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PHAN TiCH DAO DONG VA GIAI PHAP GIAM SAI SO DO SAU
THU HOACH CUA LIEN HIEP MAY THU HOACH HANH TiM
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TOMTAT

Bai bdo nghién cu vé lién hiép may thu hoach hanh tim, xdy dung md hinh dao ddng va md phong hé thong lam viéc trén dia hinh dat mém, ddc biét phu
hop véi diéu kién canh tac tai viing Dong bang song Cliu Long. Lién hiép may gom ba thanh phan chinh: médy kéo (m), méy thu hoach (ms), va mii thu hoach
(m3). M hinh 17 béac tu do dugc phét trién nhdm miéu ta cac chuyén dong ctia lién hiép méy. Két qua md phdng trong cau hinh ban dau cho thdy mdi thu hoach
chiu luc kich thich [én dén £200N, gay ra dao dong do sau dén +10mm va sai s6 vi tri gilfa cac thanh phan Ién dén £10mm. Cac dao ddng nay cd anh hudng ldn
dén do chinh xac thu hoach va lam tang nguy co tdn that san pham. Sau khi t6i uu, hé théng cho thdy déc tinh giam chan duoc cai thién va sai s dugc gidm rd
rét. DO sau thu hoach dao ddng 6n dinh trong khoang 1 mm va sai s6 6n dinh & mtc xap xi 2mm. Nghién cttu khang dinh céch tiép can md hinh dao ddng nhiéu
bac tu do la can thiét dé danh gid va cdi tién hiéu sudt lam viéc cia may nong nghiép trén mét rudng map mo. Cau hinh t6i uu mang lai sy cai thién vé do chinh
xac thu hoach va do 6n dinh hé théng, mé ra phuong phap thiét ké t6i tu cho may nong nghiép.

Tirkhéa: Mdy thu hoach hanh tim, mdi thu hoach, phdn tich dao déng, mé hinh Bekker, tdi uu hda.

ABSTRACT

This study focuses on the dynamic analysis of an integrated shallot harvesting machine system by developing a vibration model and simulating its operation
on soft soil terrain, particularly suited to agricultural conditions in the Mekong Delta region of Vietnam. The harvesting system consists of three primary
components: a tractor (m,), a harvesting unit (m,), and a harvesting tip (m;). A 17-degree-of-freedom (DOF) model was developed to describe the motion
behavior of the integrated system. Simulation results under the initial configuration reveal that the harvesting tip experiences the highest excitation force,
reaching up to +200N, leading to depth oscillations of up to £10mm and relative positional errors between system components of up to £10mm. These
oscillations significantly affect harvesting accuracy and increase the risk of crop loss. After optimization, the system demonstrates improved damping behavior
and a notable reduction in vibration-induced errors. The harvesting depth stabilizes within a fluctuation range of +1mm, and the steady-state depth error is
approximately 2mm. This research confirms that adopting a multi-degree-of-freedom dynamic modeling approach is essential for evaluating and enhancing
the operational performance of agricultural machinery operating on uneven terrain. The optimized configuration yields clear improvements in harvesting
precision and system stability, providing a foundation for optimal design methodologies in agricultural machinery.

Keywords: Shallot harvester, harvesting tip, vibration analysis, Bekker model, optimization.
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1. GIGI THIEU

Co gidi hoa ndbng nghiép ngay cang trd nén cap thiét
dé dap Uing nhu cau vé nang suat, gidm chi phi lao déng
va céi thién chat lugng san pham [1, 2]. Pong bang séng
Cliu Long (BBSCL) la nai c6 dién tich trong rau qua I6n
nhat ca nudc, tuy nhién viéc iing dung ca gidi hda van con
han ché [3, 4]. Trong d6, hanh tim la loai rau ct lam gia vi
dugc ua ich trong nudc va ca qudc té, co gia tri kinh té rat
cao nhung viéc thu hoach hién nay van cha yéu bang
phuong phap tha céng. Diéu nay dan dén nang suat
khéng én dinh, tén that sau thu hoach I6n va chi phi san
Xuat tang cao.

Viéc phat trién mot hé théng lién hiép may kéo - may
thu hoach déng vai tro quan trong trong viéc tu dong héda
quy trinh thu hoach [5-7]. Tuy nhién, dac thu cta dat
lubng mém, bé mat khédng bang phéng va luc tac dong
tur banh xe lam phat sinh dao dong co hoc truyén qua
khung may, anh huéng truc ti€p dén dé sau cat thu
hoach, day la mét chi sé quan trong quyét dinh nang suat
va dé tén that ci hanh.

Cac cong trinh nghién cdu trudc da chi ra rang dao
dong trong hé thong may thu hoach c6 kha néang gay ra
sai s6 vi tri va hudng cat dang ké [7]. D€ nghién clu vé
dao dong cua lién hiép may (LHM) can mo hinh héa va
md phdng déng luc hoc dé phan tich [8]. Hién nay c6
nhiéu nghién ctu vé phan tich déng luc hoc ctia may
ndéng nghiép, tuy nhién c6 rat it nghién ctu phan tich dao
dong cta mdy thu hoach hanh [9, 10].

Dé méd phdng chinh xac luc tdc dong gilla banh xe va
dat, mé hinh Bekker phi tuyén dugc sit dung phd bién
trong linh vuc co hoc dia chat [11]. Nghién ctu ciing cho
thay mo hinh nay giip mé phong tuong tac ma sat, luc
chim va dac tinh gidm chan ctia dat hiéu qua hon cac mo
hinh don gian trudc day.

Khong chi anh hudng dén co cau cat, dao déng con
gay ra cac van dé vé stic khde ngudi diéu khién [12]. Cac
hién tugng rung déng toan than tao ap luc lén cot séng,
dan dén mét mai va tén thuong dai han [13]. Diéu nay da
thic ddy cac nghién ctu tich hgp co cdu gidm chan ghé
va hé treo vao may thu hoach.

Mot s6 nghién ctu khéc cling chi ra rdng nang suat va
chét lugng thu hoach phu thudc nhiéu vao dé 6n dinh
clia bo dao hanh [14, 15]. Nhiéu phuong phap da dugc ap
dung dé phan tich rung dong, trong dé néi bat la phan
tich phan t&r hitu han va mé phong sé [16, 171.

Trong boi canh dy, nghién clu nay thiét 1ap mét mo
hinh dao d6ng cta lién hiép may gobm 17 bac tu do (multi-
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DOF), bao gém cac chuyén déng tinh tién va quay cda
may kéo, may thu hoach, ca cau thu hoach, cling su tuang
tac gitta banh xe va mat dat théng qua mé hinh Bekker
phi tuyén. Cac kich thich dau vao cia mé hinh la dao
dong thuc té tu dia hinh ruéng mém.

Muc tiéu cdia nghién ctiu la phan tich luc kich thich tac
dong l1én mbi thanh phan trong hé théng, danh gia sai s6
vi tri tuang doi gilta mdy kéo, mdy thu hoach, do ludng
dao déng d6 sau thu hoach so véi d6 sau mong muén.
Bén canh dé, nghién cliu dua ra gidi phap dé thiét ké hé
th6ng gidm chéan t6i uu ap dung cac thuat toan mo
phdng hién dai, nham nang cao 6n dinh mai thu hoach
trong qua trinh van hanh.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Lién hiép may thu hoach hanh tim

Nhu cau ctia san xuat hanh tim & viing BBSCL da thac
ddy nghién ctiu thiét ké ché tao lién hiép may thu hoach
hanh tim (LHMTHHT). Céng trinh nghién ctu khoa hoc
cap nha nudc véi ma s6 KHCN-TNB.DT/14-19/C29 da ché
tao ra mau va thr nghiém thyc té. May dugc dan dong tu
may kéo ca s KOBUTA L4508VN vdéi trang thai hoat déng
8n dinh, budc dau danh gia dugc tinh phu hgp cla thiét
ké vgi dong rudng trong hanh & viung mién Tay Nam Bo.
LHMTHHT dugc ché tao va dua vao st dung nhu hinh 1.

——
sl Y

i P | aond
Hinh 1. Mau mdy da dugc thiét ké ché tao thi nghiém
Cac thong sé ctia LHM trich dan tur ch nhiém dé tai va
nhém thuc hién duogc trinh bay trong bang 1[10, 18].

Bang 1. Thdng s6 co ban clia lién hgp may

T Tham s¢ Gia tri

2 | Chiéurdng chi tiét tiép xtic hanh 897,6cm

3 Khodng cach giiia cac rang xdc hanh 3,2mm

4 | Chiéurdng bang truyén dong van chuyén 45cm

5 | S6lugng gau tai van chuyén 16

6 | Kich thu6c gau tai (27x1,5%0,7)cm
7 | Kich thudc sang dat (85 95)cm
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2.2. M6 hinh héa LHM

Lién hiép mdy thu hoach hanh tim dugc moé hinh héa
thanh mét hé co hoc hén hgp gém moé hinh may kéo, mo
hinh may thu hoach hanh, mé hinh khép néi, mé hinh co
cau thu hoach va mé hinh cac banh xe. Bai bao nay xay
dung hé phuang trinh 17 bac tu do chuyén déng cla
LHM. Luc kich thich tir mat ruéng cé tinh dén cac yéu té
phi tuyén nhu dac tinh lun ctia dat ruéng va tuang tac
gita banh xe v&i mat dat theo mé hinh Bekker. Sa d6 mo
hinh héa lién hiép may thu hoach hanh tim mo ta trén
hinh 2.

Harvester

soil hardness according
to Becker model

Hinh 2. M6 hinh héa LHMTHHT

Céac bac tu do clia hé:

Harvesting Blade

- May kéo: 4 bac tu do xi, i, @1, 61 (dich chuyén theo
phuong z, x, géc lac doc, goc lac ngang)

- May thu hoach hanh: 4 bac tu do x,, z,, ¢, 6, (dich
chuyén theo phuong x, z, gc lac doc, goc ldc ngang)

- Lugi thu hoach: 1 bac tu do z3 (dich chuyén theo
phuong z)

- Banh xe: 8 bac tu do (quay quanh truc)

- Cac luc tac dung lén hé:

- Luc tir mat ruéng l1én 4 banh xe may kéo: g1, g2, g3, g4

- Luc tu mdt ruéng lén 4 banh xe mdy thu hoach: gs, ge,
g7, s

- Luc tur mat ruéng [én mai thu hoach: qs

- Luc lién két khép néi: gio
2.3, Xay dung phuong trinh dong luc hoc.

2.3.1. Phuong trinh chuyén déng cia mdy kéo

Goi céc bién trang thai cla may kéo: z; - dich chuyén
theo phuong z; x; - dich chuyén theo phuang x; @:: goc
lac doc (quanh trucy); 6; - géc lac ngang (quanh truc x).

Phuong trinh chuyén déng cta may kéo dugc xay
dung nhu sau:

miZy = qy +qz+ 43+ q4s — Mg — qro-, (M

Mmy¥; = —qo_x—q10-x (2)
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. 1 1 1 1
Ly =G5+ 5 G2

2 2 2 2 (3)
—q10-2(L1 — Likn) — Gro-xM1
.. by b, b, b,
I1—x91=CI2?+CI47_Q17_Q37 4)
Trong dé: I;_, - mé-men quan tinh cta may kéo
quanh truc y; I;_, - mé-men qudn tinh clia may kéo
quanh truc x; Lkn: khodng cach tir khép néi dén phia trudce
may kéo.
2.3.2. Phuong trinh chuyén déng cia mdy thu hoach
Goi cac bién trang thai ciia may thu hoach: z, - dich
chuyén theo phuong z; x, - dich chuyén theo phuong x;
@2 - goéc lac doc (quanh truc y); 8; - géc ldc ngang (quanh
truc x).
Phuong trinh chuyén déng cho may thu hoach:

MyZ; = Qs + 46 + q7 + qg —Myg

+410-z — qo-2
My¥y; = qo_xt+q10-x (6)
. C2 2 2 2
Iz—y(P2=Q7?+QB?_QS?_%? 7
+q10-2(Lin2) — qo-z(Ly — Sty)
b, b, b
I,_0, = %7"‘ A8 ~qs~
8)
b,

—q7 ? - q9—ZSty
Trong dé: I,_,, - m6-men quan tinh ctia may thu hoach
quanhtrucy;I,_, - mé-men qudn tinh cla mdy thu hoach
quanh truc x; Lkn2 - khodng cach tir khép néi dén phia
truéc may thu hoach; sty, st, - toa dé co cau thu hoach.
2.3.3. Phuong trinh cho co cdu thu hoach

Goi z; 1a dich chuyén theo phuong z cla co cdu thu
hoach. Phuong trinh chuyén dong ctia ca cau thu hoach
nhu sau:

M3Zz = Qg—, — M3y 9)
2.3.4. Phuong trinh cho 8 bdnh xe
Cho banh thui (i =1, 2,..., 8), phuang trinh cho 8 banh

xe dugc viét téng quat nhu sau:

Ipx @i = Tpxqi (10)
Trong d6: I, - m6-men quan tinh clia banh xe; w; - gia

téc goc clia banh thiri; 1, - ban kinh banh xe.

2.4. Phuong trinh ctia cac luc kich thich

Luc ti mat ruong 1én banh xe: Theo moé hinh Bekker,
lyc qi (i=1, 2,.., 8) dugc thiét lap theo phuong trinh (11)
[191.
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n

ai=Ap=aik) an

Trong do6: A - dién tich ti€p xuc banh xe v6i mat dat;
z - d6 lun ctia banh xe; b - chiéu réong béanh xe; k,, n - cac
hang sé dac trung cho dat.
Luc tac dung lén lugi thu hoach:
Go—z = ko(hg.y(h) — z3 + 2,

12
+sty,. 0, — sty. @, 12)

Q9_x = Cq.V (13)
Trong d06: ke - d6 ciing ctia dat tai mai thu hoach;
Co - hé s6 can cula dat; hy - chiéu sau mat rudong (0,3m);
y(h) - d6 sau tuong d6i ctia mai thu hoach; v - van toc di
chuyén (5km/h).
Luc lién két khap néi:

G10-z = k10(Z2 — 21 — L1p1 + L393) (14)

G10-x = k10(xz — X1 — hy @1 + h303) (15)

Trong dé: kio - d6 ciing clia khép néi; Ly, Ls - khodng
cach tu trong tam dén khdp néi; hy, h; - chiéu cao trong
tam.

2.5. Cac théng sé cia mé hinh

- Khoi lugng may kéo m; = 1370kg khéng bao gom 4

banh xe.

- Khéi lugng may thu hoach hanh m, = 600kg da bao
gém 4 banh xe.

- Khéi lugng co cdu thu hoach hanh ms = 100kg l&p c6
dinh trén than May thu hoach hanh dé cdm mii thu
hoach hanh xu6ng dat giong nhu moét lugi cay.

- Khéi lugng moi banh myy, = 10kg. Cac banh xe quay
VGi van toc goc wy, Wy,..., ws tuang Uing.

- Khéi lugng khép n6i my = 30kg.

- Kich thuéc may kéo: Dai x rébng x cao (L; x By x Hi) =
2mx1,2mx1,6m

- Vét banh xe may kéo trudc/sau by x ¢;=1,2mx 1,4m

- Ban kinh banh xe may kéo trudc/sau rexi/roxaz =
0,3/0,5m

- Toa d6 trong tam may kéo (d6i xing trong mat
phang doc), cao hy = 0,9m

- Kich thuéc may thu hoach hanh: Dai x rong x cao
(L;xB2xHz)=1,6mx1,0mx1,4m

- V&t banh xe truéc/sau may thu hoach hanh b, x ¢; =
1,Tmx1,Tm

- Ban kinh banh xe may thu hoach hanh trugc/sau
Fox21/fox22 = 0,6/0,15m
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- Toa d6 trong tam may thu hoach hanh (d6i xing
trong mat phang doc), cao hy = 0,6m

-Toa d6 co cau thu hoach la st =b2/2, st, = c2/2

- Chiéu sau cdm xu6ng dat cta mai thu hoach la
he = he* y(h) ludn thay déi, trong d6 hq = 0,25m la chiéu
sau mat rudng, y(h) la d6 sau sé thay déi ca mi trong
qua trinh LHM lam viéc. Gia dinh ban dau tai thoi diém hé
bét dau khai hanh c6 y(h) = 0,1m dé h, c6 dinh tur dau va
sé thay d6i theo y(h). Gia dinh mai thu hoach ciing tuyét
déi, khéng bi bién dang.

- Kich thudc khép kéo: Dai x cao (L; x H3) =0,6m x 0,1m

- Toa d6 trong tam khdp kéo (d6i xing trong mat
phang doc), cao h; =0,6m

- May kéo va may thu hoach néi véi nhau bang khép
kéo la khdp xoay.

- Chiéu dai van hanh cta hé trén duong dat ruéng
Ly=30m

C6 xét dén cac luc kich dong tir mat dudng do cac kich
thich ctia 3 loai map mo bé mat dat gay nén gom:

- M3p md theo 1SO8608 loai D khac nhau trén méi
banh xe suét chiéu dai van hanh.

- Mdp mé hinh sin cao hy =0,12m & chiéu dai Ls = 8m

- Mdp mé hinh sin cao hy, =0,2m & chiéu dai Lo, = 15m

-Van t6c di chuyén doc cuc dai theo phuong x clia ca
hé v =5km/h.
3. KET QUA VA THAO LUAN
3.1. Dao dong do sau miii thu hoach

Excitation force
200 T T T T

\ T T \
z
)
5
&
! | : |

200 I I I

Time (s)
103 Fluctuation of the harvesting tip depth
T T T T T

T T
—— Actual depth
= = *Desired static depth

IS
15

Depth (m)
3

o

0 1 2 3 4 5 6 7 8 9 10
Time (s)
Position error between m1 and m2
T

Time (s)

Harvesting tip depth error
T T T

I I I 1
0 1 2 3 4 5 6 1/ 8 9 10
Time (s)

Hinh 3. Dao ddng do sau mii thu hoach
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No6i dung trong tam cla bai bao la phan tich dao déng
clia mi thu hoach. Mé hinh dao déng 17 bac ty do da
dugc xay dung va mo phéng trong khodng thai gian 10
gidy dé danh gia anh hudng cta kich thich dao déng tu
dia hinh ruéng lén cac thanh phan ctia LHMTHHT qua
ham ode45 cia Matblab [20]. K&t qua dugc thé hién qua
bén biéu d6 chinh nhu hinh 3.

Biéu d6 luc kich thich tac dong Ién cac phan ti: Luc tac
dong lén m; cé bién d6 dao dong I6n nhat (+200N), vugt
xa so Vi luc trén m; va m,. Mii thu hoach 1a phan tiép xtc
truc ti€p vaéi mat ruéng, do dé chiu luc dao déng nén
manh nhat. Su gia tang luc tai m; la hé qua tat yéu tu
tuong tac phi tuyén gira mai thu hoach va dat canh tac
mém, diéu nay da dugc mé ta bsi mo hinh Bekker va
Wong [21].

Bi€u dé dao déng do sau mai thu hoach: Do sau thuc té
dao d6ng cach d6 sau mong muén khoadng 25mm, bién do
ban dau Ién (25mm) sau d6 gidam vé khoang 6n dinh
(10mm). Dao d6ng dé sau ctia mai thu hoach quyét dinh
dén nang suat va chat lugng thu hoach. Néu dé sau khong
da sé dan dén hanh bi cét non, dap c. Néu qua sau sé dan
dén tang luc tac ddng lam hu hdng mii thu hoach.

Bi€u d6 sai 6 vi tri gilta m; va my: Bién d6 dao déng vi
tri gilta may kéo va may thu hoach 1a khoang +0,01m, 6n
dinh sau 2 gidy. Diéu nay phan édnh dung dac tinh dao
dong trong hé lién két dan héi va gidm chan gitra cac khéi.
Sai s6 nay tuy nhé nhung néu khéng dugc kiém soat sé
dan dén mat dong bo trong hé théng, dac biét vaéi d6 sau
mai thu hoach.

Bi€u do6 sai s6 do sau thu hoach: Sai s dao déng
quanh gia tri 25mm, gidm dan nhe sau thgi gian dau va
duy tri 6n dinh & muc 20mm. DU mé hinh cé tinh gidam
chan tét, van ton tai sai s6 thu hoach trung binh khoang
20mm, tuong duong vGi 50% chiéu dai ci hanh trong
thuc té. Diéu nay cho thdy can cai tién thiét ké dé giam sai
s6 do sau thu hoach.

3.2. M6 phong tdi uu dao déng d6 sau thu hoach

Tién hanh m6 phéng bang cach thay ddi thong sé
theo bang 2 dé tim ra b6 théng sé cho két qua 16i dé sau
thap nhat. Két qua dao déng dé sau mai thu hoach véi bo
thong s6 t6i uu dugc thé hién & hinh 4.

Bang 2. Thdng so khao sat tdi uu

Théng sé khao sat Gid tri khdo sat | Két qua téi uu
Khdi lugng may kéo m (kg) 1000-1200-1400 1400
Khai lugng mdy thu hoach m, (kg) | 400-500-600 600
Khai luong co cau thu hoach m; (kg) 60-80-100 100
Van tdc di chuyénV (km/h) 2-4-6-8 2
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Biéu db dd sau tai cau hinh téi wu

Thucté
Muc tiéu

0.031

0.03

0.029

(m)

0.028

au

w
<
Q

0.027

0.026

D6 sau mong muén
0.025 } i ; ; i i !
0 1 2 3 4 5 6 7 8 9 10
Thoi gian (s)
%1073 Biéu do 16i dd sau theo th&i gian

L3i 6 sau (m)
w

0 1 2 3 4 5 6 7 8 9 10
Thoi gian (s)

Hinh 4. Biéu d6 do sau va 16i dd sau thu hoach vdi bo théng s6 t6i uu

Dua trén két qua khao sat t6i uu, dd sau mai thu
hoach dao ddng quanh khoang 27mm. So vdi truéc khi
t8i uu, bién dé dao dong da giam dang ké. Dao dong da
dugc gidm chan t6t hon, khong con dao dong lan truyén
dai. V&i d6 sau mong muén la 0,025m thi 16i d6 sau
khoang -2mm. Gia tri nay la chap nhan dugc cho cac may
noéng nghiép ndi chung. Két qua nay cho thdy phuong
phap t6i uu da gidm dugc trén 80% sai s6 dao dong, dong
thaoi giup hé dat trang thai 6n dinh nhanh hon so véi mé
hinh ban dau.

4. KET LUAN

Trong nghién ctu nay, mét mé hinh dao dong ca hoc
17 bac tu do da dugc phat trién nham mé phéng va phan
tich anh hudng cta dao dong dén LHMTHHT. Hé thong
bao gém may kéo, may thu hoach va bo phan tiép xuc
truc tiép véi mat dat co vai tro quyét dinh d6 sau dao hanh
la mai thu hoach.

Cac két qua mo phéng tai cau hinh ban dau cho thay
mi thu hoach phai chiu luc dao dong 16n nhat trong hé
thong, véi bién d6 dao dong ban dau lén dén +200N va
sai sO do sau cat dao dong tur 10 - 20mm. Dao dong nay
[am gidm d6 chinh xac va d6 tin cay trong qua trinh thu
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hoach, dac biét d6i vai loai cay trong yéu cau dé sau dao
chinh xéac dé tranh ton that nhu hanh tim.

Sau khi t6i uu cac tham s6 khéi lugng céc thanh phan
cla hé va van téc di chuyén, mé hinh cho thay hiéu qua
rd rét. Dao dong do sau gidm manh, bién dé én dinh chi
con =1mm, trong khi sai s6 d6 sau trung binh 6n dinh
quanh —2mm. Mac du sai s6 tinh van tén tai, hé théng da
dat dugc dap ung dao dong diéu hoa, 8n dinh va phu hop
hon véi yéu cau thu hoach thuc té.

Nghién ctu nay khdng dinh rang viéc mé hinh hoa
dao dong vai day du cac bac ty do va mé phéng tuong
tac gitia banh xe va mat dat la can thiét dé danh gia hiéu
qua hoat dong clia may thu hoach. Bong thai, cau hinh
t6i uu giup cai thién dang ké dé chinh xac thu hoach,
giam sai s6 dao déng va nang cao chat lugng thu hoach.
Nhiing két qua dat dugc la co s& quan trong dé phat trién
cac giadi phap co gisgi héa phu hgp cho thu hoach hanh
tim tai cac vung canh tac dac thu nhu Béng bang soéng
Clu Long.
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