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MO HINH HOA VA PHAN TiCH PONG LUC HQC
XE NANG NGUOI DANG CAN GAP KHI VAN HANH
KET HQP CAC THAO TAC PE NANG TAl

Lé Vin Dudng®”, Nguyén Minh Kha?
Wién Co khi Bong luc, Truong Dai hoc Ky thudt Lé Quy Don
Tom tat
Xe nang ngudi duoc sir dung dé phuc vu thuc hién cac cong viée tai nhitng vi tri cao va kho
tiép can. Po 6n dinh dong co ¥ nghia quan trong trong qua trinh trién khai va van hanh dbi
v6i xe nang ngudi. Chinh vi vy, bai bao tién hanh xay dung mé hinh va khao sat dong luc
hoc xe nang ngudi dang can gap khi thuc hién dong thoi cac thao tac trong qué trinh nang
tai dé lam co s& xac dinh 6n dinh dong cua xe. M6 hinh dong luc hoc xay dung co xét dén
d6 nhdt dan hoi va giam chén cua cac xi lanh thiy luc nang ddt cdn va d6 dan hodi cua 16p
xe. Phuong trinh Lagrang loai II duoc sir dung dé xdy dung hé phuong trinh vi phan mo ta
chuyén dong cua co hé. Trén co s& do, bai bao tién hanh khao sat cac thong ) dong luc hoc
clia xe nang khi thuc hién ddng thoi cac thao tic dé nang tai. Két qua cuia bai bao 1a co s¢
cho bai toan phan tich d6 6n dinh dong ciing nhu bai toan didu khién xe nang ngudi dang

can gap dé nang cao hiéu suat, do tin cay trong qua trinh van hanh.

Tir khéa: M6 hinh xe nang; dong luc hoc xe ndng; xe ndng nguoi dang can gdp; on dinh ddng.

1. Pit van dé

Xe nang nguoi (xe thang nang nguoi) duge st dung rong rai va dac biét phu hop
cho cac cong viéc yéu cau nguoi lam viéc 1én trén cao nhu: stra chita dién, cét tia cay
xanh, 1ap dit, trang tri va hoan thién cong trinh, bang bién, chiéu sang cong cong, xay lap
cong trinh, bao dudng, san xuat dong tau, san bay, bén cang, khu cong nghiép... [1], [2].
Xe nang nguoi duge thiét ké da dang vé chung loai nham phuc vu cic cong viéc khac
nhau, tuy nhién c6 thé phan loai thanh: Xe nang dang cit kéo, xe nang v&i can 6ng 16ng,
xe nang dang can gap... [2]. Trong d6, xe nang ngudi dang can gip ty hanh loai nho
duoc str dung rong rai trong thuc té thi cong tai cac khu do6 thi do tinh nang co dong cao,
pham vi lam viéc rong va c6 tinh linh dong theo dia hinh. Tuy nhién, trong thuc té xe
nang dang can gap thuong xay ra dao dong 16n khi thyc hién cac thao tic nang ha va
trién khai can trén khong [3], [4]. Dic biét, dao dong 1a rat 16n khi trong lugng tai 16n [5].

Chinh vi vay, viéc nghién ctru dong luc hoc cia xe nang dang can gap loai nhé lam co
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so cho bai toan nghién ctiru 6n dinh dong cua xe ciing nhu bai toan diéu khién xe nham
tranh cac tai trong dong trong qua trinh lam viéc cd ¥ nghia thyc tién cao. Pa c6 mot sb
tac gia cong bd cac nghién ciru lién quan vé xe nang ndi chung va xe nang dang can
gip, tuy nhién cac cong bd déu chua di vao xem xét anh huong cia bién dang 16p dén
qua trinh 1am viéc cua xe nang [6]-[8]. Trong bai b4o ndy, cac tac gia tién hanh xay
dung mo hinh dong luc hoc qua trinh nang ha tai ca xe nang dang can gip khi két hop
dong thoi cac thao tac nang ha can c6 xét dén anh huong cia bién dang 16p xe. Tir mod
hinh dong luc hoc xdy dung duoc, bai bao tién hanh khao sat va phén tich cac thong sd
cac thong sb dong luc hoc cia xe nang dang can gap.

2. M6 hinh dong luc hoc xe nang ngwoi dang gap than

M6 ta md hinh: Trén Hinh 1 la hinh anh cia xe nang xem xét (Hinh 1a) va mo
hinh dong luc hoc cua xe nang trong qua trinh 1am viéc (Hinh 1b). M6 hinh dong luc
hoc xe nang xem xét gom 4 khau: Khau 1 13 xe co sé dao dong véi bién do y va lac voi
g6c a; Khau 2 1a dot tha nhit duoc lién két bang khop ban 18 tai Oz véi tru ¢b dinh véi
xe co so, quay quanh khép Oz véi goc nang ¢; Khau 3 1a dét thir hai duoc lién két véi
d6t thir nhét bang khap ban 18 tai Os, quay quanh khép Oz véi goc nang w; Khau 4 13 vat
nang (khoang nang va ngudi nang) lién két véi dot thir hai bang khép ban 18 tai O4 va
quay quanh khop Os véi goc nang 6. Trong md hinh dong luc hoc, gia thiét rang: Céc
d6t nang duoc coi la cing tuyét déi, ddong nhat va co tiét dién khong ddi trén toan bo
chiéu dai cua nd, toan bo khéi lwong dwoc quy dan vé trong tdm cua no; Trong tam
thanh lién két giira d6t thir ba véi khoang nang trong tam duoc quy dan vé nguoi ding
va khoang nang; Bo qua bién dang cua nén dit trong qué trinh van hanh; B qua anh
huong cua tai trong gio.

Chon hé tryuc toa do c¢6 dinh OgXoyo: Tam O, trong tim xe co sd, truc OgXo SONY
song voi mat nén may dung, Osyo VUONg goc vSi mit nén may ding. Cac hé truc toa do
dia phuong nhu trén moé hinh.

Cac thong sé md hinh: my, mz, ms, my 12 khéi luong xe co so, dot nang thir nhit,
th hai, thir ba va vat nang; Ji, Jz, Js, Ja 12 m6 men quan tinh cua xe co s, dbt thir nhat,
tha hai, thar ba va vat nang; Ket, Kai, Kaz, kas 1a @6 ciing quy dan caa 16p xe, xi lanh nang
@6t thir nhat, dot thir hai va dot thir ba; bet, bat, baz, bas 12 hé s6 giam chan quy dan cua
16p xe, xi lanh nang dbt thir nhat, ¢t thir hai va ddt tha ba Z/GO,A=y; ZO,BA=4;
£0,0,C=¢, £0,0,D=n; £LO,0,E=y, £O,0,F =p; O2A= a; O:B = b; O3:C = c;
03D = d; O4E = e, O4F =1, O2G = az; Gl = d1; 0203 = az; 0304 = a3, z - khoang cach
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chan tua toi trong tim than xe co s6 1a cac thong sé két cau cua xe nang. Toa do trong
tam cua vat nang (K) trong hé toa do Oaxaya la (a4, da).
Toa dj suy rong: 4=[q,] =[y @ ¢ y 6] (i=1+5)
Phuong trinh Lagrang loai II mo ta dong luc hoc cua co hé c6 dang:
M(a)d+C(a,4)a+D(q,0)+9(a)=Q (1)
trong d6: M(q)=[ m; | - ma tran khéi luong; C(q,q)=|c; | - ma tran quan tinh ly tam
Coriolis; D(g,q)=[d,] - matran can; g(q)=[g;] - vecto luc suy rong co thé.
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Hinh 1. Xe ndng nguwoi dang can gap: (a) Hinh anh; (b) Mé hinh déng lie hoc.
Xdc dinh ma trdn khoi leong:
Vi tri goc cua hé quy chiéu trong hé toa do khop:
rgf =[0 -q, 0]T ,ré? =[a, -d, O]T ,réi’ =[a, 0 O]T ,rgf) =[a, 0 O]T (2)
CAac ma tran quay lién tiép gitra cac khau duoc biéu dién nhu sau:
C0sq;,, —sin i 0
‘PR, =|sing,, cosq. 0} (i=1+4) 3)
0 0 1
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Céc ma tran trang thai lién tiép giira cac khau trong co hé:

cosg, -sing, 0 O [cosg, -sing, 0 @
o "R, 1 _|sing cost, O g, R, 1) _|sing, cosg, O d|
Yo 1 0 0 1 0/ % |o° 1 0 o 10/
0 0 0 1 | 0 0 0 1]
, - : S 4)
cosq, -sing, 0 a, cosq, -sing, 0 a,
- R, 17 _|sing, cosq, 0 0, R, 17 _|sing, cosq, 0 0|
ot 1 0 0o 10 “ |0 1 0 0o 1 0/
0 0 01 | 0 0 0 1
Ma tran trang thai cua cac khau trong hé quy chiéu cé dinh (véi & = g2 + qg;
B=q2+ Qs+ e 0 =q2+ Qs+ Ga+0s)
[cosé —siné 0 —cosq,-a, —sing, -d,
oW, = OH,'H, = sing cos& 0 -—sing,-a +cosq,-d;, —q, ;
0 0o 1 0
. 0 0 0 1
[cosp —sin 0  —cosé-a, —cosq, -, —sing, -d,
°H, = OH,?H, = 5'8/3 COOS,B (1) —Smf'az—sm%baﬁcos%'dl—ql : (5)
0 0 0 1
cosw -—sine 0  cosp-a,+cosé-a, —cosq, -a —sing, - d,
0 o1 3 sino cosw 0 -sing-a,—siné-a,—sing,-a, —cosq,-d, —q,
H,="H,°H, = :
0 0 1 0
0 0 o0 1
Ma tran toan tir song cua cac van toc goc trong hé toa do khap:
(1) ORTOR ~(2) ORTOR ~(3) ORTOR ~(4) ORTOR (6)
Vantocgoccac khau(§=q2+q3;ﬂ:q2+q3+q4;co:q2+q3+q4+q5):
. b T .
o®=[0 0 ¢,]:0?=[0 0 ]:0®=[0 0 £]:0f"=[0 0 &] ()

Toa d6 thuan nhét caa khéi tam cac khau trong hé toa do khop:

T T
a9 =[0-g, 00] ;02 = Bz 001} ;a‘gg{%ooq 0% =[a,d,01]  (8)

Ma tran khéi lwgng suy rong cua co hé duge xac dinh:
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> 5
M(@) =D m 33 + > m1, 3¢ ©)
i=1 i=1

trong d6: J;,J, - ma tran Jacobi tinh tién va quay.

Ma trgn quén tinh ly tdm va Coriolis dugc xac dinh theo céng thuc:

cmnr%{[%ﬁq)un®q>]+[%ﬂq)<q®u)]—[%")(q@nﬁ

Vecto luc ¢6 thé duoc xéac dinh boi:

o) (& ). (o,
NN

trong d6, IT> - thé nang dan hdi cua chan twa (I7e) va Xi lanh nang cac ddt (Igi):

ko (0+20,)° Ko (9-20,)° Tk, A
2 2 2

VGi Agi (i = 1+3) 1a d6 bién dang cua dau thuy luc trong Xi lanh nang cac dét.
X6t AAO2B: Ay =5 () — 14 () = a® +b? +2absin & —Ja? +b? + 2absin &, .
Xét ACO3D: Ay, =lp (W) —lp (W) = \/cz +d? +2cd cos i —\,/a2 +b® +2cd cos g,

(10)

Hz = Hct +Hdi = (12)

Xét AEO4F: Ay, = lge (0) ~ e (6,) = /67 + £+ 2f cosg —\/e2 + 2+ 2ef cosg,
Vi d=y+i-g, do=y+A—popu=y+tetnum=y+tetn c=0+y+p,
Go= 6o + x + p, go, Wo VA O 12 gbc nang @6t thir nhat, @bt thir hai va vat nang tai thoi
diém ban dau.

Ma trdn hé so can duge xéac dinh nhu sau:

;
Dq:(aﬁ] (13)
oq
Vi @ - ham hao tan co hé va dugce xac dinh nhu sau:
1 . 2 1 . L \2
cD:Ebct(ql"'Zqz) +Ebct(q1_zq2) (14)
Luc suy réng cua co hé ing vai cac toa do suy rong: q =g ]T =[yaopw H]T
T T T
Q:[Qi] :[0 0 My Mg, MdS] :[0 0 Fdlhl Fd2h2 Fdsha] (15)

trong do: Fd1, Fa2, Fas - c&c luc cua xi lanh nang dét tht nhét, xi lanh néang dét tht hai
va xi lanh nang vat nang twong tng; hy, hz, hz - canh tay don cua cac luc Fq1, Fa2, Fa3
tuong ung.
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Theo [2], luc xi lanh dugc xac dinh theo cong thirc tong quét sau:

t2
Fxl = I:xl_t +(Fxl_max - I:xl_t )[1_1:_j (16)

S

trong do: t, ts - thoi gian van hanh va thoi gian khoi dong cua xi lanh; Fy ¢ - luc
Xi lanh tinh, Fx_max - luc 16n nhat caa xi lanh khi khoi dong va duoc xac dinh theo cong
thac [2]:

Dbi vé6i xi lanh nang ddt thir nhat:

Fy  =L15(my +my, +my, +m, )g;Fyy o =L4F,, ..
Doi véi xi lanh nang dét thi hai: F, , =15(my, +mMy; +m, )0 Fy, e =14F,, ..
=14F,, ,.
Canh tay don cua cac luc xi lanh hy, hz, hs dugc xac dinh twong ung:
h =bsin(4); h,=dsin(4,);h, = f sin(4,);

C I — a2 2,12 Q2 2 12 a2
Slzarccos(—b e (0)-2 J;&zzarccos[d Heo (¥) ¢ J;%:arccos[f +ler (6)-e J
2bl, () 2dle, (v) 2l (0)

Tir (10)-(14) bang cach sir dung phan mém Maple xac dinh dugc cac phan tir cia

Doi véi xi lanh nang dét tha ba: F,, , =1,5(my;+m,, ) g; F,

3_max

cac ma tran trong phuong trinh (1) nhu sau:

1 1
m,=m +m, +m, +m,; m,=m,, :le_E[ZlA+erlS]; my; =My, :7513_5}(14;

1 .
My, =My = Xis —§a3thOSﬂ; M =My, =—m4a4cos§+m4d4sm§;
My =di+d,+d,+ 3, + 1+ 20, + 20+ X0+ 206+ 2o + 215
My =My =11+ X, + 203+ X0 + 205+ X6 + 2o
1 .
My =My =Jd;+d,+ 1+ 21+ 21+20+ X _E ,8,M, C0sQ,,
My =My, =J, + 2, + 25 +a,d,m, cos g +m, (af +df);

My =J,+J3+J,+ 215+ 275 + x5 + X +3,8M, COSQ,;

8,3,M, Cosq, ,

My =Mu=Jd+J,+ 1 +21+ 2, + 5

2 2.

My =My =, + 7, + 75 +m, (& +d7);
2 2 2. 2 2 . 2 2.
m,, :J3+J4+;(3+m4(a3 +a4+d4),m45:m54:;(5+m4(a4+d4)+J4,m55:J4+m4(a4+d4),
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e = o = o = er = e = () X : i .
C11 = C21 = Ca1 = Ca1 = C51= Cs5 = 0; Cpp :le_?"'mr?(ls’ ClSZZlS_%i

a;m,cosé
Cu = X3 _tT ,

Cs =Mz Con =01+, + 33+, =20, + 20, + Xy + 20+ Yo + X2 + 2000,
Coa =dy + 3+, + 1+ 20+ 20+ Mo+ Yo+ o + Yaas

Cos =3+ + 1o+ Xa + 205+ Xo + Moo+ Xios

Co =dy+ 3+, + 1+ 20+ X+ Xo+ o+ X+ Xins
Cuu=Jd,+J,+J, =2, + 21+ 13 + ¥o +@,8,M, COSQ,;

Coy =3+, — X +20 + ¥ + ¥o +2,8;M, COSQ,;

1
Css :J4+;(3+;(5+m4(aj+df)+zmqa§;

Cpp =J3+ 4+ X6+ 2o + 2o —M, (8,3, —d,d, ) cosw+m, (a,d, —d,a, )sin o;

CcosS
W;CM =J3+J, 27+ X6iCys :‘]4+Zs+m4(a22+d42);

Co=dstd,+ 1 +20:+ 1+
H 2 2\.

Coo =J4+ 25+ 25— M, (a3, —d,d, ) cose+m, (ad, —d,a, )sinw+m, (a5 +d; );

Css :J4+Zs+ls+m4(a22+dj); Cs4 :J4+;(5+m4(a22+df);

9 :_(ml"'mz +m3+m4)g+2kctq1;

cos
9,= _[%3 +%ﬁ_azmpcos(a)—§)+ mrzls} g+ 2kctz2q2;

Ja? +b? + 2absing —\/az +b? +2absing,

Ja? +b? + 2absing ’
\fcz +d? + 2cdcos —\/a2 +b® +2cdcosy,
Jc? +d? + 2cdcos ’

0;= (—;(13 + %j g +k,,abcoso

Ccos .
g9, = (_Zl?: + WJ g + Ky cdsing

) e’ + f2 + 2efcosc —./e? + f 2+ 2efcos
Os = s ++kd2efsmg\/ > \/ %0

\/ez + f? + 2efcosc

. . a’h’pcos’ 5
dl = 2bctql, dz = Zebc'[q;2 ! d3 = bdl a2 + b2 —+ 2abS|n5 ,

cd?yrsin? u e’ f?0sin’¢
d,=b ; s =Dy, 2 2 '
e” + f° +2efcosg

9202 1 d% +2cdcoss
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Trong do:
m =m, +2m,; m_ =m,+2m,+2m,;m =m,+ m,+ m,;m, =m, +4m;
2 =—aa,mcosé +d,a;msing; y, =-m, (a,a, —d,d, )cosg+m, (ad, +d,a,)sins;
Z:=a,m,[a,c0s(o—&)-dsin(w-¢&)|; z, = -aa,m, cosq, +d,a,msing,;

Xs =M, (a,c0805 —d,sings ); 7, =m, (a12 +a; +a; +a, +d; +d§);

ma. m.a (m,+m,)(a +d; 1
Z7=qTZ+ 5% 4 a,a,m,cosq, +-— 34< 1);Zg=m4aj+zmqa22;
—a,a,m,cos(q,+0,)+d,amsin(q, +
Zg=r9=m4(a§+a§+df)+%m3a§;;(m: 8,8,M,C08(q, q4)2 3;msin (g, q4);

a,a,m, cosq, _ a,a,m, cosq,
- 2 +a,a,M, COSq,; ¥, = 2

Jhs =—M,a,c0sw+m,d,sinw; y,, = a,m,cosS +a,m coss; y,; = a cosq, +d, sind,.

= +a,a,m, C0SQ,;

3. Két qua mé phéng

Bo thong s6 dau vao: my = 180 (kg); Ji = 12,5-10° (kg.m?); mz = 150 (kg);
J2=10-10° (kg.m?); ms = 125 (kg); Js = 8,75-10° (kg.m?); ma = 120 (Kg); Js = 9,75-10° (kg.m?);
ar = 08 (m); di = 1,0 (m); a2 = 16 (m); a3 = 1,4 (m); as = 1,2 (m);
ds = 0,85 (m); z=1,15 (m); a =0,45 (m); b = 0,5 (m); ¢ = 0,5 (M); d = 0,65 (m);
e =0,15 (m); f = 0,15 (m); ts = 3 (s); g = 9,81 (M/s?); 1 = 9°; y = 12°, ¢ = 8°; = 13°;
y = 12°% p = 11° Theo [3]: ke = 220000 (N/m); ket = ka2 = kgg = 25000 (N/m);
bd1 =500 (Ns/m); bet = ba2 = baz = 200 (Ns/m).

Diéu kién dau: [y a ¢ v Q]T:{O 0 — = =|.

Khi d6, giai hé phuong trinh (1) bang phan mém MATLAB ta thu duoc cac két qua
biéu dién chuyén vi va van tdc cua cac toa do suy rong cua co hé thé hién trén Hinh 2.

Két qua thé hién trén Hinh 2 chi ra rang: Trong khoang 5s dau tién (giai doan khai
dong), cac gia tri goc nang cla cac ddt ting cham, cac gia tri van tdc gdc nang; bién do
dao dong va goc l4c cua xe co s6 cling nhu van tdc dich chuyén trong tdm va van tde lac
xe co s& chua 6n dinh. Sau 5s (giai doan binh 6n), chuyén vi trong tim va géc lic xe co
sO, goc nang cac dot cling nhu van téc cac khau co xu hudng 6n dinh dan theo dang

hinh sin. Cu thé nhu sau:
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- Chuyén vi trong tdm xe co s& theo phuong thang dimg c6 xu huéng ting dan
nhung cham, sau khoang 15s dat dugc bién do khoang 8 cm. Tuong Ung la van tde dich
chuyén trong tdm xe co s& c6 xu hudng 6n dinh dan, sau khoang 15s dat dugc van tde

khoang 1 m/s;

- Goc lic xe co sd co xu hudng ting dan nhung cham, sau khoang 15s dat dugc
bién d6 khoang 7,5°. Twong tng 13 van tdc lic cua xe co s& ¢6 xu hudng 6n dinh dan,
sau khoang 15s dat duoc van tde khoang 0,7°s;

- Khi thoi gian thay dbi tir 0-15(s) thi ddt thir nhét ting tir 0°-62°, @6t thir hai giam
dan tir 150°-138°, gbc nang d6t thir ba giam dan tir 60°-40° va twong (mg van tdc nang
cac d6t ¢o xu hudng 6n dinh dan, sau 15s van tdc nang dbt thir nhat khoang 4°/s, van toc

nang dot thir hai khoang 2°/s va van tdc nang d6t thir ba khoang 1,6°/s.

Nhu vay, trong khoang 5s dau tién (giai doan khoi dong), lic nay do co hé
chuyén tir trang thai tinh sang trang thai dong do vay bién d6 dao dong va goc lic cua
xe ¢o s&; van tdc cua cac khau chua 6n dinh; gdc nang cac dot tang cham. Sau 5s (giai
doan binh 6n) duéi tac dung cua giam chan 16p xe va d6 nhét dau thuy luc co hé bat
dau c6 xu huéng dao dong 6n dinh dan. Diéu nay 14 hoan toan phu hop voi quy luat

lam viéc thuec te.

Tiép theo, tién hanh khao sat anh hudng cia thong sé do cliing quy dan va hé sb
giam chén cua 16p xe t6i dao dong ciia co hé. Trong pham vi bai bao, cAc tac gia khao
sat anh huong do ctng va hé s giam chan t6i dao dong ciia goc nang vat (6). Két qua
thé hién trén Hinh 3. Hinh 3a thé hién sy dich chuyén goc nang dbt thir ba khi thay doi
hé sé cung (v6i baz = 500 N/m): duong (1) - mau den (ka3 = 35000 N/m),
duong (2) - mau do6 (ki3 = 30000 N/m), duong (3) - mau tim (kds = 25000 N/m). Ta cé
thé thay néu hé s cting cang cao, su dich chuyén cua d6t thi ba cang cham. Hinh 3b
thé hién sy dich chuyén goc ning dbt tha ba khi thay d6i hé sb giam chéan
(v6i kgz = 35000 N/m) duong (1) - mau tim (bgz = 500 N/m), duong (2) - mau do
(kgs = 100 N/m), duong (3) - mau den (kg = 200 N/m). Ta c6 thé thay, néu hé s giam
chan cang I6n thi dao dong c6 xu hudng tat dan, do vay rung dong goc nang dot tha
ba cang nho. Dya vao két qua khao sét, ta c6 thé thay két qua thu duoc hoan toan phu
hop véi diéu kién lam viéc thuc té.
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Hinh 2. Chuyén vi va vin toc trong tam xe co ¢ (a), goc ldc xe co sé (b),
gbc ndng dot thik nhat (c), goc nang dot thik hai (d), goc ndng dot thir ba (e).

40



Tap chi Khoa hoc va Ky thudt - ISSN 1859-0209

6 ([’) o

()

Hinh 3. Anh huong ciia @ cing (a) va hé sé giam chdn ciia lop xe (D)

t0i dao dong cua goc nang vat.

4. Két luan

Bai bao da xay dung md hinh dong luc hoc va hé phuong trinh vi phan mo ta
chuyén dong cua xe ning nguoi dang can gip trong qué trinh nang vat khi thuc hién
dé)ng thoi céc thao tac. M6 hinh dong luc hoc da xét dén do nhét dan hoi va giam chan
ctia xi lanh thuy luc va 10p xe. Trén co sé d6, bai bao tién hanh khao sat cac thong sd
chuyén vi va véan tdc cua goc lic xe co sd, dich chuyén cua trong tim xe co so theo
phuong thang dimg, goc chuyén vi clia cac dbt can nang. Két qua khao sat cho thay xe
nang ngudi dao dong véi bién do thay d6i va khong on dinh trong giai doan khoi dong,
sau d6 c6 xu hudéng dao dong 6n dinh dan trong qua trinh 1am viéc tiép theo. Ngoai ra,
bai bao ciing tién hanh khao sat, danh gia anh huong cta hé s6 giam chan va do ctng
quy dan cua 16p xe dén dao dong cta xe. Hé s6 giam chén cang 16n thi dao dong c6 xu
huéng tit dan cang nhanh. Két qua thu dugc trong bai bao 1a co s¢ dé nang cao hiéu
qué, 6 6n dinh dong trong qué trinh van hanh ciing nhu xay dung thuat toan va thiét ké
bd diéu khién cho xe nang ngudi dang can gap.
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MODELING AND ANALYZING THE DYNAMICS
OF ARTICULATING BOOM LIFTS WHEN OPERATING
IN COMBINATION TO LIFT THE LOAD

Abstract: An articulating boom lift is used to perform work in high and difficult-to-reach
locations. Dynamic stability is extremely important during the deployment and operation of an
articulating boom lift. Therefore, this article builds a model and investigates the dynamics of an
articulating boom lift when simultaneously performing operations during the lifting process to
serve as a basis for determining the vehicle’s dynamic stability. The dynamic model considers
the elasticity and damping of the hydraulic cylinders used for lifting the loads. The Lagrange
equation of type Il is used to build the system of differential equations describing the motion of
the mechanical system. Based on this model, the article investigates the dynamic parameters
when the forklift performs multiple operations for lifting objects. The results of the article are
the basis for the control problem of the forklift, aiming to enhance its performance and
reliability during operation.

Keywords: Forklift model; forklift dynamic; articulating boom lift; dynamic stability.
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