SCIENCE TECHNOLOGY

XAY DUNG MO HINH BONG LUC HOC CUA MAY SAN

TRONG QUA TRINH LAM VIEC

CONSTRUCTION MODEL DYNAMICS OF GRADERS DURING WORK

TOM TAT

Nghién ctru nang cao nang sudt cia may va do phang clia b mét duong sau
san 1a nhu cau cdp thiét hién nay. D& dap tng duoc nhu cau do can xay ding
duoc m hinh ddng luc hoc clia may san trong qua trinh lam viéc, thiét Iap duoc
hé phurong trinh toan hoc. Sau d6 st dung cac phan mém chuyén dling dé tinh
toan gidi hé phuong trinh, khao sat dong lyc hoc clia may san khi lam viéc. Tir d6
hiréng t6i viéc ci8 xuat ché do 1am viéc hop Iy nham nang cao nng sudt clia méy
va d0 phang clia b& mat duong sau khi san. Noi dung bai béo s& xay dung md
hinh dong lyc hoc clia may san trong qua trinh lam viéc.

Tir khéa: M hinh dong lyc hoc, may san, cht lugng.

ABSTRACT

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.

Keywords: Model dynamics, grader, quality.

Chu Van bat, Dao Manh Quyén

Hoc vién Ky thuat Quan sy

BUi Van Hai

Truong Dai hoe cdng nghiép Ha Noi

Email: haihang08@gmail.com

Ngay nhan bai: 03/08/2017

Ngay nhén bai stta sau phan hién: 10/09/2017
Ngay chép nhan dang: 15/10/2017

1.DAT VAN BE

Qua trinh lam viéc clia cac may san Ui ludn la cac qua
trinh dong luc hoc phtrc tap, cac tai trong dong bién doi
trong pham vi rdng gay anh hwéng Ién dén qua trinh diéu
khién, chat lvgng céng viéc va do bén clia céc chi tiét. Do
do6 viéc nghién ctru cac tinh chat dong luc hoc clia cac may
san 0i nhdm han ché nhitng anh huvéng xau dén qua trinh
khai thac may la mot van deé rét can thiét. &' cac nudc co
nén céng nghiép phat trién, van dé nay da dwoc giai quyét
& mlrc d0 cao, cac két qua nghién clru d&d gép phan quan
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trong trong thiét ké, ché tao va khai thac c6 hiéu qua céc
loai may san Ui [1, 2]. Tuy nhién, & Viét Nam, van dé nay con
mang tinh thoi sy cao.

Dé nang cao nang suat clia may va do phang cla bé
mat duong sau khi san can nghién ctru dong luc hoc clia
may, khao sat cac thdng s6 déng lwvc hoc clia may trong
qué trinh 1am viéc nhu: chidu sau cét, goc cét, van tdc cat...
Pé lam duoc viéc do can xay dung hé phuong trinh toan
hoc, mé hinh dong luc hoc clia may. Sau dé st dung cac
phan mém chuyén dung dé tinh toan, khao sat déng luc
hoc khi may lam viéc gitp dé xuét ché do lam viéc hop ly
cGia may nhdm nang cao ning sudt va do phang cia bé mat
dwong sau khi san.

2. XAY DUNG MO HINH BONG LUC HOC CUA MAY
SAN TRONG QUA TRINH LAM VIEC

2.1. Xay dung mo hinh dong lvc hoc clla may san trong
quétrinh lam viéc

Pé xay dung duoc md hinh dong lvc hoc clia may san
trong qua trinh lam viéc can dwa ra céc gia thiét co ban, lya
chon toa do suy rong va cac phuong trinh lién két. Cac gia
thiét co ban nhw sau: Mat dat trong qué trinh lam viéc cé
dang mip mé ngau nhién va dugc xac dinh tir thuc
nghiém, bd qua cac ngudn kich thich dao dong trén may,
bd qua anh hwéng cua su truot clia cac banh xe, bé qua luc
can khong khi do may di chuyén vai téc dé thap, coi trong
qua trinh lam viéc cac 16p clia may san ludn ti€p xdc voi
mat dat va la tiép xac diém, gia thiét may ludn chuyén
dodng thang trong qué trinh lam viéc.

Da6i twvong lwa chon nghién ctru la may san DZ - 122. M6
hinh nghién cttu ta lva chon gom c6 5 khau, khau 1 la nén
dat, khau 2 la cau sau, khau 3 la khung v6 va cabin, khau 4
la co clu ludi san, khau 5 la cau trwéce (hinh 2). Trong dé m,,
m,, m, m; lan lvot 1a khéi lwgng cda khung may, cau sau,
cau trurdc va co cdu cong tac; ¢, b, twong lng la hé sé dan
hoi va hé s6 can nhét twong duong cla 16p va nén dat
(dugc xéac dinh bang thwc nghiém); P, P, twong tng 1a luc
kéo, luc can di chuyén ctia may san dugc tinh toan theo [3];
P, 1a téng luc can cét dat dugc xéac dinh theo [4].

Mét dat trong qua trinh lam viéc ¢6 dang mdp mé ngau
nhién va duvgc xac dinh tir thyc nghiém (hinh 1). Can ¢t vao
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gia tri c6 duoc tir thic nghiém va dya vao phan mém
Matlab s& xay dung dwoc bién dang map md ngau nhién
clia mat duong thanh mot ham thay déi theo thoi gian. Bay
la di lieu dé giai hé phuwong trinh vi phan & phan sau.
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Hinh 1. M&p mb dang ngau nhién ctia mat duong

Chon hé truc toa do D& cac Oxyz c¢6 dinh gan véi mat
dat, goc toa do trung véi vi tri ban dau cda trong tam may
san, truc Oz theo phuong thdng ding, truc Ox theo
phuong doc than may va truc Oy theo phuong vudng goc
v@i than may. Chon hé toa dé suy rong nhu sau: g, = X, la
dich chuyén cla trong tm may san theo phuong Ox; g, =
Z, la dich chuyén cla trong tdm than may theo phuong
thdng ding; q; = a, la goéc Iac cha than may trong mat
phang (xOz); q, = B, 1a géc lac ctia cAu sau trong mat phang
(yOz); s = B, 1a gbc lac clia cau trwde trong mat phang
(yOz); g¢ = P xac dinh vi tri cha lwGi san so voi than may.

=

Hinh 2. M6 hinh dao dong cllaméy san trong khdng gian

Voi gia thiét may san dao déng quanh vi tri can bang
tinh trong qué trinh lam viéc, cac géc lac ngang va lac doc
cla than may rat nhé coi gan ddng: sina = a, cosa = 1, sinf
= 3, cosB = 1. Goi lo; la khodng céach tir trong tdm clia m,
dén khép cau O, tinh theo phuong truc x. Khi dé co hé co
mot s6 phuwong trinh lién két nhw sau

2, =0, +lo.0; —hy; 2, =0, — 1.0, —hy

bS
Oy =0y =0, +1,5.05 =y, +E-q4;

bS
y -q4

51p :52;) :qz+|1o-q3_h10_ 2

b 1
5 s

O =0y —lye-05 =y +b—2‘.q5; Oy =0y =1y 03 =y —
Xo, =0 +logi Zo, =0 —los-03 —os
X, =0 +log —133€080s; 2, =0, —ly5.0; —13; SINQ,
X, =0 +log —13;€0805 — 155 2, =0, —lo5.05 — |55 SiNGs —
2.2. Thiét 1ap hé phuwong trinh vi phan chuyén déng ctia
may san trong qua trinh lam viéc
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Slir dung phuong trinh Lagrang loai Il dé 1ap phuong
trinh vi phan chuyén dong cho hé. Phuong trinh Lagrang
loai Il viét theo cac toa do suy rong cé dang:

d(or or ol od

dl) R @

trong do, T la ham doéng nang cua hg; [] la ham thé
nang clia hé; ¢ la ham hao tan cla hg; g; la cac toa do suy
rong (i = 1, 2, 3....6); Qg la lvc suy rong cla cac luc khong
thé tac dung Ién co hé. Sau khi tinh toan thu duwgc cac két
gua nhu sau:

Bi€u thirc thé nang [] clia co hé bao gém thé nang cla
trong luc tac dung Ién cac khau va thé nang cla luc dan
hoi, chon g6c thé nang tai méat dat ta co:

TT=my.0.0p +My.0(0 + 9.0 —hig) +My.0.(C .05 — i)

+M;3.9.(0f, —log.05 — |33 SiNd)

+(Ctd1+ctd2)|:(q2 oG~y )’ +(b—25-Q4)2} 3)

b 13, .5in g
*Ctas {(QZ oG~} +(E-q5)2:|+ctd4 +(% ?
5 Oy

Bi€u thirc dong nang clia co hé nhu sau:

[EEN

o 1 .
T==(my+m+m, +m3)qf+5(mo + My + My, +Mg)d5

1 .
+E(J0y + My IEy +my 13 + My 185).05

N

1 .
+E(JOX +y + J3X)qi

1 . 1 .
+E‘]qué +Em3-|§3-Qé
+(My.hyg =My 1y —Mg.lo3)d, ds

m {erss-sm%-% —QZ-|33-QG-COS%}

3 .
+log133-03.Gg-COSQs

Biéu thirc ham hao tan:

. . b, .
®=(bygy + btdz)|:(q2 +ho-G5)° + (?S-%)Z }
?.
. 2 (by . §
+Dyay (|34-q6-003q6) + 7-q4

Lwc suy rong twong (’ng véi c&c toa dd suy rong duoc
tinh nhu sau: Céc lwc khéng thé tac dung Ién co hé bao gdm
luc kéo Py, luc can di chuyén P: va luc can dao dat P, thay d6i
theo thoi gian. Téng céng &o cla cac thanh phan lvc khéng
thé xét trong mot di chuyén kha di clia cac khau la:

SA = 4(P, -P,)dq,
-(Pa (010X + Pi (1).52y + P ().5%,, +Pp (1).62, ) - 2P, 5 (6)

+big3 {(qz - |20-qa)2 ‘F(bt qs)z} ®)

trong d6 Px(®):Fa(t) 1an luot 13 téng lwc can cit dat tac
dung Ién nla ludi san bén trai theo phwong nam ngang va
thang ding; py(t),pz () 1an luot la téng luc can cat dat tac
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dung Ién ntra lvGi san bén phai theo phuong nam ngang va
thang ding, p, P, P, 1an luot 1a luc kéo tiép tuyén tac dung
Ién cac banh xe chu dong, lwc can tac dung Ién banh trudc
va banh sau.

Sau khi tinh toén ta x&c dinh dugc lyc suy rong tvong
(*ng vGi cac toa do suy rong nhu sau:
Q =4(P —P.)—Px(t)—Py (t)-2P,

= (P& (£)+P5, (£)): Qs =[P (t) P (£) ] o
(

=—(Pa(t)-P ())E‘1 Qs =0 (7)

Q Pa (1) 15-sing, + (t).lss.sinq6
o _szt (t) l5;.cosqs — Ry, (t).|33.COSq6

Tinh toan cac thanh phan cta hé phwong trinh vi phan
(*ng vGi toa dé suy rong q;;

oT :
a=(m0 +m,+m, + m,;)q, + my.l,,.4,.5inq;
1
i(ﬂjz(m +m,+m, + m,)g, + m,.l,.g,.sinq
dt aql 0 1 2 3 1 373316 6 (8)

+m,.ly;.q%.cosq,
o _ o;a_n =0; — @ o
29, a9, o,
Tinh toan cac thanh phan cta hé phwong trinh vi phan
(*ng vGi toa dé suy rong q,:
6T

(m +m+m, +m )Q2 (ml'lm_mrlzo_ma'loa)-%
2

- ms-'sa-Qe -C0SQg

dfar .

a az =(m0+ml+m2+m) (ml |10 m,. 20 ma'loa)'qa
—m3.l33.q'6.cosq6 + m3'|33-Qé-Sinq6

or 9)

— =0

o,

ol

=(My + My +M, +M,).g +2(Cogy +Cyg, )0, +119-05 —yg)
2

+20id3 q2 20 3 hZO

oD .
aqT =2bg, + 02 (G, +139.85) + 20,50,

2

- Izo q3)

Tinh toan céc thanh phan cta hé phuwong trinh vi phan
(*ng vGi toa dé suy rong qz:
aT
ad,

2 2 2 \q
= (‘]Oy + ml‘llo + mz-'zo + ma-'oa)Qa

+(myly —m,.l, —mydy,)d,

+m;. Ioa Iaa-qe-cos%
d( o7 ..

( ] (‘]Oy + ml‘llzo + mz-lzzo + ma-léa)-%
0d,
(m1'|1o - mz-'zo - ma'loa)qz
+ ma'loa'laa-qe-cos% - ma'loa'laa-qé -Sin%

T, (10)
oq,
oIl
00,

9.1o3).0,
hyo )l

= (m1-g-|10 - mz-g-lzo —-m,

+ Z(le + sz)(Qz + |10'q3 -
- Zcma-(QZ - Izo-Qa - hzo)-lzo
oD . .
= Z(btdl + bmz)-(Qz + I1o-Q3)-I1o
0d,

- mea (QZ

IZO‘qa)‘IZO

Tinh toan cac thanh phan ctia hé phwong trinh vi phan
(*ng vGi toa dé suy rong q.;
aT
a4,

d( oT "
— = (Joy + Jiy + 3, ).
dt(anJ ( 0x 1x 3x)q4
-0
oq,
om
od,
o0

—
oq,

= (‘]Ox + ‘]1x + JSx)'qA

2
(Ctdl + CtdZ)'bs 'q4

N |-

(byy+ by, )bl g,

N | =

Tinh toan cac thanh phan ctia hé phwong trinh vi phan
(*ng vGi toa dé suy rong qs:
aT

W:‘]zqu;
5
d_ oT — 1,4
dtl ag, ) 7°
oT
=0; 12
2a. (12)
oIl 1
aq =5Cm3~bzz~q5
5
oD 1
a4 :Ebzda'b12~q5
5

Tinh toan cac thanh phan cta hé phwong trinh vi phan

(*ng vGi toa dé suy rong g

oT .

aq _mS 33'q6

6
L sing. — G L.
om, {ql ss-5iN s~ g cosqs}

+|03'|33'q3'cosq6

i ﬂ =m. |2 q
dt aqe 3733 16

by-l55-8inQg + 0.0 13;.c080
_qz .|33.COSq6 + qz -qe '|33 'Sinqe
+log-la;.G;.OS Qg
_loa'las-qa-qe-smqe

or _ m |:q1.|33.C08q6.q2 +0,.155.65.sinq,
=My

+m

aqﬁ _|03'|33'q3'q§'5inq6
oIl

E =-m;.g.l;;.cosq,
g

0,

Sau khi bién d6i thu dugc hé phrong trinh vi phan nhu
sau:
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(mo +m+m,+m, )Q1 +Mmy 'I33 'Sin% Gg+m, '|33 qé -C0sQ
= 4(PK 'PFs )'PJI (t)'P;p (t)'ZPFt

(mo +m+m,+m, )qz +(m1-|10 -m, ~Izo -m; ~|03)'q3

—M b5 .COSGg g +My g 0SNGl +2.(0141 b1, (6, +ioGs)
+2D,45.(8, ~ly 45 )+(My +m, +m, +m;).g

+2(Cogy+Crgp N0y g U3 =Ny )+2C 45.(0, L 03— )
=(P5.()+P5,(0)

(ml'llo —-m, -Izo —-m, -Ios )QZ Jr(‘]oy +m1.|fo +m, -|§0 +Mmy -Iés)-qs
+My s |a5.€05 Gls —My s Jsg . G SINGl

+Hm,.gl, —m,.g.l, —-m;.glg,).0;

+2(Cogy+Cia )0y +ho Qs —hyo ) Ly

—2C,q3. (0 ~ho U3 Ny ).Log +2(04g +Dygp ). (A, +hio G3) b
=20,45-(8, —10.G3)- Lo :I:Pél (t)+P§p (t):l-los

(14)

.1 .
oty +35,)-0s +E[(bm1+bmz )b2+by, b, -:I-Q4

1 B, )
+E[(Cm1+cmz )2 +C,q, b -:I-Q4 :'Z-(Pm (O)-Pg (t))

L1 .1
Jy-Us +Ebm3 ~b12 Us +Ecms ~b12 ;=0

m, 1,;.sing, .0, —m, -I33 .c0sq. 4, Jrms-los -I33 .€080lg. 8, +m, -|§3 g
+rT]S [qlqﬁ ‘|33 ‘Cosqﬁ +QZ ‘QE ‘|33‘Sinq6 _IOS‘ISS‘QS ‘qﬁ ‘Sinqﬁ]
_ma[eraycosmeE +0, |3 G2 Sing _|03‘|33‘q3‘QE‘Sinq6}
~M, Gls5.C0S0 +2C,4, 5, SING;.COST +2.bg, £, G5 .COS°
:'(P;t(t)-laa~5in%+P;p (t)-I:xa'Sin%'szt(t)Iaa 'Cosqﬁ_Pde (t)laa-cos%)
3. KET QUA GIAI HE PHUONG TRINH VI PHAN

Chuong trinh tinh toan, gidi hé phwong trinh vi phan
dva trén b cong cu Simulink trong phan mém Matlab. Két
qua khao sat o van toc di chuyén trung binh ¢, =0,4m/s,
chiéu sau cét trung binh h; = 0,12m thu dwoc chuyén vi,
van téc, gia téc cla ludi san dwéi dang do thi nhu sau:

- Chuyén vi cta luGi san trong qua trinh lam viéc g
(hinh 3):

xig*

(0 1 2 3 4 5 6 7 8 9 10 [s]

Hinh 3. D0 thi chuyén vi clia ludi san trong qua trinh lam viéc g, (rad)
- Van t6c cua ludi san trong quéa trinh lam viéc g, (hinh 4):
10
09
08
%m
—'06
,z 05
204
203
= 02
01
0

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

Hinh 4. D9 thj van téc cla ludi san trong qua trinh lam viée ¢ (rad/s)
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- Gia téc clia ludi san trong qué trinh lam viéc ¢, (hinh 5):

5

o o

Gia toc Iuai san [m/s2]

1 7 3 7 5 6 7 8 9 10 [s]

Hinh 5. B thi gia tdc clia ludi san trong qué trinh lam viée ¢, (rad/s?)

Phan tich két qua khao sat:

Tir hinh 3, 4, 5 chothay chuyén vi clia luvGi san trong qua
trinh 1am viéc (ng v&i van téc ¢, =0,4m/s va chiéu sau cat
trung binh h, = 0,12m la kha Ién. Biéu d6 lam cho van t6c,
gia toc cla ludi san cling thay dai lién tuc khéng 6n dinh vi
vay do phang cia mat duwong sau khi san la khéng tét. Can
cl vao thuc té d6, nhém tac gia sé hwéng toi viec khao sat
cac théng s6 dong luc hoc clia may nham dé xudt ché do
lam viéc hgp Iy d€ nang cao ndng suat va do phang clia bé
mat dudng sau khi san.

4. KET LUAN

Bai b&o da trinh bay nghién ctru xay dung dwgc md hinh
dao dong, hé phuong trinh vi phan bac 2 clia may san
trong qua trinh lam viéc. St dung céng cu Simulink trong
phan mém Matlab dé giai hé phwong trinh va thu dugc mot
s0 két qua nhu sau: Xac dinh dugc cac thong s6 chuyén vi,
van téc, gia téc clia cac khau va clia toan may.

Can ctr vao két qua trén sé huéng téi viéc khao sat cac
thong s6 dong lvc hoc clia may san trong qua trinh lam
viéc. Tir d6 dé xuat ché dod lam viéc hgp ly cia may nham
nang cao nang suat va dé phang clia mat duong sau qua
trinh san.
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