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TOM TAT

Bai bdo nay trinh bay nghién ciru mé phong dong hoc va ddc tinh luc ciia hé truyén dong
khi nén iing dung trong thiét bi leg press. Mo ta chuyén dng tinh tién ciia piston duéi tac dung ciia
ap suat khi nén, trong do luc kich hoat, luc can va do tré hé thcfng dwoc xem xét ddy du. Mo phong
dwoc thuc hién b&ng COMSOL Multiphysics v6i mé dun Global ODEs and DAEs nham phan tich
cac dap ing chuyén vi, van téc, gia toc va luc tac dung theo thoi gian. Két qud cho thdy he khi nén
c6 do tré vé rét trong giai doan tang dp, van toc dat cuc dai trong khoang thoi gian ngdn sau khi
kich hoat va e can déng vai tro quan trong trong viéc on dinh chuyén dong piston. Cdc phan tich
thu dege gop phdan mé ta ré hon ddc tinh ddp iing ciia hé truyén dong khi nén, tir do lam co s6 tham
khao cho viéc thiét ké va diéu chinh cdc thong $6 van hanh cua thiét bi leg press.

Tiwr khéa: Leg press, Khi nén; Bong hoc piston; M6 phong COMSOL, Luc kich hoat; Phuc
hoi chirc nang.

ABSTRACT

This paper presents a study on the kinematic simulation and force characteristics of the
pneumatic drive system applied in the leg press device. The translational motion of the piston under
the effect of pneumatic pressure is described, in which the activation force, resistance force and
system hysteresis are fully considered. The simulation is performed using COMSOL Multiphysics
with the Global ODEs and DAEs module to analyze the displacement, velocity, acceleration and
force responses over time. The results show that the pneumatic system has a clear hysteresis in
the pressurization phase, the velocity reaches its maximum in a short time after activation and the
resistance force plays an important role in stabilizing the piston motion. The obtained analysis
contributes to a clearer description of the response characteristics of the pneumatic drive system,
thereby serving as a reference basis for the design and adjustment of the operating parameters of
the leg press device.

Keywords: Leg press; Pneumatic, Piston kinematics;, COMSOL simulation; Activation
force; Rehabilitation. =
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1. GIOI THIEU

Thiét bi leg press 1a mot trong nhirng
dung cu pho bién trong huin luyén chi dudi va
phuc héi chirc ning sau chin thuong khép gbi,
khép hang hoic sau cac phiu thuat chinh hinh.
Co ché hoat dong cuia thiét bi cho phép tao tai
6 kiém so4t 1én nhom co tir dau dui, co mong
va gan kheo, gitp cai thién sttc manh co va
pham vi van dong khop [1], [2]. Trong bdi canh
nhu cau phuc hoi chirc ning ngdy cang ting,
viéc phat trién cac thiét bi leg press c6 kha ning
diéu chinh luc linh hoat, an toan va phu hop véi
thé trang ngudi bénh 1a yéu cau cip thiét.

Trong cac hé thong leg press hién nay,
truyén dong co dién duogc sir dung phd bién nhd
kha niang diéu khién chinh xac va hiéu suét cao.
Tuy nhién, cac hé truyén dong khi nén lai c6 uu
diém vé trong luong nhe, cAu tao don gian, chi
phi thap va kha ning tao lyc 16n trén dién tich
tac dung nho [3]. Ngoai ra, khi nén c6 tinh an
toan cao va dé bao tri khi hoat dong trong moi
trucmg phuc hdi chu:c nang. Du vay, cac h¢ khi
nén ton tai mot sé han ché nhu tinh nén cua
khong khi, d¢ phi tuyén cta dong khi, va do tré
ap suét, khién dap tmg luc — van tdc — gia toc
cua piston trd' nén phurc tap hon so véi cac co
ciu truyén dong dién hodc thuy Iuc [4], [5].

Phan tich dong hoc va dac tinh lyc cua
xi lanh khi nén dong vai tro quan trong trong
thiét ké va danh gia hi¢u nang thlet bi leg press.
Céc thong s nhu chuyén vi, van toc, gia toc va
lyc tac dung giup xac dinh do 6n dinh cua hé
théng, muc do ém ai khi van hanh va kha nang
kiém soat tai tac dung 1én nguoi tap [6], [7].
Nhimng yéu t6 ndy anh huong truc tiép dén do
an toan khop, hi¢u qua phuc héi chirc ning, va
tudi tho co ciu truyén dong. Mac du trén thé
gi6i di c6 nhiéu nghién ctru vé mo hinh héa va
diéu khién co cdu khi nén [8], [9], tai Viét Nam,
cac nghién ctu mo6 phong dong hoc hé khi nén

mg dung trong thiét bi tap phuc hoi con han
che, dac biét la trong viéc phan tich dap tng
qué do va dac tinh luc theo thoi gian.

Trén co s& do, bai bdo nay tap trung
trinh bay két qua mo phong hé truyén dong khi
nén béng phan mém COMSOL Multiphysics,
trong d6 mo6 dun Global ODEs and DAEs dugc
su dung dé mé ta dong luc hoc cua piston chiu
tac dung cua ap suat khi nén. Két qua mé phong
bao gém cac dap ung chuyén vi, van tc, gia
tdc, va luc tac dung theo thoi gian, qua d6 danh
gia duoc do tré cua hé théng, anh huong cua
ma sat, cling nhu muc do on dinh chuyén dong.
Nhirng két qua nay tao nén tang cho viéc thiét
ké, diéu chinh va ti uu cac thong s van hanh
ctia thiét b leg press trong tmg dung phuc hdi
chtrc nang chi duoi.

2.COSOLY THUYET VA MO HINH TOAN

2.1. Cau truc va nguyén ly lam viéc caa xi
lanh khi nén

He¢ truyén dong khi nén trong thiét bi
leg press bao gom xi lanh kh1 nén, van phan
phéi, ngudn khi va cum co chu truyen luc dén
ban dap. Khi khi duoc cip vao budng xi lanh, ap
suét P(t) tac dung Ién dién tich piston A tao ra luc
day tuyen tinh F(t) = A-P(t) lam piston va thanh
truyén chuyen dong tinh tién. Ma sat tai cac
vong dan hudng va ton that dong khi gop phan
lam ting hiéu Gmg can va do tré trong dap tng
chuyén dong [10]. Xi lanh bao gom than, piston,
thanh piston, vong dan huéng va hé giodng 1am
kin; ma st va luu lugng khi qua van anh huong
khong nhd dén dic tinh dong luc hoc h¢.

2.2. M6 hinh dgng luc hgc ciia piston
Chuyén dong tinh tién cua piston dugc

mo hinh héa nhu mot hé bac mot tu do vdi
phuong trinh [11]:
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mX(t) + cx(t) = A-P(t) ()

Trong do:

« m 1a khéi luong tuong duong cia
piston va tai (kg);

« ¢ 1a hé s6 can tuyén tinh trong duong
(N-s/m) do ma sat va luu lugng khi;

* A la di¢n tich tac dung cua piston (m?);

« P(t) 1a 4p suét khi nén theo thoi gian
(Pa);

« x(t) 1a chuyén vi cua piston (m).

Luc tdc dung 1€n piston tai moi thoi
diem duoc xac dinh béi:

F(t)=AP(1) ()

Trong d6, P(t) dugc md hinh héa bang
ham budc (Step Function) d¢ md phong qua
trinh kich hoat ap suat dot ngot:

P(t) = Py-step(t — tg) 3)

Véi P, la ap suat dat (Pa) va t, 1a thoi
diém kich hoat (s). Diéu kién dau cho hé 1a:

x(0) = 0, %(0) = 0

Phuong trinh nay dugc thiét lap trong
md-dun Global ODEs and DAEs cia COMSOL
Multiphysics, cho phép mé phong dap ung theo
thoi gian cua hé thong trong diéu kién khi nén
thuc té.

2.3. Cac gia thiét mé hinh héa

Nhim mé phong hé truyén dong khi
nén madt cach hi¢u qua va gidm do phuc tap tinh
toan, nghién ctru nay dua ra mot sd gia thiét
sau. Khi nén dugc coi 1a khi ly tudng va qua
trinh nén — xa duogc gia dinh 1a dang nhiét, diéu
nay cho phép bo qua anh hudng cua bién thién
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nhiét do trong budng xi lanh. Lyc ma sat giita
piston va thanh xi lanh dugc thay thé bang hé
s6 can tuyén tinh ¢, biéu dién anh hudng tong
hop cia ma sétﬁhé va nhot. Ap sufit ngudn P
duoc gia dinh on dinh va khong doi theo thoi
gian, phan anh diéu kién cép khi 6n dinh cta
may nén. Hién tuong ro ri khi va thay ddi nhiét
d6 duoc bo qua vi chuyén dong cua piston co
bién do nho, khong tao ra dao dong dang ké.
Ngoai ra, toan b tai trong cua co cau (ban dap,
chan nguoi, thanh piston) dugc quy dbi thanh
khéi lugng diém m gan tryc tiép vao piston dé
don gian héa mo6 hinh.

Céc gia thiét nay giup mo hinh phan anh
chinh x4c hanh vi déng hoc ctia hé thong trong
diéu kién 1am viéc thuc té cua thiét bi leg press,
noi chuyén dong chu yéu xay ra & van toc thap,
luc tac dung on dinh va mai truong hoat dong
6 kiém soat. Cac gia thiét trong tu da duoc st
dung trong nhiéu nghién ciru trude day vé mo
hinh dong hoc cua hé truyén dong khi nén [10].

3. PHUONG PHAP MO PHONG
3.1. Khai bao théng s6 trong COMSOL

Mo phong dugce thuc hién bang phan
mém COMSOL Multiphysics 6.1, stt dung mé
dun Global ODEs and DAEs dé giai hé phuong
trinh vi phan bac hai mo ta chuyén dong tinh
tién cua piston dudi tic dung ciia ap suét khi
nén. Phuong trinh mé hinh héa dugc trinh bay
& phuong trinh (1) trong phan trudc. Dé dam
bao tinh chinh x4c trong mé phong, cac thong
s6 vat Iy va k¥ thuat cua hé truyén dong duogc
thiét 1ap theo Bang 1.
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Bdng 1. Théng s6 mé phong ciia hé thong truyén dong khi nén

Ky hiéu Gia tri Pon vi Mo ta
A 0,0031 m? Dién tich piston
P, 5x10° Pa Ap suét khi nén du vao
m 20 kg Khéi luogng tai twong dwong
c 200 N-s/m Hé sb giam chén cia hé [11]
k 1000 N/m Do cling dan hoi ciia hé

Tham s dién tich piston A dugc tinh tur
duong kinh D = 63 mm, theo cong thurc:

nD?  m(0,063)?

4 4
3.2. Xay dung ham 4p suit va khai bao bién
phu thugc thoi gian

A= ~ 0,0031m? (4)

M6 phong qué trinh cép ap sudt khi
nén theo thoi gian, mot ham bac thang (step
function) dugc sit dung nhim mé phong su
thay ddi ap suat dot ngot tai thoi diém xéac dinh.
Trong COMSOL Multiphysics, ham nay duogc
khai bao dudi dang stepl(t) v&i cac tham sb
nhu sau:

« Location: 0,05 s (thoi diém xay ra
budc nhay);

« From: 0 (gié tri truée khi cap ap);

* To: 1 (gia tri sau khi cap ap).

Ham stepl(t) duoc thiét lap nham
mo phong diéu kién thyc té khi hé thdng bat
dau tiép nhan ap sudt khi nén tai thoi diém
t=0,05 s, trong Gmg v6i thoi diém van cap khi
dugc kich hoat. Pé dam bao qua trinh ting ap
dién ra mét cach lién tuc va tranh sai sb s hoc
trong mo phong, mdt ham budc dugce [am muot
(smoothed step function) da dugc dung, voi
vung chuyén tiép hep nhim mé phong chinh
xac su bién thién cia 4p suat dau vao. Hinh

dang ham dugc trinh bay trong Hinh 1.

whapin)

|

shapd (W}
- -]
o

L X
sl

Hinh 1. Ham buéc smoothed stepl (1) voi thoi diém
chuyén tiep tai 0,05 [s]

Hinh 1 biéu dién ham budc duoc tao
trong COMSOL, v6i gia tri chuyén déi tir 0
1én 1 xay ra tai thoi diém 0,05 s. Ving chuyén
tiép (transition zone) dugc thiét 1ap 1a 0,005 s
nham dam bao sy mugt ma trong qué trinh thay
d6i va tranh gy ra su bat 6n dinh sé trong mo
phong. Ham nay duoc dung dé mé phong qua
trinh ting 4p suat dot ngdt nhung van dam bao
lién tuc dao ham bac mot cua tin hi€u ap suét
theo thoi gian.

Sau d6, mot bién phu thudc thoi gian P
duoc khai bao theo biéu thirc:

P(t) = Po-step1(t) (%)

Trong do:

*P, = §><105 Pa la ap S}lét khi nér} dau
vao, dugc thiét 1dp trong phan tham s6 mo
phong;
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* stepl(t) 1a ham budc thoi gian dinh
nghia bén trén.

Céch khai bao nay cho phép mé phong
chinh xac qué trinh hé thdng chiu tac dong cta
ap suat theo thoi gian, dong thoi dam bao mo
hinh phan anh ding hién tugng vat ly trong van
hanh thuc té cua hé truyén dong khi nén.

3.3. Thiét 1ap md hinh trong COMSOL

M6 hinh mé phong duoc trién khai
trong phan mém COMSOL Multiphysics, sir
dung m6 dun Global ODEs and DAEs nhim
giai hé phuong trinh mé ta chuyén dong tinh
tién tuyén tinh cta piston dudi tac dung cia ap
sudt khi nén. Phuong trinh duoc mé phong 1a
phuong trinh (1) di néu trong phan trudc, véi
céc tham sb dugc thiét lap nhu trong Bang 1.

Pé mé phong chuyén dong cia piston,
bién phu thudc x(t) dugc dinh nghia 1a vi tri
theo thoi gian. Phuong trinh vi phan duoc khai
bao dudi dang:

f(u0,it) =m-X +cX + kx — A-P(1)(6)

Véiu=x,u=x, vai=x Ham P(t) la
ap suat phu thudc thoi gian dugc dinh nghia
thong qua ham step nhu da mo ta trong muc
3.2.

Khai bao Global Equations: Trong mo-
dun Global ODEs and DAEs, phuong trinh
duoc thiét 1ap voi tén bién 1a u, dai dién cho
vi tri x. COMSOL y8u cau nhap phuong trinh
duéi dang tong quat:

f(u,u,i,t) = 0 (7)

Do d6, phuong trinh duoc chuyén vé
dang:
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m-ii + c-u+ku— A-P(t)=0()

Diéu kién ban dau dé mo phong tir trang
thai tinh, diéu kién ban dau dugc thiét 1ap nhu
sau:

« u(0) = 0(m): Piston & vi tri gdc;

*1(0) = 0(m/s): Piston khong c6 van toc
ban déu.

Hinh 2 thé hién giao dién khai béo
phuong trinh vi phan trong mé dun Global
ODEs and DAEs cuia COMSOL Multiphysics.
Trong hinh, c6 thé quan st 15 c4u trac khai bao
cac thanh phﬁn twong ung voi gia tde, van tdc,
vi tri va ap suét dau vao.

borm |

Flaniirtrrt} =0 ulre) = s wdee] = s

Mave  Buutum (1)

Hinh 2. Khai bao phwong trinh dong luc hoc
piston trong COMSOL.

Thiét 1ap bai toan trong mién thoi gian dé
phan tich dap tng chuyén dong cua piston dudi
tac dong cua ap sudt khi nén, mé phong duoc
thuc hi¢n trong moéi truong Time Dependent
ctia phan mém COMSOL Multiphysics. Day 1a
lya chon phil hop nham giai bai toan dao dong
phi tuyén c6 bién thién theo thoi gian.

Céc thong sb dugc thiét 1ap nhu sau:

* Time unit: Seconds (s);
* Time range: Range (0; 0,01; 0,5);

* Tolerance: Physics controlled.
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Thoi gian mo phong dugc chon 1a 0,5
gidy, voi bude thoi gian 12 0,01 gidy, nham dam
bao di d6 phan giai dé ghi nhan chi tiét dap tng
quéa d¢ cua hé thdng ngay sau khi nhan 4p suat
dau vao. Mdc thoi gian nay dic biét quan trong
dé quan sat sy thay doi ban dau vé vi tri va van
toc ctia piston, trude khi hé tién téi trang thai
6n dinh. Phan mém COMSOL ty dong st dung
b6 giai thich hop véi bai toan vi phan phi tuyén,
dam bao do chinh x4c trong mién thoi gian.

4. KET QUA VA THAO LUAN

4.1. Bién thién ciia phwong trinh déng luc
hoc piston

Hinh 3 thé hién sy bién thién ctia gia tri
phuong trinh dong luc hoc piston theo thoi gian
tr 0 dén 0,5 s. Trong giai doan dau (0-0,05 s),
gia tri luc gan nhu bang 0 do tin hiéu 4p sut
khi nén chua dugc kich hoat. Khi ham buéc bit
dau tac dong tai thoi diém khoang 0,05 s, luc
bat dau ting 1én theo dang cong muot véi do
dbc tang dan.

Global: Phudng trinh ddng lyc hoc piston (1) !

1.4 Phudng trinh -

1.2}
1
0.8
0.6
0.4}
0.2
[1]% i L
0 0.2 0.4
Time (s)

ho

Phudng trinh ddng luc

c piston

Hinh 3. Dé thj bién thién ciia phong trinh déng
lec hoc piston theo thoi gian trong moé phong mién
thoi gian.

Do thi thé hién rd qua trinh ting luc ddc
trung cta hé truyén dong khi nén: lyc khong
tang dot ngdt ma c6 do cong nhe trong giai doan
0,05-0,25 s, phan anh anh hudng ctia quan tinh
khéi lugng piston, luc can va tinh nén cua khi.
Sau mbc 0,3 s, duong cong tién dan toi trang

thai 6n dinh, cho thdy hé dd dat can bang giita
luc kich hoat va lyc phan khang tir 160 xo va luc
can. Dang dap tmg khong xuat hién dao dong
hay overshoot, chimg t6 hé c6 hé s tit dan 16n
va hoat dong ém, phu hop voi yéu cau an toan
khi 4p dung vao thiét bi leg press tri liéu.

4.2. Pap umg vén tdc ciia piston

Hinh 4 mo ta sy thay ddi van tdc cua
piston theo thoi gian trong sudt 0,5 s mo phong.
Trong giai doan dau (0-0,05 s), van toc gan nhu
bang 0 do tin hiéu 4p suit khi nén chua duoc
kich hoat; diéu nay phan anh pha tich ap ban
dau ctia budng xi lanh, khi ap suit chwa du 16n
dé tao chuyén dong thuc su.

Global: Vin toc piston theo thii gian (1/s) “
e - .

4.5 Vin tie piston
L] 3.5}
= 3
R 2 5/
T 2
g 1.5
-1v
0.5
0L ; .
0 0.2 0.4

Time (s)
Hinh 4. Vin téc ciia piston theo thoi gian dira trén
mé phong Time Dependent.

Khi ap suit bt dau ting (t > 0,05 s),
piston ting toc nhanh va van téc ting gan tuyén
tinh trong khoang 0,05-0,15 s. Trong giai doan
nay, luc kich hoat tir khi nén chiém uu thé hoan
toan so voi luc can va do cung 10 xo, tao ra gia
tdc 16n. Van tde dat cuc dai khoang 5 s tai t=
0,20 s, thoi diém hé dang ¢ pha qua d6 manh
nhat.

Sau khi dat cuc dai, van toc giam dan do
céc luc phan khang (luc can tuyén tinh va luc
dan hoi) bat dau chiém wu thé, 1am hé tién tur
pha gia tc sang pha giam tc va dan 6n dinh.
bac biét, duong cong van tbe khong xuat hién
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dinh nhon, nhiéu hodc dao dong nguoc, thé
hién hé khi nén c6 dic tinh tit dan cao (highly
damped) — mot yéu td quan trong dé dam bao
d6 6n dinh va tinh an toan cua thiét bi trong moi
truong phuc hdi chirc nang.

4.3. Pap tng gia tc ciia piston

Pap tng gia téc cia piston (Hinh 5)
trong khoang thoi gian mo6 phong 0-0,5 s. Ngay
sau khi ap suét khi nén duoc kich hoat (t>0,05
s), gia toc tang rat nhanh va dat gia tri cuc dai
khoang 68 s tai gan t ~ 0,07 s. Day 1 pha gia
tbc manh nhat, phan anh qua trinh chuyén doi
dot ngot tir trang thai tinh sang chuyén dong
khi luc khi nén vuot qua luc ma sat ban dau va
quén tinh h¢ co khi.

Global: Gia tic (1/s%)
70 .

60 Gia tic

50

30
20
10

Gia téc (1/5%)

-10

0 D‘rzime (s)

Hinh 5. Pdp tmg gia téc ciia piston theo thoi gian
trong mé phéng mién thoi gian.

Sau dinh cuc dai, gia tde giam nhanh
va tién vé vung gan bang 0 trong khoang t =
0,15-0,25 s, cho théy lyc tac dung lén piston
bét dau duoc can bang boi lyc can va do cing
10 xo. Pang chu y, gia téc chuyén sang gia tri
am trong giai doan 0,25-0,40 s, v6i céac bién do
dao dong nho khoang —5 dén —10 s2 Day la
pha giam tdc tu nhién khi hé truyén dong tién
dan dén trang thai 6n dinh, va hoan toan khong
phai la dao dong co hoc, vi bién do rat nho va
tri€t tiéu nhanh theo thoi gian.

Puong cong gia tbc khong xuét hién
dao dong lén hay vuot muc, cho thay hé khi
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nén c6 dic tinh tit dan cao, nhat quan voi két
qua van tdc va luc kich hoat. Pic tinh nay dam
bao chuyén dong cua piston ém va an toan khi
sir dung cho cac bai tip phuc hdi chic ning,
dic biét ddi v6i bénh nhan co khdp yéu hodc
han ché van dong.

4.4. Dap ung luc kich hoat

Hinh 6 trinh bay sy thay ddi cua luc
kich hoat tac dung 1én piston, dugc xac dinh tir
biéu thirc F,.. = AP(t), trong khoang thoi gian
mod phong 0-0,5 s. Két qua cho thay luc gan
nhu bang 0 trong giai doan dau (t < 0,05 s) do
ap suat khi nén chua duoc kich hoat. Ngay sau
thoi diém nay, lyc ting gan nhu tirc thoi va dat
gia tri x4p xi 1500 N, phan anh dic tinh cta tin
hiéu 4p suit dang ham budc (step input) duoc
st dung trong mo phong.

Global: Lye (N)

uour | Luc

Luc (M)
2
=}

0 0.2 0.4
Time (8)

Hinh 6. Dap ung luc kich hoat A-P(t) tdac dung lén
piston theo thoi gian.

Dang duong cong nam ngang sau khi
luc dat gia tri cuc dai cho théy ap suat dau vao
dugc duy tri 6n dinh, din dén lyc kich hoat
khong thay doi trong sudt qua trinh chuyén
dong cua piston. Diéu nay 1a phu hop véi cau
hinh mé phong, von st dung tin hiéu 4p sut
bat tit (On-Off) thay vi tin hiéu diéu ché hoic
tuyén tinh theo thoi gian.

Su tdng nhanh cua lyc kich hoat giai

thich cho pha tang toc dot ngdt cua piston trong <~
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muc 4.3, ddng thoi cho phép xac dinh kha ning
cung cap tai cia hé thong khi nén. Gia trj luc
nay dong vai tro quan trong trong thiét ké thiét
bi leg press, vi no xac dinh giéi han tai toi da
ma hé truyén dong co thé tao ra trong cac bai
tap phuc hdi chuc ning.

4.5. Pap ung lwc giam chéan

Hinh 7 minh hoa su bién thién cua luc
giam chan F gy = €70(1) trong khoéng thot gian
mo phong 0- O 5s.Do luc giam chan phu thudc
tryc tiép vao van tdc piston, dudng cong thu
duoc phan anh chinh xéc dac tinh tang, gidam
ctia vén tdc da trinh bay ¢ muc 4.2.

Global: Ly'c giim chidn (Nfm)
1000 : T

00" Lue gidm chin |
800: {
700
600:
500/
400:
300
200:
100
0: . .
0 0.2 0.4
Time (s)

Luic gidm chin {N/m)

Hinh 7. Pdp vmg liec giam chdn ci(t) theo thoi gian.

Ngay sau khi piston bat dau chuyén
dong (t > 0,05 s), luc giam chan tang nhanh va
dat gia tri cuc dai Xép xi 950 N/m tai khoang t =
0,18-0,20 s, tring véi thoi diém van tc dat gia
tri 1on nhat. Piéu nay cho thay luc can tuyén
tinh dong vai trd quan trong trong viéc han ché
qua trinh ting toc cua piston, giup hé khong
vuot qua toc d6 mong mudn.

Sau khi dat cuc dai, lyc giam chén giam
dan theo vén toc va tién vé cac gia tri nho hon
trong nira sau cua qua trinh mé phdéng. Dang
duong cong muot va khong xuat hién dao dong
ching minh rang hé truyén dong c6 dic tinh tat
dan tot, gop phan 6n dinh chuyén dong va ngin
ngira rung dong trong thiét bi.

Pap tng luc giam chan phu hop véi dic
tinh ctia hé khi nén va khang dinh rang tham s6
can duogc lya chon gitp kiém soat toc do piston
hiéu qua, dam bao chuyén dong an toan trong
g dung phuc hdi chtrc ning.

4.6. Théao luan

Céc két qua mo phong phan anh qua
trinh bién d6i dong hoc cua hé truyén dong khi
nén khi chiu tdc dong cua tin hiéu 4 ap suat dang
ham budc. Trong glal doan dau do tré xuat hién
ddng thoi & chuyén vi, van toc va gia toc, phu
hop v6i qua trinh tich 4p va ma sat tinh trong xi
lanh. Sau thoi diém kich hoat ap sut, van toc
va gia tc ting theo thoi gian, voi cac gia tri cuc
dai xuat hién trong khoang ngin, thé hién anh
hudng cua lyc kich hoat d6i v6i chuyén dong
ban ddu cua piston.

Luc kich hoat duy tri gia tri 6n dinh sau
khi dat mirc cuc dai do dac tinh cua tin hiéu
ap sudt vao, trong khi lyc giam chan bién thién
theo vén toc va dat gia tri lon nhét tai vung van
tdc cuc dai. Sy phan bd cua céac luc ne‘ly dan dén
dap mg chuyén dong co dang tat dan, khong
xudt hién dao dong vuot mirc trong sudt qua
trinh mo6 phdng.

Céc dac tinh dong hoc thu dugc cho
thdy vai tro cia cic tham s hé (m, c, k) trong
viéc quyét dinh murc d6 6n dinh va toc do dap
g ctia xi lanh khi nén. Nhiing két qua nay
c6 thé duoc su dung lam co s¢ tham khao cho
viéc lua chon tham sd, thiét ké co cdu va xay
dung thuét toan diéu khién phu hop trong céac
hé thong leg press sir dung truyén dong khi nén.

5. KET LUAN

Bai b4o da trinh bay mo phong dong
hoc va dac tinh luc cua hé truyén dong khi
nén trong thiét bi leg press bang phuong phép
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phan tich sb, trong d6 mé dun Global ODEs
and DAEs cua COMSOL Multiphysics duoc sur
dung dé mé ta chuyén dong tinh tién cta piston
dudi tic dung cua tin hiéu ap suat dang ham
budc. M6 hinh xem xét dong thoi cac thanh
phan Iyc gdom lyc kich hoat, luc can va do cting
dan hoi, qua d6 phan tich cac dap tmg chuyén
vi, van tdc, gia tdc va luc theo thoi gian.

Két qua cho thay hé truyén dong khi
nén xuat hién d¢ tré dic trung trong giai doan
tich ap ban dau; vén tdc va gia tdc dat cuc dai
trong khoang thoi gian ngén sau khi kich hoat;
luc kich hoat duy tri on dinh theo dic tinh ap
suat ddu vao; va luc giam chin bién thién theo
van toc, dong vai trd quan trong trong giai doan
diéu hoa chuyén dong. Cac dap ung thu duoc
déu co dang tit dan, khong xuat hién dao dong
vugt muc, phan anh anh huong cua cac tham sb
m, ¢, k dén mirc d6 6n dinh va tdc do dap ung
cua hé.

Nhirng phan tich nay gop phan cung cip
co s& khoa hoc cho viéc Iya chon tham sd, thiét
ké co cdu va xay dung thuat toan diéu khién
trong cac thiét bi leg press sir dung truyén dong
khi nén. Trong thuc tién phat trién thiét bi, cac
két qua mo phong co thé duge dung dé hiéu
chinh cdu hinh xi lanh, van cfip khi, tham s
giam chén va dic tinh 4p sudt dau vao nham dat
dugc chuyén dong on dinh, d6 muot phu hop
va murc tai an toan cho qua trinh phuc hdi chirc
nang chi dudi. Mo phong hién tai chua xét dén
ro ri khi va mo hinh phi tuyén luu lugng thuc té;
day s€ 1a huéng mé rong quan trong cho nghién
ctru tiép theo. Nghién curu c6 thé dugc m& rong
theo huéng tich hop mé hinh diéu khién phan
ho6i, md phong phi tuyén c6 xét dén ro ri, ma sat
hdn hop va tinh nén cua khi, hoic két hop véi
mo hinh héa co sinh hoc dé danh gia chinh xéac
hon phan bé tai 1én cac nhom co, day ching va
khép trong subt qua trinh tip luyén ciing nhu
trong cac cau hinh thiét bj khac nhau.
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