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Abstract: The surface of Q345 steel are coated with the Fe62 alloy powder by the synchronous powder 
feeding method and the prepositioned powder feeding method. The impacts of the two methods on the 
laser pool forming rate and the temperature field are tested and analyzed with a Charge-Coupled Device 
(CCD) colorimetric thermometer. The results indicate that the laser pool has faster forming rate, more 
stable and homogeneous temperature field with the synchronous powder feeding method than the 
prepositioned powder feeding method under the same conditions. The outcomes are of great significant to 
optimize the process of the laser additive enhancement technology. 
Keywords: Laser Additive Enhancement; Temperature Detection; Synchronous Powder Feeding; 
Prepositioned Powder Feeding

1.Introduction 
Laser additive enhancement is a new surface 
modification technology emerging with the development 
of high-power lasers in the 1970s. During the laser 
additive enhancement, inside the melt pool lie high 
energy, momentum, and mass transfer, which resulted in 
heat transmission, convection, and mass transfer. These 
directly affect the metallurgical performance and surface 
quality of laser for remanufacturing [1]. By detecting the 
distribution of the laser melt pool temperature field, we 
analyzed the energy, momentum, and mass transfer in 
the process of additive enhancement. The analysis is of 
great significance to the development and application of 
laser additive manufacturing (LAM) [2]. 

Laser additive enhanced power feeding methods 
usually refer to synchronous powder feeding and 
prepositioned powder feeding. The former is to use a 
gas-borne powder feeder, through which laser cladding 
powder can be directly delivered into a spot and form a 
cladding layer as moving along with the spot on the 
workpiece surface. The latter is to place the power on the 
path of the laser spot in advance. With moving of the 
spot, the prepositioned powder together with the 
substrate is melted and hardened to have a laser 
formation layer. The two methods have direct impacts on 
the quality of the laser additive enhancement formation 
layer due to different powder melting processes [3]. 

Based on the experiment that Q345 steel was used as 
a substrate, Fe62 as powder, and laser additive 
enhancement was carried out by two methods of 
synchronous powder feeding and prepositioned powder 

feeding, this paper studied the distribution of the laser 
melt pool temperature field and analyzed the melt pool 
formation and the change of the temperature field of two 
powder feeding methods. The experiment indicated that 
under the same condition, the synchronous powder 
feeding method could achieve faster melt pool 
stabilization and more uniform distribution of the 
temperature field as opposed to the prepositioned 
powder feeding. At the same time, the study results of 
this paper lay a theoretical and experimental foundation 
for the optimization of the laser additive enhancement in 
the application process [4]. 

2 Test Materials and Methods 
Q345 steel is used as a substrate, cladding powder is 
Fe62, and the powder particle size is in the range of 
80-115μm. A high-power optical fiber laser is used as a 
laser source in the experiment, the laser power is 
2,000W, the spot diameter is 5mm, the focal length is 
200mm, and the movement speed is 3mm/s. 

Before the test, we closed up the melt pool 
temperature field to monitor the dynamic balance state of 
a CCD camera and adjusted the installation angle and 
position and focal length of a lens. The change of the 
melt pool temperature field in the process of laser 
additive enhancement is observed via the synchronous 
and prepositioned powder feeding methods. Pneumatic 
powder feeder is adopted to feed powder and 
prepositioned powder feeding thickness is 3mm. 
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3 Experiment Results and Analysis 

3.1 Dynamic Process and Analysis of Melt Pool 
Temperature Field in Laser Additive 
Enhancement of Synchronous Powder Feeding 

Figure 1 shows the melt pool temperature field at 
different moments when laser additive enhanced feeding 
of Fe62 metal powder. The laser is turned off at 19.82s. 
It can be noted from the figure that as slag and powder 
generated by melting Fe62 powder fall in, the heat 
radiation and transmission of the laser melt pool is 
remarkably decreased, and the heat radiation brightness 
at the central part of the melt pool turns dark. However, 
the temperature of the laser melt pool doesn’t see any 
decrease. 

  
（a）0.25s             （b）0.36s 

  
（c）0.44s             （d）0.58s 

  
（e）0.67s             （f）18s 

  
（g）19.64s            （h）19.82s 

Figure 1 Heat Radiation Imaging of Lateral Powder 
Feeding Melt Pool 

When laser radiates at 0.25s, a part of powder is 
melted. At this time, the temperature of the melting part 
is about 1600K and heat rises at the speed of 8×103 K/s. 
As time passes, melted powder is increasing fast, and the 
size of the formed laser melt pool turns larger fast. At 

0.36s, the size is about 1.5mm. At 0.44s, it is about 
2.0mm while at 0.58s, it is increased to 3mm. The result 
shows that in the initial process, the melt pool area has 
extremely high heating speed. Furthermore, melting 
starts from the center of the laser spot, then the size of 
the melt pool increases rapidly. Until 0.67s, the melt pool 
enters the basically stable state. The average temperature 
of the melt pool remains at 1800K, and the size of the 
melt pool is about 3mm. 

 
（a）0.25s             （b）0.36s 

 
（c）0.44s             （d）0.58s 

  
（e）0.67s            （f）18s 

 
（g）19.64s           （h）19.82s 

Figure 2 Temperature Field Distribution of Lateral 
Powder Feeding Melt Pool 

Under the condition that powder feed, laser power, 
and processing speed remain constant, the temperature 
distribution of the melt pool is stable, and so is the size 
of the melt pool, which is about 3mm. At 19.64s since 
the laser was turned off, the temperature of the laser melt 
pool goes down rapidly, the melt pool shows obvious 
gradient distribution of temperature. These indicated that 
when the laser heat input was cut off, heat transmission 
of the workpiece is interrupted and the temperature of 
the melt pool rapidly decreases. At 19.82s, no heat 
radiation images can be seen [5]. 
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3.2 Dynamic Process and Analysis of Melt Pool 
Temperature Field in Laser Additive 
Enhancement of Prepositioned Powder Feeding 

Figure 3 illustrates the heat radiation of the laser melt 
pool at different moments when powder is prepositioned. 
At 0.25s, the melt pool generally becomes stable and 
complete. At 19.82 the laser is turned off, the heat 
radiation of the laser melt pool is gone fast. 

  
（a）0.25s             （b）0.36s 

  
（c）0.44s             （d）0.58s 

  
（g）19.64s            （h）19.82s 

  
（g）19.64s           （h）19.82s 

Figure 3 Heat Radiation Imaging of Dynamic Process of 
Powder Prepositioned Laser Cladding 

At the very beginning, an impurity was burned up 
and it can be seen that the flame is substantially 
symmetric to the center of the melt pool. From the 
beginning to 0.25s, only a part of powder was not melted, 
so that an incomplete melt pool was formed. At 0.25s, a 
complete melt pool is basically formed and starts turning 
stable. It can be seen from the photos of the temperature 
distribution between 0.67s and 19.64s, the laser melt 
pool presents a stable distribution. 

Figure 4 shows the temperature field distribution of 
the laser additive enhancement melt pool when powder 
is prepositioned. With the prepositioned powder feeding 
method, the melting point of Fe62 powder is about 
1100℃, lower than the substrate (the melting point of 45 

steel is at 1433℃). A laser beam firstly radiates the 
powder, and the powder can be melted fast to be a melt 
pool due to its high absorptivity [6]. 

 
（a）0.25s             （b）0.36s 

 
（c）0.44s             （d）0.58s 

 
（g）19.64s            （h）19.82s 

 
（g）19.64s           （h）19.82s 

Figure 4 Temperature Field Distribution of Powder 
Prepositioned Laser Cladding 

By comparing the changes of the melt pool 
temperature fields caused by the laser additive enhanced 
synchronous and prepositioned powder feeding methods, 
we found that the laser melt pool can be stable at fast and 
the temperature distribution more uniform under the 
powder feeding circumference [7]. Through analysis, 
during the laser additive enhancement, it can be seen that 
the powder of the synchronous powder feeding 
technology is heated uniformly, the heating area is the 
laser spot area, and the heat of the powder is transferred 
too insufficient to melt the powder. By contrast, the 
prepositioned powder feeding technology will transfer a 
part of heat to the powder around during the powder 
melting, and powder performance is exposed to oxygen 
and nitrogen in the air during heating, so the formation 
speed of the melt pool is slower and the formation 
quality is not as good as that of the synchronous powder 
feeding technology. However, when the melt pools 
formed by the prepositioned powder feeding and 
synchronous powder feeding methods remain stable, the 
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average temperature of the melt pool formed by the 
former is higher than the melt pool formed by the latter. 
This result plays a good guidance role in the laser 
additive enhancement technology [8-10]. 

4 Conclusions 
1) In the process of laser additive enhancement, the 
quality of the formation layer can be controlled by the 
temperature field distribution and the size of the melt 
pool. It takes some time for the melt pool to be stable. 
According to the time and processing speed, the 
processing volume can be calculated in advance. In the 
stable state, the size of the melt pool may vary to some 
extent and the variation has to be taken into 
consideration during processing. 

2) Also in this process, the average temperature 
before the formation of the melt pool is higher than that 
of the stable melt pool. This indicates that laser can 
generate a melt pool at instant high temperature, when 
the temperature is stable, so is the melt pool. 

3) The analysis on the changes of the temperature 
fields from the synchronous and prepositioned powder 
feeding method of laser additive enhancement indicated 
that by the former method, powder is stably heated and 
the temperature distribution of the laser melt pool is 
uniform, and correspondingly the formation quality is 
better than that of the latter method. 
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