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Tém tit: Nghién ctru ning cao ning suit ctia may va do phang cua bé mit duong sau
san 1a nhu cau cap thiét hién nay. Dé dap ung dugc nhu cau do ta can xay dung duoc
md hinh dong luc hoc clia may san trong qua trinh 1am viéc, thiét lap dugc hé phuong
trinh toan hoc. Sau d6 st dung cac phan mém chuyén dung dé tinh toan giai hé phuong
trinh, khao sat dong luc hoc ciia may san khi lam viéc. Tir d6 hudng t6i viée dé xuét ché
d6 1am viéc hop 1y nhim nang cao ning sudt ciia may va do phing ciia bé mit duong
sau khi san. Noi dung bai bao sé xay dung mo hinh dong luc hoc ctia may san trong qua
trinh lam viéc.

Tw khéa: Mo hinh dong luc hoc cua may san.

Summary: Improve the quality of research work of the grader in the process of working
is now an urgent need. To do that we need to build mathematical equations, built
models of graders dynamics in the work process. Then use specialized software to
calculate equations, survey graders dynamics when working. Since then propose the
appropriate input parameters of the grader when working to improve the quality and
efficiency of the process of leveling.

Keyword: Model dynamics of grader
1. Dit van dé

Qua trinh lam viéc clia cdc may san ui ludn la cac qué trinh dong luc hoc phirc
tap, cac tai trong dong bién dbi trong pham vi rong gy anh huong 16n dén qua trinh
diéu khién, chit luong cong viéc va do bén cta cac chi tiét. Do do viec nghién ctru céc
tinh chat dong luc hoc ciia cac may san ti nhdm han ché nhitng anh hudng xau dén qua
trinh khai thac may 1 mot van dé rat can thiét. O cac nudc co nén cong nghiép phat
trién, vn dé nay da dugc giai quyét & mirc do cao, cac két qua nghién ctru da gop phan
quan trong trong thiét k&, ché tao va khai thac co hiéu qua cac loai may san ui [1-2].
Tuy nhién, & Viét Nam, vin dé nay con mang tinh thoi sy cao.

Dé nang cao ning suat ciia may va do phang ciia bé mat duong sau khi san ta can
nghién ctru dong luc hoc ciia may, khao sat cac thong s6 dong luc hoc cua may trong
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qua trinh lam viéc nhu: chiéu su cét, gbc cit, van tdc cit... Dé 1am dugce viée d6 ta cin
xay dung hé phuong trinh todn hoc, mo6 hinh dong luc hoc ciia may. Sau d6 su dung céc
phan mém chuyén dung dé tinh toan, khao sat dong luc hoc khi may lam viéc. Tir d6
hudng t6i viée dé xuét ché do 1am viéc hop 1y ciia may nhim nang cao ning suit va do
phang cta bé mit dudng sau khi san.

2. Xay dung mo hinh dong luc hoc ciia may san trong qua trinh lam viéc
2.1. X4y dung mo hinh dong lwc hgc ciia may san trong qua trinh lam viéc

Dé xay dung duoc md hinh dong lyc hoc clia may san trong qué trinh lam viéc
ta can dua ra céac gia thiét co ban, Iya chon toa do suy rong va cac phuong trinh lién két.
Céc gia thiét co ban nhu sau:

Mt dat trong qua trinh lam viéc c6 dang mép mo ngau nhién va dugc xac dinh tir
thue nghiém, bo qua cac ngudn kich thich dao dong trén may, bo qua anh hudng cia su
truot cua cac banh xe, bo qua luc can khong khi do may di chuyén véi toe do thap, coi
trong qué trinh 1am viéc céc 16p ctia may san ludn tiép xGc v6i mat dat va l1a tiép xtc
diém, gia thiét may luon chuyén dong thang trong qué trinh lam viéc.

Déi tuong lya chon nghién ctru la may san DZ - 122. M6 hinh nghién ctu ta lya
chon gdm c6 5 khau, khau 1 la nén dat khau 2 1a cu sau, khau 3 1a khung vo va cabin,
khau 4 1a co cAu ludi san, khau 5 1a cau trudc (nhu hinh 2). Trong do mg, mg, my ms lAn

luot 1a khdi lwong cua khung mAy, cdu sau, cdu trudc va co cdu cong tac; c,,b, tuong

ung la he s6 dan hdi va hé s can nhét tuong duong cia 16p va nén dat (dwoc xac dinh
bang thuc nghiém); Py; Pc tuong tng la lyc kéo, lyc can di chuyén ctia may san dugc
tinh toan theo [3]; Pq 13 tong luc can cat dat duoc xac dinh theo [4].

Mit dét trong qua trinh lam viéc c6 dang map md ngau nhién va duoc xac dinh tir
thue nghiém (hinh 1). Cén c&r vao bang gia tri c6 duge tir thue nghiém va dua vao phan
mém Matlab s& xdy dung duoc bién dang mip mé ngiu nhién ctia mat dudng thanh mot
ham thay ddi theo thoi gian. Pay 1a dir liéu dé giai hé phwong trinh vi phin & phan sau.

M&p mé ngadu nhién clia mat dudng

Hinhl. Mdp mé dang ngdu nhién ciia mdt dong

Chon hé truc toa do dé cac Oxyz ¢ dinh gén vO1 mat détz géc toa do trung véi vi
tri ban dau cua trong tam may san, truc Oz theo phuong thang dung, truc Ox theo
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phuong doc than may va tryc Oy theo phu:ong vuong goc vdi than may. Chon hé toa do
suy rong nhu sau: g, =x, la dich chuyén cua trong tdim may san theo phuong Ox;
q, = z,1a dich chuyén cta trong tdm thin may theo phuong thing ding; g, = o, la goc lic
ctia thdn may trong mit phang (xOz); q, =2 la goc lic cua ciu sau trong mit phang
(yOz); q,=p,1a goc lic cta cau trude trong mat phang (yOz); @, = xac dinh vi tri clia
ludi san so voi than may;

Zs Z:

v

Y

Hinh 2. Mo hinh dao dong cua may san trong khong gian
Véi gia thiét may san dao dong quanh vi tri can bang tinh trong qua trinh lam
viée, cac goc lic ngang va lic doc cua thdn may rat nho coi gan ding: sina ~ a, cosa ~1,
sin 8~ 3, cosp~1. Goi |, 1a khoang cach tir trong tdm ctia m, dén khép cau Oj tinh theo
phuong truc x. Khi d6 co hé c6 modt sd phuong trinh lién két nhu sau
2,=0,+l0;—hyg; 2, =0, — |0, —hy

bS
Oy =0, =10, +|10'q3 _hlo +E'q4;
bS
61p :52;) =0, +I10-Q3 _th _E-qz:
b, . b,
Oy =0, — .05 —hyg +E-Q5’ 03, =0, —lyp-05 —hyg _E-qs
Xo, = Q1+|03; Zo, =0, _|o3-q3 _ho3

Xs =0 t Ioa - |33 COS(s; 2,=0Q, — Ios-qs - |33 sin Us

X =0q +|03 _|33 COs Qg _I3| 14, =0Q, _Ios-qs _|33 sin Js _h3l

1)

2.2. Thiét lip h¢ phwong trinh vi phin chuyén déng ciia mdy san trong qud
trinh lam viéc



Tac gia s dung phuong trinh Lagrang loai II dé lap phuong trinh vi phan
chuyén dong cho hé. Phuong trinh Lagrang loai I viét theo cac toa do suy rong c6 dang
d(eT) oT arl  od (2)

— = -+t —+—=Q,
dtlog, ) oq oq og

trong d6 1 13 ham dong nang cua hé; n 1a ham thé ning cta hé; »1a ham hao tan cua hé;
Qi la cac toa do suy rong (i=1, 2, 3....6); q la luc suy rong cua cac luc khong thé tac

dung 1én co hé. Sau khi tinh toan ta thu dugc cac két qua nhu sau
Biéu thirc thé ning [ cua co hé bao gdm thé ning cua trong luc tac dung 1én
cac khau va thé nang cua lyc dan hdi, chon géc thé nang tai mat dét ta c

IT=mq.9.0, +M;.9.(0, + 0.0 —hyg) +M,.0.(0, — 15005 —hy)
) b
+M5.9.(0, = los-0s — 133SI g) + (C gy + Cy) [(qz + .05 — h10)2 + (?-%)1 3

b, . b
| (@ o)+ (1) [0 sin’ 0+ (0, |

Biéu thirc dong ning cta co hé nhu sau
1 «2 1 32
T :E(mo+ml+m2+m3)q1+5(m0 +m, +m, +m,)d,
1 2 2 2y.2 L 2
+E(J°y +mly +my +mglds).d; +E(J°X +J, +35,)4;

1 o 1 . .

+§ ‘Jqué +Em3-|323-qg + (ml'llo - mz-lzo - ms-'oa)Qz-qa

[ G dy5.iN .Gy — .08 G + log by G3.0.COS G |
4)

Biéu thirc ham hao tan

. . b, . . . b .
O = (b, + bm){(qz +10.0,)° +(2-q4)z}+ b3 [(qz —lp.0;)% + (é-qs)z}

0,44 {(IS“'qG'COSqG )2 " (bzﬂ.q‘ljz}
(5)



Ll_rcE suy rong tuong ung V(’)*i‘ cac toa do suy rong dugc tinh nhu sau: Cac lyc
khong the tac dung lén co h¢ bao gom luc kéo P, lyc can di chuyén p. va lyc can dao
dat P, thay doi theo thoi gian. Téng cong ao ctia cac thanh phan lyc khong thé xét trong
mdt di chuyén kha di caa cac khau 1a

SA = 4(P -P,) 80, - (P (t).5%, +Ps ()02, + Py (t).0%y + Py (t).52,, ) - 2P-,.5, (6)

trong d6 P(t),P:(t) lan luot 1a tong lyc can cat dat tac dung Ién nira ludi san bén trai
theo phuong nam ngang va thang dimng; Py (1), Py (t) lan luot 1a tong luc can cat dat tac
dung 1én nira ludi san bén phai theo phuong nim ngang va thang ding, P, Ps, P lan
Ivot 1a luc kéo tiép tuyén tac dung 1én cac banh xe chu dong, luc can tac dung lén banh
trudc va banh sau.

Sau khi tinh toan ta x4c dinh dugc lyc suy rdng tuong trng vdi cac toa do suy
rong nhu sau

1= 4(R—Pe) = Pa (1) =Py (t) - 2P,
( (1) + P (1)
[ JORLACITS (7)
=—(Pi(t)- (t)).%

Qq5=0

Qus =— (P (1) ds5.5in G + Py (1) dy5.5in G — Py (1) dg5.C0OS G — Py (1) 15508 g )

Tinh toan cac thanh phan ctia hé phwong trinh vi phan tng v6i toa do suy rong a,

oT
—=(m, +m, +m, +m,)d, + m,.l,,.qs.Sin g

aq,

d(or N o 2
p E =(my +m, +m, +m,)d, +m,.l,.0;.sin gy +m;.l;.45.COSq,
1

T G

oq, oq, g,

(8)

Tinh toan cac thanh phan ciia hé phuong trinh vi phan g véi toa do suy rong g,



oT . . .
— = (my +m, +m, + m,)d, + (ML, —m, L,y —my.ly,).4; —m,.l,;.,.c08q
2

dfor " " " 2 o
=(m, +m, +m, +m,).G, +(m.Ly, —m,.l, —m,.l,;).06; —m,.l;.Gs.cos g, +m,.ly,.45.5in g,

dt\ oq,
qZ (9)

oIl
a =(m, +m, +m, +m,;).g+2(Cyy +Cpsy )0, + 1.0 —Nyg) +2C,;5. (0, —lye-05 — )
2

oD . . . .
a = 2.0 + b2 )(A, +1p.Gs) +20,5.(d, — 1.05)

2
Tinh toan cac thanh phan cta hé phuong trinh vi phan ung véi toa d6 suy rong d;

aT 2 2 2 . .
a = (Joy + Myl +my L5 +mylSs)ds + (M, —mydy —mgdy,)d,
3

+m,.lg;.155.05.COS 0
dfor " .
b v (‘JOy + ml'llz() + m2.|220 + ms-léa)-qs + (ml'llo - mz-lzo - ma-loz)qz
dt| oq,

+ My dog.l55.Gs-€OS g — My log.ls5.G2.SIN G
ar
0q,
oIl

a = (ml'g'llo - mz-g-lzo - ms-g-|o3)-q3 + Z(Cm + sz)(qz + I10-q3 - hlo)-llo
3

0;

- 20!d3‘(q2 - |20-q3 - hzo)-lzo (10)

od . . . .
a = 2(btd1 + btdz)-(qz + I10-Q3)-I10 - 2btd3'(q2 - Izo-qa)-lzo

3

Tinh toan cac thinh phan cta hé phuong trinh vi phan tng véi toa do suy rong q,

oT .
aq = (‘]Ox + 5+ Jsx)-q4
4
d(oT .
a[a} = (‘]OX + 'Jlx + Jsx)-ch
4
aT
oq,
ol 1
6q = E (Ctd‘l + Ctdz)'bsz'q4
4
oo 1 . (11)
aq = E (b + btdZ)'bsz'qzl
4

Tinh toan cac thanh phan ctia hé phuong trinh vi phan tmg véi toa do suy rong 0



aT .
s ‘J2x'q5

Gs

dfar)_; 4
dt | aq, 2

a _
aas

1o

aqs 2 'td3" l 5

o 1, (12)
2

aqs

td3 qS

Tinh toan cac thinh phan cta hé phuong trinh vi phan tng véi toa do suy rong Q

oT . . . . .
. =M, .55.Gg + M, [dd3;.8iN Qg — 0,055 €08 O + log.1s5.05.COS 0 |
6

d(or _ 2 q1'|33'Sin Os + ql'qG'IBB'COS O —q2.|33.COS O

I — | = Mylg. (g +My A . . oA
dt{ oq, +0,.0g 155.8IN Qg + 15.133.05.€08 g —lo3.155.05.6.5IN Qg
oT

Qs

oIl
— =-m,.g.l...cos 13
. 5.0.15;.C0s 0 (13)

oo _
G

=M [ 0 155 COS G5 + 0, by G.5iN G — o5 L5 0.2 5N |

Sau khi bién déi ta duoc hé phuong trinh vi phan nhu sau



i(m +m+m +m3)q1+m3-|33-5in%-q6+m3-|33-qg-cos%
- L=4(P-Pr.) P (0-Pi (0-2Ps

i (Mo +my+m,+m, )G, +(M, g - M, g - My lgy).8 - Mylyy.c080, .G, +M, Ly, G Sing,
i+2'(btdl+bt62)(q2+|10'q3)+2btd3'(q2- 2o-q3)

£ H(MG M, +M, M)+ 2(Cygs +C10) (A, Hhio G = Nig) +2C,45.(0 - 10U~ Do)
=-(PL0+P3,0)

p .. 2 2 2 .. ..
-i-(ml |1o' m,. |20' ms. |o3)Q2+(‘]0y+m1 IlO+m2'|20+m3'|03)'q3+m3'|03'|33'cosq6'q6

} Ma-log sg-Ge-SINGg (M, Q.o - M,.0.50 - Myg.lo3)-Q5 +2(Chg €10, ) (A, +io U3 - NN
i 2Ctd3-(qz' 2003 20)"20+2(btd1+btd2)'(q2+|10'Q3)'|10_2btd3'(q2_|20'q3)'|20

=8Pz (0P (D2,

1

1 ‘
I(JOX +J1X +J3x) q4 e(btdl-l-btdZ) b2 +btd4 b2| uq4 - e((-':tdl-l-ctdZ) b2 +Ctd4 b)2(| 3q4

1
=8 (r2075.0)

1
2 2

'1"]2x-q5+ btdSb q5+2Ctd3b g5 =0

-}mg l1.8iN0. 0, - My.l5.C080 ., +My.lg.15.C080 b +m, 15, 0
'i'+m3[q1-%- 33-COSQG+Q2-q5-I33-S|n% B |03-|33-q3-q5-3mqe]

1 A .2 N «2 - o <2 - A

1~ M3 §0;.155.€0805.Gg +0.155.05.5IN0g - 1o5.155.G5.0-5IN §- M;.0.15.cO8q,

1
I 2 2 2
i+2ctd4 13,.8inq,.cosq, +2.b,,.15,.0,.C0S°q,

1 =P (015G +P3 (0155 510l -Py (D15.0050 Py, ()] 55.C05 )
i
1



3. Két qua giai hé phwong trinh vi phan
Chuong trinh tinh todn, gidi hé phuong trinh vi phan dua trén bd cong cu
Simulink trong phin mém Matlab. Duéi day 1a két qua khao sat ¢ van tc di chuyén
trung binhg, =0.4m/s, chiéu sau cét trung binh h, =0.12mta thu duoc chuyén vi, van tdc,
gia toc cua ludi san dudi dang d6 thi nhu sau:
Chuyén vi cta ludi san trong qua trinh 1am viéc g (Hinh 3)

X0

& 5 & 3

[
]

o 8

Chuyen vi luai san [m]
8 &

o

OO 1 2 3 4 5 6 7 8 9 10 [s]

Hinh 3. D6 thi chuyén vi ciia lwéi san trong qud trinh lam viéc qe (rad)

Vian tdc cua ludi san trong qua trinh lam viée g, (Hinh 4)

10
09

Van toc luoi san [m/s]
o o oo o o0 oo
— N W S~ O O -~

=]
o

1 7 3 4 5 [ 7 8 g 10 [s]
Hinh 4. Dé thi van toc cia ludi san trong qud trinh lam viéc G (rad/s)

Gia tdc cta ludi san trong qua trinh lam viéc 6, (Hinh 5)

2
2

==

Gio toc luoi son [m/s2]
s o

T 7 3 7 5 5 7 8 g 10 [s)

Hinh 5. D6 thi gia toc ciia ludi san trong qud trinh lam viéc g (rad/s?)



Phan tich két qua khao sat

Can cir vao hinh 3, hinh 4, hinh 5, ta thiy chuyén vi ctia ludi san trong qua trinh
lam viéc Gmg v6i van toc ¢ =0.4m/s va chiéu sau cit trung binh h =0.12m 1a khé 16n.
Piéu d6 lam cho vén tdc, gia toc cua ludi san ciing thay dbi lién tuc khong 6n dinh vi
vay do phang cua mit dudng sau khi san 1a khong tét. Can cir vao thyc té do, tac gia s&
hudng tdi viée khao sat cac thong so dong luc hoc ciia may nham deé xuat ché do lam
viéc hop 1y d€ nang cao nang suat va d phang cua bé mat duong sau khi san.

4. Két luan

Tac gia da xay dung dugc md hinh dao dong, hé¢ phuong trinh vi phan bac 2 cia
may san trong qua trinh 1am viéc. St dung cong cu Simulink trong phan mém Matlab dé
giai hé phuong trinh va thu dugc mot so két qua nhu sau

Xéc dinh dugc cac thong ) chuyén vi, van tdc, gia tdc cua cac khau va cua toan
may.

Can ctr vao két qua trén s& hudng t6i viéc khao sat cac théng s dong luc hoc cua
may san trong qua trinh lam viéc. Tur 46 dé xuat ché do lam viéc hgp 1y cia mady nham
nang cao nang suat va do phang cia mat duong sau qua trinh san.
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