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THIET KE CHE TAO HE THONG CAT PLASMA CNC SU’ DUNG
TRONG PAO TAO

DESIGN MANUFACTURE CNC PLASMA CUTTING SYSTEM USED IN TRAINING

Ping Tién Hiéu
Truong Dai hoc Cong nghiép Ha Noi

TOM TAT

Hién nay, trong linh vuc ché tao két cau thép phirong phdp cdt plasma CNC (Computer
Numeric Control) dwoc sir dung réng rii dé gia cong cdc san pham dang tam, dang thanh véi do
chinh xdc cao, thiét bi nay khéng ngirng dwoc cdi tién dé phit hop quy mé, véi diéu kién san xudt
cua tung doanh nghiép.

Trong bai bdo nay, tdc gia da tién hanh khdo sat, thiét ké ché tao hé thong co khi va ti diéu
khién hé thong cdt plasma CNC véi nguon cdt A70 — OTC [16] ¢6 san. Trén co s¢ mdy phit hop véi
khéng gian phong thi nghiém, phuc vu tot qud trinh dao tao, qud trinh hoc tdp nghién ciru ciia gidng
vién, sinh vién tai Truong Pai hoc Cong nghiép Ha Noi (DHCNHN).

Hé théong plasma CNC c6 kich thude 1700 x 1400 x 600 (mm) pham vi gia céng 1300 x 1100
(mm), chiéu day cdt t6i da 12 (mm), két hop 2 bé diéu khién F2300B va F1621P khi cdt cho ning
sudt cao, cdt dwoc nhiéu bién dang, van hanh dé dang.

T khoa: May cdt plasma; Piéu khién CNC; Hé dan hidng.
ABSTRACT

Currently, in the field of steel structure manufacturing, the CNC (Computer Numeric Control)
plasma cutting method is widely used to process sheet and bar products with high precision. This
equipment is constantly improved to suit the scale and production conditions of each enterprise.

In this article, the author has conducted a survey, designed and manufactured a mechanical
system and a control cabinet for a CNC plasma cutting system with an available A70 - OTC cutting
source [16]. On the basis of the machine being suitable for the laboratory space, it serves well the
training process, the learning and research process of lecturers and students at Hanoi University of
Industry (PHCNHN).

Plasma CNC system has dimensions of 1700 x 1400 x 600 (mm), processing range of 1300
x 1100 (mm), maximum cutting thickness of 12 (mm), combined with 2 controllers F2300B and
F1621P when cutting for high productivity, cutting many profiles, easy operation.

Keywords: Plasma cutting machine; CNC control; Linear motion.
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1. GIOI THIEU

Plasma 13 trang thai thir 4 cua vat chét
(3 trang thai ctia vat chat 1a ran, 16ng, khi). Chét
khi dwgc nung noéng dén nhiét do bio hoa, khi
bi ion hoa. Su ion hoa chat khi ¢ trang thai din
dién duoc goi 1a plasma [7]. Cat plasma dua
vao nguyén 1y that chat lai ludng khi ion héa
¢6 nhiét do cao t6i muc c6 thé sir dung dé lam
néng chay kim loai din dién tai diém tiép xuc.
Kim loai néng chay s& bi thdi ra tao nén dudng
cit nho ap luc ciia dong khi nhu hinh 1.

Trén thé gi6i, viéc st dung may cit
Plasma diéu khién CNC rat phé bién trong hau
hét cac nganh cong nghiép ché tao két cau thep,
trong dong tau, cau du0’ng Str dung céac phan
mém k¥ thuat thiét ké Autocad, Solidworks,
Inverter... dé thiét ké bién dang cit. May duoc
cung cép boi cac hang ndi tiéng nhw AMADA
SHARP, HITACHI, FANNUC c6 gia thanh rat
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Hinh 1. Qud trinh cdt plasma [ 7]:
1. Ong phun khi; 2. Pién cuc; 3 Hoé quang
plasma, 4. Khi plasma; 5. Bép cdt; 6. Dong khi
bdo vé; 7. Vit cdt

O Viét Nam, trong giai doan nay ciing
nhu thoi gian téi, nganh co khi ché tao c6 nhu
cau st dung cit bang tia plasma CNC con rat
16n. Do d6, cac doanh nghiép san xuit may cat
plasma CNC ciing nam bat dugc xu thé, cung
cap thiét bi, dap timg duoc cac yéu cau cho san
xuét [4-12].

Trong linh vuc dao tao cong ngh¢ cat
plasma CNC 1a mt phuong phap gia cong chi
tiét dang tdm bang nhiét, hién nay trong Trudng
DHCNHN thiét bi nay con thiéu. Do may ngoai
thi truong gid thanh qué cao, kich thudc may
16mn chua phu hop v6i khong gian trong dao tao,
chua tan dung hét cong nang clia may san co
dan t6i lang phi. Vi vay, dé tranh ling phi va
thudn lgi cho qua trinh dao tao, nghién ctru, hoc
tap cua giang vién, sinh vién trong Trudng, tac
gia dé xuat phuong an nghién ciru thiét ké va
ché tao hé thong cit plasma CNC véi kha ning
cat duoc nhiéu bién dang khac nhau, cai thién
do chinh xac gia cong, giam dugc gia thanh.

Trong bai bao nay, tac gid da khao sat
thiét ké ché tao thanh cong hé thdng cit plasma
CNC véi kich thudc tong thé 1700 x 1400 x
600 (mm), pham vi gia cong 1300 x 1100 (mm),
chiéu day cit toi da 12 (mm) va tu diéu khién.

2. TINH TOAN THIET KE
2.1. Khao sat thiét ké

Dé thiét ké ché tao dugc hé théng cat
plasma CNC dap tung duoc cac yéu cau trén,
tac gia da tién hanh khao sat, phan tich, danh
gia vé chi phi, vé hiéu suit may, vé do ciing
vitng cta hé thong cong nghé, hé thong didu
khién... cua cac may cat plasma CNC di c6
trén thi truong. Ké thira cac vu diém cua may
da khao sat va dua vao diéu kién hién co cua
Truong PHCNHN dé thiét ké ché tao.

Van dung 1y thuyét tinh toan thiét ké
may [1], lya chon céac thong so thiét ké [10-
15], tinh toan thiét ké cac chi tiét may, kiém
nghiém d6 bén ciia hé thong sao cho phi hop
v6i diéu kién sin ¢ va dap tmg yéu cau dao tao
trong Nha trudng. Lua chon thong sb thiét ké
hé thong cat plasma CNC bang 1.
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Bdng 1. Théng so thiét ké hé thong cdt plasma
CNC

TT Danh muc DPon Thong so

vi ky thuat
, , 1400 x 1700 x
1 Kich thudce mm 600
5 Kich thudc mm X 1300;
cum Y 1700; Z 490

3 | Hanhtrinh cit | mm | X 1100;Y 1300

4 Téc d6 chay ) X 6000;
nhanh Py 6000; Z 6000
e AL X: 1+2000;

5 Toc do cat | mm/p Y- 122000

g | Sasomach X105 Y£05

cat
7 Do chinh xac mm X+0,2;Y+0,2;
dich chuyén Z:+02

2 Chlel;}.day cat mm 12
toi da

9 | Dang gia cong Tam phang

10 | Trong luong kg 180

2.2. Thiét ké hé thong co khi

Phan tich vé cac phuong an bd tri dong
co trén céc truc X, Y, Z, tac gia lya chon st
dung 2 dong co song song (6), (7) cho truc Y,
v6i 2 dong co song song gitip chia déu tai trong
tac dung 1én cum dam truc X, do do cum dam
truc X di chuyén chinh xac va 6n dinh hon.
DPong co (5) cho truc X dan dong cum truc Z,
tinh tién theo phuong truc X. Pong co (8) dan
dong mo cit tinh tién theo chiéu truc Z. So do
may cit plasma CNC b tri nhu hinh 2.
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Hinh 2 So do nguyen Iy may cat plasma CNC:

1. Ban mdy; 2. Nguon plasma A70-OTC; 3. My
nén khi: 4. Ti diéu khién; 5. Dong co truc X; 6.
Dong co 1 truc Y; 7. Pong co 2 truc Y; 8. Pong co
DC 24V truc Z.

2.2.1. Tinh toan lya chon dong co

So d lyc tac dung 1én cip banh ring -
thanh rang dam truc Y nhu hinh 3.

.N,
th. { 1 . Fk
T
Fms 1.
P

Hinh 3. So d6 phan tich lyc banh rang:
F, (N) - Luc kéo, N (N) - Phan lyc; P (N) - Trong
luc; F, (N) - Luc quan tinh; F, (N) - Luc ma sat

Theo dinh luat II Newton:

Fr +Fq +Fms +N +P =0

F,=F  =F +F =648+281=346(N)
Momen xoén trén truc:
T=F_ xd=346x0,05=1,73 (Nm) ¥
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Truc Y ¢c6 2 dong co din nén 1 bén cin
momen T, =T/2> 0,865 (Nm)

bong co dugc su dung trong cac may
CNC thuong la dong co budc (stepper motor),
dong co servo, dong co hybrid servo. So sanh
dic diém cua chung, tac gid lya chon loai
dong co hybrid servo 86HSE4.5 Nm va Driver
HBS86H cho truc X va truc Y, loai dong co nay
két hop tot nhat cac vu diém cua dong co servo
Va‘l dong co bude, mé-men xoin khoi dong cao,
tiét kiém ning lu’orng, gia thanh thap Dong co
truc X, truc Y két hop hop giam tbc gitp tang
mo-men xodn, ting tudi tho dong co, truyén
chuyén dong chinh xac va on dinh hon. Lya
chon thong s nhu bang 2.

Cum truc Z hay cum nang ha mo, qua
thiét ké, so sanh vé kha ning lam viéc, gia
thanh ché tao, tac gia da lya chon by nang ha
mo cit ty dong JTYKB-150-DC24V GH/GD ¢6
san trén thi truong. Kich thude cum 490 x130
x 80 (mm), trong luong 6,5 (kg), trong luong
nang < 10 (kg), hanh trinh 1am viéc 150 (mm),
dong co 24VDC, hop giam téc [3].

2.2.2. H¢ din huéng

Trong cic may cat plasma CNC, co
céu dan huéng dong vai trd quan trong dé dan
huéng chinh xac va on dinh cho cac co cau
méy Co cdu din hu(mg phai dam bao chiu tai
t6t, phan bd lyc déu, chiu mai mon [1, 15] Qua
khao sat, phan tich ddc diém cua cac co céu dan
hudéng, tac gid lua chon co cAu sn co trén thi
truong con trugt vudng bi — thanh trugt cho cac
truc X va truc Y voi thong s6 nhu bang 2.

2.2.3. H¢ din dong

Heé din dong dong vai tro truyén chuyén
dong cho cac co cAu chép hanh. Luva chon hé
dan dong phai dam bao do cung virng, chiu tai
tdt, truyén chuyén dong €m, hi¢u suét cao, do
bén cao, chi phi bao tri, thay thé thap [1, 15].
bé dap tng yéu cAu thuc té vé dic diém cua hé
dan dong, tac gia lya chon co cAu banh tru rang
nghiéng — thanh rang cho céc truc X va truc Y
v6i thong s6 nhu bang 2.

Bdng 2. Théng so kj thudt cdc chi tiét

TT Danh muc Pon vi S6 lwong Kich thwée

1 Thanh truot truc X HGR20 mm 02 20x 17,5x 1300

2 Thanh truot truc Y HGR20 mm 02 20x 17,5x 1700

3 Con truot HGH20CA truc X,Y cai 06 44 x 25,6 x 65,2

4 Thanh rang truc X mm 01 1300 x 22 x 25; M1,25
5 Thanh rang truc Y mm 02 1700 x 22 x 25; M1,25
6 Banh rang try rang nghiéng cai 03 D32; d16; 225, M1,25
7 Déng é’gs}éﬁfmﬁem céi 03 86 x 86 x 109, d16

8 Hop giam toc PX86 céi 03 86 x 86 x 93; d16
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2.2.4. H¢ diéu khién

Qua khao sat, phan tich dac diém cua
cic bd diéu khién, tic gia lga chon dugc bd
diéu khién phu hop cac yéu ciu trén. Bo diéu
khién F2300B [2]-[11] diéu khién servo két hop
hybrid stepper su dung b ma hda quang hoc
phan hdi vi tri tbe do cao, tu dong hiéu chinh vi
tri. Bo diéu khién c6 d6 chinh xac ndi suy 0,001
(mm). Twong thich duoc cic phan mém CAD,
CAM, FastCam, v6i dong co va cac cam bién.
D& van hanh, d& bao quan, gia thanh thap, hd
tro diéu khién cho bo F1621P.

Bo diéu khién F1621P [2]-[11] cho
phép kiém soat on dinh chiéu cao tir dau bép cit
dén bé mit vat liéu bang viéc didu khién dién
ap hd quang ma né nhan dugc. Viée kiém soat
chiéu cao nay rat quan trong d6i voi chat luong
mach cit, tudi tho cta bép cit va dién cuc cét.

2.2.5. Kiém nghiém dam truc X

Kiém nghiém do bén tinh trén phﬁn
mém Solidworks 2022/ Simulation nhu hinh 4.

i e et
=
-
-
=

Hinh 4. Ung sudt dam truc X trén Solidworks
2022/ Simulation

Pé dam bao do bén, do cung vimg va
hinh dang can dbi cta hé thdng co khi, qua
khao sat thiét ké, v6i dam X thép hop 100 x
100 x 5 (mm); chiéu dai 1 = 1300 (mm); khi
lugng m, = 25,6 (kg), cum truc Z c6 khdi lwong
m, = 14,5 (kg).
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- Ung suét tai diém giita dim: o =
1,94 x 10°(N/m?) < [c] = 2,5 x 10* (N/m?);

- Chuyen vitheo phuong Y: AY =2,798
x 102 (mm). Két qua kiém nghlem nhu’ hinh 5
dam X dam bao diéu kién bén.

Ban v& 3D hé thong cit plasma CNC
nhu hinh 5.

Hinh 5. Hé thong cdt plasma CNC:
1. Cum ban may, 2. Cum ban ga phoi; 3. Cum truc
Y, 4. Cum truc X; 5. Cum truc Z; 6. Cum ga kep
mé cdt.

2.2.6. Mach tii di¢n diéu khién

Trong tai liéu [11-14] hudng dan xay
dung két cau co ban ctia hé diéu khién plasma
CNC. Trén s¢ tinh nang va nhi€ém vu ctia cac bo
phan, tac gia xay dung so d6 nguyén 1y tong thé
cho mach ti diéu khién nhu hinh 6.
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Hinh 6. So d6 mach ddu noi ti diéu khién [12]
2.2.7. Ché tao, ldp rdp tii diéu khién

Vi tri bd tri cac khdi va ddu ndi day
trong ti dieu khién nhu hinh 6, hinh 7.

Hinh 7. Anh so d@6 bé tri cdc khoi trong ti diéu khién:
1, 2. Driver HBSS86H truc Y; 3. Driver HBSS86H
truc X; 4. Mach Breakout DB15-DB25; 5. Bién
dap 2200W; 6. Loc nhiéu EMI CW4L2-204-S; 7.

Nguon DC24V LRS-100-24; 8. Attomat CBM;
9. Man hinh b diéu khién F2300B; 10. B6 diéu
khién F1621P-THC; 11. Céng tdc khoi dong/tdt,

phim ding khén cap.

- Két nbi tu didu khién véi ngudn cat
A70-OTC, voi cac dong co trén truc X, Y,
Z, sau do thuc hién hiéu chinh cac bo Driver
HBS86H dé diéu khién dong co Hybrid Servo
86HSE4.5Nm cua truc X va truc Y. Hiéu
chinh bo diéu khién F1621P dé khién dong co
24VDC.

- Trong mach di¢n nay, do mach dién
bao gdm ca dong cap cho bo diéu khién va dong
cap cho cac dong co ctia cac truc nén rat dé giy
ra hién tugng qua tai. Vi vay, Aptomat CBM c6
vai tro trong viéc bao vé mach khi dong co bi
qua tai. Bén canh do, viéc lap ciu chi trudc va
sau dé viéc bao vé bién ap va mach dién. béi
vé6i driver can cha y chiéu cta dong dién, tranh
gay hdong hoc cho driver.

3. HE THONG CAT PLASMA CNC

San pham h¢ thong cat plasma CNC véi
kich thudc 1400 x 1700 x 600 (mm), kha nang
gia cong tdm co dién tich 1300 x1100 (mm),
chiéu day t6i da 12 (mm) nhu hinh 8.

Hinh 8. San phiam hé thong cat plasma CNC

3.1. Cit thir nghiém

Gia cong tam kich thudc nhu hinh 9,
vat liéu thép CT3, s6 lan cit 5.

- Str dung: Bép H (H669GO05); Bién cuc
H669G11; Dong cat 70A; Ap luc khi nén P =
0,39 (Mpa); Dién ap hd quang 110 (V); Toc do
cdt V_= 1000 (mm/p).

- Str dung thudc cap 1/10 do chidu dai &
mat cit A-A, sau do & mit cat B-B véi 5 mau.
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- Sr dung thudc cip 1/10 do khe ho cét
& vi tri diém A v6i 5 mau.

- Str dung bd mau do do nham R, so
sanh bé mat cat voi 5 mau.

B
80:0.3

- -

Hinh 9. Ban vé chi tiét
3.2. Két qua thir nghiém

- Khi gia cong céc lién két co khi (cum
truc XYZ, ban may, kep mo cit...) khong co
déu hiéu bat thuong, hé thong diéu khién hoat
dong hoat dong 6n dinh.

- Anh cic mau cat thir nghiém nhu hinh
10, sai s6 do trung binh cua cac mau nhu bang
3.

Do kich thuéc tai mat cat A-A 1a 80,2
mm; 80,3 mm; 80,1 mm; 80,4 mm; 80,2 mm.

Do kich thude tai mat cit B-B 1a 80,3
mm; 80,3 mm; 80,3 mm; 80,2 mm; 80,2 mm.

Do kich thuée khe hé cit tai diém A 1a
3,5 mm; 3,5 mm; 3,9 mm; 4,2 mm; 4,3 mm.
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Hinh 10. Mau cdt plasma CNC va bé mdt cdt

Bang 3. Két qua ddnh gid thir nghiém

A Iy S6 Két qua do
TT Thongtrs;) ki¢m lin kiém trung
do binh
Sai s gia cong
1 kich thudc tai 5 0,24 mm
mat cit A-A
Sai s gia cong
2 kich thudc tai 5 0,26 mm
mit cit B-B
3 Khe hé cat 5 3,88 mm
Chat luong bé Hu;omg n’hani
4 it it 5 vuong goc bé
: mat cat; Rz40
4. KET LUAN

Tac gia da nghién ctru thiét ké ché tao
hé thong cat plasma CNC dung trong dao tao
voi két qua sau:

- Tinh toan, Iya chon dugc dong co, co
cau dan hudng, co cau dan dong phu hop voi
ket cau may.

- Ché tao dugc hé théng cat plasma

CNC chay 6n dinh, dam bao d6 ctng viing, d&
van hanh, dé bao quan, cac linh kién thay thé

san co trén thi truong.
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- Chat luong san pham sau khi cit duoc
dam bao cac yéu cau nhu hinh 10, bang 3. Sau
5 1an cét, sai sd kich thuéc tai mit cit A-A,
B-B déu ndm ¢ gidi han trén, trong pham vi
cho phép (sai s nay diéu chinh dugc thong qua
1énh “Kerf Value” trén bo diéu khién F2300B).
Do léch két qua do trung binh giira hai mat
cit A-A va B-B 14 0,02 mm, do kich thuéc B
theo phuong cua truc X, trong khi do6 truc X
di chuyén trén tryc Y nén c6 thém thanh phan
khong dam bao do chinh xac.

- Hé thong cit plasma CNC dap tng
dugc nhu cau nghién cuu, hoc tap cia giang
vién, sinh vién trong Truong. %
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