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TOM TAT

Thiét ké t6i wu bién dang ciia 16i khuén (mandrel) cho quy trinh may cdan Pilger Mill dwoc
thuee hién bang cdch sir dung phan tich phan tir hitu han ¢6 tinh dén cdc yéu té xir Iy khdc nhau. Cdc
théng sé thiét ké quan trong ciia mdy cdn Pilger Mill la téc d¢ cdp liéu, toc do can, so budce can trén
mot chu ky cdn, 1y sé can va bién dang ranh ciia khudn can. Quy trinh thiét ké toi wu dwoc tién hanh
de nghién cutu cac tac dong dén tai trong tao hinh va hinh dang bién dang cua vat liéu tuy thugc vao
cdc bién dang cia 16i khuén. Ung dung phan mém ANSYS 15.0 dé phan tich luc chon bién dang tdi
wu ctia mandrel. Pong thoi ciing dira vao két qua phdn tich nay dé hra chon loai vit liéu phit hop

dwoc diing dé ché tao mandrel nham ndng cao tudi tho cia né.
T khéa: Pilger Mill; Toi wu héa thiét ké; FEM; ANSYS; Truc 16i.
ABSTRACT

The optimal design of the mandrel profile for the Pilger Mill process is carried out using finite
element analysis taking into account various processing factors. The important design parameters
of the Pilger Mill are feed rate, rolling speed, number of rolling steps per rolling cycle, rolling ratio
and groove profile of the rolling die. The optimal design process is carried out to study the effects on
the forming load and deformation shape of the material depending on the mandrel profiles. ANSYS
15.0 software is applied to analyze the force to select the optimal mandrel profile. At the same time,

based on the analysis results, the appropriate material type is selected to manufacture the mandrel.

Keywords: Pilger mill; Optimum Design; Finite Element Method; ANSYS, Mandrel.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
WP TAP CHI CO KHI VIET NAM, S6 324+325, thang 1+2 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

1. GIOI THIEU

Céc loai 6ng thép han thuong co nhugc
diém 1a kha nang chiu dugc tai ap suit trong
long 6ng rat 13 thap, thuong dudi 15bar. Trong
khi d6, thuc té st dung can nhirng loai 6ng chiu
duoc ap suit 1én dén 250 bar, chi c6 6ng duc
can noéng thi méi dap ung duoc yéu cau chiu
tai ap sudt 1on nhu vay. Bé nang cao kha nang
chiu duogc ap suit cao cua dng, ching ta co thé
tién hanh gia cong can dng trén méay can Pilger
Mill, quy trinh cédn nay s€ lam vung cén tang
nhiét cuc bd 18n rat cao 1am cho vat lidu & vung
d6 nong chay. Mdy can may cén Pilger c6 mot
b6 khuon can d6i c6 ranh hinh bau duc doc theo
bé mat khuon va truc 16i (mandrel) ddt trong
long 6ng, n6 dugc xem nhu 1a dudng ding
dé xac dinh duong kinh trong ctua éng thanh
pham [1-3]. Can ngudi trén may can Pilger
Mill dugc coi 1a mét trong nhitng quy trinh san
xuat hiéu qua nhat ding dé san xuit dng. Trong
cong nghi¢p, cong nghé nay dugc ap dung cho
ca vat liéu sit va khong chua sit ngay ca khi
chung kho bién dang. Nguyén lidu dau vao ciia
may can c6 thé bi bién dang téi 95% chi trong
mot 1an van hanh, gitp giam dang ké sé luong
cac hoat dong san xuét can thiét va cudi ciing
dan dén giam chi phi san xuat. Pong thoi, chat
lwong cao cia bé mit ngoai va trong ciia dng va
cac ddc tinh vat 1y va co hoc rat cao thu duoc.
Trong bai bdo nay, hinh dang tdi wu cua truc
16i khuén trong day chuyén can Pilger Mill
duoc thiét ké dé ap dung cho viéc tao hinh 6ng
tir duong kinh 49mm va chiéu day thanh éng
5mm xudng 6ng c6 duong kinh 25.4mm va day
thanh 3mm. Dé tim ra bién dang ti uu cua truc
161, ANSYS 15.0 da dugc str dung cho cac phan
tich cac mo hinh 3D cua 16i nham dat cac muc
tiéu: kéo dai tudi tho cua 15i, lya chon vat lidu
pht hop cit giam chi phi va gia thanh san xuét.

2.COSO LY THUYET

2.1. Quy trinh can ngugi trén may Pilger Mill

Hinh 1. Cum can cua mdy can ngugi Pilger Mill

Nguoc lai véi cac quy trinh san xuét dng
khac, can dng ngudi dugc thuc hién trén may
can Pilger Mill ¢6 tinh chat tuan hoan. Trong
quy trinh nay [1], gi4 can c6 kha nang thuc hién
chuyen dong theo chiéu doc. Cac con lan dugc
gin vao gia can di chuyén va chung quay theo
céc hudng nguoc nhau nhu thé hién trong Hinh
1. Céc con lan c6 ranh tron va ban kinh thay
d6i duge sir dung trong quy trinh nay. Mt cat
ngang ranh ta1 mat phang vao bang voi mit cat
ngang cta 6ng ban dau trong khi tai mit phang
ra bang voi miat cit ngang ctia san pham cubi
cung. Puong kinh cua ranh cling dugc lya chon
chinh xac. O ca hai vi tri quan trong cta gia
(phia sau - 16i vao cua vat liéu ban dau va phia
trude - 16i ra clia san pham cubi cing), khong
cod tiép xUc gitta cac con lan va vat liéu. Sau do,
vat liéu duoc can doc theo thanh truc hinh nén.
Chu ky can bat dau khi gia duoc dat tai vi tri
chét phia sau. Sau do, 6ng ban diu duoc dich
chuyén mot khoang cach tién nho va dong thoi
xoay 60° — 90° quanh truc ctia né. Két qua 1a
mot phan vat liéu khéc (tién trinh giam thé tich)
di vao ving bién dang va dugc can trong khi
gia d& di chuyén dén vi tri chét truée. Trong vi
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tri chét trudc, 6ng lai dugc xoay mot goc 60° —
90° quanh truc cua nd va qua trinh can lai ti€p
tuc dién ra.

2.2. Ung suit va bién dang ciia truc 16i (mandrel)

Céc thong s6 k¥ thuat va thong sé lam
viéc cua quy trinh can nhu sau: duong kinh
ong vao d, = 49mm, chiéu day thanh éng h, =
S5mm, khoang tinh tién moi chu ky can Smm,
gdoc xoay 75‘°, duong kinh ong ngd ra d, =
25.4mm, chiéu day thanh 6ng h, = 3mm.

o, =0, ﬂ{l—[ﬁ)ﬂ}+a [£Jﬂ+a (1)
d 0 ﬂ h2 b h2 b

Trong do: o, - Ung suét tac dung 1én
mandrel trong hinh trinh tién; o, - Ung suét
tac dgng 1én mandrel trong hi’nh trinh lui; p, -
H¢ s0 ma sat gilra khu6n va ong thep; p, - H¢

A ry e A \ +
sO ma sat gitra ong va mandrel; S =M;

5% . tana
= 0;6,= 210 N/mm*doi véi vat ligu
23

can la thép.

Oy

Hinh 2. Quy trinh cdn éng trén mdy can ngudi
Pilger Mill

Thé cac thong s6 két cau va thong sb
lam viéc cua cym cén tuong ung véi tung
tiét dién cu thé, ta tim dugc duong kinh cua
mandrel ¢ tung vi tri nhu trong bang 1.

Bdng 1. Puong kinh ¢ tirng vi tri mdt cdt ciia mandrel, mm

Vi tri Puong | Vi ,trl' Puwong | Vi ,tri Pudong | Vi ,trl' Puwong | Vi ,tri Pudng
i t' dién kinh tiet kinh tiet kinh tiet kinh tiet kinh
*" | mandrel | dién | mandrel | dién | mandrel | dién | mandrel | dién | mandrel

1 19.050 10 20.966 19 23.577 28 27917 37 36.720
2 19.255 11 21.209 20 23.958 29 28.563 38 38.002
3 19.459 12 21.464 21 24.352 30 29.261 39 39.313
4 19.664 13 21.719 22 24.771 31 30.064 40 40.654
5 19.868 14 21.986 23 25.228 32 30.968 41 42.025
6 20.085 15 22.279 24 25.698 33 31.954
7 20.302 16 22.572 25 26.205 34 33.057
8 20.520 17 22.890 26 26.738 35 34.248
9 20.737 18 23.221 27 27.308 36 35.469
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2.3. Lua chon vit liéu

Thép hop kim AISI M4 1a loai thép
dung dé ché tao dung cu lam vi¢c & tdc do cao
dugc sir dung rong trong nghién ctru thiét ké
mandrel thong s6 k¥ thuat cua thép thé hién
trong Bang 2.

Bang 2. Dac tinh vat liéu cua hop kim AISI M4

Bdng 3. Théng so kjf thudt ciia mandrel

hié hié 2 Khoi
Hinh | STiGU | Chidu Ty cy ©
dai truc | dai truc N lugng,
dang mm
X, mm | y-z, mm kg
Tuyen | so0 | 42,005 | 3.52B+05 | 2.88
tinh

Dic tinh vt liéu Hop kim AISI M4
Gidi han chay 4000E+6 N/m?
Do bén kéo 5129E+6 N/m?
Mo dun dan hoi 2.15e+011 N/m?
Hé s Poisson 0.27
Khdi luong riéng 8166 kg/m’
Mo dun cit 126E+09 N/m?

H¢ s0 gian nd nhiét

1.1e-005 /Kelvin

3. PHUONG PHAP NGHIEN CUU

3.1. Thiét ké mo hinh mandrel

Duya vao két qua tinh toan & (2.2), md
hinh hinh hoc cua mandrel dugc xay dung la
mo hinh tuyén tinh kich thu6c nhu hinh 3:

Hinh 3. Mo hinh hoa hinh hoc 3D cua mandrel

3.2. Chia lwéi cho mo hinh mandrel

St dung phan mém ANSYS R15.0 dé
chia lugi cho mo hinh phan tich bao bao gém
8364 nut va 1748 phan tr nhu trong bang 04.

"hm:’-i""' -r’]\-

Hinh 4. M6 hinh chia ludi cho mandrel

Badng 4. M6 hinh chia luoi cho mandrel

Loai luéi Ludi thé tich
Loai phan tir lugi Tt dién
Jacobian diém 4
S6 nit 8364
S6 phan tir 1748
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4. KET QUA VA THAO LUAN

4.1. Céc thong s6 dau viao cho md phéng trén
phan mém ANSYS R15.0

Nghién ciru nay st dung cac thong sb
dau vao nhu sau: khéi lugng mandrel 13 2.88
kg, vat liéu st dung 1a AISI M4, tai nén 16n
nhat 14 38.8KN, ty s6 nén 1a 57%, mé hinh hinh
hoc ctia mandrel 1a con tru tuyén tinh do ddc
1.5 radian. Két qua mé phong dugc thé hién
trong cac bang 5 va cac hinh 5, 6.

4.2. Két qua mé phong

Bang két qua mo phong biang ANSYS
R15.0 dugc cho trong Bang 5.

Bdng 5. Két qua mé phong

Vit liéu AISI M4 Max Min
Tudi tho, gid 5.047E+05 | 2124.9
Ung suit tuong
duong, N/mm? 4.3244 0.19543
Bién dang, mm 0.000995 0
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T

Hinh 5. Bién dang ciia mandrel
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Hinh 6. Tudi tho ciia mandrel

g T i i w

-

L

L

. o]
e T ——

. |=|I.I-Hi-ll-

L)

L

- [

"EIEE
\

e B e A e

Hinh 7. Biéu do wng suat — chuyén vi cua mandrel

Dua vao biéu d6 Gng suit bién dang &
hinh 7, ta thdy rang mandrel bi chuyén vi 16n
nhat 7.8176mm tai vi tri 590mm va momen
ubn 16n nhit 1a 1.139¢+07 tai vi tri tiét dién 16n
nhét cua mandrel.

5. KET LUAN

Két qua tinh toan thiét ké t6i wu bién
dang két cAu ciia mandrel 1a déng tin cdy vi cac
gia tri toi thidu va t6i da cua tng suét tuong
duong rat nho so voi gidi han chay ciia thép hop
kim AISI M4. Pong thoi, tudi tho ctia mandrel
cling duoc nang 1én dang ké, gitip giam chi phi
san xudt, giam gia thanh nang cao kha ning
canh tranh cua san pham. %
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