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RESEARCH ON EFFECTS OF d/D AND H/D RATIOS ON THE FORMING
TUBING PROCESSES USING HOT BACKWARD EXTRUSION ALLOYED
STEEL BASED ON NUMERICAL SIMULATION
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TOM TAT

Ep chay nguege la mot dang cong ngh¢ co ban ciia phwong phap gia cong dap Iyc, duoc ung
dung ngay cang nhiéu trong san xudt co khi. Cong /1gl:§ nay cé thé tao ra céc chi tiés dang ong cé
co tinh cao nho hién tuwong nén khoi kim loai trong buong ép. Ié’ﬁﬂg phuong phdap mé phong sé ¢é
the dy doan dicgc khd nang tao hinh kim loai, qua do giai quyét dipc yéu cau chi 1iés ong sau khi
ép dat dugc kich thude chiéu cao lom nhat va chiéu day thanh mong nhdt. Mo phong qua trinh tao
hinh ch{' tiet dang ong thong qua sy thay doi cua ty s6 duong kinh trong véi diweong kinh ngoadi (d/D)
va 1y s6 giita chiéu cao vm dwong kinh ngodi (H/D) ciia san phim duoc sir dung trén phan mém
Abagus. Qua phan tich két qua mé phong, tim dwoce bé théng sé phiy hop ciia (d/D) va (H/D), cho
phép ndng cao hiéu qua trong qua trinh ép chay nguwoc, lam co sé cho qua trinh thue nghiém ché
tao chi tiet ong chiu ap hec bang phuong phap ép chay ngupc. |

Tuw khoa: Phan mém Abaqus; Ep chay nguoc; Tao hinh chi tiét dang 6ng ur kim loai,
Mo phong so; Thuc nghiém. |

ABSTRACT

Backward extrusion is a fundamental technology in metal forming which is widely applied in
mechanical manufacutring. This process can create the tubing product type with high mechanical
properties based on the compression phenomenon of the workpiece in the chambey- The numerical
simulation can used to predict the forming ability of the metal, especially, it provides the maximum
height and thinnest wall thickness of pressed tubing. Numerical simulation Jor forming the tubing
product with diffirent ratios of inner diameter to outer diameter (d/D) and ratio between height to
outside diameter (H/D) are performed through Abaqus software. From the analysis of the simulation
results, the optimal set of parameters (d/D) and (H/D) are Jound, which allows to improve the
efficiency of the backward extrusion; it is the basis for the experimental process to majke tubing
products by the backward extrusion.

Keywords: Abaqus software; Backward extrusion: Metal workpicec formin g tubing;
Numerical simulation, Experimental.
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1. PAT VAN PE

Do nhu cdu sir dung chi tiét dang dng
noéi chung va éng chiu ap luc noi riéng ngay
cang lon trong cong nghiép va qudc phong.
Tuy nhién, phan 16n céc chi tiét dng chiu ap luc
hién dang phai nhap khau tir nuéc ngoai. Thong
thuong, cac chi tiét 6ng chiu ap luc duoc san
xuét bang phuong phép dap vubt tir phoi tam.
Tuy nhién, & nuéc ta hién nay, viée ché tao phéi
thép tim c6 co tinh cin thiét dé ché tao ong
chiu 4p luc con gip nhiéu kho khan. Vi vay,
viéc tim hiéu cong nghé va thiét bi dé san xuét
ra cic loai san phdm nay 1a diéu rat can thiét.
Ung dung cong nghé ép chay ngugc tir phoi
thép duc (nhu hinh 1) 1a mét gidi phap hiéu qua
cho viéc ché tao 6ng chiu ap luc trong diéu kién
san xudt & Viét Nam hién nay. Trudc kia, tién
hanh ép chay ngugc phoi thép dac chu yéu dua
vao tinh toan ly thuyét va thuc nghiém gay tén
kém do phai thuc nghiém nhiéu lan. Vi viy,
g dung phdn mém md phong s6 trong tinh
toan hoan thién cong ngh¢ la mat giai phap phu
hop mang lai hiéu qua kinh té cho viée ché tao
ong chiu ap lyc.

Vi cong nghé ép chay nguoc, kim loai
bi nén khéi trong qué trinh tao hinh nén co tinh
cta chi tiét sau khi ép chay duoc cai thién rat
nhiéu [l] [2]. Trong thuc t& san xudt, chi tiét
dang 6ng sau khi ép chay ngugc thudng phai
dua qua cac nguyén cong dap vudt bién mong
thanh nham ting chiéu cao va giam chiéu day
thanh éng [3]. Do vy, yéu cdu dit ra cho san
pham sau khi ép chay can c6 chiéu cao 16n nhit
va chiéu day thanh nho nhat.

Hién nay, c6 mot s6 phan mén mo
phong s6 duoc st dung cho bai todn €p chay
nguge nhu: Qform, Derform, Ansys...Tuy
nhién, dé giai quyct bai todn bién dang manh

liét voi kho phéan tir phong pha, ¢6 thé phan
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tich tt cac van dé Vé {mg suit va bién dang thi
Abaqus la phan mem pht hop, cho két qua tin
cdy. Sir dung phan mém Abaqus mo6 phong qua
trinh ép chay nguoc thép hop kim ¢ trang thai
nong dang ong, mo ta sy anh huong ty so (d/D)
va (D/H) (hmh 2) dén su phan b {ng sudt, bién
dang chi tiét, qua do tim duoc bd thong s6 phu
hop (d/D) va (D/H).

Hinh 1. Phéi dau vao

Hinh 2. San phdm sau ép chay

2. XAY DUNG CAC BUGC MO PHONG SO
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Céc budc co ban cua qué trinh mé
phéng sb dugc thy hién theo so d6 nhu hinh 3.

2.1. M6 hinh hinh hoc

Viéc xdy dung mé hinh hinh hoc xuét
phat tir yéu ciu chinh x4c vé hinh dang va kich
thudc san pham. M6 hinh hinh hoc bao gom 3
ddi twong: Chay, cbi va phoi; chay c6 duong
kinh d = 86mm, ci c6 duomg kinh D = 106mm,
phoi c6 kich thudc ®106mm, gia cong 15 ciu
R50mm, b = 20mm nhu hinh 4.
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Hinh 4. M6 hinh hinh hoc
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Hinh 5. Buong cong quan hé giira img sudt va
mikc bién dang ciia vit liéu 30CrMoNi5

2.2. M hinh vit liéu

M6 hinh vét liéu dong vai’ tr0 quan
trong trong qua trinh mé phong sb, khi mé
phong mé hinh vat liéu dugc xdy dung theo
diéu kién s& tién hanh trén thuc té, md hinh dé
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md ta su phu thugc cac déc tinh vat liéu vao qua
trinh bién dang. Khi tién hanh ép chay nguoc
thép 30X3M® (theo TOCT 4543-71) & trang
théi néng, ta can phai xay dung duoc bidu dd
quan hé giira (g suit va bién dang ¢ trang thai
d6. Do tinh cht vat ligu & nhiét d6 cao cia cac
dong vat liéu twong tir nhau c6 tinh chét twong
dwong, ta c6 thé tham khao va sir dung cac méd -
hinh d6 trong pham vi cho phép. Vi vay, gin
nhét véi mac vat licu 30X3MO, ta sir dung
biéu db dudng cong tmg suit- bién dang cua
vat liéu 30CrMoNiS5 (theo DIN) [4], [5], [6] md
phoéng bai toan nay nhu trén hinh 5. Vit liéu
lam khuén ép chay va chay dwoc coi nhu cung
tuyét dbi trong qua trinh m6 phéng [6)].

2.3. M hinh lwéi phin tir

Trong bai toén ndy da chon kidu phan
tir C3D8R [6]. Déy 14 phin tir khéi, 8 nit cho
phép tinh toan tmg suét, bién dang, chuyén vij...
Cia timg niit nén dap tmg dugc véi muc dich
cua bai todn mo phong dit ra. Hai ba mit tiép
xUc truot 1€n nhau sir dung ham Penalty va cé
su xuat hién cia ma sat tiép xuc [6].

2.4. Xy dyng cic diéu kién bién

‘ Sur dung chét béi tron 1a bot graphite va
dau [7],(8], hé s6 ma sat p = 0.5 [11,[9], hé sé
Poatxon v =0.283, md dun dan héi E = 1.35¢",
[5]. Nhiét do ép: 1200°C, [9] coi nhu khéng
cO sy gidm nhiét cta phdi trong qué trinh bién
dang.

3. KHAO SAT

Chi tiét sau khi &p chay c6 mirc d6 bién
mong thanh phy thuge vao ty s d/D, qua d6 ta
chon mién khao sat cia d/D = 0.77;0.81; 0.85;
0.89; 0.93 [10], chiéu cao san pham phy thude
vao ty s0 H/D, ta tién hanh khao st cac trudng
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hop H/D = 2.4, 2.6, 2.8, 3.0, 3.2, 3.4, 3.6, 3.8,

) . 27 0.89 3.40 94 260.4
4.0, 4.2, 14.4, 4.6, 4.8. Tuy nhién, chia lam 2 28 0.9 2 5 i L6
khoang dé khao sat I ( 2.4<H/D <3.6) va Il (3.§ 59 s > = 254'4
<H/D<4.8), chon D = D, = 106mm khong d6i - : d
trong sudt qué trinh khao sat. 40 0.93 2.60 98 275.6
31 0.93 2.80 98 296.8
Bdng 1. Bang thong so thuc hién mé phong 32 0.93 3.00 98 318
khoang 1 (d/D = 0.77 = 0.93; H/D = 2.4 +3.6) 33 0.93 3.20 98 339.2
’ 34 | 093 | 3.40 98 | 260.4
Thong so 35 093 | 360 | 98 | 3816
STT | d/D H/D hinh hoc
d (mm) | H (mm)
1 0.77 2.40 82 2544
2 077 | 2.60 82 | 275.6 4. KET QUA MO PHONG VA THAO LUAN
3 0.7 2.80 82 296.8
4 077 3.00 32 318 4.1.‘ Két qua mo phong va thio luin céc
5 0.77 3.20 30 3392 truong hop trong khodang 1
6 .0 3 £ 2604 4.1.1. Két qui mé phéng
7 0.77 3.60 82 381.6
8 081 | 2.40 86 | 2544 Sau khi thue hién mo phong véi sb liéu
9 0.81 2.6 86 | 275.6 nhu bang 1 dua ra mdt s trudng hop tidu biu,
10 0.81 | 2.80 86 296.8 cu thé nhu sau:
11 0.81 3.00 86 318 i © B
12 0.81 | 3.20 86 | 339.2 WD - 0.772“5‘-“;% op 1: Két qua md phong voi
13 0.81 3.40 86 260.4
14 0.81 3.60 86 381.6
15 0.85 2.40 90 2544
16 0.85 2.60 90 275.6
17 0.85 2.80 90 296.8
18 0.85 3.00 90 318
19 0.85 3.20 90 339.2
20 0.85 3.40 90 260.4
21 0.85 3.60 90 381.6
22 0.89 2.40 94 254.4
23 0.89 2.60 94 275.6
24 | 089 | 280 | 94 | 2968 .. |
25 0.89 | 3.00 94 318 T —
26 0.89 3.20 94 339.2 (d/D = 0.77: H/D =2.4)
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- Truomg hop 3: Két qua mé phong voi
d/D = 0.89; 0.93.

Hinh 7. Su phin bé mitc dé bién dang
(d/D = 0.77; H/D =2.4)

) _ Hinh 10. Sy phdn bé img sudt
- Truong hop 2: Két qua mo phong vai (d/D = 0.93; H/D = 3.20)
d/D =0.85.

Hinh 11. Su phan bé mire dé bién dang
, e et (d/D = 0.93; H/D = 3.20)
Hinh 8. S phin bo irng sudt

(d/D = 0.85; H/D = 3.0) 4.1.2. Thio ludn két qui mé phéng cdc truwong
hop trong khodng I

- Khi mtre d9 bién mong thanh nho: Xét
cho truong hop d/D = (0.77 + 0. 81), su phan
b6 tmg suat va bién dang dugc thé hién trén
hinh 6 va hinh 7: Trén hinh 6, khong co su tap
trung tmg suét, g suit 16n nhét phén bb trén
mot dién tich rong tai viing day chi tiét do ving
nay truc tiép chiu tai trong cua chay ép, giam
dan quavung chuyen tiép ctia phoi 1a ving giao
_ : X tuyén gitra phan cau voi phan tru ctia chi tiét va
Hinh 9. Sy phén bé mire dg bién dang giam dén gi4 tri nho nhét trén miéng cua chi
(d/D = 0.85; H/D = 3.0) tiét, nguyén nhan do ving nay chi chiu tac dyng
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ctia luc ma sat giita phdi véi ¢di va véi chay. Su
phan bé nay phu hop voi quy ludt cua sy phan
bé 1 (g suit [2]. Muc do bién dang phén b nhur
hinh 7, 16n nhét tai viing chuyén tiép la ving cé
hién tugng truot, x6 léch mang Iudi tinh thé kim
loai nhidu nhat, giam dan theo chidu dai thanh
ong va dat gid nho nhét trén miéng ng, diéu nay
phtt hop véi qua trinh bién dang trong ép chay
nguoc [2]. Vi vay, truong hop d/D =(0.77 +0.81)
phu hop cho qué trinh ép chay nguoc.

- Khi mttc d6 bién mong thanh ting dén:
Xét cho truong hop d/D = 0.85, su phan bo tmg
suét dugc thé hién trén hinh 8: Qua quan sat théy
c6 su phéin bd lai viing g suat 16n nht, tmg
sudt [6n nhit dich chuyén dan tir day phéi 1én
viing chuyén tiép va dat cuc dai tai viing nay, tuy
nhién, su phan bd ung suat van trén mot dién tich
rong chua co hién tuong “tip trung tig suat”.
Miic d6 bién dang tuong duong 1on nhit da co
hién tugng dich chuyén qua vung chuyén tiép
nhu hinh 9, didu nay c6 thé gy ra hién tuong
mét 6n dinh va pha hay phéi trong qua trinh ép
chay.

- Khi mitc d6 bién mong thanh tiép tuc
tang lén: Xét cho truong hop d/D = (0.89 +0.93),
su phan bo tmg suét dugc thé hién trén hinh 10
quan sat nhan thiy bat dau xuat hign viing “tmg
suat tap trung", co cuong dg 1on hau nhur chi tap
trung tai ving chuyén tiép. Truong hop nay, img
suat tap trung c6 dién tich rat nho, phan bd xuyén
sudt chiéu day thanh chi tiét. Picu nay smh ra
khuyét tat, gay phé pham dirt ngang chi tiét theo
chu vi cua 6ng cho nguyén cong ép chay hodc
dap vudt tlep theo. Murc do bién dang phan bd
16n nhét & ving chuyen tiép va nho dan xudng
viing day chi tiét diéu nay khong pht hop voi
quy luat [2]. Vi két qua nay, khong duge phép
tién hanh ép chay nguoc tai cac ving cé gia tri
d/D = 0.89.

Tir két qua md phong sO va cac nhén
xét trén, da chon dugce mién thich hop cua ty $6

TAP CHI CO KHI VIET NAM, S6 10 nam 2018

d/D dé tién hanh ¢€p chay ngugc 1a d/D =( 0.77
+0.81) va mién c6 kha ning thuc hién ép chay
d/D=0. 85. Luic nay, bai toan tim mién gidi han
cho ty s6 d/D phu hop da dugc xdc dinh. Can
tim mlen gi6i han cho ty sé H/D bang viéc khao
satty s6d/D = (0.77 +0.85) va H/D = (3. 8 4.8),
bang thuc hién mé phong véi cac thong sé trong
bang 2.

4.2. Ké quia mé phéng va thio Iuin cic
trudng hop trong khoéng I1

Tir viée khao sat /D = 0.77 + 0.85 va
H/D = 3.8+4.8, ta xdy dung dwoc bang thong sé
thue hign md phong nhu nhu bang 2.

Bang 2. Bing thong sé thuce hién mé phong
khoang Il (d/D =0.77 + 0.85; H/D = 3.8 + 4.8 )

Théng sb
STT d/D H/D hinh hoc
d (mm) | H (mm)

1 0.77 3.80 82 402.8
2 0.27 4.00 82 424

3 0.77 4.20 82 445.2
4 0.77 4.40 82 466.4
5 0.77 4.60 82 487.6
6 0.77 4.80 32 508.8
7 0.81 3.80 86 402.8
8 0.81 4.00 86 424

9 0.81 4.20 86 445.2
10 0.81 4.40 86 466.4
11 0.81 4.60 86 487.6
12 0.81 4.80 86 508.8
13 0.85 3.80 90 402.8
14 0.85 4.00 90 424

15 0.85 4.20 90 445.2
16 0.85 4.40 90 466.4
17 0.85 4.60 920 487.6
18 0.85 4.80 90 508.8
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cu thé nhu sau:

d/D=0.77,0.81.

4.2.1. Két qui mé phong - Truomg hop 5: Két qua md phong véi
d/D =0.85.

Sau khi thuc hién mé phong véi sé liu

nhu bang 2 dwa ra mét s6 truong hop tiéu biéu,

- Truong hop 4: Két qua md phong véi

Hinh 14. Sy phdn bé tmg sudt
(d/D = 0.85; H/D = 4.40)

Hinh 12. Su phdn bé irng sudt
(d/D = 0.77; H/D = 3.8)

Hinh 15. Sy phdn b6 mikc dé bién dang
(d/D = 0.85; H/D = 4.40)

4.2.2. Thio lugn két qui mé phéng cdc trwong -
hop trong khodng Il

+ Khi mirc d9 bién moéng thanh nho:
Xét cho truong h0‘p d/D =(0.77+0. 81), su phan

’ ’ b6 img sudt va bién dang dugc thé hién trén
Hinh 13. Sir phan bo mirc do bien dang hinh 12 va hinh 13: Trén hinh 12 cho théy, co

(d/D=0.77; H/D = 3.8) su phan bé 1 g suit bat thuong, ving ¢6 gia tri
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img sudt nhé nhét (ving mau xanh) luén luon
ton tai ‘ngay sat canh ving c6 gla tri Umg suét
16n nhét. Ving bién dang 16n nhét dich chuyen
1én thanh chi tiét (qua viing chuyén tiép), phan
b khong theo quy luat nhu hinh 13.

+ Khi tbng mirc d6 bién moéng thanh
tang: Xét cho trudng hop d/D = 0.85, ta cb
két qua nhw sau: Sw phén bd tmg suit va bién
dang dugc thé hién nhu trén hinh 14 va hinh
15 trudng hop nay nhu phén tich két qua mé
phong trén (muc 4.1.2.b) chua c6 hién tugng
“tap trung Umg sudt” . Tuy nhién, viing ung
suét 16n nhét da dich chuyén 1én thanh cua chi
tiét va tai ddy sinh ra hién tugng phé hiy phéi.
Day la trudng hop pha hity phéi theo chu vi cia
chi tiét trong qua trinh ép chay khi ving tng
suit phan b4 khong theo quy luat [2]. Tuong tu
murc d6 bién dang phan bd khong theo quy luat,
miéng chi tiét lic nay khong phai 13 ving c6
bién dang nho nhét.

5. KET LUAN

Pé xac dinh dugc kich thudc hop ly
ctia san phdm sau khi ép chay nguoc, ta di xay
dung cic bai toan mé phong trén phin mém
Abaqus, qua két qua mé phong cé cac nhan xét
nhu sau:

- Khi mé phéng v6i mirc d bién mong
thanh nho d/D =(0.77 +0.81) su phén bd {mg
suit, bién dang tuén theo qui luat, khéng cé su
tap trung Umg suét phi hop cho viéce ép chay véi
kich thuéc san phim c6 d/D < 0.81 va H/D <
3.8.

- Khi mirc d6 bién mong & mirc d/D =
0.85, tuy chua co sy tip trung ng suét nhung
ving tmg sudt 16n nhit da dich chuyén 1én
thanh éng bét diu c6 sy mt én dinh va gay ra
hién tugng pha hiy phdi.

TAP CHI CO KHI VIET NAM, S8 10 nam 2018

- Véi mirc d6 bién mong thanh & mirc
cao d/D = (0.89 + 0.93) bit d4u xuit hién tng
suét tap trung va ving chét dugc md rong trén
toan bd viing ddy sat véi bé mit clia phoi. Didu
ndy cho thdy, ép véi mirc d6 bién mong thanh
d/D > 0.89 1a khong hop ly. <
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