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TOM TAT

Hién nay, nhiéu quoc gia trén thé gici da thiét ké va phdt trién cdc loai mdy got vo ca rot siv
dung co ché nhiéu lwdi cdt bé tri theo cung tron, véi ndng sudt cao dé ddp iing nhu cdu thi truong.
Dé tai nay tdp trung vdo viéc phan tich quy dao di chuyén va luc tde dung ciia cum cdt chinh trong
mdy got vo ca rot cong nghiép. Trude khi tién hanh danh gid, quy trinh cdt ciia cum got sé dwgc mé
phong bang phwong trinh todn hoc, dwa trén cdc théng sé phan cieng nhuw kich thude chi tiét, thong
$6 ma sat gitta cac khop noi, vt lidu, tinh chdt vt ly cua vat liéu, bién dang cua cu ca rét va lyc
got vo. Tir d6, cdc yéu to quan trong anh hwong dén néng sudt got sé dwoe xdc dinh va diéu chinh
dé phix hop véi quy mé san xudt tai thi truong Viét Nam.

Tw khéa: Cum dao got vé; May got vé ca rot; Phwong trinh dao ddéng tat dan; Néng cao

nang sudt.
ABSTRACT

Currently, many countries worldwide have designed and developed carrot peeling machines
that use a multi-blade mechanism arranged in an arc, providing high productivity to meet market
demands. This study focuses on analyzing the motion trajectory and applied forces of the main
cutting assembly in industrial carrot peeling machines. Before evaluation, the peeling process of the
cutting assembly is simulated using mathematical equations, based on hardware parameters such
as component dimensions, friction parameters between joints, material type, physical properties of
the material, carrot shape profile, and peeling force. Key factors impacting peeling productivity are
then identified and adjusted to suit production scale requirements in the Vietnamese market.

Keywords: Peeling blade assembly,; Carrot peeling machine; Damped oscillation equation;

Productivity enhancement. &
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1. GIOI THIEU

Ca rbt hang nim duoc san xuat hon 37
triéu tin, dimg dau trong céac loai rau cu dugc
tiéu thy nhiéu nhit trén thé gidi [1]. May got
vo ca rot di gop phan ting ning sut trong linh
vuc san xuét thuc phém. Viéc nang cao nang
xudt nham giai quyét vin dé vé kinh té ludn
dugc cac nha phat trién dat 1én hang dau. Cac
dong may cong nghi¢p phuc vu cho quy trinh
ché bién thyc pham luén duogc cai tién trong
thoi gian gan day. D6i véi cac loai rau cii khac
nhau s€ c6 cac bg thong s6 hinh hoc tiéu chuin
khac nhau, boi 1& d6 viéc xac dinh dbi tugng
nghién ctu sé& gitp cho viéc tinh toan dugc
théng nhét va lién mach, ca rot 1a dbi tuong
tiéu biéu dé xem xét va tinh toan. Co ché got
vo duogc st dung 1a bién phap bao vé theo bién
dang hinh hoc cua ca rot. Hién nay, co cAu duge
stt dung rong rdi nhat voi cac wu diém: chat
lwong got vo cao, niang sudt 16n va khong can
cung cip nude trong qua trinh got. Cac dong
may str dung co ché nay c6 cong suit tir 3000
cu/gio, twong ung voi 3 + 4 ta/gio va phu hop
v6i moi loai ca rot c6 chiéu dai tdi thiéu 1a 160
mm, duong kinh 25 + 65 mm ti 1€ 18-20% hao
hut sau khi got [2].

Murc d6 hao hut trong san xuét chiu anh
huong boi nhiéu yéu t6, trong d6 bo phan cat
got dong vai trd quan trong trong van dé nay, tir
d6 can xdy dung phuong trinh toan hoc dé xem
xét su thay doi trong qué trinh chuyén dong cia
cum chi tiét nay dén ning suit san xuat. Thong
qua mot bai bao nghién ciru trude d6 [3] gdm
mot cum dao got vo vai hai 16 xo da dua ra mot
dd thi cua dao dong tat dan, nhan théy ra‘ing bai
toan dwa ra van chua théa man yéu cau thuc té
vé do dao dong va thoi gian tat dan téi han cua
cum dao got. Vi vay, voi muc ti€u xay dung
bai toan hoan thién hon, bai nghién ctru s¢ dua
ra bai toan gan sat voi thuc té hon ciing nhu

giai quyét twong ddi cac van dé con ton dong.
Bai toan duoc xay dung dya trén sy tuong tac
qua lai ctua hai cum dao duogc lién két thong
qua mot 10 xo chung, thong qua d6 xay dung
phuong trinh dao dong tit dan loai bo duoc
pham vi anh hudéng ctia ngudn ning lugng tich
trit trong qua trinh chuyén dong dé c6 thé dap
mg dugc nhu cau vé thoi gian va nang suat
mong mudn. Phuong trinh tap trung trong tim
vao xac dinh sy thay d6i vé goc theo thoi gian
di chuyén tir diém dau dén diém cubi cua ci ca
rot. Sau khi xdy dung duoc phuong trinh toan
hoc ¢6 thé tinh chinh s6 liéu thuc dé ting ning
suit cia may.

Sau khi ca rot di qua cum dao, cum dao
s& dao dong tit dan cho dén khi goc quay trg vé
vi tri can bang. Nhu bai nghién ctru [3] d3 trinh
bay dugc quy dao tit dan ctia cum dao theo thoi
gian nhung chua thé hién duoc trang thai dao
dirng chuyén dong. Bai bao nay dé xuat phuong
phap tim ra phwong trinh ning luong du bang
cach mod phong chuyén dong cua toan bd cum
dao.

2. XAY DUNG MO HINH TiNH TOAN

2.1. M ta chung nguyén ly cit

Frasg £

i L4 ma ¢dn bhing
& 1 Lk e cle

1 BE dum
F k. La =g feh chenih

Hinh 1. M6 hinh minh hoa cum dao

Nguyén 1y cép liéu duoc mé ta nhu sau:
ca rot s€ dugc cap li€u va di qua bang tai chir
V dén khau got v, trong khau got vo hai banh
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lan mdt trén mdt dudi dugc boc mot 16p vat
liéu mém va co tinh ma sat phu hop nham duy
tri lyc got trong subt qué trinh hoat dong. Tai
khau got vé cum dao (xem Hinh 1) s€ thyc hi¢n
chtrc ning ctia minh khi ca rdt tiép xuc véi cum
dao 1am cho con lan trén cum cét bi déy lén khi
nay ludi dao sé€ thyc hién tac vu cit bo 16p vo,
dong thoi ca rét ciing 1am cho cum dao mé rong
vé hai phia. Mau chdt quyét dinh ning suat got
mét cu ca rot duge quyét dinh dua trén thoi
gian 6n dinh cua cum dao tai vi tri tinh, khi nay
cac su tuong tac giira hai bén cum dao gan nhu
bang khong dé sin sang 1an got vo tiép theo.

Khi ca rét di ra khoi cum dao 1a lic né
bét dau thuc hién dao dong tat dan, bién do gbc
quay cta cum dao s& 13 16n nhat va n6 s& dao
dong dén khi vé vi tri cAn bang dé thuc hién lan
got tiép theo. Xem xét truong hop toan bo cum
dao duoc dat vudng goc v6i mat dat. Mdi mot
bén cum dao duoc bd tri theo hinh binh hanh
v6i ba khép dong va két ndi thong qua 10 xo
16n ¢ chinh gitta. Trong qué trinh tinh toan bo
qua khdi Iugng 16 xo vi khdi lugng twong ddi
nho, bén canh bai toan dé ra véi truong hop 1y
tudng cac luc can & cac khau thanh phan s& quy
vé thanh lyc can khong khi cho toan hé va toan
bd phan dao got s& 1a mot khdi ¢o trong luong
riéng.

Dua vao cac nghlen cuu tur bai bao [3]
két hop vé6i qua trinh do kiém véi cac gidng ca
rot théng dung [4], goc md rong mdi bén cum
dao khong qua 10 d6 di kém vé6i d6 1a nhu cau
san xuét trong nudc thudc 16p vira va nho trung
binh tr 1200-1500 cu/gid tuong du’O‘ng 2.4-3
gidy/cu [4] Thong qua muc tiéu san xuét cung
v6i cac yéu to dau vao dugc xéac dinh, phuong
trinh timg budc duoc xay dung va tinh toan dé
dam bao dugc quy dao chuyén dong ctua cum
dao theo thoi gian mong mudn. Két hop véi
diéu kién thuc va phuong trinh tinh toan s& gop

phan cai thién trang thiét bi phu hop véi diéu
kién mong mudn va dat duoc hiéu suit cao hon.

2.2. Biéu thirc dao dong tit dan

Badng 1. Gidi thich cac ky hiéu

Théng sb Ky hiéu | Pon vi
Go6c cum d}w S0 vOi 0 D6
phuong thang ding i
Van tdc goc ] Rad/s
Gia toc goc § Rad/s?
Do cliing cua lo xo 1 K, N/m
Do cling cua 10 xo 2 K, N/m
Do dai cua thanh 1 | m
K,hoéng cach vi tri 10 xo d m
bat véi thanh 1
Khéi lugng bd phan dao got M Kg
Gia tdc trong truong g m/s?
Hé s6 luc can khong khi B N.m.s/rad
Moment quén tinh I kg.m?

Theo mo6 hinh dong hoc (Hinh 2), khi
ca rot vira di qua toan by cum dao got, cum
dao dao dong vé vi tri cAn bang voi khong van
tbc dau va goc ban dau dong thoi san sinh mot
ngudn nang luong du tir Iyc do ca rét tac dung
1én h¢ tir @6 xuat hién luc bién doi theo thoi
gian. Pé c6 md hinh hoa bai toan co hoc nay
vé6i cac phan tich vé luc (Hinh 2) theo d6 hudng
giai quyét bai toan s& phan tach bai toan thanh
hai bai toan nho gém cum bén trai va cum bén
phai diém tach s& 1a tai duong tam 16 xo K.

Muc tiéu cia md hinh s€é dam bao tai
thoi gian mong muén, cum 1 va cum 2 déu &
vi trf cAn bang va dong thoi hai luc £ (t) va £(t)
s& bang nhau & tai thoi diém d6 thong cac dai
lugng tir Bang 1.
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6,()=0
6,(t) =0
fi (D) = f5(0)

0 i
—

2 x E
i

Hinh 2. So' do phan tich lic

Theo do, cum 1 s€ dugc mo ta (Hinh
3), chiéu duong ctia phuong trinh va huéng luc
va do 16n cia cac momen xoédn duogc xac dinh
trong so dd phan tich luc (Hinh 3).

Bubng thm

e
O £ —-":’?'."\..F._'
Ry

w
-

Hinh 3. So do phan tich luc cum 1

Ap dung dinh luat D’ Alembert trong
dong luc hoc tong quat trong [5]:

=3 Torque = —Teymdao — Tloxo — Tean + TH(t) .
& M.12.8=—M.g.sinf.1— K.d%sinBcos® —B.8 + f, (t)
& M.12.8+B.12.6+(Mgl+K.d?).6 =f,(t)

Diéu kién goc trong phuong trinh nhé
hon 10 d§ nén sin® ~ O va cosd ~ 1. Ap dung
cong thirc phuong trinh vi phan bac hai cho
ham géc:

AD+ BB +CO =1, (t) (1)

Trong do:
*A=MUI?
*B=B

+C=M.gl+K.d

Ap dung cong thirc giai phwong trinh vi
phan bac hai (1) dugc phuong trinh 6(t):

B(t) = Bye"(cos Bt — %sin Bt)

Tuong tu, cum 2 s& dugc mo ta (Hinh
4), chiéu duong ctia phuong trinh va huéng lyc,
nang lugng duge xac dinh trong so d6 phan tich
lyc Hinh 4 va Bang 2.

Hinh 4. So do phan tich luc cum 2

Badng 2. Nang luvong cua cum 2

Nang _Dang Tinh | Don vi
lwgng nang lwong ‘
A . 9 1
Ban dau Pdng nang —mv? J
\ A 1 2
Lo xo 1 The nang 5 Kixq J
. A x - 2
Loxo2 The nang 3 K,x, J
Trong lyc o mgl
he Thé nang (1-cos0) J
Can | Nangluong BO J
can
\ 1A Néng lugng
Toan h¢ tich trit £, (1) J
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Ap dung béo toan ning lugng cho cum 2.

%mv2 = %lelz + i K,x,2 + mgl — mglcos® + bvlsin® + f,(t)
= %mlzéz —§1<1c112(sine)2 = %szzz(sine)z + mgl(cos® — 1) — bI26sind = £, (1)

Ap dung Euler-Lagrange [6] c6 dang L
= T _ V
_ddL 9L _ of
dtdaq dq aq
oLy - 8=
99 dtaq
= Z_]; = —K,d, sinfcos® — b1?Bcos + K,d, sinfcosd + mglsind

of
indrei £ (t)

Diéu kién goc trong phuong trinh nho
hon 10 d0 nén sinf ~ 6 va cosd ~ 1.

Tu do:
ml28 + K;d; %0 + K,d,*0 + mgld + bI20 = f,(t)

Ap dung cong thirc phuong trinh vi
phén bac hai cho ham goc la:

AD+BO+C0="101) (2)

Trong do:

*A'=M.I?

*B'=B=b.I
«C'=Mgl=K.d2+K,d?

Do duogc tha tu do khong van toc dau tir
vi tri cao nhat cia hé va xac dinh mdc thoi gian
tai vi tri nay nén:

{e(o)'= 0 _ { C, =0,

6(0) =0 aCy +BC, =0
Cl = 80

=

Nhu vay, phuong trinh (2) c6 nghiém:

0, (t) = 05e“2 (cos Byt — %sin B2t) (3)

Phuong trinh cum 1 s€ la:

ml28 + b6 + (K, d,* +mgl)6 = £, ()
0, (t) = 0,e“*(cos Byt — BE sin 8;t)

Trong do:
- a - _i e p— b
L™ 24 2mp
C B (K1d; %+mgl) b
o — (2 _ BNz — _ 2
Bl \jA (ZA) \] ml2 (Z.mlz)

Thay vao phuong trinh (1) dé c6 duoc
phuong trinh f, theo thoi gian. Thye hién tuong
tu cum 1, phuong trinh cum 2 la:

ml28 + b0 + (K, d,® + K,d,? + mgl)o = £, (1)
Trong do:

0, (t) = 0pe“2t(cos Bt — sm B,t)
8, (1) = 8yaye%et (cos th — B_ sin 3, ) —0,e%2(B,sin Bt + a, cos B,t)
2
8,(1)=0,a,%e%" (cos Byt — Zsin th)
BZ
—0gea, 2 (B,cos Pyt + ay sin Pat)

—00,e%2t (cos Bt — %sin ﬁzt) —Goeazt(ﬁzzsin Bt + asf; cos ﬁzt)
2
Voéi:
B b
2.A 2.ml?

a o [C (B)Z_ (K1d1? +Kod,? +mgl) (b )2
27 4a 2A - ml? 2.ml?

Thay vao phuong trinh (2) dé co duoc
phuong trinh f, theo thoi glan Dé thoa man yéu
cau vé thoi gian hé s& can bang thi:

() = £()
) -0 =0 “)

Véi mot gid tri K| s& c6 nhiéu gié tri K,
thoa man phuong trinh (3), nhung khi nay s&
tdn tai mot ning luong du 1am cho hé van tiép
tuc dao dong dé dam bao viéc chi tdn tai mot
K, thoa man thi can xét thém yéu cau can bang
theo phuong trinh (4).
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ml262 + b1262 + (K, d,* + K,d,* + mgl)62

—(mI261 + b1201 + (K,d,2 + mg))01) = £, () — £,(0)

P ml?02 + b1262 + (K;d,* + K,d,? + mgl)p2
—(ml?01 + b1261 + (K;d;* + mgl)81) = 0

Bdng 3. Cdc théng so gid tri mdu

Ky hiéu Gia tri Pon vi
0, 8.86 do
m 1.6 kg
B 4 N.m.s/rad
g 9.81 m/s?
1 0.1 m
d 0.05 m
K, 170 N/m
K, 114.4 N/m

Tir cac thong s6 dugc dua ra trong bai
bao [3] két hop véi cac cong thirc nghién ciru
trong ndi dung trén da xay dung nén cac thong
sO gia tri mau theo Bang 3.

Ap dung cong thirc giai phwong trinh
vi phan bac hai cho cum 1 dugc phuong trinh
0,(t):

0, (t) = 8.86e%*(cos B;t — ?sin Bit)
1

Ap dung cong thirc giai phwong trinh vi
phan bac hai cho cum 2 véi thong s tir Bang 3
s€ dugc phuong trinh 0(t):

0, (t) = 8.86e"2(cos B,t — %Sin B,t)
2

i e

Hinh 5. 6 thi dao dong tat dan cum 1

O P e B

Hinh 6. Do thi dao dong tat dan cum 2

Hinh 7. D6 thi dao dong tdt dan f{1)

Hinh 8. P6 thi dao ddng tdt dan tong hop
3. KET QUA VA THAO LUAN

Quan sat dd thi dao dong cua cum
1 (Hinh 5) so véi dd thi dao dong cua cum 2
(Hinh 6) c6 su khac bi¢t vé tan s6 dao dong,
dugc thé hién r& hon trong (Hinh 8). Tai cum 1
c6 tan sb dao dong cao hon so voi cum 2, sy sai
1éch nay dén tir 1o xo K, trong cum 2.
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Tir d6 thi dao dong tong hop (Hinh
8) nhan thdy c6 su chénh léch goc quay giita
phuong trinh cum 10 x0 1 va 2 tai cung thoi
diém. Su chénh léch nay duoc thé hién bang
duong d6 thi mau d6 chinh 13 hiéu cua hai
phuong trinh (Hinh 7). Puong d6 thi nay ciing
thé hién nang lugng du khi téng hop hai cum 10
xo0. Diém xuét phat ciia duong dd thi do bat dau
tur vi tri 0 va dao dong tat dan phu thudc vao sy
chénh léch cua bién d0 cia cum 1 va cum 2.
Khi bién d6 dao dong cua duong do thi do nay
duogc thu hep thi qua trinh 6n dinh cta toan hé
s& dién ra nhanh hon va chinh x4c hon.

Xét dén su thay ddi cia cum 1 va cum
2 (Hinh 8), diém bat dau cia duong d6 thi hai
cum dao ndy & vi tri 8,86 d6 13 vi tri mo rong toi
da cua cum dao, déng thoi cling chinh 1a vi tri
ca 1ot co dudng kinh 16n nhat va di ra khoi cum
dao s liéu. Nhan thay, sau 3 gidy dau thi goc
quay cum 10 xo 1, 2 va duong chénh léch déu
tiém can 0, didu d6 dong nghia véi viéc ca hai
cum 16 xo0 s& nam & vi tri can bang sau 3 gidy
dau dao dong.

So sanh chuyén dong cua cum dao 1 va
2 (Hinh 8), ca hai cum dao xuat phat ciing bién
d6 goc ban dau nhung cac chuyén dong theo
thoi gian lai ¢6 sy chénh 1€ch tuong ddi, cum 2
s& c6 xu hudng vé nhanh hon do ¢6 nhiéu hon 1
10 xo K. Lo xo0 nay ‘g()p phan lam ‘Ehu hep bién
do dao dong trén do thi cum 2, dong thoi luc
dan hoi tir 10 xo ndy ciing di 1am cho dao dong
ctia cum 2 vé vi tri can béng nhanh hon.

Tir danh gia trén c6 thé nang cao ning
suat may got vo sau khi biét duoc thoi diém ca
hai cum tit dao dong bang céch tinh toan, tinh
chlnh hop 1y thot g1an glan cach giira hai lan
cip cl qua vao may dé toi wu hoa cong sudt lam
vi¢c cua may.

4. KET LUAN

Bai bao thiét lap va mo phong lai goc di
chuyén cua toan b cum got vo theo thoi gian,
kiém soat duogc thoi gian dao dong cua ca cum
dao. Céc dai luong c6 thé duoc diéu chinh sao
cho phul hop véi quy mé san xuat yéu cau. Hon
thé nira, bai toan da két hop duoc hai cum dao
thong qua lyuc tdc dong cua 10 xo K.

Cung véi d6 1a sy diéu chinh cua 10 xo
K Bai nghién ctru nay la mot trong nhiing cai
tlen trong qua trinh tinh ton gan sat véi diéu
kién thuc té, mé phong quy dao di chuyén cua
cum dao cit bang phan mém Matlab - Simulink
for student [7]. Tir d6 hiéu sdu hon sy anh
huong cac thong sé dén viée nang cao hiéu qua
trong may got vo ca rdt.

Song bai nghién ctru con nhimg diém
can cai tién vé cac diéu kién chuan so véi thuc
té, két qua nhan duoc hién tai déu dua trén cac
diéu kién 1y tuong véi cac bién dang don gian
hon so v61 cum dao dang dugc dé cap va xem
xét. Ngoai ra, bai nghién clru chi xoay quanh
phuong trinh toan hoc chwa c6 cac kiém nghiém
thuc té va bd phan cit got hién dang xem xét 1a
mot chat diém, chua c6 cac khao sat di siu vao
cac lyc can va diém dat luc cu thé. Cung voi do,
bai bao da dua ra phuong 4n nang cao hi¢u qua
clia may got vo va dong thoi tao diéu kién cai
tién cho cac nghién ctru sau nay.

Loi cam on:
Chung t61 xin cam on Truong Pai hoc
Bach khoa, PHQG-HCM di ho trg cho nghién

clru nay. <
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