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The corn trunk chopper machine plays an important role in the processing of by-
products after the harvest to take economic advantage and ensure the safety and
adequate food reserved for the whole year, especially in the winter and rainy
season in the northern provinces of Vietnam. The main working part of the
chopper is the slicing unit using a chopping cutter with the working parameters
including the cutting drum radius rt, the length of cutting blade Lcg, the angle of
the cutting blade «, the cutting-edge profile. This study determines the optimal
parameters of the chopping cutter improve productivity. Besides, the study also
opens up the possibility of application in manufacturing other types of cutting
knives for agricultural products such as cassava, banana, elephant grass...
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Thong tin bai viét Tom tat

May bam than ngdé déng vai trd quan trong trong viéc ché bién phu pham sau

Ngay nhgn bai:

thu hoach nhiam tan dung kinh t& va dam bao an toan, cung cap du luong thyuc

01/4/2021 du trir cho ca ndm, nhét 1a vao miia dong va mua mua & cac tinh mién Bic Viét
Ngay duyér dang: Nam. Phan lam viéc ctia may bam 1a bo phan bam véi dao thai cat bao gdm cac
3/5/2021 thong s6 ban kinh tréng cét 1, chiéu dai canh gat L¢g goc nghiéng canh gat a,

bién dang canh sic dao. Nghién ciru ndy x4c dinh cac thong sé t6i wu cho ludi
Tir khéa: thai cat ciia may bam than cdy gop phan nang cao ning suit. Bén canh do,

Bé phdn cdt thai, nang sudt
mdy bam, bién dang canh

sde, goe trueot, géc kep.

nghién cru con mé ra kha ning tmg dung trong ché tao cac loai dao cit nong

san khac nhu san, chudi, cé voi ...

1. Pit véan dé

Hién nay c6 nhiéu loai may cit (bim) thai, mbi
loai san phém duogc tao ra doi hdi phai nghién ctiru
mdt loai dao phu hgp véi nhitng dic tinh riéng dé
déap tng chét luong t6t nhit, ning suit cao va ché
d6 1am viéc 6n dinh. P4 c6 mot sb nghién ctru
tuong ddng nhu x4c dinh cac théng sb co ban cua
méay bam cit rac thai ni 16ng phuc vu tai ché [1],
thong s6 ké cu may bam thai ca sén tuoi [2], thiét
ké may bam than cay ngd tuoi [3], anh huong ciia
van téc dao dén nang luong cit [7], thiét ké va thi
nghiém dao bam ¢é dinh ddng truc rom ra [8]. Theo
huéng nghién ciru khac da chi ra viéc xac dinh
thong s6 bo phan cét thai s& ning cao ning sut
may [4]. Nhirng nghién ctru d6 chwa thuc sy ti wu
hoa céc thong s6 bo phan cét thai ciia may bam noi
chung va may cét thai than ciy ngd noi riéng.

Trén thi trudng c6 nhiéu loai dao phing nhu dao
ludi thing, dao ludi cong. Nghién ciru 1y thuyét vé
bién dang canh séc dao dang cung tron 1éch tam, s
dung nguyén ly cat kiéu nhiéu dao c¢d dinh cho viéc
dinh hudng dé xac dinh: Canh sic dao dang cong
hudng vé phia 16m, bién dang cong nhung khong
phai 1a cung tron ma dwgc xay dung sao cho viéc
nghién ctru tinh toan thuan lgi va dap ung dugc cac
tiéu chi thiét ké. Sau khi tinh toan cac thong sb bd
phan cit sé duoc tng dung vao thuc nghiém xay
dung thiét ké, ché tao may cit thai kiém nghiém cac
tiéu chi dat ra ctia bai toan.

Viéc nghién ctru mot $6 thong ) bd phén ct
thai dé nang cao ning sut cia may bam than cay

ngd 1a can thiét va phu hop.
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2. Dic diém b phan cit thai

a)

b)

Hinh 1: a. Bién dang canh sdc dao dang cung tron léch tam [3]; b. B phdn cdt thai cung tron léch tdm

2.1. Cu tao

B9 phén cit thai (Hinh 1), gdm: Dao cit va canh gat

* Dao cat: Than dao ché tao phang dam bao
giam lyc ma sat khi cit

-Bé day vat liéu lam dao &, m;

- Chiéu rong than dao & phﬁn canh sic hyg, M;

- Chiéu rong than dao & phan lién két véi thanh
lép dao l1a hygp, m;

-S4 dao Kq;

-Bé rong thanh dao by, m;

- Vi tri lap dat dau dao tai diém G, ¢6 ban kinh
so vai tam quay O la R,, m.

* Canh gat:

- Chiéu dai canh gat Leg, M;

- Chiéu rong canh gat Deg, M.

2.2. Bién dang canh sic dao

Tai thoi diém dau khi canh gat bat dau cat vi tri
canh gat 12 GoCy, sau mot thoi gian t tréng cét quay
mot goc @ = @ .t, canh gat cat khdi nguyén liéu &
giao diém Q, twong rng vai vi tri canh gat 1a G;C;,
khi d6 véc to ban kinh cuc R(e) s& quay duoc mot
gbc so véi thoi diém daula A ¢

Ban kinh cuc R(a) duoc x4ac dinh theo tam
gidc OQOy = g + ¢y + 6. Phuong trinh ban kinh
cuc R(9) la:

R(®) = \/Rdz —e®sin’(e, + ¢, +0 ) +ecos(e, + @, +6) 1)

Tai Q dao tic dung vao khdi ngd luc Py O
phuong vudng géc voi phuong tiép tuyén ty -ty cua
canh sdc dao. Phan tich lyc P theo hai phuong: luc
P theo phuong vudng goc véi ban kinh cuc R (0)

va lyc Ty theo phuong tiép tuyén tg-ty. Khi thanh
phan luc Ty 16n hon lyc ma sat Fre khdi ngd chiu
tac dung mot lyc Ty = Ty - Frgg va truot trén canh
sic dao, luc nay khéi ngéd ciing chiu lyc P.. Tong
hop cua hai thanh phan lyc P, va Ty 1a luc Ry,

trong d6 luc Frgq 12 hinh chiéu cua luc Ry, do d6 Ry,
luén hop véi phuong phap tuyén cia canh sic dao
mot goc bang goc ma sato' . Dao chuyén dong va
canh gat dong vai tro 1a tim ké ¢ dinh, khi d6 g6c
7 tao boi phuong P, (phuong vén toe tuyét ddi cua
dao) va phuong vén tbc phap tuyén v6i canh séc
dao goi 1a goc truot.

Xac dinh gia tri goc truot 7 theo &, xét tam giac
0400Q ta co:
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cos(z) = £ sin(e, + ¢, +6) 2
Ry

Céc dai luong: e, Ry, & VA ¢ la cac hing sé phu
thudc vao kich thudc ché tao va vi tri dat tim cung
dao Oy nén goc trugt 7 bién thién chi phu thude vao
goc cuc . Trong giai doan cit ban kinh cuc R(6)
giam dan va goc cyc @ ting dan. Goc trugt giam
dan khi g + ¢y + 0< 90°, giai doan cit duoc thuan
loi do quan hé gitra R(6) va 7 1a dong bién. Cubi
giai doan ct lai khong thuan loi do tdn tai goc &
nén & + ¢ + 6> 90° lic ndy goc truot lai ting din
lam cho quan hé giita R(6) va 7 1a nghich bién.

Véi goc kep thi y = 7-74, trong ca giai doan
cit ¢ ting va goc 7 q tang, & giai doan dau khi g +
¢ + 6<90° goc truot 7 giam dan do d6 goc kep
giam rat nhanh ¢ giai doan nay, & giai doan cudi
& + dp+ 0> 90° gbc truot 7 lai ting dan do d6
goc kep van giam nhung giam cham hon so véi giai
doan dau. Vay ca giai doan cét goc kep X giam
dan, quy luat bién ddi goc kep nhu vay la thuan loi
cho giai doan cit.

2.3. Xay dung bién dang canh sic dao

Tai thoi diém dau canh gat & vi tri CoGg c6 ban
kinh quay Ro, tiép tuyén cta canh sic dao tai G
hop voi OGy mét géc = Sau thoi gian t canh gat CG
quay duoc mot goc 6 cat ludi dao tai vi tri Q, canh
gat & vi tri C,Gy, tiép tuyén cua ludi dao tai Q c6
phuong t-t. Xét trong chuyén dong tuong di tai vi
tri Q, coi dao quay canh gat ¢b dinh, khi d6 van téc
tuyét d6i cia dao co phuong van tdc v vudng goc
v6i ban kinh cuc R(6), phan tich thanh phan van toc
v theo hai phwong: v, vudng goc véi tiép tuyén ludi
dao tai Q va v; theo phuong tiép tuyén t-t. Tir duong
cong GoCo 1a canh sic dao huéng vé phia 16m co
goc nhon tao bdi phuong ciia ban kinh cuc R(6) véi
phuong cua tiép tuyén ludi dao tai giao diém Q goi
la gbc trugt .

Dé xac dinh R(6) theo 6, tai goc € cho mot sb
gia d@ khi d6 canh gat s& quay thém mot goc dd va
cit canh sic dao tai vi tri F, twong tng ban kinh cuc

¢6 s6 gia ciia ham s, [5]:

dR(6) = R(6+d0) —R(f) = OF ~OE <0 3)

Xét tam gidc QFE: Canh QF la cat tuyén cua
canh sic dao trong truong hop d@16n, cho dd — 0
khi d6 F s& tién dan t6i Q lic nay cat tuyén QF tién
t6i tiép tuyén voi canh sic dao tai Q (phuwong cua
QF tién toi phuong cua tiép tuyén t-t), géc FQO
tién t6i 7. Mit khac, d@ vd cung bé, cung QE coi la

dR() __RO)d0,_ dR(®)

doan thing vudng goc v6i OQ tai Q ¢ do 16n:

QE =R(6).do 4)
~ T .
Goc FQE = e 7, 96c QFE = 7. khidg — 0
T tam giac QFE c06:

=cotg(z).dog ®)

sin(;r—rj_ sinc ) R(0)

Theo (3) ¢6 dR(6) < 0; trong (5) tinh tri s6 d 16n, khong ké dén su bién thién cua quan hé giita bién s6 6va

ham s6 R(6).
dr(0) _
R(O)
Tich phén hai vé (6) co:

R(0) 0
dr(¢
% = —cotg(r).IdH

Ro 0

RO=Ry. %% 'm U]

=—cotg(r).dé (6)

Phuong trinh (7) cho biét quy dao canh sic dao
¢6 phuong tiép tuyén luén hop véi phuong cia véc
to ban kinh cuc R(6) mot goc 7 khdng ddi.

Phuong trinh dudng di cia canh sic dao duoc

xac dinh:

ds = R(6).d0
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S 4 R 0
o |ds=[R(@).do=———2—|e 9 d[-0.cotg(s) ]
-([ ! cotg(r)-([
RO —0.cotg(r)
= l— g b 8
> cotg(r)[ © ]m ©®

2.4. Cac thong s6 dic trung

Céc thong s6 ciu tao co ban cua bo phan cit
thai, gém: ban kinh tréng cit ry; chiéu dai canh gat
Lcg; goc nghiéng canh gat a; bién dang canh sic dao
xac dinh theo phuong trinh (7) v6i R(O)max = Ro va
R(O)min = 1.

Céan dam bao kich thudc bd phan cit thai nho
gon va chat lugng cat C, c¢6 gia tri cao nhu: Ban
kinh tréng cit r, anh huong dén kich thude bd phan
cit, chon ban kinh tréng cét theo tiéu chudn TCVN
6113-1996 [6] la r, = 0,135m; dao cit sir dung vat
li¢u CT45 day d4 = 0,005m, khoang cach giira hai
mit bén phan than dao cia hai dao k& nhau by cho
phép chit lugng cat C, dat trén 90% la by = 0,03 m;
khe ho gitra mat bén than dao va mat bén canh gat o
véi cac muac 0 = 0,001, 0,002, 0,003, 0,004 va
0,005m; chon & dam bao chiéu rong canh gat la: bgg
= by — 2. 6(m); chiéu rong cira vao nguyén lidu sau
cit cua mdy cat thai bang 0,2m dam bao ciy ngd
duoc tung hoan toan vao bd phan cit thai.

2.4.1. Xdac dinh goc trwot 7 hop ly

G6c nghiéng o anh huong tryc tiép dén didu
kién kep trong qua trinh cit, tai thoi diém canh gat
béat dau cat khoi ngo tai vi tri Gy, goc kep y dugc
xac dinh, [6]:

X=t-Yy 9)

Khi ton tai goc nghiéng o thi goc cau tao ¥ ;

Diéu kién thoa man qué trinh cit y <2.¢, tir (7)
ta duoc:

y=1—y=0 hay >y (10

Hé sb ma sat nguyén lidu tuoi va thép co =
0,55 tung véi goc ma sat ¢' = 28,81°. Goc ct truot
7 luon 16n hon goc kep y thi 7> 2. ¢'; Két hop
cac diéu kién trén chon goc trugt 7.

2.4.2. Xdc dinh bdn kinh R, va chiéu dai cdnh
gat L

Tinh tir luc bat ddu cit hét khdi than ngd m,, khi
canh gat quay thém mot gOC ¢rmax = /72 thi phan
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than ngd m, bi canh gat tung theo phuong thing
dung vao mang bao trén dua lai than ngd da cat vao
clra tham gia qua trinh cat lan 2. Pé dam bao diéu
kién thoat ngd dugc hoan toan, can chon chiéu dai
canh gat L¢g khi quay thém mot goc ¢ = g < Pekmax
phan than ngd m, phai di hét, tir d6 xac dinh dugc
béan Kkinh:
Ro=ri+ Lg (11)
Trudng hop géc nghiéng canh gat a > 0°, chidu
dai canh gat:

Ley = \/Rg —rZsin®(a) —r, cos(@),m (12)

Khi biét a va Ly, x4c dinh duge:

y = arcsin{Lsin(a)}ﬂ =a—y,rad (13)
Ro

Vi Ry, o xac dinh dugc khi cit thai thoat than
ngd nhanh hon (¢ ¢ < 60°), tinh toan ly thuyét 1iy
gbc bao cit gy, = 120°. Vay goc ha dau dao ¢, va
cac goc bao tuong ting cac giai doan trong mot qua

trinh cit duoc xéac dinh:

— T -
Dy = E — Desd»
O = Pesg — A (14)
2
O = ? — P — Den

2.4.3. Xdc dinh goc kep )y trong qud trinh cdt

Goéc kep y duge xac dinh:

x=71-C QO =7—(y+Ap)

Goc rva y 1a cac hing sb nén goc kep bién thién

(15)

chi phu thudc vao A @, co6 quan hé nghich bién.
Khi géc A @ tang dan trong giai doan cat goc kep
s& giam dan trong qué trinh cit. Goc kep y dat gia
tri 1on nhat khi A ¢ =0 vanho nhitkhi A@ =14,
do d6 trong giai doan cit gia tri goc kep ¥ nim
trong khoang: 7-a ¥ 7- .

Tinh goc kep:
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2.4.4. Céc théng so dpng hoc co bin ciia bj
phin cit thai
Phuong trinh véc to ban kinh cuc R(6) ciia chat

diém Q truot trén canh sic dao:
RO =R, e ") m (17)

DPoan duong s sau thoi gian t Gng véi goc cuc 6
clia chét diém Q:
RO —(0).cotg(r)
S=——— [l— e ], m (18)
cotg(r)
Vin tdc theo phuong tiép tuyén véi canh sic

dao tai vi tri Q:

\ —ds—s m/s (19)
Codt
Gia tdc tiép tuyén cua chit diém Q:
dv, d?s
a=—"=—=8m/s’ (20)
dt dt

Gia toc huéng tim duoc xéac dinh:
2
anzv—t,m/s2 (1)
0
trong do: p 1a ban kinh cong tai vi tri 1an cén véi
giao diém Q, m.
Ban kinh cong p = 1/C, vé6i C 1a d6 cong tai

vung lan can vi tri dang xét:

c \RZ +2R% — R.F‘é\_
_ 1

(R? + R?)?

(22)

3
2

(R* +R?) .
\RZ +2R? - R.F’é\ ’

p= (23)

3. Ung dung thuc nghi¢m
3.1. Ché tao may cit

1 (.
=7r—=|a+arcsin| —-.sina (16)
2 R

0

Tir nhitng nghién ctru 1y thuyét cac thong sd bo
cit thai duoc téi wu dd dugc van dung vao thuc
nghiém xay dung thiét ké, ché tao may nhim chung
minh hiéu qua ning cao ning sudt véi cing mot
cong sut.

+ Budng thai: Budng thai lam bang thép CT3
day 10mm; duong kinh 1080mm, bé rong 140 mm.
Cira vao ¢6 kich thude 360x100 mm, gin 2 qua 16
cubn ép bén ngoai va dao dé (tdm ké) bén trong.
Cira ra (phia dudi) song song véi mat dat c6 kich
thude 150x150mm.

+ Truyc chinh: Thép CT45, ¢6 truc lip bi 309 ¢
duong kinh 45mm. Poan gilta truc (duong kinh
58mm) lap dia bat khung dao, ngoai cung bat puly
(duong kinh truc 38mm).

+ Khung ga dao: Thép CT3, day 45 mm, ban kinh
R = 491mm lam thanh 2 thanh ddi xtmg qua tryc.

+ Pia bich: Thép CT3, day 15 mm, dudng kinh
148mm

+ Dao thai: Thép 45 duogc nhiét luyén co do
cling 54 + 58 HRC. Kich thudc: dai x rong x diy =
370x115x15, phan ludi cd goc = 36°.

+ Canh quat tao gi6 dugc gin trén dia thai, co
tac dung day nguyén liéu sau khi thai ra ngoai.

Co chu do moment xodn duoc lép trén truc
chinh, trén truc gin 4 tengo thu- phat tin hiéu
(khdng day) qua may.

Tryc chinh dugc chuyén dong bing dong co
dién 7,5 kW, van tbc 500 + 700 min™. Thay ddi van
tbc bang may bién tan.

3.2. Két qua thye nghiém

Chon than cay ngd tuoi sau thu hoach. Chuan bi
méay chay mot ngay (16 gid) lam viéc nhim thyc
hién danh gid qua trinh hoat dong cua may sau do
chia déu cho s gio lam viéc dé ra ning suét lam

viéc mot gio (60 phit) cuia may.

Bang 1: So sanh may triede va sau thay doi théng sé bo phan cdt thdi

STT B6 phan cit thai Cong suat (KW) Thoi gian (gio) Ning suit (tan)
1 Trudc tinh toan [3] 35
2 Sau tinh toan 16 52,8
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Tir két qua thyc nghiém (Bang 1) cho thiy
nhitng nghién ctru 1y thuyét dwoc tinh toan hoan
toan dung da nang cao hiéu qua hon nhiéu so véi by
phan cat thai ding phuong phap xac dinh theo kinh
nghiém. D3 tang nang sut tir 35 1én 52,8 tin/ngay
(2,187 Ién 3,3 tan/gio).

4. Két luan

- Nghién ctru nay chi ra cac dic diém co ban
cia bd phan cit thai, dinh hudéng dé dwoc bién
dang sic dao tao diéu kién thuan lgi cho viée
nghién ciru tinh toan cac tiéu chi thiét ké, ting
ning suit cia may.

- Xay dung dugc cac thong s6 cdu tao cta bd
phan cit thai 1am co s& xac dinh cac thong s6 dong
hoc va dong luc hoc khi khéi nguyén li¢u trugt trén
canh sic dao trong giai doan cat. Pong thoi lam
tang tudi tho cua ludi cit vi da chon duoc cac goc
dao di kém vai do cang hop 1y.

- Cac thong s6 dong hoc xac dinh theo cong
thire tr (17) +~ (23) lam co s& cho viéc phan tich
dong luc hoc cta khéi ng6 dudi tac dung clia canh
gatvécanhsécda&
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