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TOM TAT

Khi ché bién ndng san vo cling & dang hat co gia tri dinh dudng cao tuong tu hat mac ca, viéc pha
v& &p vo cling ma khong anh hudng dén chat lugng nhan la mét bai toan khé gidi quyét. Mot s6
phuang phap ché bién c6 ndng suét cao nhu dap hodc nghién da dugc st dung dé pha vé 16p vo
cling. Pay la nhiing phuong phéap ché bién phd bién hién nay. Tuy nhién, nhing phuong phép
nay gay ra ty 1& hat v vun cao, dan dén gidm gid tri san pham va tang chi phi sang loc. Nghién ctiu
nay dé xudt sir dung nguyén ly gia cong dang cua dia dé cit vo cing. Hat Macadamia co do clng
vo cao nhat trong nhom. Dua trén hinh dang ctia vo cing, nghién clu nay cling dé xuat sé hoa
qua trinh cat théng qua Ung dung bo diéu khién sé cong nghiép tiéu chudn (Computer Numerical
Control - CNC) véi b ndi suy cung tron G02/G03. Trong truong hop dé xuét, cac tham sé clia bd
noi suy cung tron sé mang y nghia khac vai cac thong s6 nay trén may CNC truyén théng. Moi
quan hé gilta cac thong sé ctia bo ndi suy cung tron vai cac thong sé hinh hoc quan trong clia vo
cing va duong kinh dung cu cat cling dugc phan tich chi tiét. K&t qua cho thay cac maéi quan hé
nay phu thudc vao dudng kinh dung cu cat, dusng kinh vé ciing, cung can cét trén than vo va do
sau cdt (36 day vo cing). Ngoai ra, viéc s6 hda qua trinh cat thi kha thi cho qua trinh ty dong hoa

oﬂ“’&
‘ Bai nghién ciiu

va giam sat trong tuong lai.

T khoa: Hat mac ca, lam v& hat mac ca, may lam v hat mac ca

GIGI THIEU

2> Hat méc-ca (macadamia nut) 13 loai hat néi tiéng con

goi 1a “hat sa mac cia Hawaii,” ¢ thé dugc trong &
nhiéu noi va cé gia tri dinh dudng cao. Méc-ca la hat
clia ciy Macadamias la cay thudng xanh c¢é ngudn géc

s tit Uc. Theo Hiép hoi Macadamia Uc, dan ban dia goi

macadamia bdng nhiéu tén khac nhau: Kindal Kindal,
Boomera, Jindill hodc Baupal. Céc nha san xudt hat
mic-ca lén nhat 1a Uc va Nam Phi, chiém khodang 50%

o téng san lugng, tiép theo la Kenya, Trung Qudc, M¥,

Guatemala, Brazil, Malawi, Viét Nam, Colombia, New
Zealand va Swaziland. Qua trinh ché bién cdc loai hat
nay bao gobm mot s6 budc sau khi thu hoach: tach vo
xanh ngay trong vong 24 gid, sdy chin & nhiét d6 100
- 120 d9 C trong khoang thoi gian tit 40- 60 phut, lam
V3 v0, rang va udp mudi.

C4u tao hat méc-ca dugc mo ta nhu & Hinh 1(a) va

s (b), gobm vo xanh, vo cling va nhan. Hat mdc-ca

sau khi ché bién va cit vo ciing dugc thé hién trong
Hinh 1(c). Kich thudc hat méc-ca theo tiéu chuin

21 dugc chia thanh 5 loai dya trén kich thudc vo cling

nhu mo ta trong Bang 1. Trong do, 3 loai co ban cé
gid tri nhit 13 loai nho véi kich thudce tit 16 dén 18
mm, loai viia tii 18 dén 23 mm, va loai 16n tit 23 dén
28 mm. Pay ciing 1a kich thudc co ban dung dé€ thiét

ké céc thiét bi lam v& vo cling.

Khi ché bién ndng san vo cling tuong ty nhu hat mic-
ca, sau khi tdch v6 xanh thi viéc 1am v& vd ciing ma it
giy anh hudng dén chit lugng ctia nhan la mét van dé
khé giai quyét. Mot s6 phuong phép co hoc cho ning
sudt cao da dugc ting dung dé lam v& vo ciing nhu
d4p bing btia hoic nghién 2% nhu dugc mé ta trong
Hinh 2(a). Tuy nhién cac phuong phédp nay lai c6 ty
1é gay thuong t6n nhéan cao (v& vun). Két qua la lam
gidm gid tri sn phdm va tén chi phi sang loc, loai bo.
Céc nghién ctiu cho thdy ty 1¢ vé nhan chiém 19.5%,
21.8% va 12.3% tuong tng voi loai nhd, viia, va 16n.
Dai v6i cong doan lam v& vo cling, vé mit thiét bi,
K. Kaewphat va cac cong sut da nghién ctiu loai thiét
dua trén nguyén ly quay goc quy moé nho véi co cdu
dap quay géc nhu trong Hinh 2(b). Thiét bi nay c6
thé 1am v& vo cho 3 ¢& hat méc ca c6 pham vi dudng
kinh 17-22 mm, 23-28 mm va 29-34 mm ma khong
can phén loai kich thudc v hat truée d6. Két qua cho
théy thiét bi dat dugc nang sudt nhu thiét ké. Hiéu
qua trung binh trong viéc phan tach kich thudc trude
khi ntit 1a 83% v6i ning sudt tng thé 1a 7,75 kg moi
gi®. V€ qua trinh niit vo cho thiy khdi lugng hat méic-
ca ntt vo béng 29,75% trong lugng cd qua mdc ca.
70,25% con lai la trong lugng ctia vo. Hon nita, nguoi
ta cing phat hién ra ring, vé chit lugng ctia nhian mic

Trich dan bai bao nay: Nam T H, Hung H T. Ung dung néi suy cung tron vao gia cong bién dang néng
san vé cling (dang hat Mac - ca). Sci. Tech. Dev. J. - Eng. Tech. 2024; ():1-8.

26

27

28

29

30

34

35

36

37

38

39

40

M

%2

43

44

45

46

47

48

49

50

51


MSII
Stamp


Tap chi Phdt trién Khoa hoc va Céng nghé - Engineering and Technology 2024, ():1-8

§9e. .

Hinh 1: (a) C4u tao hat mic-ca, (b) C4u tao chi tiét vo
cung.

s2 ca da niit vo, lugng nguyén hat 1a 39%, lugng ntia hat
s3 1a 44% va lugng hat v& tuong tng la 17%. Ty 1é v&
s+ nhén nay 1a kha cao. Ly giai cho lugng hat bi v& cao
ss khi st dung co cdu dép quay goc la do goc vao liéu
s6 can thiét khi nghién kha nho ngoai ra trén bé mit dia
s7 nghién c6 khia nhdm hodc ranh nho (d€ chdng trugt
ss liéu) da cudn va tao luc ép lién tuc 1én hat méic-ca khi
so hat vao viing gia céng c6 kich thudc duong kinh nho
60 hon bén duéi. Co s6 xac dinh luc can thiét d€ lam nit

hat méc-ca’, va (c) Hat méc-ca sau khi ché bién va cit vo

vO cling clia cac loai hat khac nhau dugc nghién ctu
béi Paul Schuler va cac cong sul. 6 liéu tham khao
trong Hinh 3 cho thiy mic-ca 14 loai nong sin dang
hat c6 vo cting tuong doi cao nhat trong nhém.

Theo céc nghién citu khac nhdm néng cao chit lugng
hat mic ca, trong d6 tiéu biéu 13 nghién ctiu’ cla
Gilberto C. Braga va cac cong su, da cho thdy cong
doan lam v& hat mic ca 1a cong doan quan trong va
tinh t€ nhét d€ dat dugc hat chét lugng cao. Clng
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(b)

Hinh 2: (a) Nguyén ly nghién lam v vé ciing clia hat, (b) Co cdu dap quay géc, va (c) san pham khi sirdung co cau
dap quay goc4.

Bang 1: Phan loai kich thudc vé citng hat méc-ca

STT Loai DPuong kinh vo ciing

mm inch
1 Qua 16n >28 > 1.1
2 Lén 23-28 09-1.1
3 Via 18-23 0.7 -0.9
4 Nho 16 - 18 0.6 -0.7

5 Qua nho <16 <0.6
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theo nghién ctiu nay, cdc loai hat thudng c6 do 4m
cao, dugc sdy kho dén d¢ 4m khuyén nghi, trudc khi
ntt, trong mot qua trinh kéo dai tii 3 dén 4 tuln véi
chi phi tiéu thu nang lugng 16n. Nghién ctiu trén ciing
da xem xét co s v€ su v& vo cin thiét cho viéc phat
trién cdc phuong phdp hodc ky thuat méi nhim giam
thoi gian sdy va dat dugc quy trinh chiét xuat nhan
hiéu qua hon. Céc yéu cdu v€ lyc, bién dang riéng va
néng lugng cho sy v& ban ddu ctia vo hat mac ca khi bi
nén da dugc nghién ctiu thuc nghiém nhu la mét ham
ctia 6 4m, kich thudc hat va vi tri tai trong nén. Mot
nghién ctiu tuong tu cho qué trinh gia cong lam nit vo
hat cting khdc nhu vo hat 6c ché ciing dya trén nguyén
1y nghién nhung st dung két cdu co khi 1 xi lanh cé
rinh xodn 6¢ da dugc dé cap trong nghién ciiu® ctia
A. Ghafari va cac cong su. Qua trinh nghién lam v&
hat éc ché & nghién ctiu nay cho ty 1é nhan nguyén
hat thu dugc la 66,66 %. Cong sudt ctia may udc tinh
khoang 25,2 kg/gio.
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Hinh 3: Luc pha huy vo cling cta cac loai hat theo
bé dayvo'.

Khi tiép can theo m¢t hudng khéc dé€ dé dang tach vo
cing ra ma it gy ton hai cho nhan thi giai phép cua
bang cua dia 1a mot giai phap kha thi. Khi st dung
phuong phép nay thi dudng kinh gia cong cta hat
khong bi thay d6i nén kha nang lam v& hat sé giam so
v6i phuong phép dap quay goc. San phidm ctia phuong
phép nay c6 thé thay trong Hinh 1(c). D€ thuan lgi
trong viéc diéu khién quy dao cua theo bién dang cta
vo ¢6 kich thude dudng kinh vo cting thay déi theo
vy mua, nghién cttu nay trinh bay giai phép ting dung
bo diéu khién s6 cong nghiép (CNC) vao thiét bi gia
cong theo bién dang vo cting. Da c6 mot s thiét bi
ung dung tuong tu, tuy nhién chua thdy c6 cic bao
cdo nao dé cip dén nguyén ly va sy dnh hudng cta
céc thong s6 clia san phdm dén qua trinh ché bién.
Do d6, nghién ctiu cing tién hanh phan tich méi quan
hé gitta cac tham s6 bo ndi suy cung tron ctia bd diéu

khién CNC véi kich thu6e hat nong san fd, chiéu siu
cat t va dudng kinh dia cat fD. T d6, mot chuong
trinh con chuyén d6i thong s6 sé dugc thiét lap dé
dang cho phép tich hgp cac cong nghé tu dong vao
thiét bi. O dé xudt nay, kich thudc vo cling cin dugc
phén loai trudc theo cdc nhém tiéu chudn nhu cho
trong Bang 1.

VAT LIEU VA PHUONG PHAP

D€ tién hanh thiét k€ thiét bi theo nguyén ly dé
xudt thi mé hinh phoi liéu dugc dua ra nhu trong
Hinh 4(a). Trong d¢, (1) la phoi liéu hat vo cting dau
vao dugc mo hinh thanh dudng tron tiéu chuln c6
duong kinh fd (mm) tra theo Bang 1, (2) la dung cu
cua dia ¢6 duong kinh fD (mm), t (mm) 13 bé day 16p
vO cing can cit, ¢ (mm) 13 phdn vo cting con lai, va m
(mm) la chiéu siu theo phuong duong kinh ctia phén
vo cling da bi cit bo. Ba thong s6 ¢, t, va m dugc xdac
dinh trong khi khao sat phoi liéu trudc gia cong va do
kiém tra d€ diéu chinh chuong trinh sau gia cong. Cac
thong s6 nay c6 thé xac dinh dé dang bang dung cu do
thong dung nhu thudc thing va thude kep. So d6 gia
cong vo cling hat méc-ca dugc mo ta trong Hinh 4(b).
Pia cua mong (2) sé gia cong bao hinh lién tuc ti vi
tri A qua B, C, D,va E. Két qua ranh cét trén vo cling
sé dugc hinh thanh.

V6i mo hinh ctia vo cling, viéc 4p dung bd noi suy
cung tron vao qua trinh gia cong sé rit phu hgp va
thuén lgi. So d6 xac dinh quan hé gita cdc thong s6
hinh hoc ctia m6 hinh san phdm va bd néi suy cung
tron dé xudt sé dugc mo ta trong Hinh 5.

Khi dua bd néi suy cung tron vao diéu khién quy dao
cat thi mot s6 thong s6, diém tham chiéu vao ra dung
cu cat va goc toa do can dugc thiét 1ap. Trong do,
HO(X, Z) 1a diém gbc cua thiét bi. Diém PO(X, Z),
P3(X, Z) va P4(X, Z) 1a cic diém tham chiéu vao vara
dung cu cit an toan. Cac toa d¢ diém vao cat P1(X,
Z) va diém ra P2(X, Z) ctia bd néi suy cung tron dugc
xac dinh tuong tGing véi P1(L1, L2) va P2(L3, L2). Cac
gid tri cia L1, L2, L3 va ban kinh néi suy R sé dugc xac
dinh xuit phat tli cac phuong trinh tii (1) dén (7).

L1=101-0,5b 1)
L2=102+a )

L3 =101+0.5b (3)
R=0.5(@D+@d)—1t (4)
Ll:L0170.5(®5?2t+1>c (5)
L2:L02+(®d721+1> (m—0.52d) (6)
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L3:L01+0.5(®5?2t+1)c (7)
T8 hgp chuyén dong ctia bo ndi suy sé dugce thuc hién
bdi hai truc X va Z bé tri tryc giao v6i nhau nhu mé
ta bing so d6 két cdu dong hoc trong Hinh 6. Truc X
¢6 nhiém vy mang ludi cit (2) va truc Z sé mang do
ga kep phoi vo cling chua gia cong (1). Céc truc dugc
dan dong bang cic dong co servo (5) va (6), va dugc
dan hudéng nhd céc ray dan hudng (3) va (4) tuong
ung.

B0 noéi suy cung tron G02/G03 1a bo néi suy thong
dung trong cic bd diéu khién CNC hay gap trén cac
may codng cu diéu khién s6 CNC nhu tién CNC, phay
CNC, cit plasma CNC, vv. Muyc dich ra d6i cta cac
bo diéu khién CNC nay la diéu khién cic qua trinh
gia cong cit got vét liéu cho cdc mdy cong cu truyén
thdng, tu dong hda chung dé thay thé cho con ngusi
diéu khién mdy. Chi bing viéc thay d6i cdc dong 1énh
goi 1a G-code cic qud trinh gia cong khac nhau véi
cac hinh dang chi tiét, vat liéu va ché do cong nghé gia
cdng khac nhau sé dugc chuyén ddi mét cich nhanh
chéng thong qua diéu chinh cac thong s6 clia cac bo
ndi suy. Cac bo noi suy hay gap la cac bo noi suy tuyén
tinh GOI va cung tron G02/G03. Céc thong s6 lap
trinh st dung bd ndi suy cung tron G02 dugc mo ta

(b)

Hinh 4: So d6 gia cong cua vo ciing. (a) Cac théng s6 do trén san pham. (b) Cac cac vi tri gia cong.

ArA—=-EEH )

®‘

Hinh 6: So d6 t6 hgp truyén dong 2 truc

trong Bang 2 va Hinh 7 v6i diém vao G02 chinh 1a P1
va diém ra GO2 chinh la P2.

Khi tiép can bo diéu khién CNC & mot goc nhin khac,
cac bo diéu khién nay hoan toan c6 thé ap dung cho
cac ting dung khong gidng véi gia cdng cit got truyén
théng nh¢ vao mot s6 phan tich chuyén d6i tuong
tu nhu & nghién ctiu nay. Luc nay, y nghia cta cic
ma 1énh G-code c6 thé dugc hiéu theo hudng khac
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(a) (b)

Hinh 5: So d6 xac dinh quan hé hinh hoc céc thong s6. (a) Goc chan cung cat AE > 180 (b) Géc chdn cung cét AE
=180

Bang 2: Ma G-CODE cho b6 ndi suy cung tron G02

STT G-Code Y nghia

N1 GO1 Xpy Zp1 Di thing dén diém vao GO02 chinh 1a diém P1véi toc do F
F

N2 G02 Xpa Zpy Noi suy cung tron theo chiéu kim dong h6 doc theo cung tron ban
R-(0.52d) kinh R= - 0.5fd va theo cung > 180 tli diém P1 dén diém P2. Téc

d6 di chuyén khi cit F khong d6i.

va khong con nguyén ban nhu muc dich ban d4u cua

7+ ~ R- né. D& hiéu rd cic bude ting dung bo ndi suy cung
2 ,\f tron GO2 ctia bo diéu khién CNC vao tiét bi gia cong
( s i ndng san vo cling so do tdng hop dong hoc 2 truc X
\
va Z dugc mo ta trong Hinh 8.
1% pp P2 ‘ ’

Doan G-Code tiéu chudn cho thiét bi dugc mo ta
trong Bang 3. D€ ty dong hoa, mot doan chuong trinh

| 1' é ;;, con chuyén déi cac gia tri thong s6 hinh hoc san phim
HO X+

nhu dugc mé ta & cic phuong trinh tii (1) dén (7) sé
dugc thuc hién va truyén cho b diéu khién CNC cua
thiét bi.

Hinh 7: Céc thong s6 bo ndi suy cung tron GO02.
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KET QUA VA THAO LUAN

Két qua thu dugc cua nghién ctiu nay da dugc trinh
bay 6 Bang 3, Hinh 6 va Hinh 8. Day chinh 1a co s¢ dé
s6 hoa thiét bi dé suit. DE dat dugc yéu cdu téch vo vé
dang ma van bao vé dugc nhan thi cic thong s6 ¢ va
m phai dugc lya chon sao cho ¢ du dai dé bao vé nhan
trudce luc kep cta thiét bi va m du 16n dé luc béc téch
vo cling nho sau d6. Céc gia tri ¢ va m nay sé dugc
lua chon t6i uu khi thyc nghiém ché d6 gia cong cho
cac giong hat va phan loai kich thudc khac nhau trong
nghién ctiu chuyén siu khac. Hién nhién chung cling
phu thudc vao gia tri t cia vo cting. Theo quan sat so
bo, kich thudc m khong qua 2/3 dudng kinh vo cling
sé cho hiéu qua bao vé nhén t6t hon.

Vo hat méc-ca c6 su phan b6 khong déu gitia hai dau
hat. Du bdo kha nang van dé€ nay sé anh hudng dén
viéc gia cong triét d€ vo hat va co thé gay kh6 khan cho
su tach vo sau d6 vé mat hinh hoc. Tuy nhién, thuc té
da chling minh véi sy bam dinh con lai ctia hai dau vo
khong c6 anh hudng gi dang ké va sy anh hudng nay
c6 thé bd qua.

Khi khai thidc ham quan hé gitia cdc tham s6 c6 dugc
ti nghién ctiu nay, cc 1énh b ban kinh dung cu cit
nhu G41 va G42 sé khong dugc st dung. Céc gia tri
tham s6 ctia qud trinh hoan toan c6 thé chuidn héa
thanh cdc chuong trinh con ting véi phan loai tiéu
chuén ¢ Bang 1 va cdc qud trinh thuc nghiém trén cac
loai hat vo cting khac nhau.

Dé ting ning suit, quang dudng tii PO dén P1 c6 thé
dugc chia nhé thanh 2 doan bang chdc chén thém
diém tham chiéu P_mid. Doan tit PO dén P_mid
dung GO0 va tii P_mid dén P1 dung GO1 véi t6c do
di chuyén E

Khi b6 tri cic truc, cic qui dinh truc mang phoi va
truc mang dung cu cit c6 thé hoan d6i va dugc khai
bao thong qua cdc ma G-code tuong ing v6i G17, G18
hoic G19 (Lya chon mit phéng gia cong).

KET LUAN

Nghién ctiu da trinh bay toan b qud trinh phén tich
va gidi phdp tng dung bd diéu khién s6 cong nghiép
CNC dé diéu khién ty dong thiét bi gia cong ndng san
hat vo cling. Mot chuong trinh gia cong tiéu chudn
cho thiét bi dugc dé xuit véi cac tham s6 c6 thé thay
d6i tuy theo d6i tugng gia cong. Qua d6 két qua cua
nghién ctiu cing da mo ta ting budc mot phuong
thic chuyén d6i theo huéng tu dong hda khi stt dung
b¢ diéu khién CNC cong nghiép cho céc thiét bi tuong
tu khdc ngoai céc ting dung truyén thong trén may
cong cu.

Trong tuong lai, viéc thong minh héa thiét bi sé dugc
tiép tuc nghién ctiu nhu tu dong do kich thudc hat va
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Hinh 8: So d6 t6 hgp dong hoc 2 truc
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Bang 3: Ma G-CODE cho ting dung gia c6ng hat vé ciing

Tham chiéu diém g6c HO cta thiét bi va hily bu ban kinh dung cu.

Chay nhanh dén diém PO

Chay thdng dén diém vao P1 ctia bd ndi suy cung tron véi téc chay dao

Noi suy cung tron theo chiéu kim dong ho doc theo cung tron ban kinh
R=-[0.5 (@D + @d) —t] va theo cung > 180 tit diém P1 dén diém P2.

T6c¢ d6 di chuyén khi cat F khong déi.

STT G-Code Y nghia
N1 Home
G40
N2 GO0 PO
N3 GO1P1F
E
N41 - N46 G02 P2 R-
(0.5(@D+2d)-t)
N5 GO0 P3
N6 GO0 P4
N2 Home

Thoét dung cu, chay nhanh dén diém P3
Chay nhanh dén diém an toan P4

Quay vé di€ém Home ch¢ l4n gia cong ti€p theo

diéu chinh chuong trinh gia cong. Giao ti€p khong
day gitia thiét bi va hé thdng quén ly qua d6 giup nha
san xudt xac dinh dugc ning suét va hién trang thiét
bi dang hoat dong.

LOI CAM ON

Nhoém nghién ctiu xin cdm on Truong Pai hoc Bach
Khoa, PHQG-HCM da hé trg thai gian, phuong tién

va o s vat chit cho nghién ctu nay.

DANH MUC TU VIET TAT

CNC: Computer Numerical Control

XUNG POT LOI iCH

Nhom téc gia xin cam doan rang khong c6 bt ky xung
dot lgi ich nao trong cong bé bai bao.

PONG GOP CUA TAC GIA

Tran Hai Nam dua ra y tudng viét bai, phan tich, tinh
todn va da tiing nghién ctu hd trg doanh nghiép gia
cong san phidm dugc dé cip trong bdo cdo. HO Triét
Hung chiu trach nhiém kiém tra n¢i dung va hé trg y
tudng viét bai.
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Application of circular interpolation in processing the contours of
agricultural products of hard shell seeds (Macadamia Nuts type)

Tran Hai Nam"2"*, Ho Triet Hung'2

ABSTRACT

When processing hard-shelled agricultural products in the form of nuts with high nutritional value
similar to macadamia nuts, breaking the hard shell without affecting the quality of the kernel is a
Use your smartphone to scan this difficult problem to solve. Some processing methods with high rates of productivity such as ham-
QR code and download this article mering or crushing have been used to break the hard shell. These are popular processing methods
today. However, these methods cause high rates of nut fragmentation, which results in reduced
product value and increased screening costs. This study proposes the use of disk-type sawing ma-
chining principles to cut the hard shell. Macadamia nuts have the highest shell hardness in the
group. Based on the form of the hard shell, this study also proposes a digitalization for the cutting
process through the application of a standard industrial numerical controller (Computer Numer-
ical Control - CNC) with the circular interpolator G02/G03. In the proposed case, the parameters
of the circular interpolator will have different meanings than those of traditional CNC machines.
The relationships between the parameters of the circular interpolator with important geometric
parameters of the hard shell and cutting tool diameter are also analyzed in detail. The result shows
that these relationships are depending on the cutting tool diameter, hard shell diameter, arc to be
cut on the shell body, and depth of cut (hard shell thickness). Additionally, the digitization of the
cutting process is possible for automation and monitoring in the future.

Key words: macadamia nut, macadamia nut cracking, macadamia cracking machine
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