NGHIEN CUU CAC ANH HUONG CUA PAC TINH VAT LIEU
TRONG QUA TRINH TAO HINH CHI TIET DANG ONG
BANG NGUON CHAT LONG CAO AP HAI CHIEU

1. PAT VAN PE

Phuong phép tao hinh kim loai bang nguén
chat 1ong cao ap c6 mot sé mat han ché nhu thoi
gian tao hinh lau va chi phi cho thiét bi cao. Tuy
nhién, do nhitng nghién ctu cai tién lién tuc vé
quéa trinh tao hinh, dung cu gia cong, chit boi
tron, phuong phap ndy dang dwgc chip nhan
ngay cang nhiéu hién nay trong viéc ché tao cac
chi tiét phirc tap trong linh vuc co khi dic biét 1a
nganh cong nghiép 6t6. Vé co ban, phuong phap
nay 1a ky thuat st dung ngudn chat long c6 ap
hodc dé tao hinh hoidc dé trg giup trong viée tao
hinh cac chi tiét kim loai d& bién dang déo.

Phuong phép tao hinh kim loai biang ngudn
chat long cao 4p co rat nhiéu wu diém. Bang
viéc st dung ap luc thuy luc bén trong két hop
vGi sy dun vat liéu trong qua trinh tao hinh,
phuong phap nay co kha nang tao dugc cac san
pham c6 d0 dong nhit cao va sai so gia cong
nho, déc biét phu hgp cho cac hop kim co6 tinh
udn tuong dbi nho.

Phuong phap tao hinh nay dé tao hinh phdi
6ng 1a phuong phap duy nhit c6 kha ning dun
vat liéu theo phuong doc truc bang cac cac chdy
chan hinh tru ¢ hai ddu phoi. Néu can thiét, cac
chay chian ciing c¢6 thé dugc dung dé kiém soat
qué trinh bién dang ctia dng. Qua trinh tao hinh
c6 thé duoc thanh bdn giai doan nhu sau:

- Ldp phéi/dién chdt long: Phoi dng duoc dat
vao trong long khudn. Sau d6 dién day chat long
vao trong long phdi (thuong 1a nudc).

- Phdi bién dang dir do trong 1dng khudn:
Trong giai doan ndy, phdi éng phinh ra do &p
Suit bén trong. Néi chung, day la giai doan ma
viéc tiép xac vai thanh khudn bi han ché va co
thé dun vat lidu.

- Qué trinh diéu chinh: Trong giai doan diéu
chinh, phoi dng phinh ra va tiép xac véi thanh
khuon dé tao bién dang phl hop voi bién dang
ctua khuon. O giai doan ndy, ap suat cao, va do
ma sat vat liéu v6i khudn, co thé din vat liéu
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v6i lwong nho, va str dung tac dong doc truc dé
tranh hién tuong ro ri.

- Gidm dp sudt: Viéc tao hinh da hoan tat va
&4p suat duoc giam xudng. Sau dé phdi dugc
thdo ra. Trong qué trinh nay, viéc theo ddi &p
suit van duoc tién hanh. Néu khong dat dugc ap
suit 16n nhét trong khi tao hinh, thi qua trinh tao
hinh s& bi that bai va tao ra phé phém

Str dung ngudn chat 10ng suit cao dé tao hinh
bién dang cac phoi dng c6 nhirng wu diém sau:

- N6 ¢6 kha niang 1am bién d6i cac tinh chat
ctia san pham da tao hinh bang viéc; thay doi
chiéu day thanh va hinh dang mit cit ngang cia
san pham, giam bét dugce nhiu cong doan khi
tao hinh;

- Phuong phap nay tao ra san pham c6 dung sai
kich thudc nhd, va hién tuong nay ngugc nho;

- San pham c6 tinh déng nhat cao, giam dugc
trong luong;

- Cai thién dugc cuong d6 va do cliing viing
clia san pham.

Tuy nhién, viéc str dung ngudn chat long ap
lyc cao dé tao hinh kim loai ciing c6 mot s6 han
ché nhu:

- Thoi gian qua trinh tao hinh lau

- Chi phi thiét bi va dung cu tao hinh cao

- Chua hiéu 16 co ché bién dang cua vat lidu
trong qua trinh tao hinh

—( Automotive Applications )—

Hinh 1. Mét s6 bé phdn ciia 6t6 tao hinh tir
phdi dng bang nguon chdt long cao dp.



Trong phuong phép tao hinh bién dang bang
nguon ap luc cao hai chidu, ngoadi nguon chat
long ap sudt cao bén trong phdi, luc doc truc cia
cac chay chan, con ¢ thém ngudn chat 1ong ap
suit cao doi tng & bén ngoai phdi. Nguyén Iy co
ban ctia qua trinh tao hinh kim loai bang ngudn
chat 16ng cao 4p hai chidu voi phdi dang hinh
6ng duoc thé hién trong hinh 2
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Hinh 2. Qua trinh tao Ainh kim logi bang nguén
chdt léng cao dp 2 chiéu cho céc chi tiét dang
hinh éng

C6 réat nhidu cac yéu to anh hudng dén qua
trinh tao hinh dng bang ngudn chat 1ong co ap
lyc cao hai chiéu. Su thanh cong hay that bai
ctia qué trinh tao hinh ndy phu thudc rat nhiéu
Vao Cac dic tinh cia vat liéu. Nghién ctru nay sé
tiép tuc 1am rd hon cac anh huong cia dic tinh
vat liéu trong qua trinh tao hinh.

2. TRANG THAI UNG SUAT VA BIEN DANG

Trong hé toa do tru (r,0,z), xét phdi hinh éng
thang c6 ban kinh thanh trong la a, ban kinh
thanh ngoai la b, va c6 d6 day thanh la t. Viéc
phan tich nay dua trén gia thiét 1a bién dang
theo phuong 0 khong dang ké (&, =0)

Hinh 3. Phoi dng trong hé toa do tru

Diéu kién bién dang phang duoc xem xét voi
g, =0, taco:
g =—¢, , ungsuat léch: o) =0
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Thé phuong trinh (3) vao phuong trinh (2), ta co:
f+o,—a) @

_ 1 >
o =—4lo, —0,) +\0, -0,
oo o,
Piéu kién bién dang phang o, dugc xac dinh
bang phuong trinh (1)

a:1\/(ar—1<ar+az>jz+(;<ar+az>—azjz<a,—az>z (5)
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Pon gian hoa phuong trinh (5)
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Tu phuong trinh (1),
1
O, =0, :E(Gr _Gz) (9)
Thé phuong trinh (8) vao phuong trinh (9)
(o}
o, —0,=—= 10
"= (10)

Déi voi phan tir trong viing bién dang, cin bang
lyc theo phuong hudng kinh xac dinh nhu sau:
do, _ —2pk (11)
dr r X
& day, p 1a hé s ma sat, k 1a gi6i han cit
Thay phuong trinh (10) vao phuong trinh (11)
do, o, —2uK

o, -0,

L% _ 12
dr  /3r X (12)
Theo Von Mises, o, =+/3k, do d6
do, o —2uoc
L= ! 13
dr  3r  /3x 13)
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Viét lai phuong trinh (13)

o -2uc
do, =———dr - “dr 14
Tor Tox (14)
Tich ph&n phuong trinh (14)
o 2
o, =———Inr- r+C 15
N IX (15)

Tair=a, o, =-p,, V6i pi 1a 4p suét thuy
lyc bén trong 6ng

Ap dung diéu kién bién nay, ta co
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C= % HO% 4 (16)
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Do dé,
3 o 1@ _2uo,(a (a-r)
LN RN
Ung sudt doc truc tai bé mat bén trong cua
viing bién dang & ban kinh r = a dugc xac dinh
bang phuong trinh (8)
2 2

G TR

Ung suat hudng kinh tai bé mat bén ngoai
cia 6ng trong ving bién dang 1a o, tai r = b
rat ra tir phuong trinh (17)
p—G“I a Zua(a b)

" fr b /3x

Theo hinh 4, chiing ta xét ap suat bén ngoai
Po , C&n bang luc theo phuong hudng kinh s& rat
ra tmg suat huéng kinh tai r = b

(17)

Op =0 g — (18)

(19)

Oy =~

Po

Hinh 4. Ap sudt bén trong va bén ngoai ong

Theo phuong trinh (18) ta c6
O 12 _ 2uo, (a b)

Oy = _pl - \/§I’ b \/_X

o (19)
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Ung suit doc truc trén bé mat bén ngoai cua
viing bién dang tai ban kinh r = b xac dinh bang
phuong trinh (8)

2
Op=0Cyp——F=0O
zb rb \/g u
Lo} In a 2uoc, (a— b) 2
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3. ANH HUONG CUA TiNH CHAT VAT LIEU

Tinh chat vat liéu cia 6ng, nhu 13 giéi han
chay, gia tri di huéng, hé s6 bién clirng, ma sat,
anh hudng ciia qua trinh bién dang. Phuong
phap md phong sir dung phin mém ANSYS
dugc ap dung cho qué trinh ép phinh phéi 6ng
V61 cac loai vat liu khac nhau c6 cac thong s6
nhu bang 1

Céac Loai vat | Loaivat | Loai vat

thongsé | lidu 1 ligu 2 ligu 3

Gia tridi
C 1. 1

g (1) 0,6 0 6
Hre sO bién 0.2 0.3 0.4
cling (n)
Hesoma |5, 0,10 0,20
sat (1)

Bang 1. Gid tri di huéng, Théng s bién ciing,
Hé s6 ma sat

Vi du d6i véi vat liéu dong, gia tri di hudng r
nam trong khoang 0,6 dén 0,9, con hé sd bién
ctng trong khoang 0,35 dén 0,50. Nhém c6 hé s6
bién cimg khoang 0,20. Trong thyc té, nguoi
thuong stir dung dung moi 1a hén hop cua dau va
nude lam dung dich cong tac dé tao ap luc cao, hé
s6 ma sat thuong trong khoang 0,15 dén 0,20.

3.1. Anh huéng ciia hé s6 bién cirng n.

Hé s6 bién cing bién dang 1a yéu t6 quan
trong nhat anh hudong dén kha niang tao hinh cua
phdi. Asnafi [9] trong khi tién hanh nghién ciu
qua trinh ép phinh phoi éng da chi ra rang, bién
dang twong dwong cho sy mat 6n diinh déo co
thé duoc viét nhu sau

g =(L+r)n (21)

O day, r la gia tri di hudng, n 13 hé sd bién
cting bién dang.



Phuong trinh trén chi ra rang, gia tri n cang cao
thi cang dé bién dang. Gia tri n hau nhu khdng anh
huong dén sy phan bd chiéu diy thanh dng va
mirc d6 phinh cta phoi khi bién dang.

Qua két qua tinh toan bang chuong trinh may
tinh, dd thi 1 cho thay d6 day tbi thiéu chi ting
0,018 mm tung v6i n = 0,40 so voi do day toi
thiéu tang 0,014 mm tng v&i n = 0,20. Nhu vdy,
gia tri n c6 anh huong khong dang ké dén qua
trinh tao hinh phdi dng bang ngudn chit long
cao &p hai chiéu.
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Do thi 1. Anh hwéng ciia hé sé bién ciing trong
qué trinh bién dang

3.2. Anh huéng ciia gia tri di huéng r

Gia tri di hudng nho 1am tang kha nang bién
mong va ngugc lai gia tri di hudng 16n s€ can
tré su bién mong cua phdi trong quéa trinh tao
hinh. Dong vat liéu khi chdy déo phu thudc
déang ké vao gié tri di huéng. Vi thé no tré thanh
mot thong s quan trong trong qua trinh. Rét
nhiéu phoi 6ng véi vat liéu nhu 1a hop kim
nhém, hop kim ddng dugc sir dung rong réi
thuong cé gia tri di huéng r nho hon 1. Theo
Ansafi [9], bién dang pha huy ddi v6i phdi dng
ché tao tir qua trinh han va uén thép tim duoc
Xac dinh nhu sau

(@+r)n- 4In(1+t°]
3 d

0

it = (22)

:@+ﬁ+ﬁﬁ

Bién dang pha huy ctia phoi 6ng duoc ché

tao bang phwong phép dun duoc xac dinh 1a
(@+r)n

:@+ﬁ+ﬁﬁ

&t

(23)
Trong d6, &, bién dang pha huy chu yéu
r gia tri di huong
N gia tri bién cing bién dang

€ N K , ’ A
B=-%, ¢la bién dang huéng kinh, ¢,la

&
bién dang hudng tiép tuyén.

Cac phuong trinh trén chi ra rang kha
nang bién dang giam khi gia tri r giam va céc
thong sb khac 1 hang s6. Qua trinh tao hinh kim
loai bang ngudn cht 1ong cao ap hai chidu nén
ap dung cho vat liéu c6 gia tri di hudng nho.

Véi két qua tinh toan bang chuong trinh may
tinh, do thi 2 chi ra rang gia tri r cang nho thi
cang tang do bién mong, do d6 qua trinh bién
dang cang hiéu qua hon. Su ting do day tbi
thiéu 1a 0,05 mm véi r = 0,6 so voi sy ting do
day téi thiéu 0,6 v6ir = 1,6.
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D6 thi 2. Anh hwéng ciia gid tri di hwdng trong
qué trinh bién dang

3.3. Anh huéng ciia ma sat

Ma sat xuét hién gitta bé mat phoi éng va bé
mit cta thanh khudn. Ma sat 1am han ché su no
cta dng trong qua trinh ép phinh, do vét liéu dich
chuyén khong thuan logi. Nhung ma sét lai dong
vai tr0 quan trong trong qua trinh dun vat liéu
bang cac chdy chin doc truc dé tranh hién tuong
bién mong qué 16n trong qua trinh bién dang.
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Phuong trinh caa stc cang hudng tiép tuyén
nhu sau:
dT, = uqdz

Trong do

q - &p suit tiép xuc gitra khudn va dng

T, - Stic cang hudng tiép tuyén

dz — vi phan khoang cach theo huéng tiép
tuyén.

Tir phuong trinh ndy, ta thiy hé sb ma sat
cang I6n thi anh hudng cua viéc dun vat liéu doc
truc cang nho. No6i cach khac, gia tri hé s6 ma
sat cang lon thi dng cang bi bién mong.

Tir két qua tinh todn bang chuong trinh may
tinh, do thi 3 cho thay tai cudi thoi diém tao
hinh, gia tri hé s6 ma sat 16n 1am cho chiéu cao
phinh cta 6ng giam di. Qua trinh tao hinh bang
ngudn chat long cao ap hai chiéu s& hiéu qua
hon khi gia tri cia hé s6 ma sat cang I6n. Khi
chiéu cao phinh cta éng 1a 11,00 mm thi do day
tang t6i thiéu 1a 0,034 mm tng véi hé sb ma sat
= 0,20 con chiéu day tbi thiéu sé& ting 0,028
mm dbi véi hé s6 ma sat p = 0,04. Trong cong
nghiép, nguoi ta thuong ding dau thuy luc co
hé s6 ma st trong khoang 0,15 = 0,20 1am chat
long cong tac tao ap sudt cao trong qué trinh tao
hinh.

(24)
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Do thi 3. Anh hwéng ciia ma sdt trong qud
trinh tao Ainh

3.4. Anh hwéng ciia vat liéu: Pong, Nhom,
Thép

Trong phan nay ta nghién ctru qua trinh bién
dang cua ba loai vat liéu 1a hgp kim nhém, hop
kim dong va thép. Tinh chat cua vat liéu duoc
thé hién trong bang 2.
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Pic tinh vt lidu ciia nhém, thép va dong
Nhém Thép Pong
M6-dun Young (MPa) | 70x 10° | 210 x 10° | 124 x 10°
Ung suit chay (MPa) | 180 430 160
Hé s bén K (MPa) 533,13 | 93825 | 618,30
Hé s6 bién cirng n 0,2837 | 0,2376 | 0,4000
Hé so Poisson 0,33 0,33 0,30
Ti trong (kg/mm°) 2,7x10° [ 79x10°| 89x10°

Bang 2. Ddc tinh vdt liéu cua hop kim nhom,
hop kim déng va thép

Mot s6 cac thong vat liéu trén dugc str dung
trong quéa trinh tinh toan bang chuong trinh may
tinh. Khi tinh toén, khdng tinh dén gia tri di hudng,
cho hé s ma sat 1a nhu nhau, ti 1¢ dun vat liéu
giéng nhau. Ap suat dong chat 1ong bén trong ng
duoc lay twong tmg dbi vi nhom 12 40MPa, dong
la 55MPa, thép 1a 80MPa. Ap suat doi tmg bén
ngodi 6ng lay bang 12% so voi ap suat bén trong
6ng. DO thi 4 cho thay, phan bd do day thanh cua
ph6i 6ng nhom va dong tot hon so véi dng thép.
Tuy nhién do day nho nhét cia ca ba loai 1a nhu
nhau nho ¢6 ap suat dbi tmg bén ngoai dng.
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Do thi 4. Anh hwong cua cac loai vat liéu
khac nhau trong qué trinh bién dang
4. KET LUAN
Céac anh hudng cua dic tinh vat liéu va ma
sat da dugc khao sat trong nghién ciru nay. Cac
thdng s6 chu yéu anh hudng dén su phan bd
bién dang ctia dng trong qua trinh tao hinh bién
dang bang ngudn chit 1ong ap luc cao bén trong
la gia tri di huéng va hé sb ma sat. Cac thong sd
nay c6 anh hudng rat 16n dén qué trinh tao hinh
bang ngudn chat 16ng ap Suat cao hai chiéu. Qua
trinh tao hinh nay s& co két qua t6t hon, san
pham tao hinh dat duoc co tinh cao hon, hinh
dang va d6 moéng chinh xac hon khi ma gia tri di
hudng nho va hé sé ma sat cao.
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Abstract:
Effects of material properties on two way tube hydroforming process.

Tube hydroforming method has some drawbacks such as long cycle time and expensive tooling. However,
due to continuous improvements in forming process, tooling and lubrication, the method is gaining an
increasing acceptance for fabricating complex parts in automobile industry. Tube hydroforming basically is
a technical that uses a fluid either to form or aid in forming a part from ductile metal. The effects of material
properties and frictions are investigated in the study. The main parameters for strain distribution are
anisotropy value and coefficient of friction. The parameters have a major effect on the two way tube
hydroforming process. The two way tube hydroforming process becomes meritorious in low anisotropy
and/or high friction conditions.
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