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TOMTAT

DGi véi cli qua ndng san, viéc phan loai theo kich ¢ la chi tiéu chat lugng quan trong phuc vu mdt s6 muc dich nhu sé thich cta nquai tiéu dung, yéu cau ca thi
trudng, dinh gia thanh san pham, quy cach déng goi, cdc nguyén cong ché bién sau thu hoach. . .. Nghién cu nay thuc hién cdc md phdng phan ti rdi rac nhdm trg gidp
t6i uu thiét k€ va thong s van hanh thiét bi phan loai kich thudc ci qua ndng san dang long quay (sang 1dng). Cac md phéng tap trung xéc dinh kha néng di chuyén ctia
¢l qud ndng san doc theo 16ng quay; thdng s6 van hanh t6i uu cda thiét bi (van téc gdc cla 1ong quay) ddi vdi nang sudt thiét ké. Ma trdn md phdng vdi 7 truong hop da
dugc dé xudt va thuc hién. DE cdc qué cd thé di chuyén dé dang doc theo ldng quay thi cac thanh khung 16ng dugc lam nghiéng theo chiéu quay cla long mdt goc la 12°.
DG v6i ndng sudt thiét ké 7,2 tan/gic, 16ng 6 dutng kinh 800mm, ¢6 5 khoang phan loai dai 1000mm mdi khoang, thi vén t6c goc clia Iong quay t6i uu la 12,5v/ph.
Phuong phdp mé phong phan ti rdi rac hoan toan 6 thé trg gitip cac ky su/nghién ctu vién trong viéc tinh toan thiét ké thong s6 van hanh clia cac thiét bi phan loai ci
qué ndng san, giam thi€u viéc ché tao cac nguyén mau “prototype”, viéc ma sé rat ton kém vé chi phi, nhan luc va thai gian.

Tirkhéda: Thiét bi phdn logi kich thudc; mo phong phdn ti rdi rac; ¢ qud ndng sdn; thong s van hanh.

ABSTRACT

For agricultural fruits, the classification by size is an important quality indicator that serves a number of purposes such as consumer preferences, market
requirements, product pricing, packaging specifications, and post-harvest processing operations. . .. This study performed Discrete Element simulations to assist in the
design and determination of working parameters of the rotary drum sizing equipment. Simulations focused on determining the motion of the fruits along the rotating
axis and working parameters of the equipment (angular velocity of the rotary drum). Simulation matrix with 7 cases has been proposed and conducted. In order for the
fruits to move easily along the rotating drum, the drum frame bars are tilted in the direction of rotation of the cage at an angle of 12°. For a yield of 7.2 tons/h, a drum
with a diameter of 800mm, with 5 sorting chambers of 1000mm long each, the optimal angular velocity of the rotating drum is 12.5 rpm. The Discrete Element simulation
method can fully assist engineers/researchers in designing working parameters of fruit sorting equipment, minimizing the production of prototypes, which is currently
high in terms of cost, manpower and time.

Keywords: Fruit sizing equipment; discrete element simulation; agricultural products; working parameters.
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1. GIGI THIEU cac nguyén coéng ché bién sau thu hoach... C6 thé nhan thay

Phan loai san pham theo cic kich c& khac nhau 1a mot ~ 'Ng ngudi tiéu dung rdt quan tam dén chat lugng ngoai
quy trinh dugc st dung phé bién trong nganh néng nghiép hinh cda ct qgé néqg san. Ngoai ra, viéc phan loai thanh cac
va thyc pham. D& véi cll qua néng san, viéc phan loai theo  Kich thudc dong déu gilip cho qua trinh dong géi va van
kich c& 13 chi tiéu chat Iuong quan trong phuc vu mét s6 muc chuyén hiéu qua vi ci qua nér)g san CC’)\kI’Ch thudc dong déu
dich nhu chét lugng, s6 thich ctia ngudi tiéu dung, yéu cau  S€ 9idm 1ang phi va giam thiéu nhu cau dong géi qua mc
ctia thi trudng, dinh gia thanh san phm, quy cach déng goi, tu d6 gidm chi phi van chuyén va gidm tac dong méi trudng.
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Thém vao dé, viéc phan loai kich thudc ¢l qua néng san con
cho phép x{ ly hiéu qua hon trong qua trinh ché bién sau
thu hoach. Cac loai cii qua néng san cé cung kich ¢& cé thé
dugc xtr ly cing nhau, dan dén quy trinh lam viéc suén sé
hon va gidm thai gian x{ ly. Ngoai ra, cac loai cii qua ndng
san c6 kich thudc déng déu sé chin vdéi t6c d6 6n dinh han,
gilp quan ly qua trinh chin dé phan phéi va ban dé dang
hon. Nhin chung, viéc phan loai ci qua ndng san thanh cac
kich ¢& khac nhau gitp nang cao chét lugng san pham, tao
diéu kién x{ ly hiéu qua va dam bao san phdm dap ting nhu
cau va sd thich cua thi trudng. N6 mang lai Igi ich cho ca
Nngudi san xuat va ngudi tiéu dung, dan dén chudi cung Ung
cll qud nodng san thanh céng va cé Igi hon [1].

Trong nhiing tiéu chuan can phan loai (kich thudc, trong
lugng, hinh dang, mau sac, chat lugng) thi kich thudc qua la
thong s6 rat quan trong va dugc st dung rong rai. Hién nay
¢6 nhiéu nha khoa hoc va cac cong ty quan tam nghién ctu,
phat trién céc thiét bi phan loai ci qua néng san theo kich
thudc. Tuy vao hinh dang clia cll qua néng san ma da cé rat
nhiéu nguyén ly phan loai dugc phat trién, c6 thé dang cau
nhutdo, man, cam, chanh; dang cén nhu ca rét; dang tru nhu
dua chuét, dia; dang dac biét nhu 1, xoai. Trong nghién ctiu
nay, nhom tac gia tap trung vao thiét bi phan loai ct qua
ndng san dang cau. D&i véi dang nay, thiét bi phan loai dang
I6ng quay (sang 16ng) c6 uu diém la ndng sudt 1én, cdng suat
dién nhd, cé kha nang ty dong hoan toan. Tuy nhién cé
nhugc diém 1a khéng phu hgp vdi vat liéu bam dinh, can cé
canh dan hudng déi vai mét sé trudng hop.

Hién nay, iing dung cla phuong phap mé phong phan
t roi rac (Discrete Element Method - DEM) trong viéc tinh
toan thiét ké va t6i uu thong s6 van hanh thiét bitrong néng
nghiép dang dugc phat trién rong rai. Van Zeebroeck va
cdng su [2] md phong phan ti rdi rac qua trinh déng goi va
van chuyén trai cay dé udc tinh ti 1é hu hdng. & mét nghién
ctu khac, Romuli va céng su [3] mo phéng qua trinh boc vo
qua cay dau me dé t6i uu hoa thiét bij tach vo. Bén canh do,
Cotzee [4] 4p dung phuong phap mé phong dé mé phéng
may rai phan vo co. Ngoai ra, Le va cong su [5] nghién clu
cd tinh va lyc ndt vé téi han cla hat dau tuong st dung
phuong phap mo phong hat roi rac.

Tuy nhién, hién nay viéc ap dung phuong phdp mé
phong nay trong cac thiét bi phan loai ci qua nong san la
chua nhiéu. Can chi y rang cdc mé phéng hoan toan cé thé
dugc ap dung dé gidm thiéu viéc ché tao cac nguyén mau
“prototype”, viéc ma sé rat tén kém vé chi phi, nhan luc va
thoi gian. Do dé, nghién cliu nay dé xuat 4p dung phuang
phap mé phong phan td roi rac trong viéc trg gitp téi uu
thiét ké va thong s6 van hanh thiét bi phan loai c qua ndng
san dang 16ng quay (sang 16ng).
2.D0I TUGNG VA PHUONG PHAP NGHIEN CUU
2.1. Déi tuong nghién ciiu

2.1.1. Ci qud néng san phan loai va co ly tinh

Trong nghién ctu nay, nhém tac gid hudng téi t6i uu
thiét ké va thong s6 van hanh ctia thiét bi phan loai theo kich
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thudc dang 16ng quay cho qua man chin (sang 16ng). Qua
man chin v&i cac théng sé co ly tinh dugc tra ctu truc ti€p tir
tai liéu tham khao [6], v&i théng s6 cu thé nhu bang 1.

Bang 1. Thong s6 ¢a Iy tinh cda qua man

Théng so Gia tri Don vi
Khi lugng riéng 1060 kg/m?
Md dun dan hoi 0,73 MPa
Hé s6 Poisson 0,268
Hé s6 ma sét truot véi kim loai 0,169
Hé s6 ma sét truot véi cao su 0,194
Dudng kinh nho nhét 20 mm
Dudng kinh [én nhat 65 mm
Biéu dd phan b6 dudng kinh Phan phdi déu lién tuc
Luc phd v 72 N
Ung suét tiép xtc I6n nhét 283 kPa

2.1.2. Thiét bi phén logi dang I16ng quay

Trong nghién ctu nay, thiét bi phan loai dang 16ng quay
dugc st dung dé thuc hién mé phdng Phan t rdi rac. Thiét
bi nay hoat dong dua trén nguyén ly lgi dung luc ly tam va
trong luc cda ct qud ndng san dé phan loai. Hinh 1 thé hién
so d6 cac bo phan cua thiét bi va nguyén ly phan loai. Cac
qua man dugc dua vao trong khoang ctia 16ng quay vdéi luu
lugng nhat dinh. Long quay c6 dudng kinh 800mm. Long
quay dugc thiét ké véi 5 khoang riéng biét c6 chiéu dai
1000mm méi khoang. Méi khoang ¢ kich ¢ khe hé & tang
dan tur dau vao téi dau ra (32mm tsi 72mm). BGi vSi phan
loai cli qua ndng san nhu man, khong can thiét bo tri canh
gat bén trong I6ng quay.

Cac quad man dugc chuyén dong lién tuc va di chuyén
doc theo 16ng quay tir dau vao téi dau ra. Tuy nhién, dé cac
qua man c6 thé di chuyén dé dang doc theo 16ng quay tu
dau vao tdi dau ra, c6 nhiéu nguyén ly ¢ thé dp dung nhu
dat nghiéng 16ng quay so véi phuong nam ngang, hoac sap
x€p cac thanh lam khung l16ng v&i goéc nghiéng B nhu dé
xudt trong nghién ctu nay. Géc nghiéng B dugc dinh nghia
nhu trong hinh 1, bién thién vai 3 gia tri 0°, 5° va 12° nhu
miéu ta trong hinh 2. Viéc m6 phong Phan tu rdi rac sé trg
giup tim dugc thiét ké t6i uu cho goc B. Cudi cung, dudi cac
khoang phan loai sé c6 cac mang dan ct qua néng san ra
cac khay dung tuong Ung. Nhiing qud cé kich thudc I6n
vugt ngoai khodng phan loai sé dugc dan dén diém cudi
cda léng quay.

2.2. Phuong phap nghién ctiu

M6 hinh mé phong phan ti rdi rac (Discrete Element
Method - DEM) dugc phét trién dua trén mé phéng chuyén
ddng cla cac hat rdi rac tuan theo cac dinh luat clla Newton
[71. Do d6, cac chuyén dong clia cac hat dugce xac dinh théng
qua viéc gidi cac phuong trinh chuyén déng tinh tién va
quay cla cac hat riéng ré. D6i vdi hat s6 thu ty i, phuong
trinh chuyén déng tinh tién dugc cho nhu sau:
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dv.
m —= E F +m.
i dt - ij |g (1)

Trong d6, m; la khéi lugng clia hat i, vi 1a van téc, t la thoi
gian, Fy la luc tiép xuc tdc dung Ién hat i ti hat j va g la gia
téc trong trudng. Phuong trinh chuyén déng quay dugc
bi€u dién nhu sau:

dw.
| —=» T,
4t Z,: ij (2)

trong do, I; la mémen quan tinh, w; la van téc géc va T la
momen xodn tac dung lén hati ti hat j. Trong mé hinh DEM,
luc ti€p xuc thudng dugc moé hinh héa bang 16 xo, thanh
trugt va thanh trugt ma sat. Mét trong nhirng mé hinh tiép
xuc dugc st dung nhiéu nhat la mé hinh Hertz-Mindlin [8],
bao gobm nhiéu tham s6 khac nhau nhu mé dun dan héi, hé
s6 Poisson, mo dun cat, hé s6 ma sat tinh, hé sé ma sat lan
va hé s6 hoan nguyén. Cac hé s6 nay lién quan dén méi quan
hé tuong tac gitia hat/hat va hat/chi tiét may, duoc dua ra dé
mo ta su mat mat nang lugng khi cac bé phan tuong tac vai
nhau [5].

Luwu lwgng dAu vao
q= 2 kg/s )
(~nang suat 7.2 tin/h)

800 mm

T ©é-nmm
Dp > 62mm

®)
32mm<Dp<4mm 42mm<Dp<52mm 52mm<Dp<62mm

@
Dp <32mm

Hinh 1. Thiét bi phan loai dang long quay va cac thong so

............................... ST R

= ————— %
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=
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Hinh 2. Ba thiét ké dé xudt cho goc p dé thuc hién mé phong
3. KET QUA VA THAO LUAN
3.1. Théng sé dau vao mé phéng

Trong nghién ctiu nay, phan mém ALTAIR EDEM da dugc
strdung cho cac mé phdng phan ti rdi rac. BAng 2 dua ra cac
théng sé dau vao ctia mé phong DEM dugc thuc hién trong
nghién ctu nay (két hgp vai cac théng so co ly tinh clia qua
man nhu da trinh bay & bang 1). Viéc thiét ké va chia lugi
phan tir hitu han cho chi tiét may dugc thuc hién trén phan
mém Trelis, Sandia National Laboratory. Hinh 3 thé hién ludi
phén ti hitu han céc chi tiét may dé thuc hién mé phéng.
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Céc md phong DEM dugc thuc hién trén may tinh hiéu nang
cao 64 Gb RAM, 32 nhan, 64 luéng, trong khi két qua duac

XU ly trén Matlab R2018.

Bang 2. Cac thong so dau vao clia mé phdng phan ti rdi rac

Théng sé Gia tri Don vi

M@ hinh tiép xtc Ma sét trugt: Hertz-Mindlin

Ma sét lan: tiéu chudn

Bam dinh: khdng
Gia toc trong trudng 9,81 m/s?
Hinh dang hat Hinh cau
Duang kinh hat nhd nhat 20 mm
Dudng kinh hat 6n nhat 65 mm
Biéu d6 phéan bd dudng kinh hat | Phan phdi déu lién tuc tir

nhd nhat tGi lon nhat
Budc thai gian 1,08e-5 S
Téng thai gian mo phong thucté | 550 s
Téng khéi lugng cd qua ndng san | 1000 kg
phén loai
Téng s6 hat udc tinh 8000
Luu lugng dau vao thiét bi phén loai | 2 kg/s
Luu luong dau vao thiét bi phén loai | 7,2 tan/gio
Dang chia ludi cho chi tiét may tam gidc (dinh dang tép STL)
56 lugng phan tlt 3609
Dién tich phan ti trung binh 9,72 mm?
Goc nhd clia phan tl trung binh -~ | 21,23 °
Ty 1& canh phan t{ trung binh 6,62

C\L,z

Hinh 3. Lugi phan t& hitu han cac chi tiét méy dé thuc hién mo phdng

3.2. Ma tran cac truéng hop mé phoéng

Trong nghién ctiu nay, nham t8i uu thiét ké goc nghiéng
B va thong s6 van hanh cla thiét bi, ma tran mé phong sau
da dugc dé xuat nhu trinh bay & bang 3. Cac trudng hop mé
phéng nay sé gilp danh gia cac tiéu chi sau:

e Kha nang di chuyén clia hat doc theo chiéu dai clia lbng
quay ti dau vao tdi dau ra (cac trudng hop SimNr0, SimNr3,

SimNr4)

¢ Kha nang phan loai ctia 16ng theo cac kich thuéc dinh

truéc.
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Bang 3. Ma tran mé phdng va cac thong s6 tuong ting

Nang Goc | Vantdcgoclong Thf" gian io
- w " ’ mé phong | luong
Ky hiéu | suat | nghiéng quay 0 e .
(tén/gio) | B() | (vong/phat) | MG | tinh
(gio) toan
SimNr0 7.2 0° 25 45 12
SimNr1 7,2 5° 12,5 45 12
SimNr2 7.2 12° 12,5 45 12
SimNr3 7.2 5 25 45 12
SimNr4 7,2 12° 25 45 12
SimNr5 7.2 5 50 45 12
SimNré 7,2 12° 50 45 12

3.3. Két qua téi vu thiét ké va théng s6 van hanh

Hinh 4 cho két qua sé lugng hat nam trong 2000mm dau
tién (2 khoang dau tién) cia I6ng quay, véi 3 truong hgp xem
xét clia géc nghiéng f la 0°, 5° va 12°. Can chu y rang déi véi
ca ba trudng hgp mé phong nay, van téc goc clia long quay
déu bang nhau va bang 25v/ph. Cé thé nhan thay & hinh 4
rang déi vai trudng hop goc nghiéng B = 0°, kha nang di
chuyén doc theo 16ng quay clia cac qua man la rat kém. Véi
thai gian tU Os t6i 80s da cé khodng 300 qua man bi ket
lai/don U lai trong 2 khoang phan loai dau tién ma dang ra
chung phai dugc di chuyén téi cdc khoang tiép theo dé phan
loai. Con sé nay I6n hon rat nhiéu so véi 16ng quay dang
thanh xién chéo B = 5° va 12°, khi chi cé khoang trén dudi 50
qua. C6 thé nhan thay rang goéc nghiéng B = 12° cho kha
nang di chuyén doc truc I6ng clia hat t6t han so véi B = 5°,
tuy nhién con s6 chénh léch la khéng dang ké. Hon niia, khi
goc B =5°va 12° thi s6 hat trong 2000mm dau tién gan nhu
la hang sé, trong khi luu lugng van la 2kg/s, diéu d6 ching
t6 kha ndng di chuyén clia cac hat tir dau vao t6i dau ra cla
I6ng quay la rat t&t. Nhu vay, c6 thé két luan dé cac qua man
c6 thé di chuyén lién tuc tir dau vao téi dau ra, thi goc
nghiéng B can khac khong. Do dé, chi duy nhat moét trudng
hgp moé phéng véi géc nghiéng B = 0° da dugc thuc hién.
Hon niia, can chid y rang huéng nghiéng nay can thuan theo
chiéu quay 16ng dé dua hat di chuyén vé phia trudc.

Hinh 5 thé hién van téc dai va van téc gdc cla cac qua
man trong qua trinh phan loai tai thai diém t = 77s. C6 thé
nhan thay & hinh 5 rdng van téc dai clia cac qua man c6 thé
dat t&i 3,5m/s, con van téc géc clia cadc qua man cé thé dat
16i 7422°/s.

Hinh 6 thé hién biéu d6 phan bd kich thudc cda ting
khay chua tai thai diém t = 550s (da thuc hién phan loai 1 tan
man, v8i nang suat 7,2 tan/gid), véi 6 trudng hgp mé phong
nhu trinh bay & bang 3. D6i vai SimNr1 va SimNr2, van toc
vong quay la thap. Déi vai SimNr3 va SimNr4, van téc vong
quay la trung binh. Va déi véi SimNr5 va SimNr6, van toc
vong quay la cao. C6 thé nhan thdy & Hinh 6 rang khi van téc
gobc cla léng quay trung binh va 1én, thi kha nang phan loai
G cac khoang thi 3 tré di la khong t6t (dudng kinh 16n hon
42mm). Cé su chéng chéo rat 16n vé kich thudc can phan loai
gilta cac khoang nay. Pdc biét quan sét rat ro & SimNr5 va
SimNr6, khi van t6c goc clia Iéng quay la 50v/ph. Diéu dang
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chu y 1a cac qua c6 kich thudc nho cling di téi cudi ctia long
quay, noi ma dugc thiét k& cho qua co kich thudc Ién. Diéu
nay cé thé gidi thich rdng do van téc géc 16n, cac qué di
chuyén nhanh han, va do d6 va dap véi nhau va véi thanh
nhiéu hon, chiéu dai khoang 1000mm do d6 la khéng da dé
cac qua roi xuéng khe ha.

[
7]
S

[ 3=0°, w=25 v/ph
+ | 8=5°, w=25 v/ph
[8=12°, w=25 v/ph

S8 hat nim trong
2000 mm dAu tién caa long quay

=3
S
T

20 40 60 80 100 120
Thoi gian thuc (s)

Hinh 4. Kha néng di chuyén cda hat doc theo chiéu dai ctia long quay: so hat
nam trong 2000mm dau tién cla long quay vdi ba trudng hgp clia gc nghiéng f,
thai gian tur 5 t6i 1355

Time: 77.18 s
.

y T, "
& . = Velocity (m's)
b} = 346
whe 2 -~
T T
v Al v s
e

Altair EDEM”
Time: 77.18 ¢
. .
- e \ngular Velocity (deg/s)
. e > % 2 742295
S : -
i R -
v e 1T .
55 503836
et
t =
.
4453,
-~
o
G P 18

. y 2069 13
a‘& ‘. #
0 . i
kel 1484.59
.
0.00

Altair EDEM"

Hinh 5. Hinh anh van tdc dai va van toc goc cta cdc qua man trong qud trinh
phan loai, SimNr3, t =77s

TU cac quan sét dinh lugng nay, c6 thé nhan thdy rang
trudng hgp téi uu nhat la SimNr2, véi géc nghiéng B = 12°
va van toc goc clia l6ng quay la 12,5v/ph. Trong trudng hop
nay, cac khay chia vé ca ban da cé cac qua vai kich thudc
mong mudn, vdi sai s6 la nho nhat trong cac trudng hgp xem
xét. Hinh 7 thé hién hinh anh 5 khay chifa cac qud man sau
qua trinh moé phéng phan loai véi trudng hgp SimNr2. Tuy
nhién, c6 thé nhan thdy rang vdi géc nghiéng la 5° hay 12°
thi sai s6 cling khéng qua khac nhau. Thong s6 van téc goc
cua léng quay c6 anh hudng nhiéu hon téi kha nang lam viéc
cla thiét bi.
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Hinh 6. Bi€u dd phan bd kich thudc cdc qua mén trong timg khay chiia sau
550s thuc t€, téng khéi lugng man da phan loai: 1 tan. Céc kich thudc khe hé cac
TAI LIEU THAM KHAO

khoang phan loai ciing dugc chi dinh (32, 42, 52, 62mm)
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Altair EDEM"

Hinh 7. Hinh anh 5 khay chiia cdc qua mén sau qua trinh mé phdng phan loai
vdi truding hgp SimNr2, t = 550s
4, KET LUAN VA KIEN NGHI

Nghién cttu nay thuc hién cdc moé phdéng phan tu rdi rac
nham trg gitp t6i uu thiét ké va thong s6 van hanh thiét bi
phan loai kich thudc qua man dang l6ng quay. Cac két luan
chinh c@ia nghién cttu nhu sau:

e D& cac qua man co thé di chuyén dé dang doc theo
I6ng quay thi cac thanh khung 16ng dugc lam nghiéng theo
chiéu quay cua léng mot goc la 12°%

¢ DGi vdi nang suat thiét ké 7,2 tan/gid, 16ng c6 dudng
kinh 800mm, c6 5 khoang phan loai dai 1000 mm moi
khoang, thi thdng s6 van hanh t6i uu cla thiét bi la 12,5v/ph
cho van t6c goc clia l6ng quay;

e Phuong phap mé phéng phan ti rgi rac hoan toan co
thé trg gilp cac ky su/nghién cliu vién trong viéc tinh toan
thiét k& théng s6 van hanh clta cac thiét bi phan loai ct qua
nong san.

Trong cac nghién ctu ti€p theo, nhom tac gia can thuc hién
cac nghién ctiu chuyén sau hon nhu phan loai cac ci qua nong
san ¢6 hinh dang phtc tap. Hon niia, viéc do dac cac thong sé
cd ly tinh cia i qua néng san la rat can thiét vi day la cac
théng sé dau vao ctia mé hinh.

LOI CAM ON

Nhom tac gia cdm on sy hé trg ctia Altair HyperWorks for
VietNam trong viéc mé phong st dung phan mém EDEM va
su ho trg clia Cong ty H&B Bac Ninh trong viéc thuc hién thi
nghiém.
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