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TOM TAT

Xu hwéng thay déi ing sudt/bién dang va quy dao dong chay vt liéu, iing xir bién dang clia
ong thép CT 3 trong qud trinh can ngudi bang may can Pilger mill duoc nghlen citu bang mé hinh
s6. Trén nén tang ABAQUS/Explicit, mé hinh phan tir hitu han (FME) dan hoi-déo 3D dwoc thiét
Idp va xdc thuc theo dinh ludt bao toan nang lwong. Cdc thong sé cong nghé chinh yéu ciia mé hinh
dwoc tinh todn, chang han nhw dinh nghia hinh hoc ciia hai con lan cdn c6 tiét dién thay déi va c6
bién dang ranh can parabol, hai con lan can chuyén dong quay tron phoz hop véi chuyén dong tlnh
tién va xoay ciia ong thép xung quanh truc dé trong long ong. Cdc két qua chinh cho thdy rang:
1) Trong todn bé qud trinh, g sudt 3D dao ddng giita iing sudt kéo va iing sudt nén. Trong ving
bién dang tirc thoi, tng sudt hwéng kinh giit khéng doi doc theo dé day. Trong khu viee vanh con
lin, 1ng sudt vong va g sudt truc trén bé mdt bén trong I6n hon trén bé mdt bén ngodi, trong khi
ngueoc lai & ddy ranh con lan. (2) Trong qud trinh cdn ngudi trén may Pilger Mill todn bé éng, img
sudt hwdng kinh va vong nén giam trong khi tmg sudt kéo doc truc tang. Trong ving bién dang tirc
thoi, bién dang vong gii nguyén theo chiéu day, trong khi bién dang huwéng tim va hudng truc trén
bé mat bén trong lon hon mot chut so voi trén bé mat bén ngoai.

Tir khéa: Pilger Mill; Téi wu héa thiét ké; FEM; Abaqus/Explicit; Truc 16i.
ABSTRACT

The stress/strain change trends and material flow trajectory, deformation behavior of
CT3 steel pipe during cold rolling process by Pilger mill are studied by numerical model. Based
on ABAQUS/Explicit platform, 3D elastic-plastic finite element (FME) model is established
and validated according to the law of energy conservation. The main technological parameters
of the model are calculated, such as the geometric definition of two rolling rollers with variable
cross-section and parabolic groove profile, the two rolling rollers rotate in coordination with the

translational and rotational motion of the steel tube around the support axis inside the tube. The &
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main results show that: (1) During the whole process, the 3D stress fluctuates between tensile stress

and compressive stress. In the instantaneous deformation zone, the radial stress remains constant

along the thickness. In the roller ring area, the hoop stress and axial stress on the inner surface are

larger than on the outer surface, while the opposite is true at the bottom of the roller groove. (2)

During cold rolling on the Pilger Mill of the whole tube, the radial stress and compression hoop

stress decreases while the axial tensile stress increases. In the instantaneous deformation zone, the

hoop strain remains the same along the thickness direction, while the radial and axial strains on the

inner surface are slightly larger than those on the outer surface.

Keywords: Deformation Behaviors; Cold Pilgering; CT3 Tube; Mandrel; Abaqus/Explicit.

1. GIOI THIEU

Céc loai 6ng thép han thuong c6 nhuoc
diém 1a kha nang chiu dugc tai ap suit trong
1ong dng rat 1a thap, thuong dudi 15bar. Trong
khi d6, thuc té str dung can nhitng loai dng chiu
duoc ap suit 1én dén 250 bar, chi c6 6ng duc
can noéng thi méi dap umg duoc yéu cau chiu
tai ap sudt 16n nhu vay. Dé nang cao kha nﬁng
chiu duoc ap suit cao cua dng, chung ta co thé
tién hanh gia cong can 6ng trén may can Pilger
Mill, quy trinh cdn nay s€ lam vung cén tang
nhiét cuc bd 18n rat cao 1am cho vat liéu & vung
d6 nong chay. May céan Pilger c6 mot bo khudn
can d6i c6 ranh hinh bau duc doc theo bé mit
khuon va truc 16i (mandrel) dit trong 16ng dng,
n6 dugc xem nhu 1a dudng dung dé xac dinh
duong kinh trong cta 6ng thanh pham [1-3].
Cén ngudi trén may can Pilger Mill dugc coi
12 mot trong nhiing quy trinh san xuét hiéu qua
nhit ding dé san xuét dng. Trong cong nghiép,
cong ngh¢ nay dugc ap dung cho ca vat liéu
sit va khong chira sit ngay ca khi chiing kho
bién dang. Nguyén liéu du vao ctia may can
c6 thé bi bién dang t61 95% chi trong mot lan
véan hanh, giup giam dang ké sb lugng céac hoat
dong san xuat can thiét va cudi cung din dén

giam chi ph1 san xuat. Dong thoi, chat luong
cao ciia bé mat ngoai va trong cua ong va cac
ddc tinh vat ly va co hoc rat cao thu dugc. Tuy
nhién, can nguoi dng trén may Pilger Mill 1a mot
qua trinh tao hinh dan déo phi tuyén ba chiéu
va khong 6n dinh v6i cac hanh vi bién dang
phtre tap bao gébm xu hudng thay ddi ing suit/
bién dang va quy dao dong vat li¢u. Cac hanh
vi bién dang phtrc tap s& gy ra tinh di huéng
dang ké va anh huong den kha nang tao hinh va
hiéu suét tiép theo ctia dng thép cubi cung. Do
d0, diéu can thiét 1a phai thiét 1ap mot mo hinh
phan tir hitu han 3D dé nghién ctru xu huéng
thay doi ung suat/bién dang va quy dao dong
vat liéu trong qué trinh can ngudi ctia 6ng thép
han CT3. Trong bai bao nay, mdt moé hinh mo
phong 3D dugc tao ra trén nén tang ABAQUS/
Explicit & mé phong qué trinh bién doi Gmg
sudt va Gmg xtr bién dang cua ong thép CT3
¢6 dudng kinh 49mm chiéu day Smm dugc can
ngudi thanh 6ng c6 duong kinh 25.4mm va day
thanh 3mm trong day chuyén can ngudi Pilger
Mill. Trén co s& két qua mo phong, ta cé thé
luc chon duoc cac thong sb két ciu va thong
s6 cong nghé cho quy trinh can nguoi thép 6ng
CT3 trén day chuyén can nguoi Pilger Mill.
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2.CO SO LY THUYET

2.1. Quy trinh cidn ngudi trén may Pilger
Mill

Hinh 1. Cum can cua may can ngugi Pilger Mill

Nguoc lai vi cac quy trinh san xuat dng
khac, can 6ng ngudi dugc thyc hién trén may
can Pilger Mill c6 tinh chat tudn hoan. Trong
quy trinh nay [1], gid can c6 kha nang thuc hién
chuyen dong theo chiéu doc. Cac con lan dugc
gan vao gia can di chuyén va chung quay theo
cac hudng nguoc nhau nhu thé hién trong Hinh
1. Céc con lan c6 ranh tron va ban kinh thay
d6i duogc str dung trong quy trinh nay. Mit cit
ngang ranh tai mat phflng vao bang véi mit cat
ngang ctia ng ban dau trong khi tai mit phang
ra bang v6i mat cit ngang cua san pham cudi
cung. Duong kinh cta ranh cling dugc lua chon
chinh xac. O ca hai vi tri quan trong cua gia
(phia sau - 16i vao cua vt lidu ban dau va phia
trude - 16i ra clia san pham cudi cing), khong
co tiép xUc gitra cac con 1an va vat liu. Sau do,
vat liéu dugc can doc theo thanh truc hinh nén.
Chu ky can bt dau khi gia duoc dat tai vi tri
chét phia sau. Sau do, 6ng ban dau duoc dich
chuyén mot khoang cach tién nho va dong thoi
xoay 60° —90° quanh tryuc cia no.

2.2. Xay dung mo hinh mo phéng cho qua
trinh cdn ngudi trén may Pilger Mill

Céac thong s6 cong nghé mo hinh hoa
chinh bao gém théng sd hinh hinh hoc cua
banh can, ranh can, 101 va 6ng thép CT3, mod
hinh c4u thanh vat lidu, diéu kién tuong tac,
chuyén dong toa do cua cac cong cu va chién
lugc chia ludi duge giai quyét. Mo hinh hinh
hoc chira cac con lan c6 tiét dién thay ddi, truc
hinh parabol, vong chin va éng, Hinh 2. Con
lan dugc dinh nghia la clig roi rac, trong khi
truc va vong chin dugc dinh nghia la cing
phan tich dé ca1 thién hiéu qua mé phong. Ong
duoc goi la ran bién dang. M6 hinh vat li¢u dan
hdi-déo duoc sir dung dé xac dinh dng thép
CT3 va bang 1 hién thi cac thong sb dic tinh
cua vt lidu 6ng. Dé dam bao do chinh xac cua
mo phong, tong cong 12424 nﬁt tuyén tinh, tich
hop gidm duogc 4 ap dung cho ong trong qua trinh
dong coc ngudi ong. Cac thong so ky thuat va
thong s6 lam VleC clia quy trinh can thyc té nhu
sau: duong kinh 6ng vao d = =49mm, chleu day
thanh 6ng h = Smm, khoang tinh tién m01 chu
ky can Smm gbc xoay 75°, dU:O'ng kinh 6ng ngd
rad = =25.4mm, chiéu day thanh 6ng h, = 3mm.
Thong s6 co 1y cua 6ng thép CT3 du’oc cho
trong bang 1.

Hinh 2. Quy trinh can 5ng trén mdy can nguoi
Pilger Mill
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Bdng 1. Bang thong sé co Iy tinh ciia thép CT3.

Mo dun dan hoi, E (Mpa) 2.1*¥10E6
Khdi lugng riéng, p (g/cm?) 7.85
Hé sb Possion 2.85
Gi6i han bén, 6 (N/mm?) 375

Pé dam bao két qua mo phong phan anh
dung véi két qua thyc té thi cac thong sé can
cua qua trinh can dugc chon dung véi qua trinh
can thyc té nhu trong bang 2.

Bang 2. Thong s6 can ngugi trén mdy can

Pilger Mill
Van toc banh can, v (mm/s) 670
Van tbc quay banh can, n (rad/s) 3,75
Van tbc tinh tién cua éng, v, (mm/s) 3
Van tdc quay ciia ng, n, (rad/s) 1.9

Thoi gian cho hanh trinh tién banh can (s)

Thoi gian cho hanh trinh lui banh can (s)

Thoi gian éng chay t6i (s)

[ENE I N —

Thoi gian dng quay (s)

3. KET QUA VA THAO LUAN
3.1. Phwong phiap mo phéng

Ong trong ving bién dang tirc thoi dugc
coi 1a myc tiéu dé nghién ctru trang thai tmg suat
va bién dang tirc thoi. Nhu thé hién trong hinh
2, hai duong tron dugc v€ trén mat ngoai va
mit trong ctia dng va tong cong 46 diém duogc
danh ddu dong nhat trén mdi duong. Dé nghién
ctru xu huéng thay doi (mg suat/bién dang theo
thoi gian va quy dao dong chay vat li¢u trong
toan by qua trinh, mot diém “A” duoc danh du
& dau trudc ctua 6ng, thé hién trong hinh 2. Sau
do, tng suét, bién dang va toa dg cua diém nay
duoc do sau mdi 1 giay.

Khudn trén

Khusn duéi |

|
Sor db wiing bidn dang tire théd

Hinh 3. Viing bién dang tirc thoi
3.2. Két qua md phéng va thao luin

Hinh 4 (a)-(c) 1a duong ddng muc bién
dang khong gian trong vung bién dang tirc
thoi va Hinh 5 (a)-(c) cho thay su so sanh cac
bién dang 3D tuong ung giita cac bé mit bén
ngoai va bén trong. Co thé thay rang su khac
biét gilta cac gia tri bién dang cuc dai va cuc
tiéu nho hon 0,1. Do d6, bién dang 3D la dé)ng
nhit trong vung bién dang tirc thoi. Ciing c6 thé
thay rang bién dang vong trén bé mit bén ngoai
gan giéng véi bién dang trén bé mit bén trong,
trong khi bién dang huéng tim va hudng truc
trén bé mat bén trong 16n hon mot chit so voi
bién dang trén bé mit bén ngoai. Piéu nay la do
vat liéu trén bé mit bén trong chay dé dang hon
do khoang ho gitra 6ng va truc.

Hinh 4. So sanh cdc bién dang 3D giita bé mdt bén
ngodi va bén trong ciia ong thép:
(a) Puong bao ciia bién dang xuyén tam,
(b) Puong bao cia bién dang vong,
(c) Duong bao cua bién dang doc truc
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Hinh 5. So sanh cdc bién dang 3D gitta bé mdt bén
ngodi va bén trong ciia ong thép:
(a) Bién dang xuyén tam, (b) Bién dang vong,
(c¢) Bién dang truc

Hinh 6(a) cho thdy quy dao dong vat
liu. C6 thé thdy rang diém vat liéu di chuyén
vé phia trudc doc theo quy dao xoin dc. Pidu
nay la do dng cap lidu va dng quay. Hinh 7(b)
cho thidy huéng nhin theo mit phing X-O-Z
cua quy dao nay, truc X va truc Z lan luot dé
cap dén chiéu dai ciia 6ng va duong kinh 6ng.
C6 thé thdy rang duong kinh 6ng giam dan cho
dén khi duy tri khéng ddi. Gid tri X cua 19 diém
trong hinh 7(b) duoc doc va biéu dién trén hinh
7. C6 thé thay rang khoang cach gitta hai chu ky
lan can ting gan nhu tuyén tinh. Piéu nay 1 do
d6 gian dai cia 6ng trong qué trinh can ngudi
dng trén day chuyén Pilger Mill. Do d6, d6 gidn
dai ctia Ong ting gan nhu tuyén tinh trong qué
trinh can ngudi ong. Két qua nay c6 thé gitp
thiét ké ranh can phu hop véi timg nguyén lidu
dng va timg loai san pham dng & dau ra.

a) b)
Hinh 6. So do6 quy dao dong chay vt liéu:
(a) Goc nhin khong gian, (b) Goc nhin X-O-Z

1 . 3 =] N (1] Id
Mumber ol poini

Hinh 7. Su khdc biét gitta cdc do gian dai ciia ong
4. KET LUAN

Dua trén nén tang ABAQUS/Explicit,
mé hinh 3D-FEM duoc thiét 1ap dé nghién
clru toan bd qua trinh can ngudi ong CT3 trén
day chuyén can Pilger Mill. Trong bai béo nay,
trang thai ung sut/bién dang trong ving bién
dang, xu huéng thay d6i (mg suét/bién dang va
quy dao vat li¢u trong toan bd qua trinh duogc
nghién cuu.

(1) Ung suat phan bd dao dong co thé
gay ra hong bé mit. Do d6, viéc kiém soat trang
thai ng suét trong ving bién dang ttrc thoi 1a
didu can thiét dé ngan ngira hong hoc va cai
thién chat luong tao hinh. (2) Cac dic diém
phan bd tng suat 3D khac nhau cé thé giy ra
nhiéu phan b két cau khac nhau. Do do, viéc
kiém soat phﬁn tram bién dang 3D 1a diéu cén
thlet dé kiém soat phan b két cau trong ong
cudi cung. (3) PO gidn dai cua dng tang tuyen
tinh trong qua trinh pilgering toan bo ong, dicu
nay can dugc xem xét khi thiét ké con lan va
truc. %
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