c6 xodn chi ghi
nhan do 1éch khong déng ké. Pong thoi, thoi gian
dau gy tiép can muc tiéu bi kéo dai tir vai mili
gidy dén khoang 20 mili gidy tiy theo van tic.

Su khac bi¢t quy dao gitra hai kich ban duogc
minh hoa truc quan trong hinh 3 va biéu db 2.

Céc hinh va biéu db cho thay do léch ting theo
van toc dau gdy va tap trung tai ving dau giy, noi
xay ra va cham muc tiéu trong thuc té. Diéu nay
khang dinh rang luc Magnus, du c¢6 do 10n twong
dbi nho, van du dé tao ra su khac biét co y nghia
vé vi tri va thoi diém tiép xtc.

3. Téng hop tac dong cta lwc Magnus

So sanh gitta cdc mo hinh hai chiéu va ba
chiéu cho thiy anh hudng cta lyc Magnus phu
thudéc manh vao khong gian chuyén dong.
Trong md hinh 2D, luc Magnus chil yéu tac

Bang 2. D6 léch quy dao dau gay trong méd hinh 3D

Vén toc dau giy Lurc Magnus P 1éch cuc dai Vi.iri lé‘c.h E% Th(‘):i gian dén
(km/h) : (mm) chiéu dai gay) dich (ms)
100 Khong 0.8 100 0.070
C6 11.5 100 0.078
70 Khong 0.5 100 0.095
Co 52 100 0.103
50 Khong 0.3 100 0.120
Co 3.1 100 0.132
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Hinh 3. Quy dao toan than va dau thiét con trong mé hinh 3D
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Biéu do 2. Po léch cwc dai dau gay theo van téc dau gay

dong dén phan bd mé men va dong hoc quay,
trong khi anh hudng 1€n quy dao 1a khong dang
ké. Nguoc lai, trong mo hinh 3D, cung co ché
nay dan dén do léch quy dao khong gian rd rét
cua dau géy do su tich luy tac déng theo thoi
gian. Cac ket qua nhat quan cho thay chuyen
dong xodn cb tay khong 1am thay doi ban chat
dong hoc cua ky thuat, nhung tao ra cac hiéu
tmg diéu chinh c6 hé théng d6i voi quy dao,
van tbc goc va thoi diém tiép xuc, dac biét
trong moi truong ba chiéu.

4. Ban luan

4.1. Vai tré co hoc ciia chuyén dong xodn
cé tay trong hé chuyén dong kép

Két qua mo6 phong cho thiy k¥ thuat quat
ngang thiét con khéng thé dugc mo ta déy dua
néu chi xét chuyén dong vung trong mat phang.
Viéc bo sung chuyen dong xodn cb tay hinh
thanh mot hé chuyén dong kép, trong d6 md
men quay quanh truc cam va mé men xodn doc
truc than gay tuong tac thong qua moi truong
khi dong, tao nén mot hé dong luc hoc phi tuyén
dién hinh. Trong d6, luc khi dong khong chi
dong vai tro luc can ma con tham gia diéu chinh
dong hoc tong thé cta chuyén dong.

Luc Magnus khong chi phdi chuyén dong theo
nghia nang lugng, nhung dong vai trdo nhu mot
co ché diéu hudng phuy, 1am thay doi phan bé mo
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men v hudng ciia véc to luc tong hop. Didu nay
cho thay chuyén dong xodn c6 tay chii yéu co tac
dung tinh chinh dong hoc va thoi diém tac dong,
thay vi don thuan gia ting dong ning cia dau
gay. . .

4.2. Diéu huwong quy dao va kiém sodt thoi
diém tiép xiic trong khéng gian ba chiéu

Trong moi truong ba chiéu, luc Magnus tao ra
thanh phan lyc vuéng goc véi mat phang vung
chinh, dan dén d6 léch quy dao tich lily ctia dau
gay theo thoi gian. Mdc du bién d§ hinh hoc cua
d6 1éch nay tuong ddi nho, né du dé anh hudng
dén vi tri va thOi diém tiép xuc trong diéu kién
chuyén dong toc d6 cao. Két qua nay cho thay
kha nang diéu hu(mg quy dao thong qua xo0n ¢
tay 14 mot co ché vat 1y ¢6 thé kiém soét dugc,
chir khong phai hién tugng ngiu nhién.

V& mit dong luc hoc, hién tuong nay cod thé
duoc hiéu nhu hé qua cia su két hop gitra hai mo
men khong déng truc, tao ra véc to luc téng hop
léch hudng. Co ché nay tuong dong véi cac hé
co khi st dung chuyén dong xodn dé diéu chinh
huéng chuyén dong chinh ma khong can ting
dang ké cong suit dau vao.

4.3. Y nghia khoa hoc va irng dung

Vé phuong dién co hoc tmg dung, nghién ctru
nay mo rong pham vi phan tich cua hiéu Ung
Magnus sang cac vat thé dang dai c6 chuyén
dong quay két hop, mot truong hop it dugc dé
cap trong cac mo hinh khi dong hoc cd dién. Viée
mo hinh hoéa lyc Magnus nhu mot dai luong phan
bd doc than cho phep mo ta day du hon dong hoc
cua cac h¢ chuyen dong phi tuyén phtre tap.

Trong boi canh nghién ciru va huan luyén vo
hoc, cac két qua thu dugc cung cip co s vat ly
dinh lugng cho cac k¥ thuat truyén thong vén
trude day chu yéu duge giai thich bang kinh
nghiém thyc hanh. M6 hinh dé xuat dong thoi mé
ra kha nang tmg dung mo phong sb nhu mot cong
cu hd trg phan tich, danh gia va chuan hoa k¥
thuat trong huén luyén vo hoc hién dai.

KET LUAN

Két luan: Nghién ctru da xay dung va phan
tich mo hinh md phong khi dong hoc cho chuyén
dong quat ngang | cua thlet con, lam rd vai tro cta
chuyén dong xoén cb tay thong qua co ché Iuc
Magnus phan bo doc than gay. Két qua cho thay
chuyén dong xoan khong lam thay doi ciu tric

dong hoc co ban cua k¥ thuat, nhung tao ra cac
hiéu g diéu chinh c6 hé théng dbi véi quy dao
va thoi diém tiép xuc ciia dau gay, dic biét trong
mdi trudng ba chiéu.

Kién nghi: V& phuong dién khoa hoc, cong
trinh m& rong trng dung cua hi¢u tmg Magnus
sang cac hé vat thé dang dai quay két hop va cung
cap mot khung dinh lugng cho phan tich k¥ thuat
truyén théng dudi goc nhin co hoc hién dai. Cac
nghién ciru tiép theo s mé rong mo hinh va higu
chinh bflng dir li¢u thuc nghiém nham nang cao
do tin cay va kha nang ung dung.
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