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TOM TAT

Hién nay, da s cic xe lan ciia nguoi khuyét tat hay ding, thuong c6 két cdu va chic
ning don gian chu yéu dung sttc ngudi dé van hanh, hodc khong c6 chirc ning leo cau
thang. Khung chiu Iyc 1a bo phan gitp nang d& toan bo chiée xe. N6 con dong vai trod lién
két cac may moc, thiét bi lai v6i nhau thanh mot chu thé hop nhat dé chiée xe c6 thé hoat
dong mot cach linh hoat. Dé thiét ké hé thong khung xe, nguoi ta thuong ding cac tam
thép duoc han lai véi nhau. Tuy nhién, cong viéc nay thuong dugc lam hoan toan bing
tay, khong dam bao cac yéu cau cao cua viéc thiét ké, ché tao xe lan dién leo cau thang.
Trong thuc té viéc do va kiém soat nhiét do qua trinh han khi han khung xe lin dién leo
cau thang 1a kha kho khén hodc s€ phai str dung céc thiét bi hién dai va rat tn kém; Trong
nghién ctru ndy mé hinh nhiét ciia qua trinh han hd quang dién cuc néng chay trong moi
truong khi bao vé (GMAW) lién két han goc duoc thiét 1ap va mo phong trén phan mém
ANSYS. Qua trinh md phong dya trén ngudn nhiét tinh toan dwa ra nhiét d6 phan b trong
lién két han véi cac ché do khac nhau. Nam cam bién do nhiét duoc ge‘in trén chi tiét han
dé ghi lai nhiét do trong qua trinh han. So sanh két qua nhiét do do va mo phdong cho théy
chtng c6 su phu hop kha t6t cho tit ca cac ché do han. Pidu nay ching to viéc xdy dung
mo hinh nghién ctru, gia tri ngudn nhiét va thiét 1ap cac diéu kién ban dau, diéu kién bién
trong mo phong twong doi sat voi diéu kién thuc té trong qué trinh han thyc nghiém. Tir
d6, két qua mo phong bién dang khi han s& dugc tng dung cho viéc thiét ké khung xe tdi
wu, han ché céc bién dang nhiét co thé co.

Tir khéa: GMAW, ANSY'S, nhiét d6 phan b, lién két han goc
ABSTRACT

Currently, the majority of wheelchairs used by people with disabilities often have
simple structures and functions, mainly using human power to operate, or do not have the
function of climbing stairs. The load-bearing frame is the part that helps support the entire
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wheelchair. It also plays the role of linking machines and equipment together into a unified
subject so that the wheelchair can operate flexibly. To design the chassis system, steel
plates are often used to weld together. However, this work is usually done entirely by hand,
which does not guarantee the high requirements of designing and manufacturing the stair-
climbing electric wheelchairs. In practice, measuring and controlling the temperature of
the welding process when welding the chassis of the stair-climbing electric wheelchairs
is quite difficult or will require the use of modern and very expensive equipment. In this
study, the thermal model of the gas-shielded metal arc welding process (GMAW) of the
fillet weld is set up and simulated on ANSYS software. The simulation process based on the
calculated heat source gives the temperature distribution in the fillet weld with different
modes. Five temperature sensors are mounted on the workpiece to record the temperature
during the welding process. Comparison of measured and simulated temperature results
shows that they have a good fit for all welding modes. This proves that the construction of
the research model, the value of the heat source and the establishment of the initial and
boundary conditions in the simulation are relatively close to the actual conditions in the
experimental welding process. From there, the welding deformation simulation results will
be applied to the optimal chassis design, limiting possible thermal distortions.

Keywords: GMAW, ANSYS, temperature distribution, fillet weld, electric wheelchair

1. GIOI THIEU Trong nhiing nim gan day ky thuat
han da c6 nhiing budc phét trién manh mé,
dap ung dugc cac yéu cau ngay cang cao
vé cong nghé va vat liéu. Nhiéu phuong
phap han méi di xuét hién va dugc ap
dung rong rai trong khoa hoc va k¥ thuat.
Mot trong nhitng cong nghé han quan trong
d6 1a cong nghé han hd quang bang dién
cuc noéng chay trong mdi truong khi bao
v€ (Gas metal arc welding — GMAW) voi
nhitng tng dung rat rong rii va da dang
trong thuc té. Nam 1920 tién phong cho
GMAW dugc phat minh bdi P.O.Nobel
[3]. Nam 1948 GMAW di duogc phat trién
bsi Vién Battelle Memorial; Nam 1960,
cac nha nghién ctru da thém vao khi bao
vé mot lwong nho oxy gitp cho chit luong
mdi han tot hon. K§¥ thuat han, cac yéu td
anh hudng khi han, so sanh phuong phap

Hién nay, da s cac xe lan ctia nguoi
khuyét tat hay dung, thuong co két ciu
va chirc ning don gian chu yéu ding sirc
ngudi dé van hanh, hodc khong c6 chirc
ning leo cau thang. Thi trudng thi khan
hiém nhirng chiéc xe lan dién gia ré, do
an toan cao ma c6 nhiéu chirc ning, ma cd
ciing chi 1a nhimng xe lan dién Trung Qudc
duoc san xuat tran lan (hodc nhap lau do
mit hang nay khong tinh thué), mau ma da
dang, nhiéu chirc ning, nhung d an toan
thp, cac phu ting thi mau hu hong [1]

Khung chiu lyc 1a bo phan giup nang
dd toan bo chiéc xe. N6 con dong vai trd
lién két cac may moc, thiét bi lai véi nhau
thanh mot chu thé hop nhét dé chiée xe c6
thé hoat dong mot cach linh hoat.[2]

Pé thiét ké hé thong khung xe, ngudi
ta thuong dung cac tAm thép duoc han lai
v6i nhau. Tuy nhién, cong vi¢c nay thuong
duoc 1am hoan toan bang tay, khong dam
bdo cac yéu clu cao cua viée thiét ké, ché
tao xe lan dién leo cau thang.

han GMAW véi cac phuong phap han khac
duoc hudng dan chi tiét trong tai liéu [4].
Cac nghién ctru vé céu trac hinh hoc, téi
uu, cam bién... dé danh gid mdi han bang
phuong phap GMAW di duoc tién hanh
[5-7].
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Nhitng nim gan day, Gng dung céac
phan mém thuong mai vao trong phan tich,
t6i wu cac bai toan thyc té dang 1a mot xu
thé nham giup giam chi phi va rat ngin
qué trinh nghién ctru phat trién san pham.
ANSYS (Analysis System) 1a mot phan
mém manh duoc phét trién va ung dung
rong rai trén thé gioi dé giai quyét cac bai
toan téng hop phirc tap. Trong linh vuc
han, phin mém ANSYS c6 thé tng dung
dé phan tich truong nhiét do, nhiét 6 phan
bd, tmg suit va bién dang han. Két qua mo
phéng s€ du doan céc sai hong trong qua
trinh han, c6 thé 1am co s dé tim ra dugc
ché @6 han thich hop dua vao két qua cua
nhiét do ciing nhu Gmg suit va bién dang
han; tir d6 han ché hodc giam bot s6 1an
thyc nghiém dan dén tiét kiém duoc chi phi
va nhan cong lao dong, rit ngin dugc thoi
gian thuc hién qué trinh han ngoai thuc
té. Mot s6 nghién ctru tmg dung ANSYS
dé phan tich qua trinh han GTAW [8],
GMAW-CW [9] da dugc nghién curu.

Trong thyc té viéc dova kiém soat nhiét
dd qua trinh han khi han khung xe lan dién
leo cau thang 1a kha khé khin hoac s& phai
sir dung cac thiét bi hién dai va rat ton kém;
Trong nghién ciru ndy, phan mém ANSYS
dugc str dung dé du doan nhiét do phéan b
trong lién han goc. Dé kiém ching mirc do
tin cdy cua két qua mo phong, nhom tac gia
da tién hanh thuc nghiém trén mau han va
do dugc nhiét do tai mot sd vi tri tai vung
anh huong nhiét cua khung xe 1an dién leo
cau thang va c6 su so sanh dbi chimg.

2.MO HINH NHIET CUA PHUONG
PHAP HAN GMAW

Bang cach sir dung mot hé toa do gin
véi ngudn nhiét, phuong trinh bao toan
nang lugng cho h¢ toa do d€ cac cod thé
duoc viet [10]:

V.(aV)—pUW?—pUWLZf' +5,=0 (1)

X

X
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Trong do S 1a ngudn nhiét thé tich
duoc tinh toan trong phan ti€p theo.
Thanh phan nhiét hién dugc biéu dién
h =J'cpdT. H¢ so long f, dugc gia sir thay
do6i tuyen tinh theo nhiét do cho don gidn:

1 T>T

fi= r-1, T <T<T, (2)
LT,
0 T<T

Phuong trinh lugng nhiét ¢ bé mat
trén £ [10]:

F,=a-Vh-n,

2 2
F; :a.Vh.nt = IVU exp(_xh_'_—th

2 2
v, 2r;

(k-m,)—oe(T* =T} )=h,(T-T,) 3)

Déi voi mat dudi, dong nhiét F, dugc
tinh todn bdi cong thire sau:

@i, =F=h(T-T) @)

Trong phuong trinh (3), thanh phan
dau tién ¢ phia bén tay phai 1a nhiét luong
dau vao duoc dinh nghia boi nhiét phan bd
Gaussian, cac thanh phan thir hai va tha ba
dai dién cho su mét nhi¢t boi buc xa va dbi
luu tuong ung.

Ngudn nhiét S, dugc tinh nhu sau [10]:

S-S 9
nf,rd
Trong do:
0, :pwﬂrjwfcp(Td_]I) (6)

O day, O P Téng nhiét luong dau; P :
mat do cua day dién cuc; r, Ban kinh day;
W Téc do ra day; Cp:Nhiét dung riéng; T :
Nhi€t do cua giot kim loai; 7, Nhi¢t do long

= ,3/Gr£w, /fj ™
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f= —243,44 +323,506—0,874x 1 +0,0025% I* (Hz)
1-291,086 (8)
l+exp| ——————
6,06437
Quy trinh x4y dung va mo phong bing phan mém ANSYS duogc tong hop trong so
d6 hinh 1.
Rua han
Thﬁ(‘{iji:l\ffghﬁn l| Theo tiéu chudn
Dang lién két
!

Tinh toan nguén nhiét

Thiét ké lién két han trén

- Ap diéu kién bién
Théng s6 phan tich

- Téng thoi gian

- Budc thoi gian

]

| Hién thi két qua nhiét do |

Hinh 1. So dé khéi qud trinh mé
phédng nhiét dé

May tinh

3. THi NGHIEM PO NHIET PO

Vit liéu co ban thép CT38 (TCVN
1695-75) tuwong duong véi thép CT3 (TC
Nga T'OG380-71) 14 loai thép cacbon chat
lugng thuong, mém déo, dd cing thép, hiéu
qua to1 va ram khong cao va c6 tinh han
t6t, khi han khong can phai dung cac cong
nghé dac biét. Phoi han thi nghiém dang
tim kich thuéc 235x150x6 mm cé chiéu
day S=6 mm, dang lién két duoc chon theo
tiéu chuan ISO 9692 [11] (Lién két chit goc
vat 1 phia, goc vat 45°, khe hd 2mm)

ANSYS
,J' . Sallhan goc Bt

Phan tich nhiét ——_ -

- Ngudn nhiét USB4718

Hinh 2. Thiét Idp thi nghiém

Hinh 2 md ta qua trinh thiét 1ap thi
nghiém dé do nhiét d¢ trong qua trinh han.
May han ban tu dong trong mai han khi bao
vé Miller MigMatic 380 DX-My két hop véi
du riia mang mo han duoc sir dung trong
qué trinh thi nghi¢m. Cam bién do nhiét loai
K gén trén phoi doc theo mdi han. Cam bién
do nhiét duoc ndi voi thiét bi chuyén doi
AD/DA loai UBS4718 va thiét bi nay két
ndi véi may tinh dé luu trir va hién thi két
qua nhiét d§ do dugc tai cac diém do. Vi tri
dat sensor do nhi¢t nhu trong Bang 1.

Badng 1. Vi tri dat sensor do nhiét tai chi tiét han

Vi tri (y=6mm) | Sensor1 | Sensor2 | Sensor3 | Sensor4 | Sensor 5
N X (mm) 20 60 110 160 200
Lan1
z (mm) 30 26 26 26 26
3 X (mm) 25 80 135 175 215
Lan 2
z (mm) 27 27 27 26 26
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Vi tri (y=6mm) Sensor 1 | Sensor2 | Sensor 3 | Sensor 4 | Sensor S
X X (mm) 20 65 115 155 195
Lan 3
z (mm) 35 32 32 32 32
Bang 2. Théng sé ché dg han chinh
Chédo han |1 (A) | V, (mm/s) | U, (V)
1 140 4.1 20
2 140 4.0 20
3 148 3.7 20
4. KET QUA VA THAO LUAN

Ba ché d6 han liétké trong Bang 2 duoc
sir dung dé mo phong va han thi nghiém.

4.1 Két qua mé phong

Trong qua trinh mé phong, hé s6 ddi
luu 7, va he¢ s6 buc xa ¢ duoc lua chon
tuong tmg 2= 10 (W/m’K ) va e = 0,8 [8].
Hinh 3 mé ta két qua nhiét do tai cac thoi
diém khac nhau khi han véi ché do han 1.
Két qua cho thdy nhiét ¢ & tAm viing han
khi hd quang 6n dinh khoang 1903°C, cang
xa tdm bé han nhiét do cang giam. Cac
duong dang nhiét ciing dugc quan sat trong
két qua va no thay doi theo thoi gian.

R

Hinh 4. Nhiét d6 phén bé trén lién két han & ché d6 2

32

Hinh 5. Nhiét dé phén bé trén lién két han & ché d6 3

Tuong tu, voi ché d0han2 va3ta cling
nhan dugc truong nhiét do trong qué trinh
han tai mot s6 thoi diém khéac nhau (Hinh 4
va 5). Ché d6 han 3 véi cuong d6 dong han
cao hon va tc do thip hon so voi ché do
han 14n 1 va 2, do vay nhiét d§ cao hon so
v6i hai truong hop trude (Hinh 5). Cu thé,
nhiét dd han 6n dinh ghi nhan duogc khi han
ché do han 3 1a khoang 1965°C, trong khi
d6 khi str dung ché do han 1 va 2 nhiét 46
han tuong tng 13 1903°C va 1930°C. Diéu
nay hoan toan phu hop, vi khi tang dong thi
ngudn nhiét s& co xu hudng 16n hon do mat
do dong tang va tbc dd cham nguén nhiét
cling gia tang.

4.2. So sanh két qua thi nghiém va
mo phéng

DPé kiém ching két qua mo phong,
viéc so sanh két qua nhiét do tuong tng
tai 5 diém do dd dugc thuc hién. Ba ché
d6 han & trén duoc tién hanh thyc nghiém
han va do nhiét do. Trong qua trinh han,
nam sensor do nhiét dugc gan trén chi tiét
han & viing anh huéng nhiét dé ghi lai nhiét
dd. Hinh 6 so sanh gitta nhi¢t ¢ do (P1m-
P5m) cua 5 sensor tai 5 vi tri khac nhau voi
nhiét d0 mo6 phong (P1s-P5s) tai céac vi tri
nay khi han ché do 1. Qua quan sat ta thiy
duogc sy ddng nhat vé xu hudng ting tai ca
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5 diém do va mirc d6 phu hop gitta nhiét do
mo phong va nhiét do do 1a twong dbi cao.
Nhiét 6 mo phong c6 phan cao hon mot
chut so véi nhiét do do, diéu nay c6 thé do
trong qua trinh han thuc nghiém mot luong
nhiét d3 mat di do truyén vao do ga. Nhin
chung véi ché do han thuc nghiém lan 1,
nhi¢t d§ do va nhiét d mo phong co sy
phu hop t6t.

350

300

N
a
o

n
=3
=]

Temperature (0 C)

Time (sec)
Hinh 6. So sdnh nhiét dé mé phdong va nhiét dé
thinghiém lan 1
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Hinh 7. So sdnh nhiét dé mé phong va nhiét dé
thi nghiém lan 2
300

Temperature (°C)
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Hinh 8. So sdnh nhiét @6 mé phdong va nhiét dé

thi nghiém lén 3
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Tuong tu, su so sanh gifta nhiét d0 mo
phong va nhiét do thi nghiém lan 2 duoc
thé hién trén Hinh 7. Quan sat trén hinh v&
ta théy, nhiét d0 mo6 phéng va nhiét 4o do
tuong d6i phi hop vé khuynh hudng. Tuy
nhién nhi¢t d0 m6 phong cling cé xu hudng
cao hon mot chut so v&i nhiét do do & tat
ca cac vi tri.

Nhiét @0 han do tir 5 sensor tai 5 vi tri
duogc so sdnh v6i nhiét A0 mo phong voi
ché d6 han 3 thé hién trén Hinh 8. Két qua
nhan thay c6 su phu hop giira nhiét do thi
nghiém va nhiét d0 mdé phdng ca vé xu
hudng va gia tri nhiét d§. Mac du van ghi
nhan sai sd trong phép so sanh nay; tuy
nhién mirc d6 sai s6 ndy van trong pham vi
chap nhan duoc (chi khoang dudi 10°C so
v6i nhiét do han 1a gan 2000°C).

Tir cac két qua trén ta thdy co su phu
hop nhét dinh giita nhiét d6 do va nhiét do
mo phong tai cac vi tri khac nhau khi han
v6i cac ché do khac nhau. Didu nay ching
to rang, diéu kién qua trinh mo phong
(ngudn nhiét han, cac didu kién bién) tuong
dbi khop voi didu kién han thyc nghiém.
Tir 46, két qua mo phong bién dang khi han
s€ duoc ung dung cho viéc thiét ké khung
xe t6i uu, han ché cac bién dang nhié¢t co
thé co.

5. KET LUAN

Phan mém ANSYS duoc tng dung
thanh céng dé du doan nhiét do cua chi
tiét han bang phuong phap GMAW. Mo
hinh nhiét cia qua trinh han GMAW dugc
xdy dung va mo phong trén ANSYS dé
dua ra két qua nhiét do phan bd trén chi
tiét. Qua trinh han thyc nghiém dugc thuc
hién dé ghi lai nhiét do tai 5 diém do doc
mbi han. So sanh két qua nhiét do do va
mo phong cho 3 ché @6 han khac nhau cho
thay chung c6 su phu hop kha tét. C6 sai
l¢ch gitra nhi¢t d0 do va mdé phdng, tuy
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nhién sai léch nay chdp nhan duoc. Piéu 6 han pht hop nhanh va tiét kiém chi phi.
nay ching minh mé hinh nhiét xdy dung Tur d6, két qua mé phong bién dang khi
trong nghién ctru nay sat voi thuc té qua  han s& dugc ung dung cho viée thiét ké
trinh han GMAW. Vi vdy, cong cu moé khung xe toi wu, han ché cac bién dang
phong s& gitip cho qué trinh Iya chon ché  nhiét co thé co.
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