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Béo céo trinh bay mot s6 két qua v& mo phong s trudng nhiét do khi han hd
quang ty dong dudi 16p trg dung gém bang phan mém SYSWELD. Két qua
cho thay qua trinh han dugc mo phong ciing nhu truong nhiét ¢ han hinh
thanh duéi tic dong ciia hd quang dam bao duoc sy chinh xac khi so sanh véi
nhimg két qua nghién ctru li thuyét va thyc nghiém da duoc cong bd. Vi két
qua mo phong, buc tranh toan canh vé truong nhi¢t do tai cac mat cit va theo
3D d dugc chi rd. Tir d6 dat ra tién dé ung dung phan mém SYSWELD cho
viéc nghién ctru céc bai toan khic nhau vé cong nghé han, tiét kiém thoi gian,
giam chi phi, phu hgp véi diéu kién nghién ciru hién nay ¢ Viét Nam.

Abstract
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The report presents some results on the simulation of the temperature field
during automatic arc welding under ceramic flux (submerged arc weelding)
by SYSWELD software. The results show that the welding process is
simulated as well as the welding temperature field formed under the effect of
arc to ensure accuracy when compared with published theoretical and
empirical results. With simulation results, a panoramic view of the
temperature field at the cross sections and in 3D has been identified. It then
sets the premise of applying SYSWELD software for the study of various
welding techniques, time cumulation, cost reduction, and matching the
current research conditions in Vietnam.
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1. PAT VAN PE

Cong nghé han 1a mdt cong nghé rat hidu qua va quan trong trong tao phoi va ché tao may
dgic biét doi v6i chi tiét thép boi vi nd cho phép tao phdi chinh xdc va tiét kiém nguyén vét li¢u
rat nhiéu so vo1 phuong phap tao phdi bang cong nghé duc. O cac nudc cong nghiép tién tién,
hau nhur tat ca cac cdu kién than may nhu cac may xc, may Ui, cac xe van tai 1on nho, cac may
gia cong ap luc v.v. deu duogc thuc hién bang cong nghé cit va han ty dong c6 diéu khién theo
chwong trinh. Sau khi cit tao phdi, gia cong co khi nhitng bd phan can thiét, thuc hién cong nghé
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han, xir 1y nhiét giam ng suat va on dinh t6 chirc t& vi 1a da c6 thé xudt xudng cac bd phan may
moéc véi d6 chinh xac cao, v6i mirc do tiéu hao vat tu thap hon nhidu so voi duc toan khbi [1, 2].

Trong nghién ctru 1y thuyét va thyc nghiém, nhitng nim gan day cac nha khoa hoc va cong
nghé & trong nurdc va trén thé gisi da chu trong ing dung md phong sb vao linh vyc cong nghé
han. Viéc ap dung nhiing thanh tyu toan hoc cting nhu ly thuyét chuyén nganh nhu phwong phap
phén tir hitu han vao mé phong s6 da tro gitp hiru hiu cho cac nha khoa hoc, cac k¥ thuét vién
thyc hién nghién ctru dé tai, rat ngan dugc nhiéu thoi gian thyc hién dé tai nhung van dam bao
dugc chinh xac du bao két qua ciing nhu sy chinh xac can thiét ciia két qua nghién ctru [1, 3]. Tir
cac két ‘qua cua qua trinh m6 phong c6 thé giap nguoi nghién ciru kiém soat truong nhiét do, su
phan b tmg suat du hay bién dang han, von 1a nhirng van dé phuc tap, khé kiém soat va trong
nghién ctru thuc nghiém thuong rat ton kém ca vé tai chinh va thoi gian. Théng qua mo phong,
ngudi nghién ciru c6 thé chon duge cic thong s6 cong nghé han hop 1y [2, 4].

Trong nhitng nim qua, mot sb dé tai nghien ctru khoa hoc da g dung md phong s trong
cong ngh¢ han voi sy trg gilip cua nhirng phan mém chuyén dung nhu SYSWELD,... va da thu
duoc nhitng két qua dang ké. O céac trudng dai hoc ciing ¢6 nhing Gng dung vé md phong sb
trong cong ngh¢ han (Bach khoa Ha Noi, Su pham ky thuat Nam Dinh, Su pham ky thuat Hung
Yén,...) [5]. Tuy nhién, trong han hd quang ty dong dudi l6p tro dung gdm d6i voi thép hop kim
thip Q460D ding trong k¥ thuat co khi thi dén nay rat it cong trinh dwoc cong bd [1].

2. POI TUQNG, VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Pdi twgng nghién ciru
Qua trinh han hé quang tu dong dudi 16p tro dung gdm va truong nhiét do khi han duoc
mo phdng s6 bang phan mém SYSWELD.
2.2. Vit liéu va thiét bi nghién ciru

- Kim loai co ban: Thép hop kim thap Q460D (theo GB/T1591-2008) véi kich thuée L x
B x H =300 x 150 x 20 mm. Thép c6 thanh phﬁn héa hoc va tinh chét co hoc dugc gidi thi¢u
trong bang 1.

Thanh phin héa hoc thép Q460D: 0,2%C, 1,7%Mn, 0,55%Si, 0,033%P, 0,03%S,
0,17%Cu, 0,7%Cr, 0,015%Al, 0,015%N.

Bang 1. Dic tinh thép hop kim thip Q460D

Giéi han chay (MPa) > P bén bo Do dai Udn cong 180°
Maic | Phadm | Chiéu day hoidc dwong kinh (mm) | kéo 3, gian va dap
thép | cép (MPa) | daid
(%)
<16 | >16~35 | 35~50 | 50~100 °)C| KV, (J) | <16 | >16~100
Q460 | D >
460 | 440 420 400 520~720 17 |-20| 34 |d=2a| d=3a

- Ddy han: Day han hop kim thip W49-VD, duong kinh 2 mm

- Thuée han: AR-HUA-01 (San pham ctia nhom dé tai)

- Thiét bj han: Model Autotractor-630-1, ngudn han Armada-630.
- Ché dg han: T, = 350 (A), Uy =31 (V), vy = 23 (m/h).
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2.3. Phuwong phap nghién ciru

Nghién ctru tmg dung phan mém SYSWELD [7, 8] md phong qua trinh han hd quang tu
dong dudi 16p tro dung gbm.

Giai bai toan trudng nhiét do anh huong dén mdi han bang phan mém SYSWELD.

Pé don gian hoa giao dién nhim gitp nguoi dung d& dang sir dung ciing nhu thao tac trén
phan mém, ESI Group (Phap) dd phat trién mot bd cong cu Visual - Weld trong nhom Visual-
Environment. Luc ndy, SYSWELD dong vai tro nhu mdt b gidi (solver) trong bai toan han. Qua
trinh mé phéng mét bai toan han dugc thuc hién theo trinh tu xac dinh. Theo do, ngudi dung céd
thé xay dung mé hinh bai toan truc tiép trén phan mém Visual-Mesh hodc dwa cac mo hinh da
xay dung san tlr cac phén mém v& co ban nhu Solidworks, Inventor,... va sau d6 sir dung phan
mém Visual-Mesh d¢ chia ludi cho m6 hinh. Sau khi da xay dung xong mo hinh chia ludi, mo
hinh dugc chuyen sang phin mém Visual-Weld de thlet lap céc thong so cua qua trinh han va bai
toan dugc giai nhd bd Sysweld solver. Két qua xuat ra s& duoc quan sat va danh gid trén phin
mém Visual-Viewer [7, 8].

3. KET QUA NGHIEN CUU VA THAO LUAN

Phan mém SYSWELD la mét trong nhitng phan mém tinh todn dya trén phuong phéap
phan tir hitu han, do ESI Group (Phap) xay dung va phat trién, chuyén ding & mé phong cac
qué trinh han, xir 1y nhiét va lap rap két cau han [7, 8].

SYSWELD mé phong sy tuong tac giita hiu hét cac hién tuong vat 1y lién quan dén qua
trinh han (hinh 1):

- |

TRUYEN NHIET
TRONG KIM LOAI

KHUECH TAN > @

Hinh 1. Cac hi¢n tuong vat ly dugc mo phong trong SYSWELD

SYSWELD gidi quyét cac bai toan mang tinh chat phi tuyén: Cac thudc tinh cua vat liéu
phu thudc nhiét d6, su chuyén bién pha, thanh phén hoéa hoc,.

Cac két qua dugc SYSWELD tinh toan gém: Su phan b nhiét d6, phan b6 ning luong
nhiét; T6 chirc kim loai; D¢ hat tinh thé; P cimg; Phan bd tmg suat va bién dang.
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3.1. Két qua mé phéng
Mb phong sé qua trinh han duoc thyc hién theo cic budc sau (hinh 2):

Xay dung mo hinh va
chia lugi

Chon théng sé vat liéu

Thiét |ap cac théng s&

qua trinh han

Gidi bai toan co nhiét
trén may tinh

Xuat két qua va
xtr ly két qua

Hinh 2. So db qua trinh mé phong s

Sau khi giai bai toan co nhiét bang cong cu Visual Weld, cac két qua duoc quan sat trén
cong cu Visual Viewer (hinh 3).

Nhiét d6 nho nhét trong lién két Min = 53,2 °C tai node 81993 1a ving ngoai ngudn nhiét.
Nhiét d6 16n nhét trong lién két Max = 4931,17°C tai node 312 chinh 1a tAm ngudn nhiét.

Khi ngudn nhiét hd quang di chuyén doc theo dudng han thi trong lién két han ton tai mot
truong phan bd nhiét do tirc thoi. Str dung thang do cac duong dang nhiét ¢ chira mbe 1550 °C
g v&i nhiét d6 nong chay cua vt liéu co ban ¢ thé biét duogc kich thude cua viing han.

Tir phin mém SYSWELD trong bo giai VISUAL VIEW c6 thé xuit ra duoc mit cit ngang
cua viing han (hinh 4):

+ Vung mau tim (viing han) la ving néng chay.

+ Ving mau do6 (lién ké viing han) biéu thi viing vién chay. Cac ving mau tlep theo biéu
thi Vung anh huong nhiét cuia mdi han. Nhiét 6 giam dan theo timg ving xudng dén nhiét do
moi truong.



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

MO PHONG HAMN SAWW

MNODE : Temperature_ NOD_Maximum_OverStates
Min = 53 1734 at MNode 51393
Max = 493117 at MNode 312
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Hinh 3. Phan b6 truong nhiét do mbi han

MO PHONG HAN SAW

MNODE | Temperature NOD_Maximum_OwverStates
MWin = 53 1734 at MNode 81993
Max = 4931.17 at Node 312

1/ 0.000000

1500.0

Hinh 4. Mit cit ngang mdi han

Dé tao thanh mbi han, can thiét 1a phai han mot sb 16p voi ché do xac dinh. Khi han 16p
thtr nhét, truong nhiét d6 duoc md ta qua hinh 5. D& dang nhan théy, & dau qua trinh han 16p thir
nhit nhiét anh huong dén két cau han chwa nhiéu.

Tai 16p thir nhét, ¢ thoi diém nhiét lam kim loai néng chay tao thanh mdi han ciing 1a luc
xac dinh dugc nhiét d6 cia vung anh hudng nhi€t. Trén hinh 5 nhiét gidm dan tir vung kim loai
mbi han (mau hong) dén viing anh huéng nhiét (mau xanh) nhu sau:

Min = 25°C tai node 154; Max = 3752°C tai node 587.

Dua vao két qua mo phong cho thay, tir 16p th hai tré di, anh huong ctia nhiét duoc thé
hién rat rd (hinh 6): Min = 31,39°C tai node 81993; Max = 4010°C tai node 15463.
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MO PHONG HAN SAaw
MODE | Temperature Mo
LN = 25 ot Mods 154

Max = 3752.13 at Node 587

12 7 2 500000

1500.00

1401.67
1303.33

Hinh 5. Phén b6 truong nhiét méi han 16p thir nhét

MO PHOMG HAMN SAWVY
MODE alur o MOD
AR = & T ede sS993
Pz = ADTDA4E ot Nade S

220 ZEE I SREER

1500.00
1402.09

Hinh 6. Phéan b6 truong nhiét méi han 16p thir hai

3.2. Chu trinh nhiét tai mdt s6 vi tri quan trong

Céc két qua nhu da trinh bay ¢ trén van mang tinh chét dinh tinh nhim danh gia so bd qua
trinh han. Dé biét dugc chinh x4c chu trinh nhiét han tai cac vi tri quan trong, qua do c6 thé danh
gia dugc qua trinh hinh thanh mdi han can thiét 1a phai biét dwoc su bién thién ciia nhiét d6 theo
thoi gian (vdi cac gia tri cy thé) tai nhitng vi tri quan trong can khao sat. Do tinh chét dbi xirng
nén chi can xét trén mot nira md hinh. Céc vi tri quan trong can khdo sat dugc trinh bay trén hinh
7. Dé thay rd sy bién thién cta truong nhiét do can thiét 1a xem xét sy thay doi nhiét do bang do
thi tai cac node phﬁn tr (hinh 8).

MN.39003 MN.4083
\ S l/
]

[ e f\

N.4404

MN.Z950 ihng han

Hinh 7. Chu trinh nhiét tai mét s6 diém vi tri khao sat
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NODE — B
— 3998 TEMPERATURE_MOD{L1)
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TEMPERATURE(centigrade)
&
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TIME{sec) P2

Hinh 8. D4 thi biéu dién truong nhiét do tai node 3998

Tai node phan tir s6 3998 thudc ving ndng chay cé nhiét dé cao nhit (hinh 8).

Theo nhu dd thi vung nhiét MAX tai node 3998 dat xép xi 3400°C, sau d6 giam dan theo
thoi gian.

Tai node phan tir s6 4083 thudc viing anh hudng nhiét trén d6 thi biéu dién bang mau xanh
duong. Theo nhu dd thi vung nhi¢t MAX tai node 4083 dat xép xi 2600°C, sau d6 giam dan theo
thoi gian (hinh 9).

Ciing trén hinh 9, d0 thi biéu dién sy bién thién nhiét do tai mot sd diém khao sat nhin
théy, node 3998 nim tai tim moi han & bé mat trén nhiét do cao nhit dat khoang 3400°C. Nhiét
d6 cao nhat tai node 4083 cach tam mbi han 5 mm dat gi4 tri cao nhét 1a 2600°C, Nhiét d cao
nhat tai node 4404 cach tam mbi han 8 mm dat gia tri cao nhat 1a 850°C. Nhu vy c6 thé thay
ngudn nhiét han hd quang cho ning lugng rat tip trung nén mdi han va viing anh hudng nhiét ¢6

kich thude nho.

NODE NEES

| — 30998 TEMFERATURE_MODIL1)
— 30498 TEMFPERATURE_MODL1)

2500
— 4083 TEMPERATURE_NODIL1}

2200

2100

400

TEMPERATURE(centigrade)

o a0 180 270 360 450
TIME(sec) Faui

Hinh 9. D6 thi biéu dién truong nhiét do tai node 3998 va node 4083
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Tai node phﬁn ttr sb 4404 van thugc viung anh huong nhiét, trén dd thi biéu dién bﬁr}g mau
hong. Theo nhu do6 thi ving nhi¢t MAX tai node 4404 dat xap xi 850°C, sau do giam dan theo
thoi gian (hinh 10).

NODE o<

3998 TEMPERATURE_MODL1)
38998 TEMPERATURE_MODL1)
4083 TEMPERATURE_MOD{L1)

3500 (-

4404 TEMPERATURE_MNODL1)

2200 -

100

TEMPERATURE centigrade)
&
=]
T

o =0 180 270 E=C) E=)
TIME(sec) P2t

Hinh 10. DG thi biéu dién trudng nhiét tai cic node 3998, 4083 va 4404

Ngoai cac chu trinh diém quan trong da xét & trén ¢ thé xét thém 2 diém tai node 312 va
node 81993 chu trinh nhiét biéu thi sy bién thién cta truong nhiét d6 mdi han theo thoi gian
nhim so sanh véi két quia trén thang do cac duong dang nhiét (biéu thi trén hinh 3).

Tai node phﬁn tir s6 312 nhiét do 16n nhét trong lién két Max=4931.17°C. Tai node 312
chinh 1& tdm ngudn nhiét (biéu dién bang mau do trén d6 thi), sau d6 nhiét d6 giam dan theo thoi
gian (hinh 11).

NODE — 0 3¢
312 TEMPERATURE_MNOD({L1)

as00

ao000

o
0
=1
a

TEMPERATURE({centigrade)

o
00 &S00 00 1z00
TIME{sec} P2

Hinh 11. D6 thi chu trinh nhiét tai node 312 Max = 4931,17 °C

Tai node phan tir s6 81993 nhiét d 16n nhét trong lién két Min = 53,2 °C. Tai node 81993
14 ving ngoai ngudn nhiét (duoc biéu dién bang mau do trén dd thi), sau d6 nhiét do giam dan
theo thoi gian (hinh 12).

Thong qua céc dd thi biéu dién su bién thién nhiét do tai mot s6 node khéo sat, trong do
node phan tir s6 312 nhiét do 16n nhit trong lién két Max = 4931,17°C chinh 1a tam ngudn nhiét.
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Node 3998 nim tai tim mbi han & bé mit trén, nhiét d6 cao nhat dat khoang 3400°C. Node 4083
cach tdm mdi han Smm dat gia tri cao nhit 1a 2600°C, node 4404 cach tim mdi han 8mm dat gia
tri cao nhit 1a 850°C, node phﬁn tir s6 81993 nhiét do 16n nhat trong lién két Min,= 53,2°C 1a
viing ngoai ngudn nhiét. Nhu vay c6 thé thdy ngudn nhiét han hd quang cho ning lugng rét tap
trung nén mdi han va viing anh huéng nhiét ¢ kich thudc nho.

NGDE =
81993 TEMPERATURE_MNOD(L12

% ] 8 8

TEMPERATURE (centigrade)

W

N
T

1zo0 1500
TIME{sec} P21

Hinh 12. D6 thi chu trinh nhiét tai node 81993 Min = 53,2 °C

4. KET LUAN
Mo hinh ngudn nhiét thich hop ddi voi qua trinh han hd quang tu dong dudi 16p trg dung la
dang nguon nhiét ellipsoid kép v&i mét do ning lugng tap trung 16n ¢ phia bé mat va giam dan

theo chleu day cua vat han.
Bang viéc str dung mo hinh ngudn nhiét ellipsoid kép va bd cong cu phin mém VISUAL

WELD de md phong lai qua trinh han c6 thé dy doan dugc trudng nhiét do, kich thude va hinh

dang mdi han.

Thong qua mé phong qua trinh han c6 thé thiy dwoc do ngau cia mdi han tor hinh anh mé
phong, tir d6 c6 thé diéu chinh van tdc, thoi gian han voi muc dich dat do ngéu cao nhat ciing
nhur han ché cac khuyét tat mbi han lam anh huong t6i chéat luong két cau han.
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