KHOA HOC CONG NGHE

NGHIEN CUU THIET KE, CHE TAO VA KHAO NGHIEM
MAY TACH HAT BAU XANH

TOM TAT

P4 Minh Cudng!’, Bui Tdn Thong?

Bai bao trinh bay mot s6 két qua tinh toan thiét ké, ché tao va khao nghiém may tach hat dau xanh. May st
dung nguyén ly va dap dé gay vo v va phan ly 1am sach hat nho quat. Mot sé chi tiét chinh ctia may duoc
tinh toan thiét ké st dung phuong phap ly thuyét két hop véi thuc nghiem. Két qua khao nghiém cho thay
may c6 cau tao don gian, van hanh an toan, chat luong lam viéc tét, hieu suat tach vo dat 98,8%, hiéu suat
phan ly hat dat 97,6%, do sach dat 96,2% khi toc do trong dap 450 vg/ph (5,5 m/s). Mau may c6 thé st dung
dé phuc vu cho co giéi hoa khau dap vé tach hat, gop phan ddy manh co giéi hoa khau thu hoach cay dau

xanh.

Tt khoa: Piu xanh, tich hat, do sach, hiéu sudt tich vé, hiéu suat phan ly.

1. AT VAN BE

Cay dau xanh (Mungbean, Green bean) cé tén
khoa hoc Vigna radiata (L) 1a cay dau d6 quan trong
ding hang th ba sau dau nanh va d¢au phung. Pau
xanh 14 cay tréng quen thuoc & chau A va nuoc ta. N6
c6 gia tri kinh té cao, 1a nguén thuc phdm c6 gia tri
dinh dudng va gié tri st dung trong doi song, thich
hop véi viéc tieu dung trong nuéc va xuat khau do
cac san phdm cta no6 dé tiéu thu va it bién dong vé
gia ca. Chinh vi vay nguoi dan dang dan mé rong
dién tich dat trong cay ho dau nay va san luong thu
hoach méi nam 1a kha lon.

Dién tich trong dau xanh trén thé giéi tinh dén
nam 2017 khoang 34,20 triéu ha véi san luong 31,40
trieu tan. O nuoc ta, dién tich trong dau xanh ca nude
nam 2017 1a 149.700 ha véi san luong thu duoc 1a 1,63
triéu tin (FAOSTAT, 2018).

Qua dau xanh sau khi thu hoach tir dong ruong
vé phai duoc loai bé vo dé ldy hat. Qua trinh nay
duoc thuc hién chi yéu bang phuong phap tha cong.
Tuy nhién, véi san luong thu hoach 16n, viéc thuc
hién cong doan tach hat tht cong can nhiéu thoi
gian, t6n nhan cong lao dong, gidm hiéu qua kinh té.

Qua trinh tach hat dau c6 thé trdi qua nhiéu
cong doan nhu cha xat, tach vo hoac dap tach vo,
hoic st dung két hop cac cong doan trén (Benaseer
va cs, 2018). Dap va tach hat bang thii cong, mac du
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don gian, chi phi thap nhung c6 thé phan ly hat
khong hoan toan, c6 thé gay vo hat dan dén ton that
lon (Shah, 2013). Trong khi cac may dap tach hat co
thé phan ly va lam sach hat t6t nhat ma it gay hu hai
hat va tén that, nang suat cao (Benaseer va cs, 2018).

Da c6 nhiéu nghién cttu vé may tach hat cac loai
cay dau duoc trién khai trén thé gioi va Viét Nam.
Cac nghién ctu tap trung danh gia anh hudng cia
cac yéu t0 cua hat dau, ctia may dén niang suat dap va
chat lwrong hat sau khi dap.

Muc tiéu cta nghién cttu nay la thiét ké va ché
tao mot mau may phuc vu co giéi hoa khau tach hat
cay dau xanh quy moé nho va vira, gop phan diy
manh co gi6i hoa thu hoach cay dau do, tang nang
suat lao dong, gidm nhe stic lao dong ctia con nguoi.

2. VAT LIEU VA PHUDNG PHAP NGHIEN CUU

2.1. Vat liéu thi nghiém

60 kg qua dau xanh duwoc thu hoach tir canh
déng tai tinh Thita Thién - Hué, duoc phoi kho dén
d6 4m 15%. Chiéu dai trung binh cta qua la 100 mm,
duong kinh trung binh 6,7 mm, duong kinh trung
binh hat 2,5 mm, khéi luong riéng 1a 670 kg/m®
(Hinh 1).

May duoc ché tao tai xuwong co khi, Khoa Co khi
va Cong nghé, Truong Pai hoc Nong Lam, Pai hoc
Hué. Vat liéu ché tao may st dung cac vat lieu, phé
bién va rat sin co trén thi truong, gia phu hop dé
giam gia thanh ché tao may.
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Hinh 1. Cay d4u xanh (a) va qua dau xanh d3 phoi kho (b)

2.2. Phuong phap nghién cttu

- Phuong phap thiét ké: Ung dung ly thuyét vé co
khi, cac ham giai tich dé tinh toan xac dinh mot s
thong s6 hinh hoc va dong hoc ctia bo phan dap va
cac chi tiét chinh ctia may (Trinh Chat va Lé Van
Uyén). Ung dung phian mém SolidWork 2017 tinh
kiém tra két cau, vé va xuat ban vé mot so chi tiét va
b0 phan chinh ctia may.

- Phuong phép thyc nghiém: Sit dung may bién
tan dé thay déi toc do dong co diéen nham thay ddi
toc do trong dap (400, 450 va 500 vg/ph) dé xac dinh
tdc do nao cho ning sudt va hiéu suat dap cao nhat.

- Phuong phép danh gia niang suat boc vo, do dap
s6t va tinh 6n dinh lam viéc cia mdy, tham khao
hudéng dan cia FAO (1994) va TCN-1:1994.

Ning suat may (Q) tinh theo cong thirc (1):

G
= 60—, kg/h
Q o kg a
Trong do: G 1a khéi luong dau thu duoc trong
thoi gian t (kg), t1a thoi gian chay may khong ké thoi
gian dimg do hu hoéng va t6 chic khong hop ly
(phut).
Hiéu suat dap (7F) cta may duoc tinh theo cong
thuc (2):

TE(%) _ Khoi lwgng hat da dwoc dap ve (g) 100

Téng khdi lwong hat (g) #)

Hiéu suat phan ly hat (SpF) tinh theo cong thic

®3:
SpE %) = S1+s2 100
( 0) S 3)
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Trong d6: S, 1a khéi luong hat thu duoc, S, 1a
khoi luong hat con sét trong vé thu duoc va S 1a téng
khéi luong hat.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Thiét ké tdng thé may tach hat dau xanh

Nghién cttu nay da lya chon nguyén ly dap vo vo
qua dau st dung co ciu de - rang luoc, st dung sang
va quat dé tach va 1am sach hat sau béc vé, so dd cau
tao may nhu hinh 2a.

Hinh 2. C4u tao may tach hat dau xanh

a) So do cau tao mdy; b) Cau tao bo phan dip vo;
¢) Két cau rang dip di dong.

1. Buéng dgp; 2, 4. Bo truyén dong dai; 3. Pong
co; 5. Quat; 6. Banh xe; 7. Khung; 8 Mang thu hat; 9.
Cdnh phan huong; 10. Cia thodt vé; 11. Trong dap;
12, Khay nap liéu. 13 Ring di dong; 14. Ring cé
dinh; 15. Truc dip; 16. Khung sang; 17, Thanh gia co.

Nguyén ly hoat dong ctia may: May hoat dong
theo nguyen ly va dap dé tach hat. Nguyén liéu qua
dau xanh kho duoc dua vao khay (12) réi vao budng
dap (1). Dong co (3) truyén dong dén trong dap (11).
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Cac rang trén trong dap chuyén dong xen ké qua
hang rang c6 dinh néi véi khung tao thé cat kéo doi
voi qua dau gay vo vo. Sau qua trinh va dap boc vo
tach hat, hon hop hat dau xanh va vo roi qua 16 sang
sé duogc phan ly nho cum quat (5) va phan huong vo
va hat (9).

3.2. Tinh chon céc b6 phan chinh ctia may tach
hat

3.2.1 Bo phan dip

B¢ phan dap vé gom rang di dong (13) duoc han
trén truc (15), rang c6 dinh (14) duoc han trén
khung sang (16) (hinh 2b). So d6 két cau riang di
dong (Hinh 2¢), ring di dong duoc gia c6 dé tang do
bén nho cac thanh gia c¢6 (17).

Can ct vao kich thuéc qua dau xanh (duong
kinh trung binh 6,7 mm, duong kinh qua 16n nhat 7,7
mm), chon khoang cach bé mat 2 riang c6 dinh va di
dong 1a 8,0 mm. Chon vat liéu ché tao rang 1a thép
tron d = 8,0 mm, nhu vay khoang cach gitta hai rang
di dong lien tiép 1a 32 mm.

Hinh 3. Két cdu rang di dong ctia may

a) Bo tri 3 hang rang trén truc dip; b) So do
phan bo rang trén truc dap.

Ring di dong duoc bé tri trén ba hang cach nhau
120° trén truc dap (Hinh 3), theo duwong xoan éc gitp
tang kha niang dap va phan bg déu luc dap trong qua
trinh 1am viéc, déng thoi giam lwong cép liéu vao khi
ring trong dap gat qua dau vao gitra khoang hé cta
hai rang c6 dinh, nho vay gitp dong co lam viéc ém
va khong bi qua tai.

Chiéu déi tréng dip duoc xac dinh theo cong
thic (4) (Afify va cs, 2007):

g=qo.L. M @

Trong do: L (m) 1a chiéu dai trong dap, q (kg/s)
la luwong cép liéu, q, (kg/s) 1a luong cép lieu cho
phép va M =3 1a s6 hang rang trén trong dap. Voi
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nang sudt tach hat 1a 150 kg/gio, tuong duong véi q =
0,042 kg/s va gia thiét luong cdp liéu cho phép q, =
0,045 kg/s.

q__ 04

=——=0311m
= qo.M  0,045.3

, chon chiéu dai
trong L = 400 mm.

Rang c6 dinh duoc ché tao tir thép d = 8,0 mm
(nhu rang di dong), khoang cach 2 riang c6 dinh lién
tiép nhau 1a 32 mm. So d6 két cdu rang c6 dinh nhu
hinh 4.

Hinh 4. Ring ¢4 dinh

a) Phan bo rang cé dinh; b) Két ciu rang cé
dinh; ¢) Khung sang; d) 3D rdng cé dinh

Truc trong dap duoc tinh toan bang cach chon
so bo duong kinh truc, sau do kiém tra do bén va he
s6 an toan bang phan mém SolidWorks 2017, chon
lai duong kinh truc dap néu chua dat va kiém tra lai.
Kich thuéc truc chon nhu hinh 5a.

9 514 _
& 8 30
1 S S | B o
S s G O e
) 404 30
a) b)
Hinh 5. a) Kich thuéc danh nghia ciia truc dap; b)
Bién dang 16 sang.

Cac s6 lieu ban dau dé tinh toan truc:

- Tinh toan duong kinh truc theo moé men xoin
16n nhat:

M, =10193,75 N.mm =~ 10,2 N.m

- Vat lieu thép C45 (khong nhiét luyén), co6: mo
dun dan héi: 210000 N/mm?, hé s6 bién dang: 0,28;
ung sudt cat: 79000 N/mm?, khéi luong rieng: 7800
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kg/m?, do bén kéo dut: 750 N/mm?, giéi han chay:
580 N/mm?.

Dé kiém tra truc trong dap, vi tri chiu momen

xo4n trén doan truc 625 (vi tri 1ap banh dai). Stt dung

126e013

— Yield strength: 5800+ 102

phan mém SolidWorks 2017, két qua tinh toan tng
suat nhu hinh 6a va két qua tinh toan bién dang nhu
hinh 6b.

Hinh 6. Két qua tinh bén ciia truc

a) Két qua tinh todn img sudt: b) Két qua tinh todn
bién dang.

Két qua kiém tra cho thdy ving co6 tng suat lon
nhat 1a p,,,, = 6,302 N/mm?, ting suit nay bé hon gioi
han chay 92 lan, ving cé bién dang 16n nhit e, =
1,745x10® mm nim trong giéi han cho phép.

Cac tinh toan trén doi véi tai tinh, trong moi
treong lam viéc tai trong rung dong va xét dén tuong
quan hinh hoc va do bién dang, phuong phdp ché
tao. Kich thuoc truc nhu thiét ké 1a hop ly, dam bao
do bén va do tin cay.

3.2.2. Bo phan phan ly

Ming sdang phan Iy duoc tinh chon dua trén
duong kinh qua dau xanh tr 6,7 - 7,7 mm; kich thudc
hat dau xanh tit 2 - 3 mm. Do do, chon duong kinh 16
sang la 5 mm, dam bao qua dau khong lot sang
nhung hat dau xanh véi cac manh vo dau lot sang dé
dang.

Dé tang hiéu suit sang cta hat dau xanh va
manh vo dau, ta sé chon loai 16 dai thay vi 16 tron. Dé
dam bao kha nang chiu luc ctia san thi khong nén
chon loai 16 c6 chiéu dai 16n, chon chiéu dai 16 nam
trong khoéang tir 30 - 40 mm, bién dang 16 sang nhu
hinh 5b.

Quat phan ly duoc tinh chon st dung phuong
phap thuc nghiém xac dinh leu luong quat. Két qua
tinh chon duoc quat ly tam c6 luu luong 1000 m®/gio,
toc do quay 1450 vg/ph, cong sudt quat N, = 0,37
kW.
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3.2.3. Bé phan mdng cap liéu va nap mdy

Mang cap liéu va nap may co6 kich thuoc pht hop
voi trong dap, khung sang. Mang cap liéu co kich
thudce phu hop dé dap tmg yéu cau cép liéu tha cong,
nap may dé che chan va bao vé may, bao dam an toan
cho nguoi st dung. Trong nghién ctru ndy, ton day
0,8 mm duoc chon dé ché tao mang cép liéu va nap
may, kich thuéc mang c4p liéu va nip may nhu hinh
7.

& !
C
I ;

! : - SECTION e
b) |

Hinh 7. Kich thuéc mang cap liéu va nip may
a) Mang cap liéu; b) Nap mdy.

3.2.4. Bé phan dong lrc va truyén dong

a. Cong suét can thiét cho bo phan dip

Can ¢ vao két luan cta cac nghién ciru trudc
(Souza va cs, 2002; Afify va cs, 2007), can cit khao sat
cac may hién c6 (Nguyén Tén Bién, 2015), cac thong
s6 dau vao nhu sau:

- Chon s6 vong quay truc dap: n = 450 vg/ph.
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- Khoi luong du kién nguyeén liéu dau xanh (qua
chua tach hat) t6i da chua trong buong dap: m = 5 kg

Gia thuyét tinh toan: tinh toan theo diéu kién tai
nang nhat, tic 1a nguyén liéu dau chtra day trong
buong dap voi khai luong 1a 5 kg, ldc nay coi nhu la
cac rang di dong can ddy mot khoi luong m véi mot
luc:

P=P1+P2 (5)

Trong d6: P; 1a lyc do khéi lwong nguyén lieu
(N), P, 1a luc do va dap (N)

P,=mxg=5x10=50N

Luc va dap gitta nguyén liéu va cac co ciu rat
phtic tap, luc dap xay ra lién tuc va lan luot theo cac
rang di dong nho bo tri rang di dong theo duong vit
xo4n, luc nay kho co thé tinh toan chinh xac, do dé
dat gia thiét toi da:

P,=1,0x50=50 N

= P=P,+P,=50+50=100 N

Momen xo4n l6n nhat:
M, = Sx ZP= 2 %100 = 11650 N.mm
Cong suat lam viéc truc dap:

n.M. 450.11650
S 2 =0,538 kW
9.75 . 10 9.75 .10

Nd:

b. Tinh chon céng suat dong co dién

Téng cong suat can thiét cho may 1am viéc la:

YN, = Ng+ N, =0,538 + 0,37 = 0,908 kW

Phuong 4n stt dung mot dong co va bo truyén
dong dai thang tir dong co dén truc dap va tir dong co
dén quat ly tam.

Hiéu suét bo truyén dai: nq = 0,95; hiéu suét §
lan: 1, = 0,99

Hiéu suat chung ctia bo truyén dong:

n=14.19% =0,95%.0,99>= 0,89

Cong suat can thiét cho may:

N =¥N,/0,89 = 0,908/0,89 = 1,02 kW

Chon dong co dién mot pha 220V - 1450
vong/phut, cong suit 1,1 kW.

3.2.5. Khung may

Dua vao phan mém Solidworks, véi vat lieu la
thép carbon dtc, loai V35 x 35 x 5 mm. Khéi luong
ctia khung 1a 22,06 kg, khéi luong dong co dién (15
kg), quat ly tam (7 kg), vé may (5 kg), khéi luong
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& 80 §

qua dau trén may trong qua trinh lam viéc khoang
(10 kg), ctia cac 6 bi, banh dai va day dai (4 kg), khoi
luong truc dap 1a (5 kg). Két qua tinh toan nhu hinh
8, két qua tinh toan cho thdy dich chuyén 16n nhat
ctia khung 1a 0,65 mm, vi vay két ciu ctia khung dam
béao yéu cau.

Hinh 8. Tinh toan chuyén vi ctia khung véi tai trong
tac dong da cho
a) Mo phong dat luc vdo cdc vi tri cia khung; b)
Két qua chuyén vj,

3.3. Mot s6 két qua khao nghiém miu may

Hinh 9. M4y tach hat dau xanh
1. Bién tan; 2. Dong co dién; 3. Buéng d4p.

120 M0 [&
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400 490 500
Toc & tring dip, ve/ph

=

Hinh 10. Anh huéng ctia téc d6 tréng dap dén chat
lirong 1am viéc ciia may
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Mau may duoc ché tao tai Xudng co khi, Truong
bai hoc Nong Lam, Dai hoc Hué (Hinh 9). Sau khi
ché tao, stt dung may bién tan dé tht nghiém danh
gi4a kha nang lam viéc ctia mau may véi su thay déi
toc do trong dap (400, 450 va 500 vg/ph).

Két qua thtr nghiém cho thdy, hiéu suat phan ly
1a tuong duong nhau (dat 97,6%), trong khi niang suat
dap tach hat tang khi toc do trong dap ting tie 400

a

dén 500 vg/ph thi ning suat tang tir 132 kg/gio dén
176 kg/gio. Trong khi hiéu suat dap vo vo & toc do
trong dap 450 vg/ph 1a cao nhat (98,8%), nhung s
chénh léch nay la khong 16n.

Két qua thtr nghiém kiém tra d6 6n dinh 1am
viéc clia may cho thdy, may lam viéc ém, an toan va
6n dinh, tiéng 6n phat ra nho, kha nang lam sach ciia
may dat 96,2% (Hinh 11).

£33 > N5

b)l

Hinh 11. Hat dau xanh (a) va V6 dau xanh (b) sau khi dap

4. KET LUAN

Nghién ctru da thiét ké va ché tao thanh cong
mau may tach hat dau xanh. May c6 c4u tao don
gian, dé st dung, do 6n dinh lam viéc va do an
toan cao, vat lieu ché tao sén c6, nong dan co thé
tw ché tao duoc. Két qua khao nghiém cho thay
hiéu suat dap vo vé dat 98,8%, hiéu suat phan ly
hat dat 97,6%, do sach dat 96,2%. Mau may c6 thé
g6p phan co gi6i hoa khau thu hoach dau xanh tai
nudéc ta.

Mot s6 thong s6 chinh ctia may:

o Ning suat: 150 kg/gior

e Nguyen ly trong dap: nguyén ly va dap st dung
co cau tdm de - rang luoc.

e Toc do trong dap: 450 vg/ph (5,5m/s).

¢ Dong co: Cong suat 1,1 kW, 1 pha 220V, toc do
quay 1450 vong/phut.

¢ Khai luong: 66 kg.

o Kich thudc téng thé may (dai x rong X cao):
990 x 537 x 1120 mm.
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DESIGN, MANUFACTURING AND TESTING OF A SMALL SCALE MACHINE
FOR THRESHING GREEN BEANS

Do Minh Cuong", Bui Tan Thong!
1University of Agriculture and Forestry, Hue University
"Email: dominhcuong@huaf.edu.vn

Summary

The paper presents results of the calculation, design, manufacture and performance evaluation of a green
bean threshing machine. The impact thresher principle is used to shatter the stalks then the seeds are
separated by a sieve and a fan. The main parts of machine are calculated and designed combining the use of
theoretical and experimental method. The result show that the machine has a simple structure, easy
operation, stable and safe operating. The threshing efficiency reach of 98.8%, separation efficiency reach of
97.6%, cleanning efficiency of 96.2% when threshing drum speed of 450 rpm (5.5 m/s). These results can be
used to develop a threshing machine for threshing green beans in Vietnam.

Keywords: Green beans, threshing, cleaning efficiency, threshing efficiency, separation efficiency.
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