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Tém tat: Bai viét xay du’ng mot khung mo phong s6 dé xac dinh
dlern ngot dong cua truong con trong vo Nhat Nam trén co s¢ 1y
thuyet dam Timoshenko, tim dao dong (center of percussion - COP)
va thanh phan phat rung. Tmong con duoc mo hinh hoa nhu mot dam
dan hoi dong nhét dai 1,8 m, khao sat bang phuong phap phén tir hiru
han (FEM) trong phan tlch v61 cac mode udn dau. Ham muc ti€u
duoc thiét lap nham tim vi tri va dap vura gan tam dao dong (COP)
vira han ché kich hoat cac mode dao dong bat loi tai tay cam. Ket qua
cho thay khi xét thém anh hudng Tung, Vi tri t6i uu dich chuyén vé
phia dau xa so v6i COP ¢6 dién; & kich ban chuén, diém ngot dong
dat khoang 1,556 m tinh tir chudi con. Nghién ciru ciing cho thdy
nghiém to1 uu phu thudc vao tdm quay tuc thoi cua dong tac, qua do
phan anh vai tro ctia chién lugc phat luc trong hiéu qua va cham Céc
phat hién nay ggi mé co so co sinh hoc cho huén luyén binh khi theo
huéng lya chon vung tlep xtic phu hop véi ky thuét phat lyc, thay vi
chi dya trén mot diém chuén hinh hoc co dinh.

Tir khoa: Tam dao dong, ly thuyét dim Timoshenko, rung dong
truyén tay, huan luyén binh khi.

The most effective point for establishing force when using long staff
in Nhat Nam Martial Arts: Timoshenko Beam Theory, center of percussion,
and biomechanical implications for weapon training
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Abstract: This article develops a numerical simulation
framework to determine the most effective point for establishing
force when using long staff in Nhat Nam Martial Arts based on
Timoshenko beam theory, the center of percussion (COP), and a
vibration penalty component. The staff was modeled as a
homogeneous elastic beam with a length of 1.8 m and analyzed
using the finite element method (FEM), focusing on the first
bending modes. The objective function was established to identify
an impact location that is both close to the center of percussion
(COP) and minimizes the activation of undesirable vibration modes
at the grip. The results indicate that when vibration effects are
incorporated, the optimal location shifts toward the distal end
relative to the classical COP; under the standard scenario, the
dynamic sweet spot was approximately 1.556 m from the butt end
of the staff. The study also demonstrates that the optimal solution
depends on the instantaneous center of rotation of the movement,
thereby reflecting the role of force-generation strategy in impact
effectiveness. These findings provide a biomechanical basis for
weapon training by guiding the selection of appropriate contact
zones according to force-generation techniques, rather than relying
solely on a fixed geometric reference point.

Keywords: Center of percussion, Timoshenko beam theory,
hand-transmitted vibration, weapon training
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BAT VAN BE

Trong khoa hoc thé thao hién dai, co sinh hoc
khong chi dirng ¢ viéc md ta hinh thai dong tac
ma con hudng toi giai thich co ché phat luc,
hidu qua truyén lyc va tai co hoc ma nguoi tap
phai tiép nhan trong qua trinh van dong. Trong
mach nghién ctru do, khai ni¢m “diém ngot”
(sweet spot) cO y nghia dac bi¢t vi lién quan truc
tiép dén cau hoi vi tri tiép xtc nao vira tao higu
qua co hoc thuan loi, vira han ché cam giac luc
doi 1én tay cam.

O cac dung cu va dap nhu vot, giy hay chay,
van dé nay da dugc phan tich dudi nhidu goc do
nhu tam dao dong (center of percussion - COP),
node dao dong va phan bd rung sau va cham.
V6i cac hé dan hdi dang thanh, 1y thuyét dam
Timoshenko 1a mot 1y thuyét phu horp vi cho
phep xem xét dong thoi do véng uon, bién dang
cit va quan tinh quay cua tiét dién. So véi mo
hinh Euler-Bernoulh cach tiép can nay phan
anh tot hon dap tng cua cac thanh co chleu dai
hiru han, chiu tac dong xung ngan va xuét hién
dao dong bac cao.

Mot thanh t6 can dugce tinh dén 13 rung dong
truyén tay. Cac tong quan gan day cho thiy rung
truyén qua hé tay - cang tay c6 thé anh huong
thong qua xuc gidc dén lyc ndm va kha ning
diéu khién dung cu, ciing nhu gay khé chiu khi
thao tc.

Trong vo Nhit Nam, truong con vira 1a binh
khi huan luyén, vira gén vo1 thuc hanh vo thuat
truyén théng. Theo Ngé Xuén Binh, trudong
con khong chi 1a cong cu va ddp ma con la
phuong tién rén luyén phan anh cau tric lyc,
nhip diéu phat luc va kha ning khéng ché
khong gian van dong.

Co s 1y thuyét ciia nghién ctru duoc xay
dung trén ba tru cft. Th nhét 12 co hoc dung
cu va dap, trong d6 COP dugc dung nhu mot
chuan hinh hoc - quén tinh dé mo ta vi tri va
cham ¢6 xu hudng lam giam phan lyc truyén
vé diém nim.

Thir hai 1a diéu khién van dong trong chudi
dong hoc. Khi don quat ngang dugc tao boi su
phdi hop cuia than nguoi, vai, khuyu tay va c6
tay, tdim quay hiéu dung cua h¢ nguodi - con
khong con ¢b dinh tai mot khép don 1é ma thay
d6i theo cach phat lyc.

Thir ba 1a sinh co hoc giao dong truyén tay.
Tir cac bang chimg hién c¢6, nghién ctru gia dinh
rang vung tiép xuc thudn loi thuong 1a ving
khong kich hoat manh cdc mode dao dong gay
kho chiu tai tay cam.

Trén co so d6, nghién ciru dé xuat khai niém
“diém ngot dong” dé chi vi tri va cham t6i vu
duoc xac dinh khong chi boi COP ma con boi
céu tric dao dong cua truong con va tim quay
turc thoi cua dong tac.

Tur do, nghién ctru hudng té1 hai muc tiéu:
xéac dinh vi tri diém ngot dong ciia mot truong
con gd cimg dai 1,8 m bang mé hinh tich hop
COP dong, 1y thuyét dam Timoshenko va ham
muc tiéu c6 thanh phan phat giao dong; dong
thoi dién giai y nghia sinh co hoc cia két qua
d6i voi huan luyén binh khi trong v Nhat Nam.

PHUGNG PHAP NGHIEN CUU

Nghién ciru duoc thiét ké nhu mot nghién
ctu moé hinh héa sb theo dinh hudng
computational biomechanics. D6i tugng phan
tich 12 mot trudng con gd cting dong nhat, chiéu
dai L = 1,8 m, khéi luong m = 3,0 kg, dudng
kinh d =30 mm.

Trudng con dugc Iy tuong hda nhu mot dim
Timoshenko mot chiéu, cho phép xét dong thoi
d6 vong udn, bién dang cat va quan tinh quay
cua tiét dién. Dam duoc roi rac hoa bﬁng mo
hinh phan tir hitu han gdm nhiéu nit déu nhau
doc theo chiéu dai, tir 6 xac dinh tan sb riéng,
dang mode va dap img dong theo vi tri va cham.

Piém nam chinh duoc quy udc tai x_g=0,4
m tinh tir chuéi con. Va cham dugc mo phong
bang mot xung Gaussian ngan c6 thoi lugng dic
trung t_p = 4 ms, du dé kich hoat dap mg dan
ho6i ma khong 1am bai todn mat tinh kha giai.

Pé dua yéu td chién lugc phét luc vao mo
hinh, nghlen clru sur dung tam quay tirc thoi ICR
nhu mot bién tham sb. Trén co sé xap xi dong
hoc cho thanh ddng nhét quay quanh mot tim
quay hi¢u dung, COP dong duoc xac dinh nhu
ham ctia ICR dé phan anh sy thay doi diéu kién
phat luc gitra cac kich ban.

Vi trf va cham tbi uu x* duogc xéac dinh bé’mg
cuc tiéu hoa ham muc tiéu: R(x) = ((x -
x_COP(ICR)) /Y2 + A * X [w_n * ¢ n(x)"2]
voin=1,2,3va4

Trong phuong trinh nay, ¢ n(x) la bién do
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mode tht n tai vi tri x sau chuén hoa khi luong;
w_n la trong s6 mode duoc xac dinh tir bai toan
tri riéng ciia mo hinh Timoshenko; va A 1a h¢ )
diéu khién murc wu tién cua thanh phan phat giao
dong trong toan bd ham muc tiéu.

Chi s6 cai thién tong hop dugc xac dinh theo
cong thue: = [R(x_COP) - R(x*)] / R(x_COP)
x 100.

Gia tri n cho biét mirc giam cua ham muc
tidu tai nghiém t6i wu so v6i phuong 4n va cham
ngay tai COP dong tuong timg. Do 6n dinh ciia

nghiém duoc kiém tra béng khao sat hoi tu ludi
tir 250 dén 2.000 nut; dong thoi tién hanh phan
tich 6 nhay voi bién thién £10% cta mo dun
dan hoi E.

Vi déy 1a nghién ctru mo phong so trén dung
cu co hoc, khong c6 sy tham gia truc tiép cua
nguoi hay dong vat nén khong phat sinh can
thiép thuc nghiém can phé duyét dao dirc. Toan
b6 tham sd, cong thirc va thiét 1ap mo phong
duoc cong bd minh bach dé bao dam kha nang
kiém tra va tai lap két qua.

Bang 1. Tham s6 vat liéu, hinh hoc va cac kich ban phan tich chinh

Tham s Ky hiéu Gia tri
Chiéu dai L 1,8 m
Khéi lugng m 3,0 kg
Puong kinh d 40 mm
Khéi lugng riéng rho 1326,5 kg/m3
M6 dun Young E 12 GPa
Hé s6 Poisson nu 0.3
Vi tri nam X g 0,4 m
Heé s6 cat kappa 0.9
D0 phan giai phan tir hiru han n 1.800 nut
Thot lugng xung tp 4 ms

Ghi chii: Tap tham s duogc ké thira tir ciu hinh mo phong gdc ciia nghién ctru va dugc dung

Hinh 1. Sodd hinh hoe

I Trsmg cin
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Hinh 1. So’ d6 hinh hoc cua trwéng cén va
cac méc dong hoc str dung trong mé phéng

nhat quan trong toan bd phan tich.

Hinh 1. Cac mode dao ding Timoshenko

== Mode 1 (33.0 Hz)
075 Mo 2 (90.9 Hz) \
== Mode 3 (177.8 Hz) \

=10 { = Mode 4 (293.0 Hz) |
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Vi b % (i)

Hinh 2. B6n mode dao dong udn dau ctia
trwéng con theo mé hinh dam Timoshenko
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KET QUA NGHIEN CGu VA BAN LUAN

1. C4u triic mode dao déng va hoi tu lwéi

Phan tich tri riéng xac dinh duogc bon mode
udn dau cua truong con. O cau hinh chuan,
mode bac mot ¢6 tan sb xap xi 33,04 Hz va thé
hién dang udn toan cuc véi mot bung dao dong
chiém uu thé. Tir mode tht hai tré di, hinh dang
dao dong tré nén phic tap hon voi sy xuat hién
clia cac nit va bung dao dong bo sung doc theo
than con.

Khao sat hoi tu cho thiy nghiém x* gan nhu
khong thay d6i khi s6 nut vugt qua 1.000. O cau
hinh 1.800 nut, sai s6 giita cdc nghiém lién tiép
giam xudng dudi 10°-5 m, cho thiy sai s6 roi
rac hoa khong con anh huong dang ké dén két
qua t6i wu.

2. Anh hwéng caa thanh phan phat giao
doéng trong ham muc tiéu

Khi A tién gan 0, ham muc tiéu hau nhu chi
con thanh phan hinh hoc - quan tinh; vi vay
nghiém t6i vu tién sat COP c¢6 dién, x4p xi
1,33 m. Khi A ting, nhu thé hién ¢ hinh 3 va
hinh 4, thanh phan phat rung ngay cang chi
phdi, lam diém t6i wu dich dan vé phia dau xa
cua truong con.

O kich ban chuén A = 10, vi tri tdi uu dat
khoang 1,556 m, tirc 16n hon 0,226 m so véi
COP ¢6 dién. V& mit co hoc, két qua nay phan
anh mot trang thai thoa hiép: nghiém tdi wu
khong don thuan chon vi tri gan nhét véi COP,
ma la chon vung tiép xuc c6 thé han ché tot

Hinh 3. Hl ty ludt

- - =0
EL45 #= k=05
E - j=10

140

L + + + 4

200 400 600 B0 1000 1200 1400 1600 1800
560 it

Hinh 3. Két qua héi ty Iwei cia vj tri diém
ngot dong x* theo so lwong nut

hon murc kich hoat cac mode dao dong bat loi
tai tay cam.

3. Vai tro cua tam quay tirc théi trong sw
dich chuyén nghiém téi wu

Két qua md phong cho thdy diém ngot dong
x* ting theo ICR theo xu huéng phi tuyén nhu
biéu dién & hinh 5. Khi tdm quay tirc thoi dich
chuyén vé phia gitra than con, trong ung véi
chién lugc phat luc huy dong manh hon tir than
nguoi va chi trén, vi tri va cham tdi wu cling dich
ra xa hon.

Phat hién nay cho thiy khong ton tai mot
“diém chuan” bat bién cho moi kiéu phat luc.
Tréi lai, vi tri va cham thuan loi cta trudng con
phu thudc dang ké vao cau hinh dong hoc ma
ngudi tip tao ra trong ting k¥ thuét cu thé.

4. Chi sé cai thién téong hop va doé nhay
vat liéu

Hinh dang ham muc tiéu cho thay khi A ting,
cuc tiéu toan cyc tach dan khoi x_COP va dich
vé phia ddu xa. Tai A= 10, chi s6 cai thién tong
hop dat n = 39,13%. Theo dinh nghia cua
nghién ctru, day 1a murc cai thién déang ké cua
phuong 4n t6i wu so véi phuwong an chi dya trén
COP dong.

Khi mé dun dan héi E thay doi £10%, tan
sb riéng bac maot bién thién tr 31,34 Hz dén
34,65 Hz, nhung vi tri x* chi dao dong quanh
1,556 m voi sai khac rat nho nhu tong hop
trong bang 2. Pidu nay cho thay nghiém tdi uu
twong di on dinh trude sai 1éch vat liéu trong
pham vi khéo sat.

1.53
1.50 (

Hinh 4. Di¢m ngot theo &

1.30 = [CR=0.2m
ICR=0.4m
= [CR=0.6m

III :f 'I I’u I’! I'lJ I.".’ I"1
Hinh 4. Sw bién thién cta diém ngot dong x*
theo hé sé A & cac gia tri ICR khac nhau
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Hinh 5. Diém ngot téi tu theo ICR

0.0 [} } 02 03 04 0.3 0.6
ICR (m)

Hinh 5. Sw dich chuyén cta diém ngot dong

x* theo tam quay tirc thoi ICR

Hinh 6. Bic tinh ham Rix) (M& hinh ddng hoc)

Hinh 6. So sanh ham muc tiéu R(x) & cac
murc trong so giao dong khac nhau

Bang 2. Phan tich dd nhay ctia tin sé mode bac mét va vi tri diém ngot dong theo bién thién
ctia méd dun dan hoi E

Kich ban E (GPa) f1 (Hz) x* / Delta x* (m)

Bién d6i -10% 10.8 31.34 1.5554 /-0.0006
Gia tri chuan 12 33.04 1.5560/0

Bién d6i +10% 13.2 34.65 1.5563 / +0.0003

Ghi chu: Ax* la do léch vi tri so voi truong hop chudn, dwoc xdc dinh tai = 10.

Ban luin

1. Dién gidi phdt hi¢n trung tam vé diém
ngot djpng

Phat hién trung tAm cua nghién ctru 1a diém
ngot cua trudng con khong nén dugc hiéu nhu
mot toa d§ hinh hoc cé dinh theo logic vat ran,
ma 1& mot nghiém t6i uu phu thudc dong thoi
vao quan tinh, cdu triic dao dong va diéu kién
phat luc cua dong tac. Theo céach hiéu nay,
“diém ngot” 1a mot thudc tinh dong cua hé
nguoi - dung cy, khong chi cua riéng dung cu.

Két qua nay vira ké thira, vira diéu chinh
mach nghién ctru kinh dién vé diém ngot trong
dung cu thé thao. Cac cong trinh cta Brody
(1981), Cross (1998) va Nathan (2000) da lam
0 vai tro cia COP trong viéc giai thich cam giac
doi va hiéu qua va cham. Tuy nhién, khi chuyén
sang truong con - mot dung cu dai, dan hoi va
gan voi chudi dong hoc toan than - viéc chi dua
vao COP la chua dii dé phan anh toan bo dap
g co hoc lién quan dén ngudi tap.

2. Vai tro cua COP dpng va tam quay tirc thoi

Dong gop phuong phap luin dang chu y cta
bai bao 12 viéc dua ICR vao ham myc ti€u thong
qua khai ni¢m COP dong. Vé ban chat, ICR
dugc sir dung nhu mot bién dai dién cho chién
luge phat lyc cua h¢ nguoi - con trong ting tinh
hudng van dong cu thé.

Dién giai nay phii hgp véi cach hiéu hién dai
vé ph01 hop véan dong trong cac ky thuat thé thao
¢6 chudi dong hoc mé rong. Pau ra co hoc cia
dong tac khong phai hé qua cia mot khau don
1¢, ma hinh thanh tir su phdi hop theo thoi gian
gitra nhiéu doan co thé va dung cu.

3. Ham y co'sinh hoc cho hudn luyén binh khi

Tu géc d(f)rco sinh hoc ing dung, Kkét qua trén
g1y rang huan luyén truong con khong nén mac
nhién gia dinh mot diém tiép xtc bat bién cho
moi nguoi hoc va moi kiéu phat luc. Voi nhing
dong tac thién vé quat manh hoac chuyen luc
toan than rd rét, ving tiép xtic toi uu c6 the dich
ra xa hon so véi cach xéac dinh theo COP ¢6 dién.

Tuy nhién, can nhan manh rang cac ham y
trén madi dung ¢ muce goi y ¢6 co s¢ co hoc.
Chi s6 n = 39,13% cho thay t6i vu hoa vi tri
tiép xuc co thé lam giam dang ké phan hdi giat
- rung tong hop theo thuéc do cua mé hinh,
nhung chua thé dong nhat tryc tiép v6i cam
giac chu quan, d§ chinh xdc don danh hay hi¢u
qua huin luyén thuc té néu chua c6 kiém
chuing thuc nghiém.

4. Y nghia lién nganh va gid tri hoc thudt

Mot gia tri khac cua nghién ctru 1a kha nang
két ndi giira co hoc mod phong, khoa hoc van
dong va nghién ctru vo thuat. Trong ngdn nglt
thyc hanh, nguoi tap co thé mo ta nhiing hién

45
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tugng nhu “dam tay”, “déi tay” hay “an lyc”;
trong ngdn ngit khoa hoc, cac hién tuong d6 co
thé duoc dién giai béng COP, mode dao dong,
phan hdi rung va diéu kién phat luc.

O binh dién rong hon, nghién ctru cho thiy
co sinh tinh toan (computational biomechanics)
6 thé duoc st dung dé tra 16i nhitng cau hoi
huén luyén rat cu thé. Thay vi chi minh hoa mot
nguyén 1y vat Iy, mé hinh c6 thé tro thanh cong
cu trung gian gitta kinh nghiém v& hoc va bang
ching dinh lugng.

5. Hgn ché ciia nghién ciru va hwong phdt
trién tlep theo

Mic du dem lai nhimng phat hién c6 gia tri,
nghién ctru van c6 mot sd gid1 han can dugc
nhin nhan than trong. Thu nhit, mé hinh hién
tai chwa dwa dao dong tit dan ndi tai cta vat liéu
vao bai toan, nén bién do dap ung sau va cham
c6 thé con khéc biét so voi dleu kién thuec.

Vi vy, cac nghién ctu tiép theo nén phat
trién theo hai hudng song song. Huéng thir nhat
12 hoan thién mé hinh bing cach bd sung
damping, mé hinh tay nam kiéu Kelvin - Voigt,
cling nhu khao sat truc tiép tuong tac giira tay
nguoi va than con. Huong thur hai la kiém chung
thuc nghiém bang do gia tdc, giao dong truyen
tay, EMG hodc phan tich dong hoc & nguoi tap
c6 trinh d¢ khac nhau.

KET LUAN

Nghién ctru dé xay dung mot khung mé hinh
hoa sb nhiam xac dinh diém ngot dong cua
trudng con trong vo Nhat Nam bang cach tich
hop COP dong, 1y thuyét dam Timoshenko va
thanh phan phat rung dua trén ning luong mode.
Két qua cho thay khi xét day du yéu t6 dao dong
va diéu kién phat lyc, vi tri téi wu khong tring
v6i COP ¢b dién ma dich vé phia du xa cua
dung cu; ¢ kich ban chuan, diém ngot dong dat
khoang 1,556 m tinh tir chudi con. Nghiém toi
wu dong thoi thay ddi theo tAm quay tic thoi,
qua d6 cho thy vai tro cua chién luoc phat luc
trong hiéu qua va cham. Trén phuong dién ung
dung, nghién ctru goi md mdt co sé sinh co hoc
cho huan luyén binh khi theo hudéng lya chon
ving tiép xuc phu hop véi timg kiéu phat lyc.
Dé khing dinh ddy du gia tri thuc hanh, cac két
qua md phong van can dugc kiém ching bang
dit liéu thyc nghiém.
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