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THIET KE TINH TOAN MAY BUN VA KHUON BUN LOI BO
XUC TAC KHi THAI BANG PAT SET

DESIGN AND CALCULATION OF A EXTRUSSION MACHINE AND CATALYSST
CORE EXTRUSSION MOLDING USING CLAY

Nguyén Thién Long, Pham Tuin Diing, Nguyén Thé Lwong*
Khoa Co khi Bong luc, Truong Co khi, Pai hoc Bach Khoa Ha Néi

TOM TAT

Léi xtic tac dwoc sir dung dé ché tao bé xic tac trén phiong tién giao théng nham giam
thanh phan phat thai déc hai, phwong phdp din dwoe sir dung phé bién dé ché tao 16i xiic tac bang
dat sét. Bai bdo ndy sir dung phan mém NX12 dé thiét ké mdy dim va khuén din 16i xiic tdc c6 mat
dé 16 tir 200 16/inch? dén 600 16/inch?, tién hanh ché tao mady din va khudn dim c¢é mdt dé 16 600
16/inch®. Két qua thir nghiém chi ra qud trinh 16i dim 600 16/inch? thanh céng, 16i sau khi din dwoc
lam khé o moi trueong va kho trong lo nung ¢ nhiét do 40°C trong 48 gio, sau do dwoc gia nhiét lén
500°C va 1250°C lan lwot 2 gio va 4 gio. Léi sau khi nung tao thanh gom ceramic, khéng quan sat

thdy vét nirt va vé ciing nhw bién dang trong sudt qud trinh nung, qud trinh ché tao 16i thanh cong.
T khéa: Mdy dim; Khudn din; Pdt sét; Léi xiic tac; Mdt dé 6.
ABSTRACT

The extrusion method is frequently used to create clay catalyst cores, which are utilized
in automotive catalysts to reduce hazardous emissions. This study used NX12 software to design
an extruder and catalytic core extrusion mold with hole densities ranging from 200 to 600 holes/
inch? and then manufactures an extruder and extrusion mold with a hole density of 600 holes/inch’.
The test findings reveal that the core process of 600 holes/inch’ is successful; the core is dried in
the environment and dried in a furnace at 40°C for 48 hours before being heated to 500°C and
1250°C in 2 and 4 hours respectively. The core forms a ceramic after firing; no cracks, breaks, or

deformation are seen throughout the firing process, the core creation process is successful.

Keywords: Extrussion machine; Extrussion mold; Clay, Catalysst core; Cell density.
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1. PAT VAN PE

Ngay nay, s lugng cac phuong tién
giao thong ¢ nudc ta ting rat nhanh. Kéo theo
d6 1a sy 6 nhiém moi trudng do khi thai tir dong
co 0 t6 va xe may. Mot yéu cau cap thiét lic nay
1a giam luong khi thai 6 nhiém do dong co cua
cac phuong tién thai ra ngoai moi truong. Mot
trong nhitng giai phap hiéu qua dé giam 6 nhiém
1a thit chat céc tiéu chuan khi thai ddi véi cac
phuong tién va st dung bd xuc tac. Viét Nam
da va dang ap dung tiéu chuan khi thai EURO
IIT cho xe may va EURO IV cho 6 t6 vao nam
2018, cac tiéu chuan nay ngay cang thit chat,
gidi phap xu ly sau ctra thai la giai phap mang
lai hi€u qua cao nhét. Bo xuc tac ba thanh phﬁn
(Three Way Catalysts — TWC) dang dugc st
dung rong rii trén dong co xing dé xur 1y cac
thanh phéan khi thai CO, HC va NOx [1]. Trén
dong co diesel, bo xuc tic DOC, DPF va SRC
cling dugc st dung dé xir Iy cac thanh phan khi
thai CO, HC, NOx va PM [2]. Do uu diém vé
gia thanh thap, nhiét d6 chiu nhiét cao [3], 16i
xuc tic bang gbm da dugc st dung pho bién
hién nay. Pé nang cao hiéu qua bo xuc tac, cic
16 xtc tac duge ché tao c6 mat do 16 ngay cang
cao, trude ddy phd bién 1a 200 16/inch?, hién
nay da ting 1én 400 16/inch? va 600 16/inch?, cac
16i xuc tac hién nay phd bién duogc lam tir dat
sét bang cong nghé dun 4p luc va nung & nhiét
dd cao [4-5]. Dé c6 thé tao hinh thanh cac 15
¢6 kich thude tir 1,5mm dén 2-3mm, can phai
¢6 khuon dun, kich thudc bd xtc tac khac nhau
cling phai sir dung cac khuén dun kich thudc
khac nhau, khudn s& quyét dinh hinh dang 15i
xtc tac 1 tron vudng hay chir nhat, mat do 16,
chiéu day 16p thanh cua 13. Li xtc tac c6 mat
d6 16 cang cao thi kich thudc 16 s& cang nho,
chiéu day thanh 15 ciing mong hon, kéo theo
d6 cong nghé ché tao khudn dun ciing phrc tap
hon. Hién nay, may dun va khuon co6 gia thanh
kha cao, cac doanh nghi¢p stir dung bd xtc tac

hién nay chu yeu nhap khiu ma chua quan tim
t6i san xuét ché tao, chua co doanh nghiép Viét
Nam nao ché tao 16i xuc tac. Bé dap ung nhu
cau trong nude, phu hop véi diéu kién kinh té
Viét Nam hién nay, bai bdo nay s€ dua ra gidi
phap thiét ké, ché tao 16i bo xuc tac c6 két ciu
phu hop, c6 kha niang 4p dung trong diéu kién
Viét Nam.

2.NGUYEN LY LAM VIEC

Hinh 1 chi ra nguyén ly lam viéc cua
may dun 161 xtc tac xur 1y khi thai dong co xang
bang dat sét. Dat sét kho dugc dap nho sang
qua sang ray dat kich thudc hat 150 pm, sau do6
dat duoc tron déu véi 5% khoi lugng phu gia
Poly Ethylene Glycol 6000 (PEG 6000) nham
tang tinh bam dinh va giam tng suit bé mait
ciia dat khi dun. Hon hop dét phu gia sau d6
duoc tron véi nudc theo ty 1€ nude/dat + phu
gia la 27,08/100. DAt va phu gia sau khi dugc
tron k¥ véi nude dat do déo can thiét duoc dua
v6i xylanh va piston dun, 4n tay kich thuy luc,
xylanh thuy luc s& tic dong 1én piston dun dat
dén khudn dun, tai day khuon dun s€ lam nhiém
vu tao hinh cho 161 xtuc tac, sau khi tao hinh, 161
xuc tac dugc dun ra ngoai két thuc qua trinh tao
161 xuc tac.

Tay

l

Kich thiy

anh, piston

|B§tsét I—l Dt sau Khitron véi nude v phu -} Xy

Khuon

L1 bg xdc tic khi thai bang dit

Hinh 1. Nguyén ly may dun 16i bo xuc tac xw ly khi
thai dong co xang bang dat sét
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3. THIET KE MAY VA KHUON DUN
a) May dun

Phan mém thiét ké NX12 duoc st dung
dé thiét ké may dun va khuon dun. Nhom tac
gia st dung kich thuy luc 8 tan, chiéu dai kich
thity luc 14y theo tiéu chuin cta nha san xuit 1a
660mm véi muc dich co thé dun duge 161 xuc
tac c6 kich thudc tir 100 dén 300mm phu hop
v6i chiéu dai hién co cia bd xlc tac thuong
mai. Trén co so thong sé ky thuat cua kich thuy
luc va tai trong cho phép, nhom tac gia di tinh
toan chon khung ctia may dun dam bao d6 bén,
chiu dugc lyc dun khi dun, xylanh va piston
ctia 6ng chira dat dun phai dam bao do kin khit
tranh gay ho lam mat 4p suét trong qua trinh
dun, thanh dng xylanh phai du day dé dam bao
su an toan, khong v& 6ng khi dun. Lién két gitra
khuon dun va may dun phai dam bdo chat ché,
kin khit va sy dong tam gitta khudn va may
trong toan bd qua trinh dun. Khung phai dam
bdo tinh thi cong nhanh chéng, dé gia cong,
kinh té, dé& dang thao lip, di chuyén khi can
thict.

Hinh 2 chi ra hinh anh may dun sau khi
thiét ké, kich thuy Iyc, piston va xylanh dun
duoc dinh vi chidc chin trén khung may, dam
bao piston din c6 thé dich chuyén 1én xubng dé
dang khi dun, dé may dugc thiét ké co thé dung
vitng trén san, may c6 thé thao lip d& dang
thuén tién cho viéc di chuyén. Dbé c6 thé dung
kich tay thuy luc 8 tin dé dun va véi do dai
piston, xylanh, ta thiét ké khung may dun véi
than cao 2000mm, rong 600mm v&i cac thanh
phan chinh 1a dé may, khung may, kich thuy
luc, xylanh dun, piston dun va khuon dun, dé
dam bao bén, ¢é may va khung may duoc lam
tur thanh thép U140, céc chi tiét duoc cua dé va
khung dugc han c¢6 dinh v6i nhau.

Bé& d& kich thuy

Kich thiry hrc

Dé g kich
thiy hee

EKhung may

Hinh 2. May dim 16i bé xiic tdc khi thai bang ddt sét

b) Khuon dun

Hinh 3. M6 phong cdac 6 vuéng va khe dun

Khuon dun ciing duoc thiét ké trén phan
mém NX12, khuodn phai dam bao déat dugce dun
va dan déu, tAm cua céc 15 tron phai trung voi
giao diém cua cac khe, tat ca cac 1 tron phai
dugc phan bd déu va bang s giao diém cua cac
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khe cling nhu céac vi tri tao thanh cua by xuc
tac. Mt bich cua khudn dun phai dat yéu cu
dt bén, tao thanh du do day nhung khong duoc
qua rong tranh lam mat 4p suit va do kin khit
trong sudt quéa trinh dun. Khuon din phai dé
dang thao 1ap va vé sinh trudc va sau qua trinh
dun (hinh 3).

Khuén dun dé dun 16i bd xtc tac khi
thai c6 rat nhiéu loai voi céc kich thudce 16, mat
d6 16 khac nhau. Thong thuong, 161 bo xuc tac
ta cO ba loai mat d 161 chinh la 200, 400 va
600 cell/inch?. Trong nghién clru nay, chung toi
thuc hién thiét ké ba loai 16i mat do 200, 400 va
600 cell/inch?.

* V&i mat @6 200 cell/ inch?, ta tinh
duogc kich thudce 16 tron, 6 vudng va rinh dé gia
cong nhu sau:

1 inch? = 645,16 mm?

Kich thuéc 1 6 vudng va 4 nua khe
xung quanh 16 s& 1a:

645,16/200=3,2258 mm*=1,796mm x 1,796m
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Hinh 4. M6 phong hinh dang ranh dun va cdc 6

vuong loai 200

Pé dam bao do xuyén cua khi thai qua
0 va do bén cua thanh 10, ta chon kich thudc
ctia mot 6 vuong 1a 1,2mm x 1,2mm va ranh la

0,6mm. Trong truong hop ndy, ta chon 15 tron
¢ ban kinh 1,5mm hay 16 tron c6 kich thudc
@3mm, sau khi tinh toan duoc kich thudce 16 va
rénh, tién hanh mo phong trén phan mém NX12,
két qua mo phong ranh dun chi ra trén hinh 4.

* V&i mat 36 400 cell/inch?, ta tinh dugc
kich thuéc 16 tron, 6 vudng va ranh dé gia cong
nhu sau. Kich thuéc 1 6 vudng va 4 nura khe
xung quanh 16 s& 1a:

645,16/400=1,6129 mm?>=1,27mm x 1,27mm

Dé dam bao d6 xuyén cua khi thai qua 6
va do bén cua thanh 13, ta chon kich thudc cua
1 6 vuong 1a 0,8mm x 0,8mm va khe 1a 0,5mm.
Dé c6 thé dun duoc dat déu va tao ra duge hinh
dang cua 161 bd xuc tac khi thai va dam bao yéu
cau k¥ thuat tam cac 18 tron phai ndm tai tim
ctia cac diém giao nhau cua céac khe, vi vy kich
thudc cua cac 16 duoc tinh:

Khoang céach giita tim hai khe lién tiép
1a: 0,8 +0,5=1,3mm

Vi tdm cua 10 tron nam la tam giao diém
cua hai khe lén ban kinh cua 10 tron s€ nho hon
1,3mm.
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Hinh 5. M6 phong hinh dang ranh dun va cac 6
vuong logi 400

Trong truong hop nay, ta chon 16 tron

co kich thude ¢2,5mm. Sau khi tinh toan duogc &
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kich thu6c 16 va rinh, tién hanh mé phong trén
phan mém NX12, két qua md phong ranh dun
chi ra trén hinh 5.

* V&imat d6 600 cell/inch?, ta tinh duoc
kich thudc 15 tron, 6 vudng va ranh dé gia cong
nhu sau. Kich thudc 1 6 vudng va 4 ntra khe
xung quanh 16 s& Ia:

645,16/600=1,0753 mm* = 1,037mmx 1,037mm

Pé dam bao do xuyén ctia khi thai qua 6
va d6 bén cua thanh 13, ta chon kich thuée cua 1
6 vuong la 0,7mm x 0,7mm va khe 1a 0,35mm.
Dé ¢6 thé dun duge dit déu va tao ra dugc hinh
dang cua 161 bd xuc tac khi thai va ddm bao yéu
cau k¥ thuat tAm céc 15 tron phai nam tai tim
cua cac diém giao nhau cua cac khe, vi vay kich
thude clia cic 16 dugce tinh: Khoang cich giira
tam hai khe lién tiép 1a:

0,7+0,35=1,05mm

Vi tim cua 16 tron nam 13 tAm giao diém
ctia hai khe 1én ban kinh cua 16 tron s& nhé hon
1,05mm. Trong trudng hop nay, ta chon 16 tron
kich thudc ¢1,5mm. Sau khi tinh toan dugc
kich thu6c 16 va rinh, tién hanh mé phong trén
phan mém NX12, két qua mé phong ranh dun
chi ra trén hinh 6.

Hinh 6. Mo phong hinh dang ranh dun va cdc 6
vuong loai 600 cell/inch’

4. CHE TAO MAY PUN VA KHUON PUN

Trong nghién ctru nay, dé kiém tra do
chinh x4c ciia m6 hinh nghién ctru, nhom tac
gia lya chon khuon dun c6 kich thude kho ché
tao nhat 1a 600 cell/inch? dé mang di ché tao, dé
giam chi phi nhom Iya chon 161 xuc tac ¢o6 kich
thudc ¢78mm dang duoc st dung phd bién trén
cac dong co ¢& nho hién nay lam miu dé ché
tao thir. Trén co s do, khuon dun co kich thudc
$78mm, chiéu day ctia khuén 11mm [6]. Hinh
7 chi ra hinh anh khu6n dun 600 cell/inch? va
hinh anh mé phong qua trinh dun dat tir khi dat
chui qua cac 16 tron sau d6 phan chia vao cic
ranh dé dun ra thanh cua 15i xuc tac.

ST
oo’ T
‘e’

Hinh 7. Mdt trude, chiéu day va mdt sau cua
khudn din ¢78mm, qud trinh bién doi dat tir tron
thanh cac vach

a) May dun

Hinh 8 chi ra hinh &nh may dun sau khi
ché tao, qué trinh ché tao bao gdm cac cong
doan, nhu: cit, khoan, han, mai, son va lép
ghép, san pham sau khi ché tao co thé thao lip
dé dang, dam bao tinh co dong trong cac phong
thi nghiém.
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Hinh 8. May din sau khi ché tao thanh céng
b) Khuén dun

Hinh 9 chi ra hinh anh khuon dun sau
khi ché tao, qué trinh ché tao bao gém cat, tién,
khoan CNC va cat ddy CNC, khuon c6 ba 16 dé
bat voi xylanh dun.

iﬁh 9, huén diin sau khi ché tao
5. THU'C NGHIEM PUN LOI XUC TAC
5.1. Két qua dun dat

Pat sét va nude cong véi phu gia duge

tron theo ty 1€ nhu da miéu ta & trén, dat dugc
nghién nhé sau do6 tron véi nude va phu gia,

nhao déu cho dén khi dat do déo va d¢ dinh
két, dat sau d6 dugc nhdi vao trong xylanh dun,
tién hanh 4n tay kich thay luc, day pison di
xubng xylanh dun, day dat di vao khuén, dudi
tac dung cua luc dun, dét chui qua cac 16 khuén
sau d6 dién day vao cic ranh va diy ra ngoai
tao thanh cac 18 xuc tac nhu thé hién trén hinh
10a. Hinh 10b chi ra san pham 13i xtc tic sau
khi dun, diéu nay chimg to qua trinh dun da
thanh cong, khang dinh tinh ding din ctia mo
hinh thiét ké.

Hinh 10. Loi xuc tac sau khi dwoc dun

5.2. Két qua sau khi nung dat sét tao thanh
ceramic

Loi1 xtc tac sau khi dun duoc lam kho
ngoai moi trudong trong 48 gio, sau d6 dugce lam
kho trong 16 nung ¢ nhiét do 40°C trong 24 gio,
tiép d6 dugc gia nhiét 1én 500°C trong 2 gid
dé on dinh ciu tric, cubi cing dugc gia nhiét
1én 1250°C trong 4 gio dé tao vat liéu ceramic.
Hinh 11 chi ra hinh anh 161 xtc tac sau khi duoc
lam kho va dugc nung tao thanh gém ceramic.
Hinh 11a chi ra hinh anh mau 18i xtc tac sau
khi dan duge 1am khé, két qua chi ra rﬁng sau
khi duoc lam khd, 15 xtc tac chuyén sang mau
tring, qua trinh 1am khé dugc hoan thanh. Hinh
11b chi ra hinh anh hai mau 18i xuc tac sau khi
nung & 1250°C, két qua cho thay sau qua trinh
nung ¢ nhi¢t do cao, gém ceramic da duogc hinh
thanh, 18i xtc tac khong bi nit v& hay bi bién
dang, qué trinh tao gém da hoan thanh.
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Hinh 11. L6i xuc tac sau khi duwoc lam kho va nung

tao thanh gom
6. KET LUAN

Bai bao di thiét ké thanh cong méay dun
va khuon dun 161 by xuc tac khi thai co6 mat
do 16 tir 200 15/inch? dén 600 16/inch®. Ché tao
thanh cong mdy dun va 15i dun c6 mat do 16
600 18/inch? c6 dudng kinh 78mm cho xe may.
Dua ra quy trinh 1am kho va gia nhiét dé tao
16i gbm ceramic. Thir nghiém dun va gia nhiét
thanh cong 161 bd xlic tac. Loi xuc tac sau khi
ché tao thanh c6ng dam bao hinh dang, khong
bi niit v& va bién dang. <%
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