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TOM TAT: Trong bai bao ndy, nhom téc gia da thiét ké va ché tao hé théng udn tao hinh chi tiét hinh
chir V ¢6 gia nhiét biang cam tng dién tir, nhiét d6 nung phéi 1én t&i 6500C. Hé théng bao gdm mot
b6 chay, cdi udn chi tiét hinh chir V, may nung cao tan, bd diéu khién nhiét do can thiét khi nung. Cin
¢lr vao dic tinh cta kim loai gia cong ma nhiét d6 nung dugc diéu khién va giit 6n dinh & mirc phi
hop trong subt qua trinh gia cong, diéu nay thuc hién dugc 1a nho b diéu khién nhiét do. Két qua thue
nghiém cho thdy h¢ théng hoat dong t6t theo nhiing tinh toan thiét ké ban dau. Hé thong c6 thé hd trg
t6t cho qua trinh udn chi tiét hinh chit V nhu giup giam luc udn, ting do chinh x4c bién dang chi tiét
ubn trong san xuét thuc té. Ngoai ra c6 thé dung trong hd trg giang day trong cac truong dai hoc c6
chuyén nganh k¥ thut co6 lién quan.

Tir khéa: Nhiét do cao, udn tao hinh chit V, nung cao tan, chay - ¢bi ubn
A STUDY ON DESIGNING AND MANUFACTURING V-SHAPE BENDING SYSTEM WITH
HIGH FREQUENCY OF ELECTROMAGNETIC INDUCTION HEATING

ABSTRACT: In this paper, the authors have designed and fabricated a V-bending and forming system
with electromagnetic induction heating, the heating temperature of the workpiece is up to 6500C.
The system includes a set of punches, a V- die, a high-frequency heater, and a necessary temperature
controller when firing. Based on the properties of the workpiece metal, the firing temperature is
controlled and kept at an appropriate level throughout the machining process which thanks to the
temperature controller. The experimental results show that the above system works well following
the original design calculations. The system can well support the bending process of V-shaped parts,
such as reducing bending force and increasing the accuracy of bending details in actual production. In
addition, it can be used to support teaching activities of relevant technical majors at universities.

Key words: High temperature, V-bending, high frequency firing, Punch-Die bending

1. PAT VAN PE dung trong gia cong tim nhu: cit, han, 16c,
Trong gia cong két ciu thép va tau ubn, sén [1], [2]. Trong cac dang san pham
thuyén hién nay, thép tim da va dang dwoc  lam tir thép tam thi cac chi tiét c6 bién dang
str dung ngay cang rong rii. Co rat nhidu  cong duge gia cong bang cong nghé udn sin
cong nghé gia cong khac nhau duoc tng  chiém mot ty trong kha 16n. Cac chi tiét nay
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dugc gia cong bang phuong phap udn va
gid tri luc udn, bién dang dan hdi lai sau gia
cong chiu anh hudng rat 16n tir cac thong
s6 cong nghé cua qua trinh uén. Mot trong
cac thong s co anh huong quan trong t6i
qua trinh uén d6 1a nhiét 46 nung phdi, cac
nghién ctu [3],[4],[5]skilled operators to a
new generation of workers, and the need
for an increased level of automation within
the shipbuilding industry, it is necessary
to investigate the factors which influence
sheet plate bending and deformation during
the heat bending process. According to
research, the main factors which influence
heat bending are the intensity of the heat
source, the temperature variation of the
input heat, and the speed of the heat
source. These factors are inter-related and,
therefore, it is not possible to change them
arbitrarily during the manufacturing process.
This paper suggests that it is necessary
to establish a fuzzy system to enhance
the performance of the manufacturing
numerical controller in managing these
parameters. It is possible to establish a heat
bending control system, which uses the
results of mathematical operations, and the
signals from a displacement sensor to adjust
the speed of the heat input source during the
manufacturing process. One disadvantage
of typical control mechanisms such as
proportional, integral or differential (PID da
cho thiy hiéu qua cta qua trinh uén c6 gia
nhi¢t cho phoi.

Trong nghién ciru ndy, mot so d6 nguyén
Iy hé thong gia nhiét cho qué trinh gia cong
udn chi tiét hinh chit V duge thiét ké. Tir
yéu cu vé cac murc nhiét do can thiét cho
vat liéu ubn, kich thudc chi tiét thyc nghiém
nhom nghién ctu da ché tao hé théng ubn
c6 gia nhi¢t phu hgp. Qua trinh thyc nghiém
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ubn c6 gia nhiét thuc hién véi vat liéu thép
tam SS400 dé xéac dinh sy anh hudng cua
nhiét d6 t6i Iyc ubn va bién dang dan hoi lai
sau gia cong cua chi tiét hinh chir V. Két qua
ubn cho thiy sy phit hop ctia hé thong thiét
ké va kha niang tmg dung trong thuc té san
xuit ctia nghién ciru.

2. TONG QUAN NGHIEN CU'U, CO
SO LY THUYET VA PHUONG PHAP
NGHIEN CUU

Hién nay cong nghé¢ ubn co gia nhiét
cling dd c6 mot s6 nghién ciru ngoai nudce
da thuc hién va cho két qua kha quan nhu
da trinh bay trong muc 1. Tuy nhién céc
nghién ctru d6 chua c6 nghién ctru nao tap
trung vao thép tam SS400, mot mac thép
dugc sir dung pho bién trong gia cong két
cau thép va dong tau ¢ Viét Nam. Mit
khac, & nudc ta hién nay cac hé théng hd
tro gia nhiét cho qua trinh gia cong chua
nhiéu va da phan 1a ty phat, chua c6 nhimg
nghién ctru cu thé dé phat trién.

Nhom nghién ctru can clr vao co tinh
ctia thép tim SS400 dé thiét ké va ché tao
hé théng gia nhiét va uén phu hop, mirc
nhiét d6 phodi duoc nung cao nhét 1a ¢
600°C s€ dam bao cho vét li¢u phoi khong
c6 sy thay doi vé to chirc kim loai. Trong
nghién ctru di tién hanh thuc nghiém o
ba muc nhié¢t do: nhiét do phong, 300°C
va 600°C 1a do ¢ 300°C la ngudng cua
bién dang ngudi, dudi 300°C 1a bién dang
ngudi. Con & 600°C 13 bién dang nira nong.
Do d6 ¢ ngudng nhiét do 300°C va 600°C
co su chuyén bién vé gia tri mo dun dan
hoi E, thong thuong ¢ nhiét do phong thi
mo dun dan hoi E 13 tuyén tinh, nhung khi
& 300°C tro 1én, dic biét 1a ¢ tam 600°C
thi E lai 13 phi tuyén. Chinh vi d6 1a muc
nhiét & cac ngudng thay do6i cua E nén no
s& xay ra qué trinh bién dang khac nhau,



bién dang ngudi thuong & dudi 300°C,
bién dang ntra néng tir 300°C dén 600°C.
Hé sb E chiu anh huong rat 16n béi nhiét
dg, khi nhiét do cang cao thi E cang giam
va khi kim loai nong chay thi hé s6 E =
0. Ngoai ra, khi nhiét do thay doi qua cao
(vuot qua mae 727°C véi thép cacbon) thi
s& xay ra hién tugng thay doi cu tric cua
vat li¢u, ma trong gidi han ctia nghién ctru
chi nghién ctru tic dong cua nhiét do dén
tinh cong nghé cua thép khi gia cong udn
ma khong lam thay ddi ciu trac cia vat
liu gia cong.

Phuong phap nghién ctru cuia nhom
thuc hi¢n trong bai bao 1a nghién ctru ly
thuyét két hop v6i thuc nghiém. Nhom da
nghién ctru mot s cong trinh di cong bd
vé phuwong phap gia nhiét khi gia cong, sau
do6 can cur vao co tinh cia thép SS400 xay
dung so dd hé théng gia nhi¢t va ché tao hé
théng. Tién hanh thuc nghiém uén co gia
nhiét voi hé théng duoc ché tao dé khao sat
anh hudng ctia nhiét do toi lyc tao hinh va
bién dang dan hoi lai sau gia cong.

3. KET QUA NGHIEN CUU

3.1. So' do thiét ké hé thong udn tao
hinh chi tiét hinh chit V c6 gia nhiét

B6 diéu khién
May ép thuy lirc

May
thay Iuc

Méy nung cao tin

. Bo diu khién
Cam bien nhiét do
do nhiét 4o

Cudn day
cam Ung tir

B6 thu tin hiéu

Céi

Hinh 1: So' do6 hé thong thire nghiém uon
co gia nhiét [6]
Trén hinh 1. 13 so d6 nguyén 1y cta hé

thdng thuc nghiém udn c6 gia nhiét chi tiét
hinh chit V. Trong so dd nay, cbi s& dugc
¢ dinh va lip trén ban may, chay udn s&
thuc hién chuyén dong theo phuong thing
dimg dé udn tao hinh chi tiét. Dé gia nhiét
cho phéi, nghién ctru str dung thiét bi gia
nhiét bang cam tng dién tir. D& dam bao
duoc nhiét d6 khi ubn ludn giir & mot gid tri
on dinh thi toan bo chay, cdi va phoi dugc
dit trong cudn day cam tng tir. Két hop véi
mdt hé thdng diéu khién nhiét do gdbm mot
cam bién nhiét do dat bén trong khu vuc gia
nhiét cho phdi va bd diéu khién nhiét do.
Bao quanh ving udn ¢é sir dung mét 16p bao
6n (1am tir soi thuy tinh) bao xung quanh dé
giam t6i da hién tuong thoat nhiét ra moi
truong xung quanh. Toan by qua trinh gia
nhiét cho phoi, qué trinh udn duoc thuc hién
tur dong sau khi da cai dit cac thong s cong
nghé cho cac may va thiét bi.

3.2 Ché tao hé thong udn gia nhiét va
thiét 1ap thwc nghiém

3.2.1 Phoi thuc nghiém

Trong nghién cuu nay su dung phdi
thuc nghiém lam tir thép tim SS400 c6
kich thudc dai x rong x cao tuong ng la:
110mm x 35mm x Smm nhu Hinh . Véi
kich thudc tdm duogc lua chon lam thuc
nghiém c6 kich thuéc chiéu rong b = 35
mm 16n gip 7 lan chiéu day S =5 mm cua
tam. Khi udn tdm hodc dai rong (b >> 3S)
thi bién dang theo phuong ngang hau nhu
khong dang ké [2], do do trang thai bién
dang trong truong hop nay 1a bién dang
phang. Thanh phan hoa hoc cta thép tim
SS400 duogc trinh bay trong bang 1 theo
tiéu chuan JISG 3101[7].

Béng 1. Thanh phan héa hoc thép SS400

C Si Mn P S Cr
0.19-0.21 1 0.05-0.17 | 0.4-0.6 | 0.04 | 0.05 | <0.3
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Phoi duoc gia cong trén may phay
ngang (Hinh a) & dam bao d6 chinh xéc
kich thuée trudce khi dua vao udn.

110+£0.1
r 1

35+0.1

(a) (b)
Hinh 3. May phay ngang (a), May kéo/
nén HUNGTA-H2004 (b)

3.2.2. May ép thuy luc

Thuc nghiém dugc thuc hién trén may
Kéo/nén HUNGTA H-200A cua Dai Loan
Hinh 3.3b.

3.2.3. Khuon uén chi tiét hinh chir V

R10;15:20 Chay t
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(a) (b)
Hinh 4. Chay va coi uén sir dung cho
thue nghiém

Nghién ctru sir dung chay va cbi udn
chi tiet hinh chir V nhu trén Hinh. Vat liéu
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dung ché tao chay va cbi 1a thép hop kim
SKD. Khuén uén dugc gia cong trén may
phay CNC 3 truc MCB-850 va may cit day
CNC Hinh .

(a) (b)
Hinh 5. Hinh anh gia céng cdi uon trén
may cdt diy CNC GS-450B

Thong s6 ky thuat cia may cat day
CNC GS-450B duogc trinh bay trong Bang
1, thong sO ky thuat cia may phay CNC
MCB-850 trinh bay trong Bang 2.

Bang 2. Thong s6 ki thuiit may cit day
CNC GS-4050B

Kich thugc ban may (mm) 540x800
Hanh trinh ban may (mm) 400x500
Puong kinh day cit (mm) 02
Tdc d6 gia cong (mm2/phit) 160
Do day cat max (mm) 400
b9 chinh xac gia cong (mm) 0.01
Trong lugng phdi max (kg) 400
Cong suat (W) 2000
Ngudn dién AC 380V/220V

Bang 3. Thong s6 ki thuat may phay
CNC 3 truc MCB-850

Khong gian lam vigc Xx YxZ | 1000 x 500 x 400mm
Téc do tryc chinh 16n nhat: 8000 vong/ phut

O tich dao 16

D0 chinh xac: 0,001 mm

3.2.4 Thiét bi gia nhi¢t cam iing dién tir
Trong nghién ciru nay, thiét bi gia nhiét
st dung dé nung nong phoi trudc va trong
khi gia cong 1a may nung cao tan. Thiét bi
gdém: 01 nguodn dién chuyén tir dién 220V,
18A vé& dong DC mdt chiéu 54V, 50A; 01



mach nung cao tan; cudn day cam tng lam
bang 6ng dong rdng @6mm; 01 bom nudce
cong suat 365w 1am mat cho hé thong nhu
trén Hinh 6.

Hinh 6. Thiét bi gia nhiét cam ung dién twe

3.2.5. Bj diéu khién nhiét dp

Nhoém tac gia tién hanh nghién ctru qua
trinh uén co gia nhiét o didu kién nhiét do
khong thay d6i (dang nhiét). Bé dam bao
dugc diéu do, nghién ciru da sir dung mot
bo diéu khién nhiét d6 duoc lip cing véi
mach nung cao tan Hinh .

Céng tic ngudn
mach nung cao tan

-_:

Dén bdo ngudn

. Cam bién
|| Congtic do nhigt 48
|| nguon b dieu tiép xic
Kkhién nhit 46 |
! : e
- | :
Nhiét dé thre ||
RIS || | - |
e |
Nhiét d6

B6 difu khién
o nhiét d6

Hinh 7. BY diéu khién nhiét do Autonic TZN4L

Bo diéu khién nhiét d6 khi 1lam viée

s& nhan tin hiéu phan hdi tir mot cam bién
do nhi¢t do dugc dat trong khu vuc nung
phoi, khi dat dén nhiét do can thiét (300°C
hodc 600°C) thi hé théng s& diéu khién
nge’it mach nung, khi nhiét do xuéng dudi
mirc nhiét d6 thiét 1ap thi hé thong s& dong
mach nung dé gia nhiét cho phoi.

Thong s6 k¥ thuat bo dicu khién nhiét
do Autonic TZN4L [8] su dung cho nghién
ctru nhu sau:

Ngo vao: tuy chon K, J, R, E, T, S, N,
W, PT100, analog (1-5CDC, 0-10VSC,
4-20mA).

Ngd ra diéu khién: relay.

Ngo phu: event 1.

Cach thtic diéu khién: ON/OFF, P, PI,
PIDF, PIDS.

Pham vi do: 0 ~ 2300°C.

Kich thudce: (96x96)mm.

Nguodn cap: (100 — 240)V.

Do chinh xéc hién thi: 0,3%

TZN4L
EViOUT [
250VAC 1A /NOJ
EV20UT
20 14 YNO,
SV2IN
Z/IaxﬁVDC ):

504
c

&
5T,
CAMBEN [ o

RTD

OUT ngs rachinh

' J our o metin SSR Dong dén
00 3 1o

o _ _

L T thudn r6 mlo [@

A) ¢

Ao vour ¥ +

Rs485 DC420mA
Ngg 12vDC 43V

e = Ngoratwyinphl) Lo

=l A\ neuon
100-240VAG 50/60Hz 61A
24VAC 5060Hz BVA
48VDC TW

Hinh 8. So do b diéu khién nhiét b Autonic
TZNAL[S]

3.3. Thwe nghiém uén khao sat anh
hwong cau nhiét do trong qua trinh udn
chi tiét hinh chir V

Trong phan ndy, nhom tac gia thuc hién
nghién ciru hién tuong bién dang dan hoi
va lyc tao hinh khi uén chi tiét hinh chit
V lam tir thép tAm SS400 co kich thudc
phoi la: 110x35x5 (mm) & nhi¢t do phong,
300°C va 600°C. So dd thuc nghiém cho
ubn co gia nhiét dugce trinh bay trong Hinh

DC4-20mA
TAI Max. 6000

= o|w| s oo |~
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3. va thiét lap thyc nghiém nhu da trinh
bay trong phan 3. Nghién ctru tién hanh
lam thuc nghi¢m udn chi tiét hinh chir V
v6i hanh trinh dich chuyén cua chay udn
theo phuong thang dimg H = 16mm, ban
kinh chay uén R, = 15mm & mdi mirc
nhi¢t do. Sau khi tien hanh thyc nghiém sé&
xac dinh cac goc udn cua chi tiét sau bién
dang dan hdi lai va lyc udn tao hinh cua
cac mau lam thyc nghiém. Tir d6 s& danh
gia dugc sy anh hudng cua nhi¢t do téi lyc
tao hinh va bién dang dan hoi lai sau qua
trinh tao hinh va hiéu qua cta hé thng gia
nhiét da thiét ké.

Hinh 9. Ld'p dat he théng thyc nghiem
uén chi tiét hinh chit Veé gia nhiét
bang cam ung dién tie

Hé thong thiét bi thuc nghiém uén chi
tiét hinh chir V 1am tir thép tim SS400
dugc thiét ké va lap dat nhu Hinh . Khi
tién hanh thr nghiém udn co gia nhiét,
phoi udn s& duoc nung nong dén nhiét do
can udn (300° va 600°) nho thiét bi nung
cam ung dién tur. Dé tranh hién tuong thoat
nhi¢t ra moéi trudng xung quanh trong qua
trinh uén, toan bod chay, ci va phoi udn
dugc dat trong mot hop bao 6n cach nhiét.
Hé théng lam viéc chinh xac tai cac nhiét
d6 can nung 1a nhd b didu khién nhiét do
duoc lap trén hé thng, bo diéu khién nhiét
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d6 nay sé& gitp duy tri nhiét d6 6n dinh can
thiét cua phoi trong sudt qua trinh udn.

3.4 Két qua thye nghiém

a. Két qua goc uon

Két qua thuc nghiém quéa trinh uén
chi tiét hinh chit V véi H= 16cm va R, =
I15mm ¢ ba mirc nhiét do khac nhau duoc
thé hién trong Hinh 10 va Béang 4.

17.67°, ;16'20; -
@
e :15 29

(b) 300°C

//1 13.1
(c) 600°C

(a) nhi¢t do
phong
Hinh 10. Hinh énh san pham uon hinh chi V
o0 nhiét do phong (a), 3000C (b) va 6000(C)
voi Rch = 15 mm, H = 16cm
Bang 4. G(’)c’ bién dz.lrng dan hoi Osp sau
qua trinh uon chi tiét hinh chir V ¢ ba
mirc nhi¢t do khac nhau.

Goc udn chi tiét sau bién dang dan G
Nhigt | Goc hoi () o
A X X dan
49 uon | uon Miu hoi lai
) |0 e o
1 2 3 binh esp( )
Nhiét
do 117,67 | 117,88 | 119,72 | 118,423 | 6,423
phong n
300°C 116,2 | 115,5 | 1152 | 115,63 | 3,63
600°C 113,15 114 | 113,5 | 113,55 | 1,55

Tu bi€u do trén Hinh 11 va s6 liu
trong bang 4 ta thiy, khi nhiét do ting
cao thi goc dan hoi lai cang giam, giita
nhiét d§ phong va 600°C giam t6i hon 4
lan. Piéu nay cho thay khi uén tao hinh &
nhiét do cao s€ giup kiém soat do chinh
xéc bién dang chi tiét tot hon khi & nhiét
do phong.
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Nhiét d6 nung (°C)

Hinh 11. Biéu do so sanh goc bién dang dan
hoi lai Osp khi thay doi nhiét do nung

b. Két qua liec uon

Luc udn tao hinh can thiét khi udn thuc
nghiém chi tiét hinh chit V 1am tir thép tim
SS400 ¢ nhiét d¢ phong (32°C), 300°C va
600°C voi R, = 15mm, H = 16mm duoc
trinh bay trong Bang 5 va Hinh 12.

BO0! e R R e ;
5
4000
Peak
3000
=z
i Wisld
1000
o _ . . .
9 24 a8 72 58 12

(a) Nhiét d6 phong

BT
Force-Disp | Force-Time | Disp-Time | Stress-Strain | Force-Exten| Result |

Result
PEAK POINT 16.02
Break force 3113.4602
Tield strength 17.7912
Tensile strength 28.4256
Elongation 17.7889
0.1% Y'S 16.0121
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(b) 300°C

Force-Disp | Force-Time | Disp-Time| Stress-Strain | Force-Exten | Result |

Result

PEAK POINT 1574
Break force 446,88
Yield strength 2.5536

o1206001-04

T Tensile steength 114408
Peak Elongation 177778
01% 'S 22982

75 e 152 7
Recalonlate  Comns Thnit

late. Comnare Tit

B

(c) 600°C
Hinh 12. Lic uén tao hinh chi tiét hinh chit V
thuee nghiém (a) nhiét dg phong, (b) 3000C va
(c) 6000C voi Rch = 15mm, H = 16mm
Bang 5. Két qua lye udn tao hinh P khi
udn thywe nghiém chi tiét hinh chir V

, Luc uon P (N)
Nhiét do uon x
(0) Mau Trung
| 2 3 binh
Nhi¢ d6 phong | 7752 | 7733 | 7072 7519
300 5278 | 5042 | 5028 5116
600 2011 | 1936 | 2053 2000
P(N)
7000
6000 \\
5000 .
4000
2000
1000
0 0 100 200 300 400 500 600 700
Nhiét 36 nung (°C)

Hinh 13. Biéu do so sanh luc uon P khi thay
doi nhiét dé nung

Tt biéu dd Hinh 13, nhan thdy nhiét
dd cang tang thi luc tao hinh can thiét
cang giam va diéu nay cho thdy hiéu qua
ciia phuong phap udn cé gia nhiét trong
thuc tién san xuat, nhit 1a voi cac chi tiét
lam tur vat liéu c6 do cung cao hodc do
day 16n .
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5. KET LUAN

Bai bao da thiét ké mot hé théng ubn
chi tiét hinh chir V c6 gia nhiét bang cam
tmg dién tir. Tir thiét ké d6 da thuc hién
ché tao thanh cong hé thong udn co gia
nhiét bang cam ung dién tir c6 cong suat
dau ra 2.6kW, tan so ra 1a 84.10° Hz, dién
ap dau ra 1a 54V va dong 1a 50A. Hé thong
gia nhiét c6 thé nung céac chi tiét co dang
tru, tim véi cac muc nhiét khac nhau tuy
thudc vao yéu cau va kich thudc cua chi
tiét nghién ctru. Két qua thuc nghiém cho
thdy hiéu qua cta viéc gia nhiét cho phdi
khi uén dé la giam lyc ubn, giam goc
dan hoi lai. Piéu nay ciing chimg minh
hé théng thiét ké va ché tao da hoat dong
duoc theo nhu dy kién. Hé thong c6 thé
su dung trong thuc té san xuit hodc 1a hoc
li¢u cho sinh vién cac nganh co khi trong
cac truong dai hoc.
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