Nghién ciru khoa hoc cong nghé
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Tém tit: Piéu kién khai théc cé anh huong truc tiéﬁ dén dé ém diu cing nhu hiéu suadt
lam viée nguoi diéu khién mdy ciia may kéo néng nghiép. Pé danh gid anh hwong ciia cdc
diéu kién khai thac dén do ém diu ciia may, cac truong hop khai thac cua mdy nhu mdy
keo nong cu di chuyen va co cau cay duwgc phan tich va danh gia dya trén mo hinh dong
luc %2 may. Cac gia tri gia téc binh phwong trung binh theo phirong thang ditng cia ghé
ngoi nguoi diéu khién va goc ldc doc cabin dira vdo tiéu chudn quoc té (ISO) 2631 -1997
dwoe chon la cdc ham muc tiéu dé danh gia anh huong ciia cdc diéu kién khai thac dén dg
ém dju. Két qua nghién citu cho lhay rang, cdc dzeu kién khai thac anh hwéng rdt lon dén
dé ém diju, dac biét may di chuyén trén cdc mat nén khdc nhau trong truong hop 1.

Twr khéa: May nong nghiép; Piéu kién khai thac; M hinh dong luc hoc; B ém diu.
1. PAT VAN PE

Ngay nay, d6 ém diu cua cabin may néng kéo nong nghié€p 1a mot trong nhitng chi tiéu quan
trong danh gia chit luong san pham ciing nhu danh gia nang luc canh tranh cta cac hang may
nong nghi¢p. Cac nguodn dao dong cua may truyén 1én cabin | nguol diéu khién sinh ra trong qua
trinh hoat dong ctia may, diéu d6 din dén anh huong tryc tiép dén stc khoe va ning sudt ngudi
didu khién may. Mot nghién ctru thyc nghiém duoc tién hanh do va danh gia anh huong cua cac
diéu kién khai thac dén d6 ém diu cua may kéo _nodng nghi¢p sir dung cam bién gia toc do rung
dong 3 chiéu [2]. Cac dir liéu do dao dong truyén 1én ghé ngdi ngudi diéu khién c6 anh hudng
16n dén strc khoe ngudi diéu khién. Ket qua cling chi ra anh huéng cua rung dong toan than co
anh huong khong nho dén cac chi s6 co xwong va huyét ap cua ngudi didu khlen Mot nghién
ctru thue nghiém khac dugc tién hanh do va danh gia cac ngudn dao dong truyén dén nguoi didu
khién dudi cac diéu kién khac nhau [3]. Két qua nghién ciru chi ra ring ndng cu ¢6 anh huéng
16n dén d6 ém diu cua nguoi dleu khién. Anh hucmg ctia cac ché d6 khai thac cua may kéo nong
nghiép dén d6 ém diu dugc tién hanh do va danh gia cac két ‘qua thue nghiém dya vao tiéu chuin
ISO 2631-1(1997) vé danh gia anh huong ciia rung dong dén than nguoi [4]. Dé nang cao nang
cao d¢ ém diu cho cabin cling nhu may kéo nong nghiép, hé thong treo cua may va hé thong treo
cabin duoc thiét ké va lap dat trén may. Mot cai tién thiét ké hé thdng treo cau trudc bang hé
théng treo thily khi duoc dé xuét trong tai lidu nghién ctru [5, 6]. Hé thong treo diéu khién ban
chu dong cho cabin may keéo nong nghiép dugc dé xuét trong tai liéu nghién ctru [7, 8]. Cac két
qua mo phong hiéu qua cua hé thong treo diéu khién ban chu dong dugc kiém ching bang cac
két qua thuc nghiém. Cac phuong phap tdi wu hoa nhu t6i uu hoa nhu phuong phap t6i uu hoa
bay dan (PSO), thuat toan ong (BA) va chién lugc tién hoa (ES) lan lugt duge dugc ap dung dé
tim ra cac thong sb thiét ké t6i wu cho hé théng treo cabin may kéo ndng nghiép nham nang cao
d6 ém diu [9]. Tuy nhién, muc tiéu chinh cua bai bao nay, cic diéu kién khai thac cta may kéo
ndng nghiép nhu diéu kién mat nén di chuyén, van téc di chuyén trong trudng hop kéo ndng cu
di chuyén dén _nong trudng, va tai trong theo phuong thang dng cua cong cu khi lam viéc trén
nong truong lan lugt dugc phan tich. Cac gia tri gia téc binh phuwong trung binh theo phuong
thing ding cta ghé ngdi diéu khén va goc lic doc cabin duya vao tiéu chuin qudc t& 1SO2631 -
1997 [10] d4nh gi4 anh huéng cta chung dén d6 ém diu cia may.

2. MO HINH PONG LU'C HQC MAY KEO NONG NGHIEP
2.1. M6 hinh dong lwc hoc may nong nghiép

Dé phan tich va danh gia anh huong cta cac diéu kién khai thac dén d6 ém diu may kéo ndng
nghiép, mé hinh dong luc hoc dau kéo, mooc kéo va néng cu dugce thé hién trén hinh 1.
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I3

(a) Pau kéo (b) Cong cu cay va nong cu

Hinh 1. M6 hinh dao dong cua may kéo néng nghiép.

Giai thich cac ky hiéu trén hinh 1: ms, Me, Mp, Mr, VA My, 1am luot 13 khéi lugng ciia ghé ngdi
ngudi diéu khién, khoi luong cabin, khoi lugng cau trude va khoi luong mooc kéo; ks, Kei, Kr, Kii,
Km Va Cs, Cci, Cf, Cti, Cm 12 d0 ctrng va h¢ so can hé thong treo cta ghé ngoi nguoi diéu khién, hé
thong treo cabin cabin, hé thong treo cau xe trude, cac 10p xe va 10p xe modc kéo; zs, Zc, Zn, Z1 Va
Zm lan luot 1a chuyén vi theo phuong dung ctia ghé ngoi nguoi diéu khién, cabin, cua than xe, cau
xe trudc va modc kéo; @b, ¢c Va @m lan luot 1a géc lac doc cua than xe, cabin va modc kéo; Jp, Jc
va Jn lan lugt 1a m6 men quan tinh khéi lugng than xe, cabin va modc kéo; a, b va 1 1a cac
khoang cach; qu, Qw, Ois 1a cac map mo mat duong tai cac banh xe (i=1+2).

2.2. Thiét 1ap phwong trinh ddng luc hoc

DPé mo ta dong luc hoc cua dau kéo (hinh 1a) ciing nhu viéc nghién ctru anh hudng cua cac
diéu kién khai thac t6i do ém diu, hé phuong trinh vi phan cta dau kéo duoc xay dung trén co sé
ket hop phuong phap nhicu vat va nguyén ly D'Alembert nhu sau:
mS'Z.S = _[kS (ZS - ZCS) + CS (Z.S - Z’CS)]
mL'ZC' = [kS (ZS - ZCS) + CS (Z-S - Z.L'S )]

_[kcl (ch - Zchl ) + Ccl (ZL'I - Z.chl )] + [kc'Z (ZL'Z - Zcb2) + CL'2 (ZL'Z - Z.ch2 )]

JC{I‘)L‘ = [kcl (ch - Zchl ) + Ccl (Z‘cl - Z.chl )]'lcl

+[ks (Zs - ch) + cx (Zs - Z‘cs )]lv - [kCZ (ZCZ - ZcbZ) + CcZ (ZCZ - Z‘chZ )]'162

m,z, = [kcl (ch - Zcbl) TCy (ch - icbl )]+ [kcz (Zcz - Zcb2) ) (Zcz - ZcbZ )]
—lk, (2, —z) + ¢, (G, = 2)1= 1K, (2, —4,,) +¢, (2, =G,

S, = [kf (2, =2)+ Cs z,, —z))la—lk,(z,, —q,)+c,&, =4q,))b
+[kc2 (Zcz - ZcbZ) ) (ZL~2 - Z.chZ )]'leZ N [kcl (ch 2 )+ Ca (ch - Z.chl )]'lhcl

mf.z.s = [kf (Z, =2)+ Cr &, —2)1- [ktl (2 = q,) ¢, —q,)]

1)

Véi cac chuyén vi twong ddi hinh hoc theo phuong dimg c6 lién hé véi trong tdm cua cabin
va than xe dugc xac dinh nhu sau:

ch = Zc + ls(pc ; Zc'l = Zc - lcl(pc ; ZCZ = Zc + lc'Z(pc ; Zbcl = Zb - lbcl(Pb
Ly T2, Ty, 5 2 =7, — A0, 5 2, =2, — b,

Truwong hop 1: May di chuyén c6 kéo theo néng cu.

)
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Trong truong hop nay dau kéo kéo theo noéng cu di chuyén trén mit nén nhu hinh 1, co hé
chiu kich thich tir cAc map md mat nén duong.
Luc kich thich theo phuong thang dtng tac dung 1én than nong cu dugc xac dinh boi:

Fm ka (Zml _q[3)+cm (Zml _qﬁ) (3)

Phuong trinh vi phan mé ta dong luc hoc cuia thdn may kéo duoc xac dinh boi:

2
myi,=> F,~F —F,~F,
b™b i]cz f 2 (4)
1,0, Fa F,b+F,l , -F ([, +1,)-Fl

cl bc]

Trong d9, Fe, Fr, Fr va Fm 1a lyc theo phuong thang dimg tic dung 1én cabin, than xe trudc,
sau va mooc keo.

Khi may di chuyén trén nhiéu loai mat nén khac nhau. Trong bai bao ndy, cac tac gia dya vao
tiéu chuén ISO 8068(1995)[11] vé cach phan loai cac mat duong (bang 1) d€ tién hanh xay dung
ham kich thich mat duong ngau nhién.

Bing 1. Cdc logi mdt dwong phdn logi theo tiéu chudn ISO 8068(1995) [11].

Cip A B C D E F G
Tinh trang mit dwong | Rat tot | Tot | Binh thuong | Xau | Ratxdu | To6i | Qua toi
Sq(no) 16 64 256 1024 | 4096 | 16384 | 65535

Ham mip mo mit duong ngau nhién dugc gia dinh 13 qua trinh ngiu nhién Gauss va n6 duogc
tao ra théng qua bién ngiu nhién Fourier nguoc:

i / neS, (n,)
q(t)=z f—qu cos(21‘cf t+(pl.) (5)

Trong do: Sq(No) 1a mat dg phd tai no (M3/chu ky); no 14 tan sb mau (chu ky/m); S¢(n) la mat do
phd chiéu cao cia map mo mit dudong (m¥chu ky); v 1a van toc di chuyen cua may kéo nong

nghép; fmid,i =1 +

Truong hop 2: May kéo nong nghiép cay tai cic néng truong.

Trong truong hop nay dau kéo chuyen dong trén mat ruong bién dang va phia sau lap cong cu
cac ludi cay cay trén mat ruong dan h01 Co hé chiu céc kich thich dao dong gdm c6 map md mat
rung va co cau cay. M4ip m6 mit nén rudng chon theo ti€u chuin ISO 8068(1995) loai E (loai
mit dudng rat xau). Theo tai liéu [1], so dd co cdu cay va cac luc tac dung ludi cay duogc thé hién
trén hinh 2. Trong d6, Fen 1a Iuc pha dat khi cay; F’c, 12 phan lyc cua dat tac dung 1én ludi cay;
Fe; 1a phan luc cua ludi cay theo phuong ding; Feula lyc can tao ra ranh dat tai miii cay; va Fps
1a lyc ma sat trén bé mit tiép xuc.

Hinh 2. So dé co cdu cay va cdc lie tac dung ludi cay.
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Phan Iyc thing dimg luc cho mot ludi cy cua co cdu cdy duoc xac dinh theo cong thic:
F, =FZ”tg(a+p) (6)

Trong d6: o 1a goc nghiéng cua ludi cay; p 1a goc ma sat giita dat voi ludi cay; Fen 12 Iuc can
tao ra ranh dat tai mii cay va né dugc xac dinh theo cong thuce (7).

E, =k,h @)

cl' ¢
Trong do6, kei 14 hé s6 can pha dét khi cay va he 1a chiéu sau cay.
Téng cac lyc tac dung 1én co cdu cay theo phuong thing dimg duoc xac dinh theo cong thic (8).

F, ZF -Gg (8)

Trong do: G la trong luong cua toan by co cdu cay; g la gia toc trong truong (g=9,8m/s?); n la
s6 luong ludi cay trong co cau cay.

Trong nghién ctru nay, yéu t6 phi tuyen hinh hoc ctia khung co cau cay theo phuorng doc dugc
b6 qua, thay khoang cach tir Foc dén vi tri modc kéo 1a Iz (hinh 2). Phuong trinh vi phan mé ta
dong luc hoc cua than may kéo dugc xac dinh boi.

2
mi =Y F —F —F,—F,
b~b pr ci f 2 z (9)
1o, =F,.a—F,b+F,l_ —F. —F.-F1,

cl™bel /o

3. CHI TIEU PANH GIA PQ EM DIU MAY KEO NONG NGHIEP

My kéo nong nghiép thuong xuyén hoat dong trén duong of-road va co ciu chap hanh hoat
dong trén mit nén bién dang. Dé danh gia d6 ém diu hoat dong ciia may, cac phuong phép ISO
2631; BS 6841; Cong suat hap thu trung binh va VDI 2057 duoc lya chon dé danh gia, Trong
nghlen clru ndy, cac tac gia sir dung ti€u chuan ISO 2631-1(1997)[11] vé danh gia anh hudng
dao dong dén con nguoi. Theo ti€u chudn nay tan s6 dao dong kich thich tir ngudn phat kich
thich dén cac vi tri khao sat nm trong khoang tir 0.5 dén 80 Hz. Gia tdc binh phwong trung binh
dugc xéac dinh theo cong thire (10) dé danh gia anh hudng diéu kién khai thac dén d6 ém diu.

1

a, = {%E[az (t)dt:l2 (10)

Trong dé: aw1a gia tdc binh phuong trung binh; a(t) 1a gia toc theo thoi gian (m/s?, rad/s?); T
la thoi gian khéo sat(s).
Diéu kién chu quan danh gia d6 ém diu 6 t6 theo gia tbc binh phuwong trung binh dua vao
bang 2 dudi day:
Bang 2. Bang danh gid chii quan dé ém diu 6 t6 theo 15O 2631-1 [10].
aw (m/s?) Cép ém diu aw (m/s?) | Cap ém diu aw (m/s?) | Cép ém diu
<0.315 Thoai mai 05+1.0 Kho chiu 1.25+25 | Ratkhoé chiu
0.315+0.63 | Mot chut khé chiu | 0.8 + 1.6 | Khong thodi mai >2 Cuc ky kho6 chiu

4. MO PHONG VA THAO LUAN

Pé danh gia anh hudng cua cac diéu kién khai thac khac nhau ciia may keéo nong nghiép dén
do €m diu, h¢ phuong trinh dao dong (1) duoc giai boi phan mém Matlab- Simulink vé&i bo 50
liu cua xe tham khao trong tai liéu [5]. Gia téc theo phuong thing dimg ghé ngdi nguoi didu
khién va goc lic doc cia cabin theo mién thoi khi may kéo noéng nghiép kéo ndng cu chuyén
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dong trén miat dudng ISO cap C véi van toc v = 35 km/h duge thé hién trén hinh 3 va hinh 4. Tur
cac két qua hinh 3 va hinh 4, ching ta xac dinh dugc gia tri gia téc binh phuong trung binh theo
thang dimg ctia ghé ngdi didu khién (awzs) va gié trj ctia gia toc goc lic doc cabin (awec) theo cong
thie (10), va né lan 1ot 13 awzs = 2.02 M/s? VA awge = 1.41 rad/s?. Vi cac két qua nay ching ta
dbi chiéu bang 2 vé& danh gia chu quan d¢ ém diu 6 t6 theo ISO 2631-1 thi khi may kéo lam viée
trong diéu kién nay nguoi didu khién cam thay rat khé chiu.
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Thoi gian(s)
Hinh 3. Gia téc theo phwong thang dimg ciia ghé ngoi nguoi diéu khién ¢ truong hop 1.
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Hinh 4. Gia toc géc lic doc cia cabin truong hop 1.

Gia téc theo phuong thang dimg ghé ngdi ngudi didu khién va goc lic doc ciia cabin theo
mién thoi khi may kéo nong nghiép cay trén ndng truong chuyén (dong trén mat duo‘ng ISO cép E
v6i van téc v = 5 km/h va lyc co cu cay F,c = 3000 N dugc thé hién trén hinh 5 va hinh 6. Tur
cac két qua hinh 5 va hinh 6, ching ta xac dinh duoc cic gia tri aws va woe, NO lan luot la
awzs = 1.7435 (M/s?), VA awge = 1.0270 (rad/s?). Véi cac két qua nay ching ta ddi chiéu bang 1 vé
danh gia chi quan d¢ ém diu 6 t6 theo ISO 2631-1 thi khi méay kéo lam viéc trong diéu kién nay
ngudi diéu khién cam thay rat kho chiu.

4.1. Anh huong ciia diéu ki¢n khai thac dén d9 ém diu ¢ truong hop 1

Dé danh gia anh huong cua dleu kién khai thac ciia may kéo ndng nghiép dén d6 ém diu trong
truong hop 1, cac map mé mit nén va van toc chuyén dong ciia may dugc chon dé phan tich va
danh gia.

Map mé mdt nén: nam diéu kién mat nén tir ISO cép A dén mat nén ISO cép E duoc chon dé
phan tich va danh gia khi may kéo kéo nong cu chuyén dong van téc v = 35 km/h. Céc gia trj gia
tOC awzs VA Awge V01 nam diéu kién mit nén khac nhau dugc thé hién trén hinh 7. Tur két qua hinh
7, chc gia tri gia tdc aws VA awge 1an luot tang rit nhanh khi dleu mat nén chuyen dong bién x4u,
diéu d6 c6 nghia la d6 ém diu chuyen dong ciia may bién x4u rat nhanh khi dleu kién mat duong
bién xau. Cu thé, cic gia tri gia toc Awzs Va awge VO diéu kién mit nén ISO cap E lan lugt ting
181.04% va 181.12% so voi mat nén ISO cap D.
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zs

Gia toc a_ (m.s?)

% 5 10 15 20

Thoi gian(s)
Hinh 5. Gia toc theo phwong thang dirng ciia ghé ngoi nguoi diéu ¢ truong hop 2.
1 : ‘ ‘

N
T
1

Gia toc goc a¢c(rad.s'2)
o

2 d
A 5 10 15 20
Thoi gian(s)
Hinh 6. Gia toc goc lac doc cabin ¢ truong hop 2.
I WZS/(m S )

6r I wphlc/(rads ) 7

Cap A Cap B CapC Cap D Cap E
Dieu kien mat nen

Hinh 7. Cdc gid tri gia t6c awssVA wge vOi ndm diéu kién mat nén khdc nhau.

Van téc chuyén dong: nam diéu kién van t(‘)cqv =[1520 2530 55] km/h’ duogc chon dé phan
tich va danh gia khi may kéo kéo ndng cu chuyén dong trén mat nén ISO cap C. Cac gia tri gia
toC awzs Va Bwge v6i ndm diéu kién van toc khac nhau dugc thé hién trén hinh 8. Tur két qué hinh 8,
cac gia tri gia toc aws VA awge 1an luot ting khi dleu kién van toc chuyén dong tang, didu do c6
nghia la ¢ ém diu chuyen dong cia may bién xu. Cu thé, cac gia tri gia tOC awzs VA Awge VO didu
kién v = 35 km/h 1an luot ting 181.04% va 181.12% so véi van toc v = 30 km/h.

2.5 T T T
Iawzcl(m J )
Iawphicl(rad.s )

2

15 20 25 30 35
Dieu kien van toc/(km/h)

Hinh 8. Cdc gid tri gia 16¢ Qs VA Aywge VOI nam diéu kién van toc khac nhau.
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4.2. Anh hwéng cia diéu kién cay trén néng truomg dén d6 ém diu & truong hop 2

Dé danh gia anh huong cua diéu kién cay trén ndng truong dén @6 ém diu ¢ truong hop 2,
nim diéu kién phan luc thing ding cua co cdu cay Fe; = [1500 2000 2500 3000 3500] N duoc
chon de phan tich va danh gia khi may keo chuyen dong trén nbng truong mat nén ISO cap E voi
van téc chuyén v = 5 km/h. Cac gia tri gia t&C awzs VA Awge VOI ndm diéu kién phan lyc thang ding
khac nhau cta co cdu cay duoc thé hién trén hinh 9.

2

;
IaWZS/(m s )

15 | B S 2

0.5

1500 2000 2500 3000 3500
Tai cua co cau cay thay doi/N

Hinh 8. Cdc gid tri gia t6¢ Guw:sVA wge vGi ndm phdn lyc thang dirng ciia co cdu cay khac nhau.
Tir két qua hinh 9, cac gia tri gia toc awzs VA awge 1an lugt ting khi diéu kién phan luc théng
dung tang cham, didu d6 c6 nghia 1a d6 ém diu chuyén dong cua may bién xau dan dan. Cy thé,
cac gid tri gia tdc awsVa awge VOI diéu kién F = 3500 N lan luot tang rat nho 2.0% va 1,1 % so voi
F = 1500 N. Tuy nhién, d6i vi bai bao nay cac tac gia chua d& cip sdu t6i qua trinh thay dbi cua
cac goc ma sat, goc nghiéng cua ludi cay va co tinh cua dat cay.

5. KET LUAN

Trong nghién ctru ndy, mft mo hinh dong luc hoc > mdy kéo nong nghiép gdm dau kéo, nong
cu va co cau cay dugc thiét 1ap dé phan tich va danh gia cac diéu kién khai thac khac nhau dén
do ém diu. Mot s6 két luan duoc rat ra tir cac két qua nghién ctru: (i) Cac gia tri awss = 2.02 m/s?,
Va awge =1.41 rad/s? khi may kéo nong cu chuyén dong trén mit dudong C véi van toc v = 35 km/h.
D6i chiéu tiéu chuan ISO 2631-1thi khi may kéo nong nghiép lam viéc trong diéu kién nay nguoi
dleu khién cam thiy rat kho chiu; (i) Cac gia tri awss VA awee déu ting khi didu kién mat nén bién
x4u va van toc chuyén dong cua may kéo kéo ndng cu tang; va (iii) Cac gia tri aws va awoe didu

tang khi chiéu sau cay, hé sé can pha dat va goc ma sat ludi cdy tang. Ngoai ra, cac két qua
nghién ctru 13 co s 1y thuyét cho viéc tdi wu thiét ké hé thong treo ghé ngdi nguoi diéu kién,
cabin va may kéo theo hudng nang cao dd ém diu hoat dong ciia may kéo nong nghiép.
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ABSTRACT

STUDY ON THE EFFECTS OF AGRICULTURAL TRACTOR OPERATION CONDITIONS
ON RIDE COMFORT

The operating conditions have a direct effect on ride comfort as well as the
performance of agricultural tractor driver. In order to evaluate the effect of the operating
conditions on vehicle ride comfort, vehicle operating conditions cases such as an
implement tractor and plow are analyzed and evaluated based on a half -vehicle dynamic
model of an agricultural tractor. The values of the root mean square (r.m.s) accelerations
of the vertical driver and pitch cab based on the international standard (ISO) 2631 -1997
are chosen as objective functions to evaluate the effects of vehicle operating conditions on
ride comfort. The study results show that the operating conditions greatly affect on vehicle
ride comfort, especially vehicle moves different ground conditions at case 1.

Keywords: Agricultural tractor; Operating conditions; Dynamic model; Ride comfort.
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