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KHAO SAT ANH HUONG CUA Ti SO D/t VA LOI PEN QUA TRINH
UON ONG BANG PHUONG PHAP PHAN TU HUU HAN

Nguyén Vii Luc *

Tém tit

Trong pham vi bai bdo nay, tdc gid tién hanh mé phéng qud trinh bién dang déo ciia 6ng
kim loai bing phuong phdp phdn tit hitu han, thong qua chuong trinh ANSYS. M6 hinh phan
it hitu han dugc xdy dung dia trén mdy uén éng thii cong dang hoat dong tai Céng ty TNHH
Nguyén Trinh, tinh Tra Vinh. Qud trinh mé phdng tdp trung vao khdo sdt dnh hudng ciia ti s6' D/t
(Puong kinh 6ng/Chiéu day 6ng) dén mot vai dang hu héng phd bién trong qud trinh gia cong va
dé xudt nhitng gidi phdp dé han ché, khdc phuc cdc dang huw héng nay.

Abstract

In this article, the researcher emulated plastic distorting process of metal pipe by finite ele-
ment method through ANSYS program. Based on handicraft bending machines being operated at
Nguyen Trinh, Ltd., in Tra Vinh province, the finite element model was established. The distorting
process focused on surveying the effects of D/t ratio (pipe diameter/ pipe length) to some of com-
mon damaged in the process, and proposing some solutions to reduce and remedy these damaged.
1. Gié6i thiéu

Chi ti€t dng d3 qua gia cdng bi€n dang déo dugc st dung nhiéu trong cdc thiét bi, vat
dung phuc vu trong nhiéu linh vyc khdc nhau. D€ gia cong chi ti€t dng, c6 rit nhiéu phuong
phép: uén, kéo, can, dap.. Ngudi ta phan ra hai loai chli y€u: gia cong tao hinh néng va gia cong
ngudi. Phuong phap udn ngudi dugc sit dung phd bién dé gia cong 6ng kim loai, tao ra hinh ding
chi ti€t mong mudn phuc vu cho tirng linh vyc cu thé. Ba phudng phap udn sau day dudc st dung
phd bi€n nh4t: udn quay, udn ép va udn trén mdy 3 truc. Hién nay, phudng phdp udn quay dudgc
stt dung rat phd bi€n & cdc tinh mién TAy Nam Bo d€ sdn xuit cdc mit hang gia dung. Cdc nha
ché tao mdy & Viét Nam da tao ra mot loai thi€t bi udn 6ng thi cong nhim ddp ¢ng nhu ciu
cho thi trudng dia phuong. Tuy nhién, qua kh3o st tai Cong ty TNHH Nguyén Trinh (tinh Tra
Vinh), tic gid nhan thay khi sit dung loai thi€t bi nay thi khiu thuc nghiém ting ri't nhiéu, din
dé&n hang loat ph& phdm. Do d6, can c6 su tinh todn lai cdc nhin t& 4nh hudng trong qué trinh
gia cong bi€n dang déo d€ gidm s 14n thuc nghiém, ti€t kiém chi phi vat liéu, rit ngin thdi gian
hoan thanh s&n ph&m nhu mong mudn.

D4 c6 kha nhiéu nghién citu trén thé gidi vé van dé nay, cho thiy rit nhiéu nguyén nhan
din d&n hu hdng khi gia cong: sy ti€p xtic v6i puly udn trong qué trinh udn gay nén hién tugng
nhin cia bé mit 6ng, 1am han ch& géc udn va chat lugng bé mit cla chi ti€t gia cong [1]; tng
xtt khdc nhau clia 6ng kim loai ¢6 dudng kinh I6n véi géc udn nhd, dng c6 dudng kinh 16n véi
chiéu day nhé [2]; 4nh huéng clia ma sit trong qu4 trinh gia cong bi€n dang déo dng kim loai
trén mdy udn ban ty dong [3].

Céc nghién cttu trén ciing chi ra nhiéu bién phap d€ han ch€ cdc hu hdng nhu: tinh todn
khic phuc theo phuong phdp ning lugng [1]; dua ra phuong phdp udn dng mdi dua trén cd s&
phuong phdp udn quay c6 16i [4].

Mic dii vay, dic thil cia mdy udn thd cong khdc hin cdc loai mdy dudc dé cip dén trong
céc nghién cttu trén, thyc t&€ sdn xuat tai Cong ty TNHH Nguyén Trinh cho thdy loai mdy nay
thudng giy ra hai dang hu hdng chinh 13 bi mép mit ngoai hay nhin mit trong (Hinh 4). D&
tim hi€u va khic phuc tinh trang trén, tic gid da ti€n hanh mo phdng qud trinh gia cong bing
phin mém ANSYS. Trong pham vi bai bdo nay, ching tdi trinh bay cdc 4nh huéng clia ti s& D/t
(dudng kinh dng/ chiéu day 6ng) d&€n hai dang hu hdng trén.
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2. M6 hinh tinh toan
2.1. Mo hinh thuc té&
M6 hinh mdy udn thii cdng c6 thé xay dung lai nhu sau:

Vit dinh vi 3 Thanh trugt 2 Puly 1

Con lin 4

Chi tiét
gia cong 5

Thanh d&
giir 16i 6

Hinh 1. M6 hinh mdy uén éng thii cong
O day céc tac gia chi khdo sdt bo phan chinh dé gia cong bién dang déo, bao gdm: puly,
thanh trugt, khudn ép. (Hinh 3)

Hinh 2. By phdn chinh ciia mdy udn thii cong Hinh 3. Cdc chi tiét ciia bo phdn uén

Nguyén 1y 1am viéc clla mdy udn 6ng thi cong: dua 6ng cin gia cdng vao may, 6ng dugc
dinh vi bing puly udn 1 va thanh trugt 2, trén puly c6 bé tri thanh trugt ngin d€ giit diu 6ng gia
cong. Xiét chit bing vit 3. Phia sau dau vit 3 c6 bo tri hai con lin 4, con lin nay ti vao thanh
trugt 2 déng vai trd dinh vi cho vat gia cong 5. Khi gia cong: puly 1 quay theo chiéu kim dong
ho, kéo dng quay theo nhg thanh trugt ngdn 1dp ¢6 dinh trén puly. Thanh trugt 2 ludn ti vao nita
ngodi clia vat gia cong. Ong s& bi€n dang theo ban kinh quay ctia puly 1. Tuy nhién, qué trinh
bi€n dang 6ng sé bi thay ddi dudng kinh bén trong, din d&€n bi mép & mit trén hay nhin & mit
du6i nhu trong Hinh 4, ngudi ta dit 16i 6 bén trong 6ng d€ nong lai dudng kinh ctia dng, ddng
thdi stra vé&t nhiin tai vi trf udn cong.

Hinh 4. Cdc hu hong thuong gdp khi gia cong
2.2. Mé hinh phén ti hitu han cho bai todn uén ng
2.2.1. Co sd 1y thuyét
Phuong trinh chi phdi tdng quét ca phuong phdp phan ti hitu han c¢6 thé thu dugc tir
nguyén ly cong 4o [5]:
[ o,05,dv = Towda+| goudv (1)

O day Sui va Ssij tuong tng 12 cdc gia sd chuyén vi 40 va gia s6 bié€n dang 4o, chiing tao
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thanh tap hop tuong thich cta bién dang; T, va qi tuong tng la dp luc bé mit va luc thé tich;
aj v6i T, va q, tao thanh tap hgp can biang. Trong bai todn phi tuy&n, phuong trinh chii dao 1a
phuong trinh phi tuyén ctia bi€n dang:

[K){u}={F"} ()

Phuong trinh (2) c6 thé dugc viét lai:

(K Y= () ®

{f ={u }+{u,} )

Phuong trinh (3) dugc gidi nhg gidi thuiat Newton-Rhapson.

—

Hinh 5. Gidi thudt Newton-Rhapson
Trong qu4 trinh gia cong bi€n dang déo, dng bi udn cong va c6 dd thay ddi hinh dang rat
16n. Do d6 1y thuyét vé bi€n dang 16n di dudc sit dung khi mo phdng [7].

Hinh 6. Vector vi tri va chuyén dong ciia vit thé
Trudng bi€n dang dudc cho bdi:

(712 - [R]] ®)

Trong do6:

[R]: Ma tran quay ([R]'[R]=I)

[U]: Ma tran bi€n d6i hinh ding

Khi [U] dudc xéc dinh, bié€n dang logarit hay bién dang Hencky dudc tinh nhu sau:

[£]=1n[U] ©)

Nhim mo phdng qué trinh bi€n dang cia dng, cdc tic gid sit dung chuong trinh ANSYS
v6i gidi thuat hién d€ gidi bai toan dan —déo vi cic 1y do chinh sau:

- P6i v6i qué trinh gia cOng ngudi, hién tugng springback c6 4nh hudng 16n d€n do chinh
xdc v& hinh hoc clia chi tiét sau gia cong, do d6 can quan tAm dé&n bi€n dang dan hoi.

- Giai thuat hién khong chi€m nhiéu chi phi tinh todn so véi gidi thuat 4n va c6 kha ning
md hinh t6t cdc bai todn ti€p xiic phifc tap, hay bién dang 16n.
2.2.2. M6 hinh hinh hoc

Cdc kich thugc hinh hoc dugc cho trong Béng 1.
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Bdng 1: Kich thudéc hinh hoc

buc Bé da N Ban kinh .
butng | BEAay | pieuaai | BIKION T G uen ton
kinh Ong ong ¢ Sng L (mm) udn R nhat B, (d6)
D (mm) (mm) ong (mm) e
50 1.4-2.8 400 100 90

Mo hinh hinh hoc clia may udn dugc dung trong ANSYS nhu thé hién trén Hinh 7.

Hinh 7. M6 hinh hinh hoc ciia mdy uén
2.2.3. M6 hinh vat liéu
Vit liéu dugc st dung trong qué trinh mo6 phdng 1a hgp kim nhdm 50520, véi ciac thong
s6 vat liéu dugc cho trong Bang 2. [5]
Bdng 2: Thong so vt lieu ciia 6ng

Vit liéu 5052 0O
Gi6i han bén K (Mpa) 341.02
Hé s& mii bi€n cting n 0.16526
Khéi lugng riéng p(kg/m) 2700
Hé sd Poision y 0.3
M5 dun dan hoéi E (Mpa) 63000

) ——

Hinh 8. M6 hinh vit liéu dan déo
MBb hinh vit liéu bién cting phi tuyén dang mii dugc stt dung d€ md phdng bi€n dang déo:
oc=K¢ (7)
2.2.4. Piéu kién moé phdong
Trong bai bio nay, dé don gidn héa md hinh ti€p xtc giita cdc phin ti, cdc tic gia st dung
phén ti SOLID185.
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Hinh 9. Phén tit SOLID185

S6'07, thang 12/2012



KHOA HQC CONG NGHE

Céc ti€p xiic giita puly, thanh trugt, khudn ép dudc mo hinh biing phan tf CONTA173 va
TARGE170. Pic tinh cdc mé hinh ti€p xic dudc cho trong Bing 3:

Bdng 3: M6 hinh tiép xiic giita cdc b phdn

OA,ng Khuodn ép Puly Thanh trugt

flexible rigid rigid rigid

Hinh 10. M6 hinh tiép xiic giita cdc b phdn

Trong mo6 hinh nay, ti€p xiic gitta 6ng-puly, dng-thanh trugt khong c6 ma sit; ti€p xtc
gitta 6ng-khuon ép 1a boned (always) dé truyén chuyén dong quay ctia puly sang 6ng. Puly dugc
ép chuyén vi quay quanh truc z cic géc 0° — 90°.

2.2.5. Cdc truong hop tinh

Bai bdo khdo sdt qué trinh udn clia 6ng véi cdc bé day 1.4mm, 2mm, 2.8mm trong hai
trudng hgp c6 161 va khong co 161:

Bang 4: Cdc truong hop tinh

t (mm) 1.4 2 2.8
Khoéng c6 16i X X X
Co loi X X

3. K&t qua mod phong va nhan xét

Hinh 11. D liin cho phép
D6i v6i cdc tng dung thong thudng, Cong ty TNHH Nguyén Trinh yéu ciu do lin cho
phép (Hinh 11) nhu sau:
<5%.R ..
o ngoai (8)

ar,.. <1.5mm

V6i:R_=P+D
_ngodj
Géc udn £ =900
Khéo sat do lin cho phép trén va dudi tai mit cit doc clia 6ng, ta thu dugc két qua sau:
3.1. Truong hgp 1
U6n 6ng v4i vat liéu nhom c6 thong s6 nhu Bang 2, cdc thong s tao hinh: D=50mm,
t=1.4mm, b4an kinh u6n R=100mm. Khong st dung 18i sita mit trong 6ng tai vi tri udn. (D/t=35).

- Mot = 5.7
-.--'". - (VR _]
- s
P i
Hinh 12a. Phdn bé ving sudt von-Mises cho YA I AN ST a SN
N T Ao EEDREE RS AENEEN
truong hop 1 P ———— 1

Hinh 12b. Két qud mo phéng cho truong hop 1
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Bdng 5: Két qud thit nghiém 1

Goc B théa
D/t udén drien | draws
(€))
ﬁmax
35.7 44.9 6.4 12.3 9.4

K&t qud md phdng cho thdy khi géc udn 16n nhat, Amax khodng 9.4 d9, thi do lin va
nhin ddm bio yéu cau nhung géc udn chua dat. Tuy nhién, sdn pham udn dén géc do nay khong
ddm bdo dudgc do tron 1dng tai vi tri udn. V&t nhin hinh thanh 16n véi chiéu sau vét 1in hon 6mm
nén kha ning din d&€n ph€ phdm cao. Do vdy mudn ting gid tri géc udn, c6 thé ting do day dng
va ti€n hanh md phéng ti€p theo.
3.2. Truong hgp 2
: U6n &ng véi vat liéu nhdm cé thong s6 nhu Bing
2, cdc thong s§ tao hinh: D=50mm, t=2mm, B4n kinh uén
R=100mm. Khong st dung 16i sira mit trong 6ng tai vi tri
ubn. (D/t=25)

Khi ting chiéu day 6ng t=2mm, k&t qud mo6 phdng cho
tha'y khd ning ting géc udn cao# khodng 18 d9, chiéu sau
vé&t lin c¢6 gidm di nhung sin phim van chua dat yéu ciu vé
g6c uon. Hién tugng mép & mit ngodi va lin sdu & mit trong theo ban kinh udn con tdn tai. Tiép
tuc ting chiéu day dng va ti€n hinh md phdng ti€p theo.

Hinh 13a. Phdn bé ting sudt von-
Mises cho truong hop 2

. v = 2% .
g Bdng 6: Két qud thit nghi¢m 2

LY Goc

:: D/t uﬁ,n drtrén drdmﬁ B thﬁa
= Buax | (mm) | (mm) | (8) (d0)
4 (do)

1323578339333 83348R 25 [ 776 [ 78 | 11 [ 158
i 11 g e TNy ] ]

Hinh 13b. Két quda mé phéng cho truong hop 2

3.3. Truong hgp 3
U6n 6ng v4i vat liéu nhdom cé thong s6 nhu Bang 2, cdc thong s6 tao hinh: D=50mm,
t=2.8mm, b4n kinh u6n R=100mm. Khong st dung 15i sira mit trong 6ng tai vi tri udn. (D/t=17)
ron ki = 17,8

L
? now | ¥
Hinh 14a. Phdn bé ting sudt von 41 4o d g d ¢ 40
L T B —

Mises cho truong hop 3 Hinh 14b. Két qua mo phéng cho truong hop 3

Bdng 7: Két qud thit nghi¢m 3

Goc

D/t uén dryen | drausi B théa
Bmax (mm) | (mm) 8) (do)
(do)

17.8 90 5.7 0.4 90
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Khi ting chiéu day dng t=2.8mm, giif nguyén c4c thong s& con lai. K&t qua mod phdng cho
thd'y hién twgng nhiin va mép tai vi tri uén cong khong con nita. Kha ning md rong géc udn 16n
khodng 90 d6. Tuy nhién, van dé chinh 1 tdc gid mudn khdo sdt va gidi quyét bai todn tdi vu
g6c udn vdi chiéu day 6ng cho mot loai dudng kinh 6ng c6 dinh. D€ khic phuc hién tugng nhin
va mé6p tai vi tri udn, tic gid dé nghi st dung 16i hinh cau. Bai bdo khio sit thém phuong phap
udn ¢6 161 va ti€n hanh md phdng cho hai trudng hgp trén.

3.4. Truong hgp 4

U6n dng vdi vat liéu nhom cé thong s6 vat liéu nhu Bdng 2, cdc thong sd tao hinh:
D=50mm, t=1.4mm, b4n kinh uén R=100mm. C6 st dung 15i sita mit trong clia 6ng tai vi tri
uon. (D/t=35)

/4

Hinh 15a. Phén bo ting suat yon - Hinh 15b. Phdn b ting sudt von -

Mises cho truong hop 4 Mises cho truong hop 4
SFey e = 38,7
: T Bdng 8: Két qud thit nghiém 4
s Goéc
niw gebgital DIt udn | drye, | dragsi | P thoa
oh ¢ e Ty e AR Buax | (mm) | (mm) | (8) (@)
SEEE RS R RN (d5)
. T " 357 | 55 | 68 | 1.8 | 365
Hinh 15¢c. Két qua mé phong cho truong hop 4

K&t qud md phdng cho trudng hdp udn 6ng véi t=1.4mm, c¢é dua thém vao qué trinh gia
cong mdt 16i bi cau d€ khic phuc cdc hién tugng hdng, cho tha'y kha ning mé rong géc udn ting
1én. Pdong thdi khir dudc cuc bo hién tugng nhin tai vi tri uén clia dng, géc uén Amax khoing
36 do. Tuy nhién, chiéu day 6ng nay vin chua dat yéu cau vé géc udn. Ti€n hanh md phdng
cho trudng hgp nay véi chiéu day t=2mm.

3.5. Truong hgp 5

U6n 6ng vdi vat liéu nhom cé thong s6 nhu Bang 2, cdc thong s tao hinh: D=50mm,

t=2mm, ban kinh uén R=100mm. C6 st dung 18i stra mit trong clia dng tai vi tri uén. (D/t=25)

i
Hinh 16a. Phédn bé ting sudt von -
Mises cho truong hop 5

Hinh 16b. Phdn bé ting sudt von -
Mises cho truong hop 5

Ih = 2%

Bdng 9: Két qua thii nghi¢m 5

FEFEFET

[T Géc
/‘ il ot Dt udn | drye, | drag | B thoa
e ey R Buax | (mm) | (mm) | (8) (dg)
| :.:.‘_.1.2._:.I'll.1| (do")
25 89.4 6 1.5 89.4

Hinh 16¢. Két qud moé phéng cho truong hop 5
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Két qua thu dugc trong trudng hop ndy khit duge hoan toan hién tugng mép bén ngoai
ong, géc udn ddm bio ding yéu cAu va mit bén trong 6ng vin con hién tugng nhin. Nhung ddi
vdi k€t qua nay, hién tugng nhin c6 thé chdp nhan dudc trong thyc t€.
Cic k&t qua md phdng dugc téng hgp trong Bang 10.
Bang 10: Géc uén Bmax theo ti s6’ D/t

D/t 35.7 25 17.5
A Co A < R
Khong b‘ifi“ = Khéng _ Cé o Khﬁ)_r_lg _
St dung 16 e ~3 N | g g
drpa (mm) 12.6 (d) 6.9 (1) 10.9 (d) 6.1 (d) 5.8 (t)
Bmax thir
44. 77.6 4 .
nghiém (d6) 9 55 89 89.6
max théa (8
Prma tha (8) 9.4 36.5 15.8 89.4 89.6
(dd)
Ghi chu:
- (d): 6 l4n 16n nhAt dr,,,, xuat hién & mit dudi.
- (t): @0 Iin 16n nhAt drp,,, Xuit hién & mit trén.
. dr. .. <5%R, . =7.5mm
- Yéucau: “
ar,. awi <1.5mm

Da6i véi 6ng c6 ti & D/t=35, trong trudng hgp khong c6 16i thi géc uén théa man diéu kién
(8) khd bé (B =9.4°). Viéc st dung 18i khi gia cong cho phép ting géc uén khodng 5 1an (B =
36.5°). Tuy nhién, sdn pham chua dat yéu cau cia cong ty.

D6i v6i dng c6 ti s6 D/t=25, trong trudng hgp khdng c6 168i thi géc udn théa man diéu kién
(8) v6i B = 15.8°. Viéc st dung 16i khi gia cdng cho phép ting géc udn khodng 51an (8 <89.4°),
san phdm dat yéu cau.

Qua bang tdng hgp cdc trudng hgp md phdng, cong ty c6 dudc co s§ d€ Iwa chon géc udn
phit hop cho tirng trudng hop gia cong cu thé.

4. K&t luan

Nhitng k€t qua khdo sit § trén cho thdy ti s6 D/t 4nh hudng rat 16n dén qué trinh gia
cong bi€én dang déo. K&t qua cta bai bdo gép phan lam sing té van dé dit ra, 1am co s& gitp
cho cdc nha sdn xudt mdy c6 huéng cdi ti€n mdy udn thi cong phi hgp cling nhw md ra mot
huéng phat trién cho viéc ché tao thi€t bi hién dai hon.
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