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PHAN TiCH PONG LUC HQC CAN TRUC THUY LUC CO CAN
ONG LONG GAP THAN KHI VAN HANH NANG TAI

Lé Vin Dudng®”, Nguyén Minh Kha?
YWién Co khi dong luc, Truong Pai hoc Ky thudt Lé Quy Don

Tém tit

Bai bao trinh bay mo hinh dong luc hoc (PLH) ciia can truc thuy luc ¢ can dng 1ong gap
than lap trén xe van tai khi van hanh ning tai. Bai bao phat trién mé hinh DLH cta can truc
thity luc c6 can 6ng 16ng gap than cé tinh dén d6 nhét dan hoi cua xi lanh nang can, xi lanh
quay tay can va xi lanh co dudi tay can. M6 hinh duoc thiét 1ap cho hoat ddng phtc tap cua
can truc khi nang tai, trong d6 cac xi lanh thuy luc nang can, quay tay cin va co dudi tay
can hoat dong ddng thoi. Phuong trinh Lagrange loai II dwoc st dung dé xdy dung hé
phuong trinh vi phan mé ta chuyén dong ciia co hé. Trén co so d0, bai bao tién hanh phan
tich cac thong s6 PLH ciia can truc khi van hanh nang tai. Két qua cuia bai bao 1a co so cho
bai toan diéu khién can truc thuy luc éng 1dng gap than dé nang cao hiéu sudt, do tin cay
trong qua trinh van hanh.

Tir khéa: Mé hinh cin truc; dong luc hoc can truc; can truc 5ng Zéng gdp than.

1. Pit van dé

Can truc c6 can 6ng 1ong gap than (knuckle boom crane) bao gom can va tay can
duoc lién két véi nhau boi khép ban 1€, tay can gom 2 hoic nhiéu dng 1ong c6 thé kéo dai
va thu lai dé thay doi tam vai lam viéc. CAu tao dic biét cua can truc ¢d can éng 16ng gap
than gilp kha nang 1am viéc cua nd linh hoat hon trong viéc tiép can tai trong ciing nhu
tang d6 an toan va 6n dinh khi 1am viéc. Can truc c6 can 6ng 16ng gap than thuong duoc
dan dong bang hé théng thay luc va co thé tich hop nhiéu co cu lam viéc khac nhau nhu
moc treo, co ciu kep gap, toi nang... tuy theo yéu cau cdng viéc. Hinh 1 1a cu tao cua
can truc thay luc ¢ can ng 1ong gap than Iap trén xe van tai.

Can truc n6i chung va can truc thuy luc ¢ can dng 16ng gap than nai riéng la thiét
bi bdc xép-van chuyén duoc sir dung phd bién trong cac linh vuc can c6 thiét bi nho gon
dé van chuyén cac vat ning, dién hinh 1 trong van tai 6 t6, dudng sat hoic duong bién...
Xay dung md hinh va nghién ctu dong luc cua can tryc 1a can thiét va co ¥ nghia quan
trong trong viéc thiét ké ciing nhu van hanh can truc. Mot moé hinh dong luc hoc (PLH)
day du va cac tham sé md hinh chinh xac 1a nhimg diéu kién tién quyét va can thiét dé co
mét thiét ké phd hop ciing nhu du doan dugc do bén moéi va do tin cay khi xem xét cac
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két cAu chiu tai dong cua can truc. Béng thoi, no cling 1am co sé cho bai toan diéu khién
can tryc nham nang cao nang suét, do tin cay trong qua trinh khai thac.

Nghién ctu DLH cia can tryc noi chung ciing nhu can truc thuy luc ¢6 can éng
16ng gap than noi riéng 1a mot van dé phic tap va da cé nhiéu cong bd khoa hoc vé van dé
nay. Trong [1-4], c4c tac gia da nghién ciru DPLH cta can truc 6ng 16ng l4p trén xe van tai,
tuy nhién mé hinh can tryc nghién ctu 1a can truc dang ong 16ng khong phai dang gap
than. Nhiéu cong trinh nghién ciru DLH cua can truc ¢d can dng 1ong gap than nhung mé
hinh hoic khong xét dén thao tac co dudi dét dng 16ng khi 1am viéc, hodc khong xét dén
anh huong do bién dang dan hoi caa xi lanh thuy lec... [5-8]. Nhu vy, hau hét cac
nghién ciru chua xét dén su két hop ddng thoi céc thao tac van hanh khi can tryc 1am viéc.
Tuy nhién, theo huéng dan cia nha san xuat, co thé van hanh ddng thoi cac co cau cua
can truc khi di chuyén tai véi téc do 1am viéc nho va tai trong nang khong vuot qua 50%
tai trong nang dinh mac. Ngoai ra, can truc ¢d can 6ng 16ng gap than thuong duoc sir
dung dé chuyén tai véi vi tri doi hoi dugc dinh vi chinh xé&c va khéng gian han ché, vi vay
viéc két hop dong thoi cac thao tac khi van hanh 1a can thiét.

Trong bai bao nay, cac tac gia tién hanh xay dung mo hinh DLH qua trinh nang tai
ctia can truc thuy luc c6 can éng 1dng gap than khi két hop dong thoi cac thao tac nang ha
can, quay tay can va co dudi 6ng 15ng tay can. Tir mé hinh BPLH xay dung duoc, bai bao
tién hanh khao st va phan tich cac théng s DLH cua can truc khi 1am viéc.

L] 2 6 3 4 7 8

Hinh 1. Can truc thiy luc ¢é can ong long gdp than lap trén xe vin tdi
1 - than tru; 2 - can; 3 - tay can co so; 4 - tay can o”'ng l(fng,' 5 - xi lanh ndng ha can; 6 - xi lanh
quay tay can; 7 - Xi lanh co dudi ong long; 8 - cum méc treo, 9 - chan twa; 10 - Xe co s6.
2. M6 hinh dng luc hoc cén truc thiy lec ¢ can dng 16ng gap than
M6 td@ m6 hinh: Bai b4o xem xét hoat dong phirc tap caa mét can truc thuy luc cé
can ong 16ng gap than véi moc treo vat tai dau can (can truc khong cé toi nang) lap trén
Xe van tai dugc mo ta trén hinh 2. Pé nang va chuyén tai, ba co cau hoat dong dong thoi
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bao gom nang can, quay tay can va co dudi tay can, tuong ung duoc diéu khién boi
xi lanh thity lyc nang ha can, xi lanh thiy luc quay tay can va xi lanh thity luc co dudi tay
can. Dau thay lyc trong xi lanh nang ha can, xi lanh quay tay can, xi lanh co dudi tay can
duoc dic trung boi do cing ke, ki, kol VA giam chan nhét be, br, bor trong ng. Can, tay
can co sé va tay can 6ng 1ong duoc coi la cang tuyét dbi va duoc dic trung béi céc thong
s6 vat ly: Can c6 chiéu dai I = 2lois, khdi lwong me dit tai trong tdm G va md men quan
tinh J¢; Tay can co s& ¢6 chiéu dai ke = 2loap, khdi lwong mye dit tai trong tim D va mo
men quan tinh J; Tay can éng 16ng c6 chiéu dai lor = 2lose, khdi lwong mor dit tai trong
tam E va md men quan tinh Joi. V4t nang duoc coi 1a chat diém cd khdi luong my, dit tai
trong tdm P ctia n6 va dugc treo vao day cap khong bién dang cé chiéu dai lp. Co hé co
bén bac ty do twong (ng vai bén toa do tong quat: Goc quay can ¢ quanh khép O1, goc
quay tay can y quanh khép Oz, chuyén dong twong dbi cua tay can 6ng 1ong so véi tay
can co so duge dic trung boi khoang céach g giira cac tam D va E, gc lic 6 caa vat nang.
Ho 1a chiéu cao khdp chan can Og tinh tir nén may dang. Cac théng sé két cau cua can
truc: y=200,0,A, 1=«B0,G, ¢=£C0,G, n=«F0.D, a=0,A, b=0.B, c=0,C, d=0;F. Gia
thiét qua trinh van hanh xe co s¢ ding trén nén khdng bién dang va dwoc hd trg boi cac
chan tua thuy luc. Vi vy, anh huong cua 16p cao su dan hoi 1a khong dang ké. Qua trinh
khao sat vat nang da dwoc nang I&n khoi mat dat. Bo qua anh huong cua tai trong gio.

Sl k8 i

Oo ¢ XO»

Hinh 2. M6 hink déng luc hoc can truc gdp than ldp trén xe van tdi.
Chon hé tryc toa d6 ¢b dinh OgXoYo: Truc OoXo nam trén mit nén may ding,
0oY, di qua khép quay chan can O,
Toa do suy rong cua co hé: q=[q; ]T =[p v q H]T :
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Ap dung phuong trinh Lagrange loai I dé viét hé phuong trinh vi phan mo ta
PLH cua co hé:
Af T T, Mg (i=1+4 o)
dt{ g, ) og og o,
trong d6: T, I7 va @ lan luot 1a dong ning, thé ning va ham hao tan cta co hé; Qi - luc
suy rong tng vai toa do suy rong qi (i = 1 + 4).
Déng nding ciia co hé¢ bao gdm dong niang cua can (Tc), dong ning cua tay can
(Tes), dong nang ddt 6ng 16ng (Tor) va dong ning vat nang (Tun).

T :Tc +th +To| +Tvn (2)
Pong ning cua can:
1. ., 1 1LY ],
T :EJc(ol)(/’z ZE{JCH“C [Ej }02 3)
Pong ning cua tay can co so:
Te _%‘]tcl/}z +%mtcvé _%‘]tcl/)z + 5 Mg (Xé + y[2>)
_‘]tcl/)2 + Mg |c2¢)2 +£W2 +|tCIC§bl/}COS((D'l//)
2 2 4
ItC v ol ItC ol
X5 :|CCOS(/)+ECOS!// X5 :—Ic(psmgo—?y/smy/

| = | ()
Yo :h0+lcsingo+§sim// Yo =IC¢COS¢+§1,/'/COSI//

trong do, (Xo, yp) - toa do trong tam tay can.
Pong nang cta dbt dng 16ng:
1

. 1 1 ) 1 . .
= _‘]oll//2 +§molvé :EJOIWZ +Emol (XE + yé)

T

ol

2

- 6)

2 2gsin (y- (

I+ o, I3¢2+('t—°+qj g aqan | 20N00) ‘
2 +(l +20)ycos(o-)

Xe = |CCOS(/)+(LE°+C1JCOS!// Xe :—Icgbsin(p+qcosw—(|‘3°+qjy’/sinz//

| | ()

Ye =h, +Icsin¢+(§+qjsint// Ve = Ic¢c05¢+QSinyx+(§+q]y}cosV/

trong d6, (Xe, Ye) - toa do trong tam dét dng 16ng.
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Pong nang cua vat nang:
_ 1 2 1 S22
Tn _EmvnVP _Emvn(XP—l_yP)

N

(8)

1 1207 +¢2+(1,+q) 2 +126* -2l Ggsin(p-y) - 211 gésin (p-6)
mVn . .
2 714211, +9) gyreos(p-y ) + 21 docos (v — ) — (1, +q) 1 ybsin (v - 6)

X, =l.cosp+1 sing Xe =—1.@sinp + geosy
+(l, +q)cosy —(l,+q)ysiny +1 0cosd
= 9)

Yo =hy +1sinp—1 cos& Y =l.pC0s@ +qsiny

+(1, +q)siny +(I, +q)ycosy +1 6sind

trong do, (X, yp) - toa do trong tdm vat nang.
Thé cac phuong trinh (3), (4), (6), (8) vao phuong trinh (2) nhan dugc:
1

Y 1 1 |12
T=>2|J+m| = | | +=J p°+=m_| 129+ y?® +1 | pycos(p-
2{ ) 0(2”40 AR cs[cco gVt hddy (o !//)]

2 2qsin (v -
syt +tm, Ifgb2+(|£+qj VAR by v (p), & (10)
2 2 2 +(l, +29)ycos(p-y)

1 1207 + G2 +(1, +0)" y? +126% = 21 Ggsin (- ) - 21,1 pbsin (p-6)
+=m,, , _
2| +21, (1, +9) gyrcos(p-w )+ 21,g0cos (v — 0) — (1, + )l ybsin (v - 6)

Thé ndng co hé bao gdom thé ning trong truong cua can (I7c), dbt co so tay can
(IT), @bt bng 16ng tay can (I1o)) Va vat nang (I1n); thé nang dan hoi caa xi lanh thay lyc
nang can (ITyc), xi lanh thuy lyc tay can (IZcs) va xi lanh thay luc éng 16ng (Ixio):

=11, +I1, +II, +I1,, +II,,, +II

xltc xlol

1 1 1 (11)
= M.QYe +MeQYp + My Qe + My, QYp + 5 kAT + 2Ky + 2 KaAg

trong 406, Ac, Aes, Aot - @ bién dang cua dau thay luc trong xi lanh nang can, xi lanh tay
can, xi lanh 6ng 16ng twong tmg va duogc xéac dinh tir cac AAO1B va ACO2F.

A, =l (9) ~ 1,5 () = Va2 +b? + 2absing —/a® + b* + 2absins,

A, =l (@) =l (goo,lyo):\/CZ +d*+2cd cos i -\/cz +d?+2cdcosy, (12)
AoI =q-q,
VOIio=¢-y-100=@o-y-Lu=w-0-c-1, o= Wo- @o- € -1, Po VA Wo la goC Nang
can va gdc nang tay can tai thoi diém ban dau.
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Thé cac phuong trinh (5), (7), (9) va (12) vao phuong trinh (11) nhan dugc:
IT= mcg(%singﬁ h0j+mtcg(Icsingo+%sim//+h0j
+m, g {Icsin¢+[lt5°+ qjsim//+ h0:|+ m,.g [Icsin(p+(lt +q)siny —1 cosé + ho] (13)

2 2
1k[\/a2+b2+2absin5J 1 {Jc2+d2+2cdcos;¢J 1

+= +=K, +=ky (a-q )2
-Ja? +b? +2absing, | 2 t 2 ’

2" -Je? +d?+2cd cos

Ham hao tdn co hé bao gom ham hao tan cua cac xi lanh thay luc:

D= E bCAs + E thAtzc + E bolA(ZJI

e (14)
1, a%’p?cos’s 1, c’d’ (z,//-go)zsm2 4 1,
:_bC 2 2 . +_bcs 2 2 +_bo|q
2 "a“+b"+2absind 2 T c"+d“+2cdcosu 2
Luc suy réng cua co hé tng véi cac toa do suy rong g =g ]T =[p v q H]T ;
Q:[Qi ]T :[Mc Mtc I:ol O]T :[Fchl I:tchZ I:ol O]T (15)

trong d6: Fe, Fi, Fol - C4c luc caa xi lanh nang can, xi lanh tay can va xi lanh dng 16ng
tuong tng; hy, h, - canh tay don cua cac luc Fe, Fic tuong ung.
Theo [2], luc xi lanh duoc xac dinh theo cong thirc tong quat:

t2
I:xl = I:xl_t + ( I:xl_max - I:xl_t )(1_?] (16)

S

Doi véi xi lanh nang can: F,  =15(m, +m_+m, +m,);F, . =L14F,

c_t?

Doi véi xi lanh quay tay can: F, , =1,5(m,+my +m, );F, . =14F,

C_max c_t?

Doi véi xi lanh ong 1ong: F, , =15(m, +m,,); F, . =L4F,
trong do: t, ts - thoi gian van hanh va thoi gian khoi dong; Fxt - luc xi lanh tinh,
Fxi_max - luc 16n nhat caa xi lanh khi khai dong; hi, h - canh tay don caa cac xi lanh.
h =asin(g); h, =csin(s,);

2,12 R 2,92 42 17
glzarcos(a *la (2)=b };gzzarcos(c +ee (o) =d J 4
2al g ((P) 2l ((/), V/)
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Thé cac biéu thirc dong nang (10), thé ning (13), ham hao tan (14) va luc suy rong

(15) vao phuong trinh (1) nhan dugc phuong trinh mé ta BPLH cua co hé:
M(q)d+C(a.9)q+D(q,0)+9(q)=Q

(18)

trong do: M(q)=[mij] - ma tran khdi luong; C(q,c]):[cij] - ma trdn quan tinh

ly tam Coriolis; D(q,q)=[d;] - ma tran can; g(q)=[g;] - vecto luc co thé.

bat me + Mo = 2my; Mot + Myn = Mp; M = Mpg + Melec + Munly, ta co:

m .
2 . . .
my =J, +1; [Tc"’ m, + M, + mvnj’ my, =m,, = m|CCOS((o—l//), my; =mg, :_Icmpsm((”_‘//):

vn'c'p tc'te

2
my, =m,, =-m, | sin(@—6); m,, =J, +J, +£11m 12 +m, (|2+qltc+q2];m23=m32:0;
My, =m,, =—m, Lsin(y —6)(I, +q); my =m_; my, =m,, =m, I cos(y —6); m,, =m,I7;

vn'p?

- mlcsin(go—y/)l/'/ m,,l I ,cos(p—60)0 . m,I.cos(p—y)§

e 2 2 2 ’
c, =1 {msin(¢>—y/){—%+y}}+mpcos(¢)—l//)Q}; Cy = mplccos((p—y/){%w}}
. X . I _ %
Cy =M, Il cos(p— 9)[—%+9};c21:mlcsin(¢—y/)[_¢+%}mp CCOs(2§0 y/)q;
ml sin(o-y)e m,l (I, +q)cos(y —6)8 ,
Cy=— (;” ‘/’)(/’ p( )2 ( ) +m0|(|tc+2q)q;
-m l.cos(p—w)p m,l sin(y-6)6
Cpy = +
2 2
v, 5 sin(w-0)a| o
Cy =Ml | (I, +q)cos(y —6) —E+0 T ; Cy =M l.cos(p—y) Rt
—mplcCOS(go—l//)gb My (1, +2q)z// m,,| sin(y —6)8
CSZZ 2 ;C33:0;

Cyy =M, | sin(y —0) [——+¢9},C41 Ml l,cos(p— 6)[—¢+§}
: ]
Cpp =M, {(l +q)cos(y —0) £ l//+—J—sm - H)q} _mvnlpsm(y/—e){_y/ﬁuﬂ;

C,, = vnp[ l.cos(p—8)p— (I, +q)cos(y — )y —sin(y — H)q]

c?d?sin® u(¢p -y c?d?sin® u(¢p -y
dl = bc 2 bzcos 5¢ +btc 2 y(q) l//)’ d2 :_btc 2 /u(q) l//)’ d3 = bolq; d4 ZO;
I (@) CF (o w) CF (ow)
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_ k.abA coss
| e (#)

1 mC .
0,= + 2k, cdsing + > +m, +m, +m, |l.gcose;

[ICF ((D,I//) - IC[: (¢0,W0)]Cd3iny )

g, =mgcosy —k,. (o) 10; =Ky (9 -0, )+m,gsiny; g, =m, gl _siné.
cr\®,

3. Két qua va thao luan

Bg thong sé dau vao: me = 195 (kg); M = 155 (kg); Mo = 115 (kg); mwn = 1000 (KQ);
lc = 3,5 (M); le = 3,3 (M); lo = 3,1 (M); Jc = 189,665 (kg.m?); Jic = 169,683 (kg.m?);
Joi = 114,899 (kg.m?); a = 1,65 (m); b = 05 (m); ¢ = 1,2 (m); d = 0,6 (m);
ho = 4,2 (m); y = 9,1° 1 = 20,4°, ¢ = 16,1°; = 14,5°, g = 9,81 (M/s?); t; = 5 (s); Theo
[2] ta coO: ke = 220000 (N/m); be = 500 (Ns/m); ki = 25000 (N/m); b = 200 (Ns/m);
kot = 25000 (N/m); bor = 200 (Ns/m).

Véi diéu kién dau [(/)O ¥, 9 6’0]=[72'/10 7112 1 O], giai hé phuong trinh (18)

bang phan mém Matlab ta thu dugc cac két qua chuyén vi, van toc va gia toc cua céc
khau khi két hop ddng thoi ba thao tac van hanh can truc (nang can, quay tay can va co
dudi tay can) lan luot thé hién trén hinh 3, 4 va 5.

80

/
"
0

o) i 1w s

0 5 10 15 20 25 30 0 5 10 15 20 25 30
t(s) t(s)
(@) (b)
10 |
—1]
5
<
>
-5
1 -10 vl
0 5 10 15 20 25 30 0 5 10 15 20 25 30
t(s) t(s)
© (d)

Hinh 3. Sir thay déi cua goc nang can (a), goc quay tay can co s (b),
dich chuyén tay can ong long (c) va géc ldc vt nang (d).
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=
6 d|
4
©w
o>
~ 2
S .
AR A A AAAMAAMAAMIAL
oll g
0 5 10 15 20 25 30 0 5 10 15 20 25 30
t (s) t(s)
@ (b)
0.2 —— - . .
0.1
w0 [ TRRYTIT)
~ UL L
S
=
-0.1 n 0 B [ I I I
0 5 10 15 20 25 30 0 5 10 15 20 25 30
t (s) t(s)
© (d)

Hinh 4. Vdn téc géc nang can (), védn téc goc quay tay can co so (b)),
vdn toc dich chuyén tay can ong long (c) va vén toc géc ldc vat nang (d).

=4
LAt Al i Bl el el e il e el :\
iy
20 25 30
{,
] _ o
L
<
L 1 ] _10 i i i i i
15 20 25 30 0 5 10 15 20 25 30
t(s) t(s)
© (d)

Hinh 5. Gia tac g6c nang can (a), gia toc goc quay tay can co so (b),
gia toc dich chuyén tay can éng long (c) va gia toc goc lac vat nang (d).

Nhdn xét: Trong khoang 5 s dau tién (giai doan khai dong), céc gia tri géc nang can,
g6c quay tay can va dich chuyén dudi 6ng 1ong ting cham va c6 su dao dong do gia tdc
khoi dong va do dan hoi cua dau thay luc trong xi lanh. Sau 5 s dau (giai doan binh 6n),
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C4C gi4 tri ndy ting gan nhu tuyén tinh va cd su dao dong rat nho. Sau 30 s, can nang
duoc 1 g6c 55°, tay can quay 1 goc 45° va tay can dng 1ong dich chuyén dudi ra 2,1 m.
Go6c lic vat nang ciing dao dong quanh vi tri tic thoi caa né trong thoi gian khai dong
va sau d6 dao dong déu so véi phuong thing dung vai bién do 10°.

Tuong Gng 1a van tc va gia téc goc nang can, goc quay tay can, dich chuyén tay
can 6ng 1dng va gac lic vat nang sé dao dong véi bién do 16n trong giai doan khoi dong,
sau d6 dao dong 6n dinh véi bién d6 nhé trong giai doan binh 6n do tinh nhét (giam chan)
cua dau thay lec. Gia tri trung binh cua van tdc goc trung binh 1a: 3,1 do/s (van téc goc
nang can), 3,4 do/s (van toc goc quay tay can), 0,08 m/s (van téc dudi tay can dng 1ong).

Nhu vay, tai thoi diém 5 s dau tién (giai doan khoi dong), co hé chuyén tir trang
thai tinh sang trang thai dong, do do6 cac gia tri van toc, gia téc chua on dinh; sau do,
duéi tac dung nhot cua dau thay luc, co hé bit dau dao dong 6n dinh. Diéu nay la hoan
toan phu hop vai quy luat 1am viéc thuc té cua thiét bi.

4. Két luan

Bai bao da xdy dung md hinh BDLH va hé phuong trinh vi phan mé ta chuyén dong
ctia can truc c6 can dng 16ng gap than trong qua trinh nang vat khi két hop déng thoi cac
thao tac nang can, quay tay can va dudi tay can ong long. Trén co sd do, bai bao tién
hanh khao sat cac théng sé DPLH dic trung cho qua trinh van hanh cac khau caa can truc
khi van hanh két hop cac thao tdc. M6 hinh BLH duoc xay dung c6 thé lam co s& cho
viéc nghién ctru dwa ra mot quy luat diéu khién hop Iy khi van hanh can truc 6ng 16ng
gap than dé giam thiéu rung dong cua can truc.
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DYNAMIC ANALYSIS OF THE HYDRAULIC KNUCKLE BOOM
CRANE WHEN LIFTING LOADS OPERATIONS

Abstract: This article presents the dynamic model of a truck-mounted hydraulic knuckle
boom crane when lifting loads operations. The article develops a dynamic model of a hydraulic
knuckle boom crane considering the viscoelasticity of the boom-luff cylinder, knuckle cylinder,
and extension cylinder. Modeling is constituted for the complex operation of the crane when
lifting loads, in which the boom-luff cylinder, knuckle cylinder, and extension cylinder are
simultaneously activated. The Lagrange equation of type Il is used to build a system of
differential equations describing the motion of the mechanical system. On that basis, the article
analyzes the dynamic parameters of the crane when lifting loads operations. The results of the
article are the basis for the hydraulic knuckle boom crane control problem to improve the
performance and reliability of the crane during operation.

Keywords: Crane modeling; crane dynamics; knuckle boom crane.
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