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Abstract
Advanced high strength steel (AHSS) has been widely used in automobile components due to its good lightweight effect 
and high safety. 3D laser cutting is the most dominant method for removing material from AHSS. However, the springback 
in the whole manufacturing process severely causes 3D laser cutting path deviations. To improve the cutting accuracy, a 
novel 3D laser cutting path compensation method considering the springback transfer is proposed in this paper. The AHSS 
A-pillar is used to investigate the springback behavior in the whole process. The hot stamping finite element model and 3D 
laser cutting finite element model are established, respectively. Through the finite element simulation analysis, the accuracy 
evolution law of the part during the whole process is discussed. Based on the accuracy evolution law of the hot stamping and 
the accuracy evolution law of the laser cutting process, the proposed compensation method is employed to modify the laser 
cutting path. The modified path is then applied to a 3D laser cutting experiment. The experimental results show that the devia-
tion value is reduced by about 15% compared with the conventional 3D laser cutting process. The proposed 3D laser cutting 
path compensation method shows the advantage of high accuracy, which can also effectively improve production efficiency.

Keywords 3D laser cutting path · Path compensation · Springback · Advanced high strength steel (AHSS)

Introduction

In recent years, AHSS parts have been employed in 
automobiles, guaranteeing crash safety and meeting the 
development trend of lightweight [1, 2]. After the hot 
stamping process, 3D laser cutting technology is usu-
ally used to remove the workpiece material as the parts’ 
strength usually reaches 1500 MPa. The 3D laser cut-
ting is an advanced material cutting technology with the 
advantages of high accuracy, high speed, and small heat-
affected zone. 3D laser cutting is usually influenced only 
by the melting point of the material and almost not by the 
strength. Therefore, as an essential process for processing 
AHSS parts, the accuracy of 3D laser cutting strongly 
affects the final accuracy of the part.

For the 3D laser cutting process, different parameters 
have different effects on 3D laser cutting accuracy. Many 
kinds of research have been conducted around process 
parameter design and optimization. Miraoui et al. [3] studied 
the effect of process parameters on the melting zone depth 

 * Zhili Hu 
 zhilihuhit@163.com

 * Qiu Pang 
 pqiu@wust.edu.cn

1 Hubei Key Laboratory of Advanced Technology 
for Automotive Components, Wuhan University 
of Technology, Wuhan 430070, China

2 Hubei Longzhong Laboratory, Xiangyang 441000, Hubei, 
China

3 Hubei Research Center for New Energy & Intelligent 
Connected Vehicle, Wuhan University of Technology, 
Wuhan 430070, China

4 Hubei Engineering Research Center for Green & Precision 
Material Forming, Wuhan University of Technology, 
Wuhan 430070, China

5 School of Machinery and Automation, Wuhan University 
of Science and Technology, Wuhan 430081, China

6 Dongfeng (Wuhan) Industrial Co., Ltd., Wuhan 430040, 
China

/ Published online: 29 December 2022

International Journal of Material Forming (2023) 16:12

http://crossmark.crossref.org/dialog/?doi=10.1007/s12289-022-01734-z&domain=pdf


1 3

and heat-affected zone depth. It was found that increasing 
the laser cutting speed, decreasing the laser power, and laser 
beam diameter can reduce the melting zone depth and heat-
affected zone depth. Russo et al. [4] found that the laser 
cutting speed has the most significant influence on the cut-
ting quality of hot-stamped boron steel sheets. In order to 
obtain better process parameters, some advanced optimiza-
tion methods have been employed in many previous kinds 
of research. The process parameters for laser cutting of 
composite laminates were optimized based on the response 
surface methodology [5]. The response surface methodology 
can also be adopted to develop mathematical models for geo-
metrical quality characteristics [6]. Compared to Taguchi's 
method, Nguyen et al. [7] found that the response surface 
method has better elucidation of the interaction effects of 
each process parameter. Madić et al. [8] used the exhaus-
tive iterative search algorithm to achieve the optimization 
of laser cutting parameters.

Many literatures also focus on the quality of the laser 
cutting kerf, such as roughness, slag size, etc. For kerf qual-
ity, Shrivastava et al. [9] investigated the effect of cutting 
parameters on top kerf width and bottom kerf width using 
the response surface method, and the genetic algorithm was 
employed to optimize the response surface model. Based on 
this, Girdu et al. [10] also used this approach to obtain more 
specific cutting parameters such as laser cutting power, the 
pressure of the auxiliary gas, and cutting speed to obtain 
higher quality cuts. As for roughness, the literature [11–14] 
have studied the effect of laser cutting process parameters 
on the surface roughness of the workpiece. Many literatures 
also reported the law of the influence of process parameters 
on the size of floating slag during laser cutting and some 
relevant prediction models based on some intelligent algo-
rithms have been proposed [15–17]. Many scholars have 
also studied cutting efficiency based on satisfying the cut-
ting accuracy. Shin et al.[18] developed a new cutting head 
with a longer focal length to achieve high-speed cutting of 
thick steel plates. Oh et al. [19] found that supersonic laser 
cutting not only allows for more considerable cutting dis-
tances, but also increases efficiency. Rodrigues et al. [20] 
investigated the maximum cutting speed achieved for a given 
plate thickness. Based on this, Shin et al. [21] found that 
the cutting speed could be further increased by tilting the 
cutting head by 15°.

From the above literature, it is clear that optimizing the 
laser cutting process parameters can improve the forming 
quality of the cut part, guarantee the forming accuracy and 
improve the cutting efficiency. However, in the actual pro-
cessing and production process, the contour accuracy of the 
workpiece is still not high, and the commissioning period is 
extended. Probably, this is due to the errors in the dimen-
sions of the workpiece itself when it is cut by the laser. One 
of the primary sources of errors occurring in the workpiece 

is springback. The springback occurs mainly in two aspects: 
the first one is the springback generated after hot stamping 
[22–27]. The second one is that the laser cutting clamps 
cause elastic deformation of the workpiece, causing dimen-
sional errors that reduce laser cutting accuracy. Li et al. 
[28] found that the positioning accuracy of the workpiece 
could be improved by optimizing the clamping force of the 
fixture. Abedini et al. [29] used a genetic algorithm to opti-
mize the clamping layout to improve positioning accuracy. 
As reported in the literature [30, 31], especially for thin-
walled components with low stiffness, the fixture undergoes 
large elastic deformation during clamping. Therefore, the 
clamping of the fixture during laser cutting resulting in off-
setting of the workpiece from cut's original position, cannot 
be ignored. Huang et al. [32] proposed a two-dimensional 
contour compensation system, in which a non-contact sen-
sor is used to detect errors. After compensation, the contour 
accuracy is improved by 80% at high feed rates.

Due to the unloading of forming force, clamping, and 
other factors, the workpiece will produce unavoidable 
springback. The springback leads to long commission-
ing cycles, low accuracy, low efficiency, and high cost in 
stamping or laser cutting processes. Figure 1 shows the main 
forming processes of the AHSS part. After the hot stamping 
process, if the 3D laser cutting path is executed according to 
the original path, the contour profile or the holes will pro-
duce specific errors. These errors directly affect the cutting 
accuracy of parts. Hence, the compensation of the 3D laser 
cutting path for springback parts is significant.

In this paper, a new method, a 3D laser cutting single 
path compensation method considering springback trans-
fer, is proposed. The remainder of this paper is organized 
as follows. In Section "3D laser cutting path compensation 
method considering springback transfer", The motivation for 
proposing this method is clarified, and the specific compen-
sation of this new method is presented. In Section "Experi-
mental and numerical simulation", numerical simulations 
and experiments of hot stamping and laser cutting are done. 
The compensation of the path based on the new method is 
performed and verified by experiments. In Section "Conclu-
sions", the main findings of the research work are concluded.

3D laser cutting path compensation method 
considering springback transfer

3D laser cutting is the last process in the hot stamping line 
for AHSS. The numerical simulation should fully consider 
the impact of the previous process on the workpiece. The 
whole numerical simulation process should include sheet 
stamping, die unloading, hole cutting, trimming, and other 
processes. The state of the workpiece after stamping and 
unloading is the initial state of the 3D laser cutting and 
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trimming. 3D laser cutting is an orderly time-sharing pro-
cess, and each section's cutting result will impact the cut-
ting accuracy of the subsequent section. In the production 
process, the clamps will be closed sequentially according 
to the cutting order to ensure that there will be no interfer-
ence with the cutting head while ensuring the clamping of 
the workpiece. In summary, the two major contributors to 
deviations in the laser cutting path are the springback of 
the workpiece after hot stamping and the springback caused 
by the clamping of the laser cutting clamps. The existing 
studies on springback compensation for AHSS parts usually 
focus on one process. The transfer of rebound between the 
main processes is not traditionally considered. That results 
in the need to repeatedly adjust the parameters of the stamp-
ing process or the 3D laser cutting process.

Figure  2 shows a process comparison between con-
ventional springback compensation and novel springback 

compensation for the AHSS part. In the traditional process, 
an AHSS workpiece is hot stamped to form an intermedi-
ate part. The intermediate part is cooled and sent to a laser 
cutting platform where holes and contours will be cut. To 
reduce the impact of springback on forming accuracy, multi-
ple path compensations for laser cutting or multiple die face 
compensations and process optimization in the hot stamping 
process are usually required. This constant commissioning 
leads to high costs and low efficiency. We found that the 
reason for the above problem is mainly because the spring-
back of the previous process is not considered to affect the 
subsequent process. Firstly, the clamp is also designed by 
the standard numerical model, and clamping will lead to 
elastic deformation of the workpiece and then affect the cut-
ting path. Secondly, the cutting path is also designed by the 
standard numerical model, and there is deviation when cut-
ting the workpiece with springback. Therefore, we propose a 

Fig. 1  3D Laser cutting deviations in the whole manufacturing processes of AHSS part
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laser cutting path compensation process considering spring-
back transfer. This process can reduce the number of laser 
cutting commissioning, improve the cutting accuracy, and 
obtain parts with a higher qualification rate.

How to compensate for the cutting path is an urgent 
problem to be solved. Figure 3 shows the diagram of the 
springback of 3D laser cutting. The springback value in the 
XY plane affects the cutting contour, the springback in the 
Z direction affects the profile, and the characteristic point 
A is the point on the original laser-cut standard workpiece. 
In fact, due to the springback, the position of the cut point 
becomes A’. Then for the coordinates of the feature point 
A, the values to be compensated in the 3D coordinates are: 
Δx, Δy and Δz. The HSHSS parts are usually complex, and 
the rebound value of each point cannot be obtained accu-
rately. Numerical simulation is used to obtain the rebound 
values for each segment of the cutting path at the feature 

points in three directions. Based on the springback values, 
the 3D coordinates of each feature point are compensated. 
The compensation values are imported into the path genera-
tion CNC software to generate a new path. The new path is 
subsequently used to cut the workpiece, thereby improving 
the accuracy of the laser cutting.

Experimental and numerical simulation

Material and structure of part

The hot stamping structural part of AHSS used in this work 
is an A-pillar of a specific type of automobile. The mate-
rial is 22MnB5, and its chemical composition is shown in 
Table 1. The data of chemical composition for 22MnB5 
are from Baoshan Iron & Steel Co.,Ltd, which have been 

Fig. 2  Comparison of tradi-
tional process and new process

Fig.3  The springback in 3D 
laser cutting
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tested and verified. The mechanical properties are shown 
in Table 2. The geometric model of the A-pillar structure is 
shown in Fig. 4. The thickness is 1.4 mm, the part length is 
1237 mm, the width is 325 mm, and the height is 176 mm. 
The 3D laser cutting outline length is 4262 mm. The toler-
ance requirement of the part is also shown in Fig. 4.

3D laser cutting machine

The 3D laser cutting machine used in the experiment is the 
3D laser cutting machine produced by Prima, Italy. The 
machine type is Laser Next LN1530-3D, and the laser type 
is IPG YLS-3000, as shown in Fig. 5. During the cutting 
process, the six clamps are closed and opened sequentially 
to avoid interference with the cutting head and complete 
each structure's cutting (e.g., holes, edges, etc.) smoothly. 
The main cutting parameters during the cutting process are 
laser power 2800 W, cutting speed 16 m/min, auxiliary gas 
pressure 12 bar, and frequency 1000 Hz.

Numerical simulation of springback

Finite element model of hot stamping

The hot stamping finite element model of the A-pillar was 
established by Autoform R7 sheet forming finite element 
software. Currently, Autoform R7 is more widely available 
commercially, making it easy to use the techniques in this 
paper for production trials. The 3D model of the part was 
expanded in the software to obtain a preliminary sheet. The 
sheet was set as an elastoplastic body, the material was set 
as 22MnB5, which comes with the software, the thickness 
was 1.4 mm, and the temperature was set to 930 °C. The 
upper and lower molds are set as rigid bodies, and the upper 

and lower mold temperatures are set to 85 °C. The grid ele-
ment division function that comes with the software is used 
to establish the blank element grid. The maximum element 
angle is 22.5°, the maximum element size is 40 mm, and the 
element type is EPS-11. The holding time is set to 8 s, the 
friction coefficient between the mold and the sheet is set to 
0.45, and the stamping speed is set to 1500 mm/s. In order to 
prevent the sheet from shifting during the stamping process, 
positioning pins are placed according to the actual process-
ing requirements. The established finite element model of 
hot stamping is shown in Fig. 6.

3D laser cutting finite element model

The laser cutting process can be seen as a rapid movement of 
the heat source over the surface of the workpiece. The laser 
heat source is loaded onto the workpiece surface and moves 
forward in the cutting direction. The laser heat source model 
is chosen as a semi-ellipsoidal heat source, and the heat flow 
density expression of the heat source model is:

where P is the three-dimensional laser cutting power, W; v is 
the cutting speed, m/s; a, b and c are the heat source model 
parameters m. The values of each parameter are P = 2800 W, 
v = 0.26 m/s, and the spot radius is 0.0001 m.

The literature presented in the introduction shows that the 
laser cutting heat source has a negligible influence on the 
deformation at the kerf with the optimized process param-
eters. Significantly, the trimming tool in the Autoform soft-
ware is approximated as a laser cutting beam to ensure the 
continuity of the multi-step simulation and the accuracy 
transfer effect.

To ensure the accuracy of the 3D laser cutting springback 
simulation, the simulation is calculated according to the cut-
ting sequence of the actual 3D laser cutting. The cutting pro-
cess is mainly divided into the removal of the material inside 
the sheet (holes) and the removal of the material outside the 
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Table 1  The main chemical 
composition of 22MnB5 (mass 
fraction, %)

Ceq C Mn Si P S Al Cr B Ti N

0.55 0.25 1.7 0.4 0.03 0.01 0.06 0.5 0.055 0.05 0.009

Table 2  The mechanical properties of 22MnB5

Parameter Yield strength/MPa Tensile strength/MPa

After hot forming 1100 1475

Fig. 4  3D model of A-pillar 
with tolerance requirements
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sheet (contours). In the actual manufacturing process, the 
outer contour is segmented according to the processing order 
and the clamping of the clamps to trim the outer contour. 
Due to the clamping action of the clamps involved in the 
cutting process, there is more springback when cutting con-
tours and relatively little when cutting holes. Consequently, 
the order of cutting holes can be placed either before or 
after the cutting contour. In order to simplify the numerical 
simulation process and reduce the influence of errors, the 
order of cutting holes is placed after cutting contour dur-
ing the numerical simulation in this paper. Among them, 

The springback calculation is carried out sequentially in the 
processing order. The cutting sequence and cutting contour 
are shown in Fig. 7.

Result and discussion

As shown in Fig. 8, the springback transfer law of the part 
during hot press forming, laser cutting trimming, and hole 
cutting is investigated by taking four sections of the A-pillar 
part. Ten feature points are taken from each section, and 40 

Fig. 5  3D laser cutting platform

Fig.6  Hot stamping FE model 
of AHSS A-pillar
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uniformly arranged feature points are taken from the whole 
part. In the software, the position of the feature points can 
be changed with the forming process, which can realize the 
function of springback tracking in the whole process.

Springback law for hot stamping process

After the blank is heated to stamping temperature, it is trans-
ferred by a robot to a press for forming. After the forming 
is completed, springback usually occurs, i.e., a difference 

between the stamped and ideal stamped parts' dimensions. 
When the dimensional deviation caused by springback is too 
large, it is necessary to adjust the stamping process's param-
eters or modify the tool. When the dimensional deviation 
due to springback is within the tolerance range, the previous 
stamping process is not considered, and the part is moved 
to the following cutting process. In this case, the actual 
workpiece to be cut is the one that has been springbacked, 
not the theoretical one. In addition, the clamps on the laser 
cutting platform can also cause the workpiece to deform. 

Fig. 7  Cutting sequence and 
cutting contour

Fig. 8  Tracking points on sec-
tions
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During the cutting process, multiple clamps close and open 
in sequence, causing the entire force on the workpiece to 
change. The force state is changed in real-time. Since the 
path of laser cutting is usually programmed according to 
the contour and holes on the standard model, there is a big 
difference between this ideal path and the actual path. The 
dimensional accuracy of the final cut finished part is not 
satisfactory, leading to constant cutting process debugging.

Therefore, the springback transfer law is first obtained 
after stamping, and the cut trim punching model is sub-
sequently modified according to the springback law. The 
springback results of the stamping process are shown in 
Fig. 9. These results are from numerical simulations. The 
springback of the stamping process body structure member 
grows transversely from the center to both ends. Longitudi-
nally, it increases from the center line of the body structure 
to both sides. However, although these errors impact the 
subsequent laser cutting process, they are within the toler-
ances required by the hot stamping process. Consequently, 

Fig. 9  Normal springback of stamping process

Fig. 10  Springback in the cutting process from step 1 to step 4
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the subsequent process analysis can be performed in the 
finite element process.

Springback law for 3D laser cutting process

During the 3D laser cutting process, the laser cutting head 
cuts the workpiece along a programmed path. The clamps 

will open and close sequentially to avoid interference with 
the laser cutting head. At this time, each clamp clamping and 
unclamping will lead to errors in the 3D laser cutting process 
because of the springback in the previous process. The outer 
contour cutting process of the workpiece is divided into four 
zones 1,2,3 and 4 (see Fig. 7). The cutting process is carried 
out smoothly according to the four zones. When cutting area 
1, the clamps in area 1 will be opened, and the clamps in 
other zones will remain clamped.

Springback during contour step cutting

The A-pillar structure is complex and has a particular cur-
vature, and each section has a different shape. Thus, each 
zone of the part has a different extent of deformation. Con-
ventional laser cutting simulations usually do not consider 
the effect of clamping conditions on cutting accuracy. In 
this paper, the idea of step-by-step cutting is proposed to 
investigate the springback during laser cutting. As shown in 
the cutting platform in Fig. 5, there are six clamps in total. 
In the cutting process, it usually appears that one clamp is 
opened when five clamps are clamped, or two clamps are 
opened when four clamps are clamped.

Figure 10a shows the step-by-step diagram of the spring-
back of the part during the cutting of the edge in the first 
step. The results in Fig. 10a are from numerical simulations. 

Fig. 11  Springback distribution during laser cutting holes

Fig. 12  Compensation process 
in combination with numerical 
results
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At this point, clamps 1 and 2 are in the unclamped state and 
clamps 3, 4, 5, and 6 are in the clamped state. The feature 
points 1 and 10 on each cross-section represent the feature 
values on the contour, respectively. Sections A-A and D-D 
evolve from positive springback to negative springback. 
The changes in cross-sections B-B and C–C are relatively 
smooth. This indicates the torsional rebound of the work-
piece due to the residual stress. The cutting trajectory of this 
section is compensated by the reverse of the rebound value 
of the feature point, respectively, and the coordinates of the 
feature point are changed.

Figure 10b shows the step-by-step diagram of the spring-
back of the part during the second step of cutting the edge. 
The results in Fig. 10b are from numerical simulations. 
Clamps 2 and 3 are in the unclamped state and clamps 1, 4, 
5, and 6 are in the clamped state. The unclamping of clamp 
3 at sections B-B leads to a considerable rebound of the 
feature points 1 to 10, which shows a trend of increasing 
and then gradually becoming smooth in the section. For sec-
tion D-D, as clamp 1 changed from unclamped to clamped, 
at this time, the characteristic points 7, 8, 9, and 10 of the 
cross-section all experienced large negative springback, 
indicating the more significant influence of each clamp state 
on the springback of the workpiece.

Figure 10c is a step-by-step diagram of the springback 
of the part during the cutting of the edge in the third step. 
The results in Fig. 10c are from numerical simulations. 

Currently, clamps 4 and 5 are in the unclamped state, and 
clamps 1, 2, 3, and 6 are in the clamped state. The charac-
teristic points of sections A-A and B-B near clamps 4 and 5 
occurs springback in the opposite direction. The maximum 
springback value reaches about 1.4 mm, which is beyond the 
required tolerance range of the workpiece.

Figure 10d shows the step-by-step diagram of the part's 
springback during the fourth step's cutting process. The 
results in Fig. 10d are from numerical simulations. Clamps 
5 and 6 are in a loose state, and clamps 1, 2, 3, and 4 are 
in a clamped state. Due to the clamping of the clamps, the 
springback values on both sections A-A and B-B tend to 
decrease relative to the previous step, but the springback 
values at feature point 10 on each section are relatively large.

According to the above description, during laser cut-
ting of the workpiece contour, the change in the clamping 
state of the clamp leads to further springback changes in the 
workpiece where springback has already occurred. In addi-
tion, the change occurs in real-time during the laser cutting 
process, mainly in the tendency of the springback of the 
clamped part to change in the opposite direction when the 
clamps of the clamped part are released.

Springback during holes cutting

Figure 11 shows the springback distribution during laser 
cutting holes. The results in Fig. 11 are from numerical 

Fig. 13   3D cutting path diagram
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simulations. During laser cutting of the holes, all clamps 
were closed. The last closed clamps 5 and 6 resulted in a 
reverse distribution of springback values at the character-
istic points on cross-sections C–C and D-D. The variation 
of springback on cross-section A-A and cross-section B-B 
is relatively small. This laser cutting step is the last cut-
ting process, and the springback at this point determines the 
accuracy of the part machined throughout the process. Once 
the part is placed on the inspection tool for passing inspec-
tion, it is sent to the following process. However, it is clear 

that this part's springback values on sections C–C and D-D 
have exceeded the allowed tolerances.

Laser cutting path compensation

Due to the springback of the part, the cutting path of the 
part is changed. The conventional cutting process usu-
ally ignores the changed cutting path. Hence, the path of 
each segment should be compensated separately in reverse 
according to the springback values. In the laser cutting 

Fig. 14  Cutting paths before and after compensation
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process, the contours of the workpiece are processed as 
straight lines, circular arcs and other features. Each fea-
ture has specific position coordinates for its position in 
3D space. The position coordinates can be modified in the 
path code and the path before and after the modification 
can be previewed in the CncPreview software.

As shown in Fig. 12, a circular hole cutting process is 
used to describe the path compensation method by com-
bining the of numerical results. First, after obtaining the 
springback values for each feature point at each step, the 
springback components can be obtained specifically for 
each direction, and each component is easily obtained in 
the numerical simulation. The magnitude and direction of 

Fig. 15  A-pillar 3D laser cut-
ting parts and inspection tools

Table 3  Measured values of 
tracking points on the contour

Tracking point Tolerance/mm Measured 
value/mm

Tracking point Tolerance/mm Measured 
value/mm

T01 (+ 0.2, -0.8) -0.18 T12 (+ 0.2, -0.8) -0.17
T02 (+ 0.2, -0.8) -0.22 T13 (+ 0.2, -0.8) 0.20
T03 (+ 0.2, -0.8) -0.25 T14 (+ 0.2, -0.8) -0.18
T04 (+ 0.2, -0.8) -0.09 T15 (+ 0.2, -0.8) 0.20
T05 (+ 0.2, -0.8) -0.06 T16 (+ 0.2, -0.8) -0.23
T06 (+ 0.2, -0.8) -0.14 T17 (+ 0.2, -0.8) -0.65
T07 (+ 0.2, -0.8) -0.07 T18 (+ 0.2, -0.8) 0.14
T08 (+ 0.2, -0.8) 0.15 T19 (+ 0.2, -0.8) 0.15
T09 (+ 0.2, -0.8) -0.02 T20 (+ 0.2, -0.8) -0.45
T10 (+ 0.2, -0.8) -0.07 T21 (+ 0.2, -0.8) 0.49
T11 (+ 0.2, -0.8) 0.05
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each feature point is then added to the original coordinates in 
the original code. For example, for a straight line determined 
at two points, when the first coordinate point is modified 
but not the second, then the path of the line is changed. 
When the cut is a circular arc or circle, then we change the 
coordinates of the centre of the circle. In these ways, the 
compensation can be imported into the curve.

The components of each coordinate axis direction in the 
3D software will be imported into the cutting path software 
CNCPreview for adjustment. The results of the numerical 
simulation are used to modify the results generated accord-
ing to the standard 3D model. Follow the above process 
to compensate for unqualified contour and get the best 3D 
cutting path, as shown in Fig. 13. The comparison of the 
contour before and after compensation in the xy-coordi-
nate plane is shown in Fig. 14. The compensated path is 
imported into the 3D laser cutting machine for cutting pro-
cess operation.

Experimental verification

As shown in Fig. 15, after obtaining the laser cutting path by 
the method mentioned above, the laser cutting experiment 
is carried out on the workpiece after hot stamping. Then the 
workpiece is put on the designed checker for inspection. 
Among them, the checker mainly consists of a support table, 
a clamp, and a related ruler to measure the dimensional devi-
ation of the workpiece. The locations of the 21 points being 
measured are shown by the serial numbers.

The contour errors measured on the inspection tool are 
shown in Table 3, and Fig. 16 compares of the measured 
errors after compensation and the errors without compensa-
tion. These results are from experiments. After compensa-
tion, it is found that the error of each profile and contour can 

be limited to a greater extent within the tolerance range and 
meet the accuracy requirements. The compensated 3D laser 
cutting experiment verifies the effectiveness of the above 
springback compensation method. The novel compensation 
method effectively improves the 3D laser cutting accuracy, 
reduces the debugging time, and improves the production 
efficiency.

After the hot stamping process forms the workpiece, a 
certain amount of springback has occurred. The springback 
causes a specific deviation between the semi-finished parts 
and the 3D digital model, leading to the 3D laser cutting 
path deviation. In the process of 3D laser cutting, due to 
the change of clamping force and stress release caused by 
material removal, the parts will produce further rebound 
changes, resulting in further deviation of the 3D laser cutting 
path. The cutting experiment is conducted by compensating 
for the 3D laser cutting path. The experiment results show 
that the compensation method proposed in this paper can 
effectively reduce the contour and profile errors caused by 
springback.

Conclusions

In this work, a novel process based on improving 3D laser 
cutting accuracy is proposed for the problem of reduced 
laser cutting accuracy due to the springback. The cutting 
path is compensated by the 3D laser cutting single path com-
pensation method considering springback transfer, and the 
following main conclusions are obtained through numerical 
simulation and experimental verification.

1 A full-process springback simulation model for hot 
stamping and 3D laser cutting of the A-pillar was estab-
lished. The hot stamping parts will produce springback 
due to residual stresses. The clamps have a more signifi-
cant influence on the springback of the workpiece during 
the laser cutting process. This is mainly demonstrated 
by the tendency of the part to springback in the opposite 
direction of the springback method when the clamp is 
changed from the clamped state to the unclamped state, 
which is consistent with the actual process. Therefore, 
the established springback simulation can effectively 
predict the overall trend of springback deformation.

2 Based on the proposed compensation method of spring-
back, the optimized cutting contour to meet the 3D laser 
cutting accuracy is obtained. The effectiveness of the 
compensation method is verified by 3D laser cutting 
experiment. The contour springback error is reduced 
by 15%, which effectively improves the 3D laser cut-
ting accuracy of the advanced AHSS part and meets the 
accuracy requirements.

Fig. 16  Contrast of measured error values
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3 In this research, we found that the cutting accuracy can 
be improved to a certain extent due to laser cutting com-
pensation. That eliminates the need to repeatedly com-
pensate the cutting path or modify the die surface of the 
hot stamping mold compared to the conventional pro-
cess. In addition, this compensation method can improve 
the efficiency of laser cutting of AHSS parts and reduce 
manufacturing costs. The research can provide theoreti-
cal guidance for the practical production of the AHSS 
part.

4 The feasibility of the proposed path compensation 
method is verified by actual part production. In the 
future, we will combine machine learning methods to 
establish a digital and intelligent laser cutting platform 
to implement prediction and compensation of laser cut-
ting accuracy, reduce manual commissioning cycles and 
improve production efficiency.
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