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ABSTRACT

This research paper presents a comprehensive investigation into the design and development of a
cutting-edge two-axis profile scanning control system tailored explicitly for fiber laser welding tech-
nology. The system incorporates two reflecting galvanometer mirrors, which play a pivotal role in
achieving precise and intricate laser profiles, effectively addressing the inherent challenges of con-
trolling heat application in welding processes. With the mathematical model of the control system
carefully formulated, encompassing forward and inverse kinematic equations that govern the ro-
tational angles of the mirrors, these equations establish the fundamental relationship between the
movements of the mirrors and the resulting laser profiles, facilitating a deeper understanding of the
control mechanisms. To ensure optimal performance, an advanced control algorithm is proposed
to efficiently manage the mirrors' motions, carefully considering sampling time and operational lim-
itations, thus providing a comprehensive and effective approach to control the system. Extensive
MATLAB simulations are conducted to evaluate the effectiveness and accuracy of the algorithm,
providing tangible evidence of its ability to achieve precise and customizable laser profiles. The
two-axis profile scanning control system demonstrates significant advantages over conventional
welding methods, offering unparalleled flexibility and control over welding geometries. This ver-
satility enables the welding of delicate materials and complex components with exceptional ac-
curacy and minimal heat loss, thereby expanding the range of applications in various industries,
including automotive, electronics, and medical devices. Beyond the realm of welding, the devel-
oped control system exhibits immense potential for broader applications in material processing,
additive manufacturing, and high-precision fabrication processes, further solidifying its position as
a transformative tool in modern manufacturing and automation. In conclusion, this research paper
represents a critical contribution to the advancement of fiber laser welding technology by intro-
ducing a cutting-edge two-axis profile scanning control system. The system's ability to generate
precise and intricate laser profiles has the potential to revolutionize metal joining processes, em-
powering manufacturers with greater flexibility and control over weld geometries, and its broader
applicability in high-precision applications holds promise for a wide range of industries, marking a
significant step towards the realization of advanced and efficient manufacturing practices.

Key words: fiber laser welding technology, laser scanner, non-contact heating welding,
galvonometer mirror

INTRODUCTION

Welding technologies, essential for human progress,
have significantly evolved. From the earliest tech-
nique, forge welding, which used fire to heat and bond
metals!, to advanced methods such as gas, electric
arc, shielded gas arc, plasma, and laser welding, each
approach utilizes heat to melt metals, creating a joint
or weld upon cooling. Traditional methods like gas
and arc welding come with inherent limitations. The
most notable of these is the difficulty in controlling
the depth and area of the weld pool, leading to sig-
nificant heat loss, which directly impacts the quality
and aesthetics of the resulting weld >. Moreover, these
methods can cause damage to small, delicate parts,
limiting their application in precision welding?>.

The advent of laser technology, particularly the use
of high-energy laser beams (Light Amplification by
Stimulated Emission of Radiation), has offered an ef-
ficient solution to these challenges*. Despite being a
relatively new innovation, introduced in the latter half
of the 20th century, laser technology has found wide-
ranging applications in fields as diverse as manufac-
turing, medicine, and the militarys. Laser welding,
while more costly than traditional welding methods,
has seen increasing adoption due to its inherent ad-
vantages. These include the ability for non-contact
heating, precise profile control, localized heat appli-
cation, minimized heat loss, and the resulting regular,
aesthetically pleasing weld. Furthermore, laser weld-
ing allows for the welding of small parts without caus-
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ing damage, a significant advantage over traditional
methods®. Laser welding techniques continue to be
optimized with research into spatter formation, pro-
viding insights that lead to more efficient practices’.
Studies have also focused on laser welding of spe-
cific materials, such as plastics®, and different metals,
revealing economic and technological benefits and
the challenges associated with controlling structure
and defects?1°.

have improved the performance of scanners used in

Advancements in control systems

biomedical technologies'*, while multi-sensor sys-
tems enable real-time monitoring of the welding pro-

1516 Simulations

cess, ensuring consistent quality
and experiments have provided insights into how os-
cillation parameters influence the weld’s temperature,
stress, and distortion, furthering process optimiza-
tion!”. Beyond traditional applications, femtosecond
laser welding techniques have been used for two-layer
vertical welding of glasses, improving microstructure
and bonding strength '8, Other advancements in-
clude high-bandwidth fast steering mirrors for bet-
ter precision and tracking in laser welding!?, au-
tonomous parameter design methods for improved
control system performance *’, and the exploration of
different oscillating patterns and their effects on weld

quality 21?2,

The use of multi-scan picosecond laser
welding for transparent materials has led to stronger
joints?? . With the growth in laser welding technol-
ogy, reliable quality measurement systems are criti-
cal, prompting the development of an automatic on-
line system for real-time weld inspection '°.

Traditionally, welding guns with single-shaft mech-
anisms have been employed for creating profiles in
laser welding. Although simple and easy to control,
this method is limited to generating basic, circular
profiles. However, many applications demand more
complex and varied profiles to achieve superior weld
quality. To overcome this limitation and meet diverse
welding requirements, researchers have proposed a
more advanced approach - a two-axis profile scan-

ning control system >42°

. This method requires more
complex fabrication and control than the single-axis
method, but allows creation of any two-dimensional
profile, let users to have a optimal profile with the best
suit to the type of material to be welded, thereby im-
proving the quality of the weld.

In this paper, the authors design and analyze a two-
axis profile scanning control system specifically tai-
lored for supporting Fiber Laser Welding Technology.
The research aims to develop a model incorporating
two reflecting control galvanometer mirrors to cre-
ate precise laser profiles. Additionally, the study fo-
cuses on solving the forward and reverse kinematic

problems associated with the system and proposes an
advanced algorithm to control its movements. The
performance of the proposed model will be validated
through simulations on MATLAB, with the ultimate
goal of providing a foundation for building a practi-
cal two-part profile scanning system for laser welding
technology.

METHODOLOGY

Profile scanning system design

As shown in Figure 1, laser welding equipments in-
clude main components: laser source, fiber optic ca-
ble, 2-axis profile scanning controller, lens, nozzle.
The laser source is led to the 2-axis profile scanning
control system throught an optical cable. After be-
ing reflected on mirrors of the control system, laser
beam goes throught focusing lens before comming to
the nozzle, which has the function of driving the laser
beam to the weld.

Fiber optic
cable

A 4

Laser source

Two-axis profile scanning system

Focussing q
lens P Nozzle

Figure 1: Block diagram of laser welding
equipments

In limitation of the research, we only interest the pro-
file scanning system. The model of this control sys-
tem concist of a laser source S, reflecting galvonome-
ter mirrors G| and G, and a mounting frame which
allows us to unite these items together. By rotating re-
flecting mirrors in two perpendicular axises, we could
create any desired profiles.

For building kinematic equation, we choose a coor-
dinate system OXYZ as shown in the Figure 2. The
laser source Sis arranged on OY-axis. G| -mirror spin-
ning around OX-axis is used to expand profile in OY-
direction. This mirror reflects beam from the original
laser source. Gp-mirror rotates around its axis par-
allel with OY, reflecting beam from secondary laser
source located at point O. By rotation, G2-mirror ex-
pand profile in OZ-direction. Two mirrors are ar-
ranged that the distance beetween their centers is h,
while the distance from this points to profile-screen is
d. In a laser welding machine, there is also a lens used
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Figure 2: Laser profile scanning model

to focus laser beam, but in inspecting laser profile we
could ignore the presence of the lens without affect-
ing its attributes. The model parameters are shown in
Table 1.

Rotation angle of G-mirror is limitted in a range,
which ensuares the ray after G -reflection incomming
to Gy-plane. When o = ¢, the reflected ray coin-
cides with OK| -ray, while @ = «, it coincides with
OKj;-ray. The range of rotation angle of Gy -mirror is
defined by (1) and it must not exceed the range of ro-
tation angle of galvanometer.

Ng=|oy —mp|=
= arctan (KK /OK

< K10K; = KOK;
= arctan (Lgy /2h)

N =

(01)

~

Where:

A - range of rotation angle of G -mirror;

O, K, Ky, K; - points seen on Figure.3.

Let Lgp = 20 mm, h = 30 mm, we have Ay = 18.5°

G| -mirror is drived to the position, at which reflected
ray on Gy fit to OK-ray. Keep G in this position.
When Gj-mirror at position of angle f = 8, re-
flected ray on Gy concides with KP4-ray. Let rotate
G, -mirror to position B = 35, reflected ray go fitting
to KP5-ray. The range of rotation angle of G,-mirror
is defined by (2):

1
Lp =1B1—Pol = 5 < P4OPs (02)
= arctan (PPy/KP) = arctan (R;/2d)
Where:

g - range of rotation angle of Gy -mirror;

O, K, P, P4, P5 - points seen on Figure 3.

Let Rz = 30 mm, d = 200 mm, we haveAﬁ =4.5°
. Let R, — oo, AB — 90° . In theory, the range of

rotation angle of G,-mirror can expand to limitation
of 90, but in practice, it is limitted by the range of
rotation angle of galvanometer mirror.

Scanning frequency Fscq, is limitted in the range
of frequency of galvanometer. It must be equal or
smaller than F,,y.

Forward kinematic equation

The used laser source have form of a narrow beam,
their cross-section will not change when passing
through a mirror system.

Figure 3: Track of laser throught mirror system

To simplify calculation, we look on laser beam as a
single ray projecting to G1-mirror and we inspect pro-
file properties based on this presumption. According
to the profile scanning system described in Figure 3,
we ensuare that angles of incident of mirrors Gy, Gy
at initial state are oc = 459, B = 45°. In this case, the re-
flected ray from G;-mirror will coincide with OK-ray,
while the reflected ray from G,-mirror will coincide
with KP-ray.

Let G| -mirror oscillates around the initial position of
45% and let @ = 45° — Ay /2, Gy-mirror is fixed at
position of angle 8 = 45%, A yis limitted by condition
Ag < arctan(Lgp /2h). From the attributes of mirror
reflection, it can be inferred that the reflected OK| -ray
joins OK-ray by an angle of A\ Let S, be the image of
the secondary laser source (at point O) by G, -mirror.
When 8 = 459, points Sy, K, P will make a straight
line. According to mirror image atributes KSp = KO =
h, and the extension of K; P -ray go through the image
S,. Applying geometric properties, we have:

KKi K h
PP P h+d (©3)
h+d h+d
= PP, —KKlT 7htan(Aa) 7 (04)
= (h+d)tan(A)
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Table 1: Parameters of the model

Parameters

Laser source S:
Cross section, Scross
Power, Plaser,
G1-mirror:

Size, WG1 x LG1,

Angle of incident, o

Rotation angle, ¢1

Angular velocity, w1l

G2-mirror:

Size, LG2 x WG2

Angle of incident, 8

Rotation angle, ¢2

Angular velocity, w2

Mirror arrangements:
Distance, h

Distance, d

Laser profile

Y- Range, RY

Z- Range, RZ

Profile area, Sp

Scanning frequency, Fscan
Scanning period, Tscan
Galvanometer:

Limit frequency of galvanometer, Fmax
Working voltage range

Range of rotation angle

Units

o/s

o/s

Hz

Description

Cross section of laser beam

Power of laser source

WG - edge perpendicular to G1-mirror axis, LG1
- edge parallel with G1-mirror axis.

Angle between an incident ray and the normal
drawn at the point of contact on G1-mirror.

Angle between an incident ray and Gl-mirror

plane.

Angular velocity of the G1-mirror around its spin-
ning axis.

WG?2 - edge perpendicular to G2-mirror axis, LG2
- edge parallel with G2-mirror axis.

Angle between an incident ray and the normal
drawn at the point of contact on G2-mirror

Angle between an incident ray and G2-mirror
plane

Angular velocity of the G2-mirror around its spin-

ning axis

Distance from two centers of mirrors G1 and G2

Distance from mirror centers to profile-screen

Dimension of profile in Y-direction
Dimension of profile in Z-direction
Area limmited by profile contour
Profile scanning frequency

Profile scanning period

Maximum permissible frequency of galvanometer
A range of voltage allowed to apply to galvanometer

A range of turnable angles of galvanometer
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Let G| -mirror fix at position & = 45°, Gp-mirror os-
cillates around the position of angle 45%, B = 45° —
Apg /2. Image S, now oscillates around G;-spinning
axis. Suppose that, image S, moves to position S/2
when f§ = 45° — Ag/2. According to mirror reflec-
tion properties, angle < S/ZKSZ = PKPy = Ag. Re-
flected KP4-ray will pass through the image S,2 and
KS,2 = KS; = KS| = h. Let H be the projection
of S;on KP-line. Applying geometric properties we

have:
S’27H _KH _ hcos Aﬁ) (05)
PP, KP  d
—pp =S
AR hcos(Aﬁ)
= hsin (Ag) —5 (06)
sin ( ﬁ) hcos (Aﬁ)
:dtan(Aﬁ)

Itis clear that expansion of profile in OZ-direction de-
pends only on distance d and rotation angle of Go-
mirror.

Now, put focus on the case when mirrors G| and G;
oscillate around their initial positions (of angles 45?):

00=45°—Ng/2

B =45 - Ag/2 7

The extension of K; P3-ray go throught the image S,2 .
Apply geometric properties:

KK, _ K _HK _ heos(Bg) 0
P3Py S,Py HP  hcos (Dg)+d
P—— hcos (Ag) +d
=R hcos (Ag)
hcos(Aﬁ)er
= htan (Ap) Theos (bg) (09)
d
=|h+—F— A
< +c0s(Aﬁ)>tan( o)

Spreading of profile in OY-direction is dependent on
d, h and angle Ay, AB . In conclusion, position of
laser spot P3 on profile-screen is defined by (6) and
9).

Invert kinematic equation

In inverse kinematic equation, we propose a control
method to achieve a given profile. As we known any
curve can be approximated by parameter function or
spline interpolation (cubic spline interpolation, linear
spline interpolation, Hermite spline, Bezier spline...).
Apply this, a profile P can be devided into n pieces by n
points Py, Py, ...,P,. Let P-a piece of profile between
Piand P;yy (i=1, 2..., n-1), ﬁn - piece between P,

and Py, so we have P = {131 13\2 . 13,\7} . General

funtion describing P; has form:

}  EC i, tig] (10)
Where t; - break time of parameter ¢.

The length of profile contour is determined by fo-
mula:

L=y Li=Y", {7\ [V2()+22 (t)dt

1

(11)

In laser welding technology, we expect that speed of
laser spot moving along profile remaining unchanged.

This speed is then, determinded by fomula:
V= L/ Tscan (12)

Let T; - time span need to be for laser spot moving
along P, pieces.

L
Ti= ZlTvcan (13)
Let trq - real time, tpgw—1 = T1 trea—i =

treai—(i—1)tTi=T1+T2+...+T; - breaks point in real
time scale.

Instantaneous speed of laser spot is defined by (14)
and according to (12) it is expected to equal L/ Tscqn:

L
B dtreal (14)
/ R dt L
= Y.2 t 2 =
! ( )+ @5 dtreal Tscan
Lo _ L
dtreal B (15)

Tycan\/ Y7 (1) + 22 (1)

Move coordinate system OXY to profile-screen along
vector ﬁ . From (4) and (6), we have coordinates of
laser spot:

_ d
Y =PP; = (/’l-‘r COS(AB)> tan (Ag) (16)
Z=P7P4:dtan(Aﬁ) (17)

Take derivative of two parts of (17) with respect to real

time:
dzZ; dz; dt
iyl diyeg ,
- LZ; LAY (18)
Tean /Y2 () + 220)  <05" (8p)
oy AB _ LZ;cos? (Ap) 9)

dTscany /Y2 (1) + 22 (1)

Where: @, - angular velocity of the G-mirror.
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Similarly, take the derivative of (16) with respect to
real time:
dy; dY; dt LY;
dtreal dt dtreal T.

scan\/ Yiz (t)+le (t)
d
- <h+ cos (Aﬁ))

d(tan (Ag))
dlreal
dt d

tan (Aa) dlreal ht CoS (Aﬁ)

hcos (Aﬁ) +d  Ng
cos (Ag)  cos? (Aa)

sin(Ag)
os? (Ag) 2

B

Ly,
Toean [ V2 (1) + 2} (1)

(20

dtan (Ag) (21)

heos (Ag)+d o

cos (Ap) cosz(Aa)+
sin (Aﬁ)
cos? (Ap)
LY,
Tscan Y, (t)+Z12 (t)

dtan (D) (073

Where: 0 = A, - angular velocity of Gy -mirror.

Fomula (22) describes relation between angular ve-
locity of mirrors Gy and Gy.

Control algorithm

In the model we use two galvanometer mirrors. These
equipments have a mirror at one end, and can perform
osilation at hight rate. Rotation angle is proportional
to voltage applied to galvanometer. Performing algo-
rithm is described by flow chart on Figure 4.

Where N - number of sampling.

In performing we take discreteness of t,.4, t, A, » AB s
w1, Wy. The value of W;, wyis infered from fumula
(19)and (22), while A¢, , Aﬁ are descrete integration
of wy, wy. Digital analog converter converts digital
value tovoltage, which is used as input of galvanometer
driver. The loop go end when the number of iteration
reaches N.

In the algorithm, we can periodly do supplement to
rotation angles to remove accumulated difference be-
tween calculated rotation angle and the angle defined
by the inverse fomula of (16), (17).

Apg = arctan(Z/d) (18)

Nq —arctan< (19)

. r
h+d/cos (Aﬁ)

| dt.y = Tscan/N |

>

Initialk = 1. k=k+1 |

Calculation:
bea = Kdltre, t =ty + dt
Ay A, @4, @3

| Convert A,, Ag to input range of DAC |
v

| Digital to analog converter (DAC) |

| Galvan ometer driver |

Figure 4: Follow chart of control algorithm

RESULT AND DISCUSSION

For circular profile parameter inputs shown in Table 2.
Figure 5 depicts rotation angles over time, while Fig-
ure 6 compares obtained circular profile and profile
defined by parameter function.

rotation angle G1
rotation angle G2

angle (rad)

rotation

Time(ms) 102

Figure 5: Rotation anglesover real time for circular
profile

There is a little bit displacement between these two
profile because of descrete integration process of wj,
ws.

Parameters of quadrate profile are described in Ta-
ble 3.

Figure 7 depicts rotation angles over time, while Fig-
ure 8 compares obtained quadrate profile and profile
defined by parameter function. They are almost coin-
cident.

For any profile with spline interpolation description,
for instance, 8-figured profile with cubic spline inter-
polation, input parameters are shown in Table 4.
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Table 2: Parameters for circular profile

Parameter inputs

Tscan = 1ms
N =100
dtreqr = 0.01ms
h =30 mm
d =200 mm

Y =cos (1)

Z =sin(z)

t €10,27]

Description
Profile scanning period
Number of sampling
Time sampling
Distance from two centers of the mirrors G1 and G2

Distance from mirror centers to the profile-screen

Table 3: Parameters for quadrate profile

Parameter inputs
Tyean = 1ms
N =100

dtreqr = 0.01ms

h =30 mm
d =200 mm
Y=t
Pl(t): 7IE[071]
Z=0
Y=1
P ()= tE[L2]
Z=t—1
Y=3—-1
PS(t): 7t€[273]
Z=1
Y=0
P4(t): 71‘6[3,4]
Z=t—4

Description
Profile scanning period
Number of sampling
Time sampling
Distance from two centers of mirrors G1 and G2

Distance from mirror centers to profile-screen

Figure 9 depicts rotation angles over time for 8-
figured profile, while Figure 10 compares obtained 8-
figured profile and profile defined by parameter func-
tion. They are almost coincident. Figure 11 shows ob-
tained profiles with different values of parameter N.
In conclusion, it can be seen that by appling proposed
method we retain a good profile that almost close to
the desired profile described by parameter function.
There is a little bit difference between these two ones
because of error in descrete integration. By descresing
time sampling (or increasing number of sampling N)
we can remove these difference but it leed to increase
the volume of calculation.

Tables 5, 6 and 7 sequentially show simulation results
for circular profile, quadrate profile and 8-figured
profile.

CONCLUSION

In conclusion, this paper has successfully introduced
a model of a two-axis profile scanning control system
tailored for fiber laser welding technology. The pro-
posed control algorithm has been thoroughly tested
through MATLAB simulations, confirming its capa-
bility to achieve laser profiles that closely approximate
the desired shapes.

The results from the simulations provide strong evi-
dence supporting the feasibility of implementing the
proposed control algorithm to construct a practical
profile scanning control system for laser welding ap-
plications. However, it is essential to consider opti-
mizing the sampling time and ensuring that the con-
trol parameters adhere to allowable limits to attain
profiles with even higher accuracy.
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Table 4: Parameters for quadrate profile

Parameter inputs
Tscan = 1ms
N =100
dtreqr = 0.01ms
h =30 mm

d =200 mm

Description
Profile scanning period
Number of sampling
Time sampling
Distance from two centers of mirrors G1 and G2

Distance from mirror centers to profile-screen

Parameter function (cubic spline interpolation) of 8-figured profile:

breaks: [0 1.5708 4.7124 6.2832 7.8540 10.9956 12.5664]
pieces: 6, order: 4, dim: 2
coefs: [12x4 double]:

-0.1170 -0.0475 1.0000 O
0.1843 -0.6948 0 2.0000
0.1277 -0.5990 -0.0155 1.0000
-0.0369 0.1737 -0.8185 1.0000
-0.1284 0.6050 0.0031 -1.0000
0.1843 -0.1737 -0.8185 -1.0000
-0.1284 0.0000 0.9534 0
-0.1843 0.6948 -0.0000 -2.0000
0.1277 -0.6050 0.0031 1.0000
0.0369 -0.1737 0.8185 -1.0000
-0.1170 0.5990 -0.0155 -1.0000
-0.1843 0.1737 0.8185 1.0000

Table 5: The simulation results for circular profile

treal (S) t(S) wi (rad/s)
0 0 0
le-05 0.062832 -1.7153
2e-05 0.12566 -3.4239
3e-05 0.1885 -5.1189
0.00098 6.1575 3.4239
0.00099 6.2204 1.7153
0.001 6.2832 -9.2067e-11

w; (rad/s) Ag (rad) Ap(rad)
31.416 0.0043478 0
31.354 0.0043478 0.00031416
31.168 0.0043306 0.0006277
30.859 0.0042964 0.00093938
31.168 0.0042964 -

0.00062522
31.354 0.0043306 -

0.00031354
31.416 0.0043478 7.7516e-10

To further enhance the system’s performance, future
research can focus on refining and fine-tuning the
control algorithm, aiming to minimize any dispar-
ities between the obtained profiles and the desired
shapes. Real-world implementation and validation of
the control system within laser welding processes will
offer valuable insights and practical validation.

In summary, the research presented in this paper
paves the way for the advancement and application
of sophisticated profile scanning control systems in
fiber laser welding, enabling enhanced welding qual-

ity, precision, and adaptability. The ongoing devel-
opment of such control systems holds the potential to
revolutionize laser welding technology and contribute
to its broader adoption across various industries.

ABBREVIATIONS
DAC: Analog to digital convertion
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Table 6: The simulation results for quadrate profile

trear (S) t(s) W, (rad/s) W, (rad/s) A (rad) Ap (rad)
0 0 17.391 0 0 0
le-05 0.04 17.391 0 0.00017391 0
2e-05 0.08 17.391 0 0.00034783 0
3e-05 012 17.391 0 0.00052174 0
0.00098 3.92 3.602e-11 -20 5.1779e-09 0.0004
0.00099 3.96 1.801e-11 -20 5.1779e-09 0.0002
0.001 4 4.5024e-16 -20 5.1779e-09  4.9999¢-09
Table 7: The simulation results for 8-figured profile
trear (8) t(s) W, (rad/s) w; (rad/s) Ag (rad) A B (rad)
0 0 52.425 0 0 0.0099997
5e-06 0.060291 52.248 -4.9474 0.00026212 0.0099997
le-05 0.1208 51.746 -9.669 0.00052337 0.0099749
1.5e-05 0.18132 50.969 -14.108 0.0007821 0.0099266
0.00099 12.446 51.746 9.67 - 0.0099228
0.00051922
0.000995 12.506 52.248 4.9482 - 0.0099712
0.00026048
0.001 12.567 52.425 -0.017668 7.5671e-07 0.0099959
c ‘0.3
rotation angle G1
45 : 8 rotation angle G2
controlled profile 4 ,‘” \
profile by param function /
5 o 35 /
//." S N E 3 /
0.5 / \ .g: 2 :’J’
= / 2 /
g [ \ st
0 7 \
\ / 0.5
\ /,’ 0 \
05 \\ // 0 02 o Time(:s 08 1 .m‘vaz
s \.\\ //
“ S Figure 7: Rotation anglesover real time for quadrate
1 0.5 0 05 1 profile

Y(mm)

Figure 6: Circular profiles bycontrol and by param-
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TOM TAT

Bai bao trinh bay nghién ctu trén nhiéu khia canh trong viéc thiét ké va phat trién hé théng diéu
khién quét bién dang hai truc tién tién ho trg trong cong nghé han laser sgi quang. Hé théng bao
gom hai guong dién ké déng vai trd then chét trong viéc diéu khién dé dat duoc bién dang laser
mong mudn vaéi do chinh xac cao va phuc tap, gidi quyét hiéu qua nhimg thach thiic cé hitu trong
viéc kiém sodt ing dung nhiét trong cac quy trinh han trudc day. Bai bao trinh bay mot cach mach
lac, day du mo hinh todn hoc clia hé théng, bao gém cac phuong trinh déng hoc thuédn va nghich
chi phéi cac géc quay va van téc goc clia guang. Cac phuong trinh nay thiét 1ap méi quan hé co
ban gitra chuyén déng clia guong va bién dang laser thu dugc, gitp hiéu sau hon vé cac co ché
ki€m soat va diéu khién. D€ dam bao hiéu suat t6i uu, mot thuat toan dugc nhom tac gia dé xuat
dé diéu khién mot cach hiéu qua cac chuyén déng clia guong, xem xét can than thoi gian &y mau
va cac gidi han van hanh, tir d6 cung cdp mét cach tiép can toan dién va hiéu qua dé kiém soat
hé théng. Cac m6 phong trén MATLAB dugc tién hanh dé danh gid hiéu qua va tinh chinh xac cla
thuat toan, cung cép cac bang chiing hiu hinh vé kha nang dat dugc bién dang laser mong muédn
mot cach chinh xac va co thé diéu chinh. Phuong phap han st dung hé théng diéu khién quét
bién dang hai truc thé hién nhimg uu diém dang ké so vdi cac phuong phap han thong thudng,
mang lai su linh hoat va kha nang kiém soét téi da ddi véi dang hinh hoc ctia méi han. Tinh linh
hoat nay cho phép han cac vat liéu mong va cac bd phan phic tap véi dé chinh xéc vugt troi va tén
that nhiét t&i thiéu, do d6 ma rong pham vi tng dung trong cac nganh céng nghiép khac nhau,
bao gom & t6, dién tir va thiét biy té. Ngoai linh vuc han, hé théng diéu khién ducc phét trién thé
hién tiém nang to Ién cho céc Uing dung I6n hon trong xU ly vat liéu, sdn xuat phu gia va cac quy
trinh ché tao c6 do chinh xac cao, ti€p tuc cling cé vi tri clia nd nhu mét cong cu o vai trd bién déi
trong san xudt va tu dong hoéa hién dai. Tém lai, bai bdo nghién cu nay déng gop mot phan quan
trong cho su phat trién clia cong nghé han laser sgi quang bang cach gidi thiéu mot hé théng diéu
khién quét bién dang hai truc tién tién. Kha nang tao ra cac bién dang laser cé dé chinh xac va tinh
phuc tap cao cla hé théng nay mang dén tiém nang cach mang héa quy trinh néi kim loai, trao
guyén cho céc nha san xuat vai kha nang linh hoat va kiém soét tot hon déi véi dang hinh hoc clia
moi han. Déng thai kha nang ing dung réng réi ctia né trong cac Ung dung cé déd chinh xac cao
mang dén nhiéu hifa hen cho cac nganh cong nghiép, danh dau moét budc quan trong doi vdi viec
tién hanh cac quy trinh san xuat tién tién va hiéu qua.

Tu khoa: Cong nghé han laser sgi quang, may quét laser, codng nghé han khéng tiép xuc, guong
dién ké

Trich dan bai bao nay: Khuyén N T, Anh N D, Phudc T Q. Nghién citu thiét ké hé théng diéu khién quét
bién dang hai truc hé trg trong cong nghé han laser sgi quang. VNUHCM J. Eng. Technol. 2026;
9(3):3067-3078.
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