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TOM TAT

Xe ndng dwoc sir dung rong rdi trong viéc boc dé, van chuyén hang héa tai cdc nha may, bén
cdang, kho bdi, ... Nghién ciru cdc thong sé déng e hoc (PLH) ciia xe ndng c6 y nghia hét sirc
quan trong trong qud trinh vin hanh nham ndng cao ndng sudt, dé tin cdy lam viéc ciia may. Bai
bdo xdy dung mé hinh nghién ciru PLH qud trinh lam viéc cia xe ndng khi di chuyén két hop
ndng tai. M6 hinh PLH xdy dwng c6 tinh dén d¢ dan hoi va giam chén cia lop xe va xy lanh thity
lyc. Trén co so mo hinh DLH, phwong trinh La-grang loai II duoc su dung dé xdy dung hé
phuwong trinh vi phdn mé ta chuyen dong cua co hé. Pong thoi, bai bdo tién hanh khdo sdt cdc
théng s6 PLH khi xe ndng di chuyén két hop véi nang tai. Két qua cia bai bdo la mét co s cho
bai todn ddanh gid dd on dinh cia xe trong qud trinh khai thdc, vdn hanh xe néng hang.

Tir khoa: Xe nang; Mb hinh xe nang; Pong luc hoc xe nang; On dinh xe ning.
1. MO PAU

Xe nang hang la thlet bi chuyén dung phuc vu viée vén chuyén, boc d&, xép hang hoa va dong
g6i voi khoang cach ngin tai cic nha may, bén cang, kho bai,.... Qua trinh lam viéc cta xe ning
tuan theo cac quy dinh an toan, tuy nhién, trong mét sb trudng hop c6 thé két hop thao tac nang ha
hang khi xe di chuyén. Chinh vi vdy, nghién ctru DLH cua xe néng nham danh gia d6 6n dinh
dong cia xe nang va giai quyet cac bai toan tinh toan thiét ké, khai thac van hanh,... 1a mot van de
phirc tap va c6 tinh cap thiét. Viéc nghién ctru 6n dinh dong cta xe nang cling nhu nghién ctru vé
tai trong dong tac dung 1én xe ning di dugc nhidu tac gia nghién ctu [1-5]. Pa co nhiéu coéng
trinh khoa hoc nghién ctru PLH cua cac loai mdy nang [6-7], tuy nhién, dbi tuong nghién clru nay
tap trung vao dbi tugng 1a can truc tu hanh va chwa xét dén yéu t6 bién dang ctia 16p. Nhu vay, da
c¢6 nhiéu cong trinh nghién ctru vé thiét bi nang noéi chung va xe nang noéi riéng nhung chua
nghién ctru DLH ctia xe nang khi di chuyén két hop nang hang trén mat duong déc.

Trong bai bao ndy, tac gia tién hanh nghién ctru dong luc hoc cuia xe nang khi di chuyén trén
duong doc két hop nang tai dé khao sat dao dong ciia cau xe, xe co s6 va tru nang, tir d6 1am co
s& cho bai toan d4nh gia do 6n dinh cta xe nang.

2. XAY DUNG MO HINH
Cic gid thiét khi xdy dyng mé hinh

Xe nang di chuyén trén mat dudng ddc, phing véi goc dbc 1a a; Xe co s duge coi 1a vat rin
tuyét dbi co khéi lwong Mg dat tai trong tdm cua né va m6 men quan tinh dbi voi truc ngang di
qua trong tdm treo Jg; Lop xe dugc quy dan vé hai gbi d& véi thong s6 10 xo va giam chin lan
luot 1a Ky, Ci (cau sau) va Kp, Cy (cau trudc); Tru nang co khéi lwong 1a my duoc quy dan vé
trong tdm cua no; Xy lanh thuy lyc dugce thay thé twong duong bang 10 xo va giam chéan véi do
cling va hé s6 dap tat dao dong twong tng 1a Ks, Cs (xy lanh quay tru néng) va Ks, C4 (xy lanh
nang vat); Boi suat pa lang dan dong khung truot bang 1, cap khong co gian; Khung trugt va vat
nang duoc coi nhu 12 mot vat co khdi lwong mq va hanh trlnh nang z theo phuong vuéng goc véi
tru nang; Bo qua anh huong cua tai trong gio, banh xe khong truot trén mat duong. Qua trinh
khao sat xe dang chuyén dong thing déu vé6i van tde di chuyén 1a v.
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Nghién ciru khoa hoc cong nghé

Xay dung mo hinh tinh dng lwe hoc
Mo hinh DLH xe nang hang duoc thé hién trén hinh 1. M6 hinh gdm céac khau: Khau 1 14 xe co
0, khau 2 1a try ndng, khau 3 1a khoi khung truot - vat nang.

Hinh 1. Mé hinh DLH xe ndng khi ndng hang két hop véi di chuyén.

Cac toa d§ suy rong

y1, Y2 - Dao dong theo vudng goc voi mat duong ctia ciu sau va ciu trude tuong ing;

@ - Goc quay tru nang;

z - Chuyén vi cia khdi khung trugt-vat ning theo phuong vudng goc véi cang nang.
Pong nang cia co hé

Dong nang cua co hé bao gdm dong ning xe co s& (Txes), dong ning tru ning (Ty), dong ning
cua khoi khung trugt-vat nang (Tw) va duoc xac dinh theo cong thirc:

T=T+T,+T, (1)

Xe co so thuc hién chuyén dong lic va dao dong 1én xudng theo phuong vudng goc véi nén

duong, vi vay, dong nang cla xe co sd dugc xac dinh theo cong thirc:

1 . 1. -
Txcs zamgyg +E‘Jgﬂ (2)
Trong do, ygla dich chuyén trong tam xe co, £ 1a gbc lac cua xe co s va duge xac dinh:
| I . 1
Y, =T2y1005a+T1y2c05a; ﬂzsmﬂzi(yz—yl) (3)
Pong ning cua tru nang va khéi khung truot - vat nang:
1 o )2
T =53:(4+0) (4)
1 5.2 1
Vnzz.]q(ﬂ+(p) +quz2 (5)
Thé cac biéu thirc (2), (3), (4) va (5) vao biéu thic (1) nhan dugc dong ning cia co hé:
1 (L. 1. Y 1. (%,-%)" 1 V-V, .Y 1 .
T :Emg [T2y1+|—1y2j coszo:JrEJg e +E(Jp +Jq) %+¢) +quz2 (6)

Thé niing ciia co hé: Thé ning cua co hé gdm thé ning dan hoi (/Ts) va thé ning trong
luc (I1y):
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1_[:1_[9 +1_[S =11 +Hgtr +1_[gvn +HSbtr +HSbs +HSxItr +1—ISxIvn (7)

gxcs

Trong d6: Mges, g , g 13 thé ning trong luc twong g clia xe co sd, tru nang, khéi khung
trugt va vat nang; s, I1suwn 1a thé nang dan hoi xy lanh thuy lyc quay try nang va xy lanh nang
vat tuong ung; [sutr, [1sps 1a the nang dan hoi banh trudce va banh sau twong tng.

Thé ning trong luc cua xe co s6 (gxes):

I I
ngcs = mg gyg = mgg(Tz A C05a+le2 COSCZ) (8)

Toa do trong tam cua tru nang (Yp) va vat néng (Yq) twong ung theo phuong Oy va dugc xac
dinh theo so d6 hinh 2 va dugc xac dinh theo cong thurec:

Y, =Y,€08a+0OC'sin§ +CP'cosS =y, cosa +1 sin(a+ B +¢)+h, cos(a+f+¢) (9)
Y, =Y, C0sa+(OC'+D'Q")sins +C'D'cos 5=y, cosa +asin(a + S+ @)+ zcos(a + S+ @) (10)
Trong do: OC':OC:IC;C'P':CP:hp;5:a+,6’+(p;OC'+D'Q':a; CD'=CD=1z

F

Yo

o Q
Hinh 2. So do xdc dinh toa @6 Hinh 3. So d6 xdc dinh chuyén vi
tru ndng va vdt nang. xy lanh quay tru ndng.

Khi d6, thé ning trong luc cta tru nang (ITy), thé ning trong luc cta khdi khung truot-vat
nang (/1gn) dugce xac dinh nhu sau:

Iy, =m,gy, =m,g[ Y, cosa +I sin(a+ B+¢)+h,cos(a+B+p)] (11)
I, =m,ay, =m,g (Y, cosa +asin(a+ f+@)+zcos(a+ f+9)) (12)

vé6i g 1a gia toc trong truong.
Thé ning dan hdi banh trude va banh sau:

1 1
Mgy = E Klylz; g, = E K, y22 (13)
Thé nang dan hoi xy lanh ning vat va xy lanh tru quay duoc xac dinh nhu sau:
1 1
l_IS><Inv =5 K422; l_IS><Itr =5 K3A§Itr (14)
2 2
Trong d6, A 14 dich chuyén cua xy lanh quay tru nang va dugc xac dinh theo so d6 hinh 3:
Ay = FF'=EF-EF'=\Jt7 +17 — 24, C0s 7, — \[t? +17 — 24, c03(, — ) (15)
Trong AEF’O:

EF'=EF'=\f? +t —2tt,cos(7, - ¢)
Trong AEFO:
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EF=/t? +t? —2tt, cosy,
Véi: OE =t;OF =0F =t,;y, =90°-&;¢ = OFC.

Ham hao tan ciia co hé: bao gdbm ham hao tan banh xe cau trude (o), banh xe cau sau
(¢hos), xy lanh quay tru (¢hur) va xy lanh nang khoi khung trugt-vat nang (gn).

O=P, +D, +D,, +D

1., 1. ., 1_ . 1.,
xltr xiny = Eclyl2 + ECZ yg + ECSAiItr + §C4ZZ (16)
Ll_l’C suy r@ng: [Fl I:2 Mxltr l:xlnv] '
Trong do6: F1, F» 1a phan luc tac dung Ién 16p xe tai cau sau va cau trudc tuong tng; My 12
mod men do xy lanh quay tru nang tao ra; Fyn 1a luc xy lanh nang vat.

Fl

E Fll

Yo

0 G

Hinh 4. So d6 liee tdc dung Ién xe ndng. Hinh 5. So' do xdc dinh mé men xy lanh tru ndng.

Xac dinh phan luc tac dung 1én cau xe (hinh 4). Ap dung phuong trinh can bang luc:

Fl:Ig[mg|2005a—(mqa+mplc)COS(a+(p)]
+g[m hsina +(mgh, +myh, )sin(a + )]—M -
| LM q'h p'lp 4 |

F, =%[mgllcosa+(mq(a+l)+ m, (1, +I))cos(a+¢>)]
_%[mgh sina +(mqhq + mphp)sin(a +(p)]+ mqlaq

(18)

voi a, = 7la gia téc nang vat.
Xac dinh mé men xy lanh try nang (hinh 5):
M, =F,,.OF (19)
Trong AOEF’:
cosy - EF2+OF2 — OE2 _ t-tcos(r—9)
2 EF.OF J& +t2 =248, cos(7, — )

Trong AOE’F’:
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tt, 5in(7o _¢7)
\/tf +t7 —2tt, cos(y, — )

OE'=OF'siny =t,.siny =

Luc xy lanh quay tru nang:
2

~ Pyt (20)

F

xltr

Luc xy lanh nang vat:
2

D
Fonw = P74 72'—2”” (21)

xInv
Trong do: P 1a ap suét lam viéc cia HTTL (kg/cm?); Dair 1& duong kinh xy lanh quay tru néng
(m); Dunv1a duong kinh xy lanh nang vat (m); #q 1a hiéu suat truyén dong thuy lyc.
Ap dung phuong trinh Lagrange loai II cho co hé dé viét phuong trinh vi phan cho co hé:
df T or ol od .
| = +—+—=0Q. (i=1+4 22
dt (aqi J QI ( ) (22)

R

Thé céc biéu thirc dong nang, thé niang, ham hao tan vao phuong trinh (22) ta nhan duoc hé
phuong trinh vi phan chuyén dong mo ta BPLH qua trinh 1am viéc cuia xe nang nhu sau:

M(q)t+C(a,4)g+9(9,9)=Q (23)
Ma tran khéi luong suy rong: M(q) = [mij ] (i, j:ﬂ) va duogc xac dinh nhu sau:

2
1, R S RS Ll J, J 4+
— . _ _ 12 2 g p q.
mll_mg(l_ Cos 05+|—2+|—2, mlz_m21_mg|_zcos a_|_2_ 1z
J +J LY J. J +J
M, =M, =— PI & m,=m, =0; mzzzmg(T1 C052a+|—§+ p|2 1
Jp+Jq_

My, =M, = s My, =my, =0, my; =J +J,; m, =0;m,, =m,.

|

Ma tran quén tinh ly tm va Coriolis: C(q,¢)= [cij ] (i, j =1,4) va dugc xac dinh nhu sau:
t,t, sin (70 - (0)

JE +8 —2tt,c08(7, — )

€y =CyCy =C,5C =—C4 1Cas :C4;Cij =0, (=], ] =]-’_4)

Ma tran: g(q,q)=[gi]T (i =1,4) dugc xac dinh nhu sau (voi §=a+@+(p)3

g, =mg(‘:;|Tzcosa—g(mplC +mya)coss +g(myh, +m.z)sing +K,y,
g, = g(mg IT1+ m, +mq)cosa+g(mplC +mya)coss —g(myh, +mz)sing +K,y,

g, = g(mplC +mqa)cos§—g(mphp +qu)sin§

tt sin(y, —
+ Kg(\fff +1; —2tt, cos y, —\/tf +12 - 2tt, cos(y, —@))_\/tlz lez Ztﬁ)fiosq(o) )
2 — chb Yo~ @

g, =—-m,gcoss +K,z.
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Nghién ciru khoa hoc cong nghé

Ma tran lyc suy rong:
Q:[Ql Q Q Q4]T :[Fl F, My, Fxlnv]T
3. KET QUA KHAO SAT

Bo thong s6 diu vao: Khao sat dugc thyuc hién trén xe ning KOMATSU FDI15T-17: v = 0.4
m/s, my, = 2370 kg; | = 1,65 m; I; = 0,65 m; I, = 1 m; mg = 3000 kg; m, = 680 kg; g = 9,81 m/s?;
Jg =12,5.10° Nms?; Jq = 1500 Nms?; J, = 2500 Nms?; a = 0,96 m; Ic = 0,46 m; hy = 0,115 m; h; =
0,26 m; h,=0,26 m; I, =1,1m; t; = 0,34 m; t; = 0,34 m; K; = 7,10° N/m; K, = 7,10° N/m; K3 =
140000 N/m; K4 = 140000 N/m; C; = 104,5 Ns/m; C, = 185 Ns/m; C3 = 2,10° Ns/m; C4 = 2,10°
NS/m, o= 150, Dxlnv = 0,05 m, Dxltr = 0,08 m, 77,(' 20,95

Diéu kién bién: [y1 y2¢ z]" = [0 0 0 0]", van tdc ban dau bang cia cac khau bing 0.

Khi d6, giai hé phuong trinh (23) nhan dugc két qua moé phong duoc thé hién tir hinh 6 dén
hinh 10.

0.05 - T T T o 0.1-

—Y —Y2
0.05
E E
-0.05
0.05- . . . J 010 J
0 2 4 6 8 10 0 2 4 6 8 10
t (s) t(s)
Hinh 6. Chuyén vi cau sau. Hinh 7. Chuyén vi cau trudc.
P 2.5 Y
0 ’
2
Ail —~1.5
'i/ E
5 81
-2
0.5
-3 0 i
0 2 4 6 0 2 4 6 8 10
t (s) t(s)
Hinh 8. Chuyén vi géc lac tru nang. Hinh 9. Chuyén vi vit néng.
4 1
2
0
® 2
-4
-6 J
0 2 4 6 8 10

t(s)
Hinh 10. Chuyén vi goc lac xe co so.

TUr hinh 6 dén hinh 10, ta rat ra nhan xét sau:

- Chuyén vi 16p xe cua cau sau dao dong diéu hoa trong khoang bién d6 5 (cm) va bién do dao
dong tang dan theo chiéu cao nang tang dan; doi véi cau trudc chuyén vi 10p xe dao dong dicu
hoa trong khoang bién do 10 (cm) va bién d6 dao dong tang dan theo chiéu cao ning tang dan;

- Goc lac cia xe co s¢ dao dong didu hoa trong khoang 4° va bién d6 dao dong ting dan theo
chiéu cao ning ting dan; tru ning dao dong diéu hoa trong khoang bién dd 1,5° va bién d6 dao
dong c6 xu hudng tang dan tur tir theo chiéu cao nang ting dan;
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4. KET LUAN

Bai bdo da xay dung duoc m6 hinh DLH va h¢ phuong trinh vi phan md ta qua trinh nang tai
cua xe nang khi di chuyen thang déu lén doc Mo hinh xay dung cho phép khao sat cac thong s6
PLH chuyén vi lop xe cau trudc, 16p xe cau sau, goc dao dong cua tru nang va goc dao dong cua
xe co sO khi chiéu cao cua tai thay d6i. Két qua dat duoc cua bai bao c6 thé 1am co sé dé danh
gi do On dinh ctia xe nang khi tién hanh di chuyén trén doc két hop v6i nang tai dong thoi danh
gi4 hé thong treo clia xe nang.
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ABSTRACT
Dynamic analysis of the forklift during moving in combination with load lifting

Forklifts are widely used in loading and unloading, transporting goods at important
factories, ports, warehouses, etc. Studying the dynamic parameters of the forklift is very in
the operation process in order to improve the productivity and working reliability of the
machine. The article builds a model to study the dynamics of the forklift's working process
when moving in combination with lifting loads. The construction dynamics model takes
into account the elasticity and damping of the tires and hydraulic cylinders. On the basis
of the dynamic model, Lagrangian equation type Il is used to build a system of differential
equations describing the motion of the system. At the same time, the article investigates
the dynamic parameters when the forklift moves and lifts the load. The results of the
article are a basis for the problem of evaluating vehicle stability during the exploitation
and operation of forklifts.

Keywords: Forklifts; Forklift model; Forklift dynamics; Stabilize the forklift.
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