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THIET KE, CHE TAO THIET BI THi NGHIEM
VA THUC NGHIEM CAT BAM PHU PHAM CAY NONG NGHIEP
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TOM TAT

Phy pham cay nong nghiép thuong can duoc cit ngin theo cac kich ¢& khac nhau, tiy thudc yéu
cdu cua cong nghé ché bién thirc an gia stic hay tao nhién liéu sinh khéi. Bai bao nay trinh bay
nguyén tic thiét ké, ché tao va két qua thuc nghiém danh gia thiét bi thi nghiém cit bam phy pham
cay nong nghiép nhém tiét kiém nang luong. Thiét bi thi nghiém ché tao cho phép dé dang diéu
khién dong thoi bon théng s6 vao va thu thap dir ligu ba théng s6 ra cho bai toan nghién ciru thyc
nghiém t5i wu héa tiét kiém ning lwong cho qua trinh cit bam phu pham cdy nong nghiép. Két qua
nghién ctru hira hen t6i wu hoa thiét ké may bam cit thuong mai va phuc vu cong tac nghién ciru.
T khéa: Co khi; bam cdt than cdy néng nghiép; lyc cdt;tiét kiém ndng lwong, thiét ké thi nghiém
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DESIGN AND REALIZE EXPERIMENTAL DEVICE
FOR AGRICULTURAL STALK CHOPPING

Ngo Quoc Huy', Nguyen Thanh Toan', Vu Van Dam®"
YThai Nguyen University of Technology - TNU
*Administration Office - TNU

ABSTRACT

Shortening agricultural residuals into different sizes is an important pre-process to make animal food
and biomass. Reducing shearing force is one of the most effective way to save energy in such
process. This paper presents design principles, manufacturing and practical tests to evaluate an
experimental chopping device with the aim of energy consumption saving. The realized device
provided abilities to easily control four input parameters as well as to accurately acquize three output
factors, which are useful to solve the problem of energy saving optimization. The results are
promising for practical applying in comercial chopping machines as well as for experimental studies.
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1. Gi6i thiéu

Cit bam 1a mot cong doan quan trong ban dau
nham ché bién phu phdm ciy noéng nghiép
(than, 1a cay, vd) thanh cac nguyén nhién liéu
hiru ich [1,2]. Chang han, phy phim can
duoc bam thanh cac doan dai 6,4 mm cho hoa
khi [3], dai 1 mm cho chuyén dbi héa hoc
(chemical conversion) [4], 2-10 mm d& 4 men
thirc an gia stc, hay dai cd 5-6 mm cho ché
bién vién sinh khéi (briquetting) [5]. Cac may
bam cit thuong dya trén hai nguyén ly cat
chinh 1 dang cét kéo nham tao Ung sudt cat
va dang dao quay nham sinh ra va dap két
hop gy ung suét cit trong nguyén liéu cin
cit. Hiéu qua cia qué trinh cét thudng dugc
danh gia thong qua tri sb lyc cit va ning
lugng ti€u hao trén mot don vi khéi luong cay
nguyén lidu [2]. Dé giai quyét bai toan tiét
ki€ém nang lugng, viéc thiét ké cac thong sb
cit hop 1y (t6i wu) nham giam lyuc cit 1a mot
giai phap hiéu qua nhat [6-8]. Pi co kha
nhiéu cong trinh trong nudc nghién ciru thiét
ké va ché tao may bam phu pham cdy nong
nghiép [9-13], tuy nhién nhitng mau may niy
chua quan tdm nhiéu dén bai toan tiét kiém
ning luong — mot trong nhitng van dé nong
bong hién nay. Bai toan tiét kiém ning lugng
trong bam cit phu phdm ndng nghiép da dugc
nhiéu nghién ctru trén thé giéi quan tam [7,
14-18]. Tuy vay, cac tac gia m&i quan tdm hai
thong sd tuong quan 1a goc ga dao va goc
bam than cay [19], [20], [21] trong cac nghién
ctru thyc nghiém tim luc cit nhé nhat. Céc
thiét bi nghién ctru thuong khong cing két
cAu v6i may cit bam thuong mai, ching han
thiét bi c6 dao chuyén dong tinh tién [22],
con lic va dap [7] hodc may co dia quay nam
ngang [23]...Hién ciing chua tim thiy nghién
ctru nao thyc hién danh gia anh huong dong
thoi clia van tdc cit va ca ba goc trong quan
giita bo phu phdm v&i dao cit. Do vdy, nghién
ctru nay dugc thuc hién nhim: 1) thiét ké, ché
tao mdt may bam thi nghi€ém cé két cau hoan

toan tuong tu cac mdy bam cét thuong mai
trén thi trudng, thuan tién cho viéc ap dung
két qua thi nghiém vao thuc tién; 2) c6 thé
diéu khién ca bdn thong sd vao, gdm van tdc
cit va ba goc tuong quan giita than cay phu
pham nong nghiép v6i dao cit va 3) thu thap
chinh xé4c 3 thong s quan trong ciia bai toan
tiét kiém nang luong: luc cit, md men xoin
truc mang dao va ning lugng riéng tiéu hao.
2. Nguyén tic thiét ké

Yéu cau chung cua mot thiét bi thi nghiém
bao gdm: kha ning dé dang diéu khién cac
thong s vao; cho phép thu thap chinh xac va
thuan tién cac thong sd dau ra, phan anh sat
thuc v6i qua trinh 1lam viéc thuc té cua cac
may thuong mai tuong tu. Vi bai toan khao
sat dong luc hoc nham tbi wu hoa nang luong
tiéu hao trong quéa trinh bim cit phy phim
ciy néng nghiém, cac yéu cau dit ra la:

- Cho phép thay dbi cac goc twong quan giita
than cay va dao cit;

- Cho phép diéu chinh v6 cap van tdc cit;

- Co6 chuc nang thu thap dir licu vé luc cit,
mo men cét, ning lwong cit can thiét.

Céc thong sb vao-ra phuc vu bai toan nghién
ctru thyc nghiém may bam cit phu pham ciy
néng nghiép dugc minh hoa nhu so dd trén
Hinh 1.

Mot két chu thiét bi thi nghiém cit bam sir
dung dang dao quay dugc dé& xuat nhu minh
hoa trén Hinh 2a. Trén Hinh 2a, truc dan dong
gdbm hai doan truc (3-1) va (3-2) truyén
chuyén dong tir dong co (1) qua bd truyén dai
(2) va md men cho dia dao phing (4). Cam
bién do md men xodn (Torque sensor) (6)
duoc lap gitra hai doan truc (3-1) va (3-2) nho
khép ndi (5). Mot cam bién do lyc dugc lip
bén dudi dao ké (8). Két ciu nay rat twong ty
két cAu mot may bam thwong mai dung dao
phang quay nhu minh hoa trén Hinh 2b.
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Thong so dau vao

Thong s6 diu ra

- Goc gadao a

- Goc cap phoi p
- Goc cat ¢

- Tbe do cat

Thi nghiém cit bim

- Luc cét
- M6 men cét
- Nang luong ti€u hao

2

Hinh 1. So do6 thi nghiém can thwc hién

A

(@)
Hinh 2. So d“& nguyen ly {ruyén déng thiét bi bdmNCd’t
(a) Ket cau deé xuat; (b) Két cau may thwong mai san co

Quan sat Hinh 2, c6 thé thay so d6 dé xuat chi
khac so do két cau cia may thuong mai sin
c6 & két cAu truc 3 va tAm ké 8. Bén canh yéu
ciu bd sung dau do momen (6) cho truc 3, cin
xtr 1y két ciu tdm ké sao cho lyc bam co thé
truyén dén dau do luc (7). Quan phan tich vé
két cdu co khi, viéc phat trién thiét bi thi
nghiém tir may bam thuong mai hién c6 1a rat
kha thi. Diéu nay khong nhiing tiét kiém dugc
kinh phi néu ché tao toan bd két cu cho mot
may bam don chiéc, ma con cho phép thu
thap, phan tich va danh gia cac ton tai va dé
xudt hudng cai tién cac may bam thuong mai
hién c6. So dd két cau trén Hinh 2a dwoc phat
trién thanh dang 3D nhu trén Hinh 3. Trén
Hinh 3, mé men xodn tir dong co truyén dén
banh dai bi dong (1), qua truc (2) truyén dén
dao quay (3). Dao dugc ga trén canh ga nho
vit ¢d dinh (4) va méa kep (5), cho phép thiét
lap goéc ga dao o & vi tri bat ky. Than cay
nguyén liéu can cit (6) nam giita dao cat (4)
va tim ké (7), c6 goc cip phéi P ciing dugc
thiét dat tuy y khi thi nghiém nho mot mang
dan (Xem Hinh 4). Géc bam ¢ ciing c6 thé dé
dang thiét dat khi thi nghiém.

o«

s
/

(b)

Hinh 3. M6 hinh két ciu dang 3D

Trén Hinh 3 ciing minh hoa goc sic ciia dao
cit y va goc sic cua dao ké 8. Cac goc nay
duoc ¢b dinh trong mot bo thi nghiém, nhung
cling c6 thé thay doi bang cach sir dung cac
bd dao khac nhau. Pau do mé men (8) dugc
ga dat nhu mot khép ndi cho truc (2), truyén
mod men tir banh dai (1) sang dao (4).

3. Ché tao, lip rap

3.1 Két ciu co khi

Hinh 4 minh hoa anh chyp mot s6 két cau
thuc cia thiét bi da dugc cai tién. Cac chi tiét
trén Hinh 4 dugc danh sb giéng nhu trén Hinh
3 dé tién theo ddi. Dao cit (3) duoc ché tao
hinh dé quat dé c6 thé diéu chinh thay ddi goc
ga dao a. Luu y rang cac dao cit trén may cit
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thuong mai thudng c6 dang thanh thang, duoc
gin ¢d dinh trén thanh d& ga vuéng goc voi truc
quay, tao thanh goéc o c¢b dinh khoang 0°. Goc
cép phoi dugc diéu chinh nho sir dung két ciu
ranh xoay (9) nhu minh hoa trén Hinh 4(b).
Thong s6 van tdc cat duge thay d6i bang cach
st dung dong co dién mot chiéu dé dan dong
cho hé thdng. Pong co nay co toc do quay ty
1¢ bac nhat véi dién ap duoc cép.

3.2 Thiét bi do

Pau do luc Kistler 9712A500 c6 pham vi do
2224N (500 1bf), d6 nhay 2,4729 mV/N (11
mV/Ibf) duoc st dung dé thu thap gia tri luc
cit. Lyc cat thong qua cdy nguyén lidu tac
dong 1én dau do dugc chuyén ddi thanh tin
hiéu dién ap. Mdmen cit truyén qua dau do
mo-men RTT-200 ctia hang hiéu Sturtevant
Richmant. Pau do nay c6 pham vi do 338,95
Nm (3000 inch-pounds), d6 nhay 2 mV/V.
Tin hiéu tir cac dau do duge két ndi véi b xir
Iy tin hi€u NI-SCC68, sau do6 dugc luu triv
vao may tinh thong qua bd thu thap di li€u
USB-6008 va phan mém NI-Labview Signal
Express. Pong ho do dién da ning Smart
Power Meter PZEM-021 duoc st dung dé do
cong suit va nang luong tiéu thu khi cit.
Thiét bi nay cho phép do cong suit dén 4500

(a)

W véi @6 phan giai 1 W, do nang lugng ti€u
thu dén 9999 Wh véi do phan giai 1 Wh. Dé
do cong suat cat va niang luong tiéu thy, can
dau dong co kém bo bién doi dién ap va nan
dong voi dau ra cua thiét bi do dién da ning.
Dau vao cla thiét bi d6 dién dugce két ndi véi
ngudn cap 220 V.

4. Thuc nghiém danh gia

DPé danh gia kha ning dép ung cic yéu cau
thuc hién cac thi nghiém phuc vu nghién ctru
danh gié luc cit va nang lugng tiéu hao, hai bo
thi nghiém da dugc thuc hién: 1) Danh gia kha
ning cua cac dau do phan anh dung dén luc
phat sinh khi cat than cdy nguyén liéu va 2)
Thuc hién b thi nghiém khao sat ba bién hai
muc danh gia mirc 46 anh hudng dén luc cit.
4.1 Pdnh gid khd néing do luc cit

Truée hét, ddu do md men duoc kiém chuin
bang céach treo cac qua can thi nghiém co khéi
luong biét trudc 1én canh tay don xac dinh.
Tiép d6, tién hanh thi nghiém bang cach tao
md men xoén truyén dén truc mang dao véi
tbc @6 cham. Luc phat sinh khi cit dugc thu
thap ddng thoi tir ca hai dau do. Hinh 5 minh
hoa két qua dién bién lyc do bang hai diu do
tai hai thoi diém ct than cay.

(b)

Hinh 4. Anh chup két cdu gd dao va tam ké cia thiét bi: a) géc nhin thang; b) géc nhin bén

Trén Hinh 5, gia tri lyc thu dugc tu dau do luc dong duoc ky hi¢u FS (Force Sensor), gia tri luc
thu duogc tir du do mé men dugc ky hiéu 1a TS (Torque Sensor). C6 thé nhén thiy tai thoi diém
Xy ra qué trinh cit, lyc do bang ca hai dau do déu ting nhanh. Gia tri Iyc 16n nhat do dugc cia
luc cit do bang hai dau do x4p xi nhau. Nhu vay, ca hai dau do déu phan anh tin cay luc cit than
cay. Trong cac thi nghiém du kién thyuc hién, ddu do luc s& dugc dung dé do luc cét, con dau do
md men sé& dugc sir dung dé kiém chimg tac dong ctia quan tinh khi quay cua hé thong.
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Hinh 5. So sdnh lwc do bang hai cam bién

4.2 Thi nghiém khdo sat
Dé danh gia kha ning dap ung ciia hé thong
thiét bi cho cac thi nghiém nghién ctru sau
hon vé dong luc hoc hé théng bam cét, tién
hanh mot bo thi nghiém khao sat theo ké
hoach 2 muc déy du 2% Ba bién duoc khao
sat va cac gia tri thi nghiém dugc mo ta trong
bang 1.

Bang 1. Cdc bién thi nghiém khdo sdt

Tén bién diu vao Min Max
Van toc cat (V; m/s) 8,96 14,08
Go6c ga dao (a; °) 0 60
Goc cap phdi (B, °) 0 50

Két qua do luc cit trung binh khi cét timg
than cay ngd dugc thu thap va phan tich thong
ké bang phin mém Minitab(R). Hinh 6 mo ta
két qua phén tich anh huéng cia cac yéu t6
dau vao (cac bién thi nghiém).

Main Effects Plot for Luc e T8

Dets Meare

Van 16c ! Goc gb dxo
.

Gac clp phis

|

Hinh 6. Anh huwéng ciia cdc yéu té dén luc cdt
Qua Hinh 6, c6 thé thiy ca ba yéu td dugc
khao sat déu c6 anh huong dang ké den luc
cat. Goc ga dao o c6 anh huong manh nhat,

tiép d6 1a goc cap phoi B, cudi cing 1a van tdc
cit V. Luu ¥ rang, cic nghién ciru trude day
hau nhu chua quan tdim dén anh huéng cua
goc cap phdi B. Thém nita, cac may cit bam
thuong mai hién nay da sd sir dung dao thang c6
goc ga dao bang khong do. Pay sé 1 nhiing
nhan dinh quan trong cho cac nghién ctru tiép
theo nham tiét kiém niang luong tidu hao cho
cac méy cat bam phy pham ndng nghiép.

Hinh 7 mé ta két qua phan tich anh hudng
tuong tac giita cac yéu td thi nghiém. Nhu c6
thé thay trén Hinh 7, van tdc cit va goc gi
dao khéng c6 anh hudng tuong tac véi nhau.
Hai cap con lai, vin tde cét va goc cép phoi,
goc cap phéi va goc ga dao déu co anh hudng
twong tac 1an nhau. Pay 1a nhiing thong tin
quan trong dé phat trién cac mé hinh toan hoc
mo ta ham luc cit sau nay.

Interaction Plot for Luc cht TB
Data Mesrsy

Vin bée

Goc g dao .,

Goc chp pwl

Hinh 7. Anh huéng twong tdc giita cdc yéu t6

5. Két luan va dé xut

Mot thiét bi thi nghiém hoan chinh da duogc
phat trién dua trén mot may bam cat than cay
néng nghiép thuong mai. Bang cach thay d6i
két cau co khi va bd sung cac thiét bj do can
thiét, thiét bi thi nghiém nay vira c6 thé tién
hanh bam cét binh thuong nhu chirc ning cia
may thuong mai, vira ¢ thé thu thap déy du
cac dit lidu can thiét phuc vu nghién ctru. Piéu
ndy cho phép tién hanh thi nghiém sat véi diéu
kién véan hanh thyc tién hon. Két qua cho thiy,
thiét bi dap ung tot yéu cau trién khai thi
nghiém theo 1y thuyét quy hoach thuc nghiém,
dong thoi chi ra mot s6 hudng nghién ciru kha
thi va hiru ich tiép sau.

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn

167


http://jst.tnu.edu.vn/

Ngo Qudc Huy va Drg

Tap chi KHOA HOC & CONG NGHE DHTN

200(07): 163 - 168

Lo&i cam on: Nghién ciru nay dugc tai trg boi
dé tai nghién ctru khoa hoc mi s6 PH2018-
TNO01-02 cua bai hoc Thai Nguyén.
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