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Abstract 

The Laser Powder Bed Fusion (LPBF) process is composed of a recursive operation of 

spreading a layer of powder followed by melting particles through laser scanning. The properties 

of fabricated components, such as density, tensile strength, and elongation, significantly depend 

on the quality of spread powder. A powder that is deemed flowable through traditional flowability 

tests, such as the Hausner ratio or angle of repose, may display poor spreadability in LPBF, 

creating defects in the fabricated components. This research investigated the effects of layer 

thickness and recoating velocity on the powder-bed surface roughness in the LPBF process. A 

high-accuracy powder spreading setup was constructed to perform the powder spreadability 

experiments. The powder-bed surface roughness was measured using a laser profiler. The results 

show that by increasing the layer thickness, the surface roughness decreases while increasing the 

recoating velocity worsens the surface roughness. 
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1. Introduction 

The conventional manufacturing methods include many steps, such as machining, forming, 

assembling, welding, etc. [1–3]. The material and part handling among these steps can be very 

time-consuming in addition to the labor cost that each of these steps takes to proceed with the 

production process. The advent of Additive Manufacturing (AM) decreased the need for several 

of these steps as it fabricates the parts in a single-step layer-based manufacturing fashion [4]. In 

AM processes, the part geometry data is sliced into several layers and is given to the AM machine. 

The material feedstock will be used to fabricate each part’s layer. The final component is fabricated 

by repeating the material injection and production process for all part’s layers. Due to this layer-

by-layer manufacturing process, the fabrication of high-complex geometry components with high 

accuracy and desirable part properties is possible.  

Depending on the type of AM process, the format of material feedstock is different. For 

instance, Laser Foil Printing (LFP) uses metal foils while Fused Deposition Modeling (FDM) uses 

filaments [5–10]. The powder is another widespread material format in AM, especially in powder-
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based AM processes [11–14]. Due to the higher formability of powder material, it is beneficial in 

fabricating parts with highly-complicated geometries. However, the specific fabrication conditions 

of AM, such as the creation of very thin layers, may adversely affect the powder characteristics 

and consequently deteriorate the powder performance, in terms of powder spreadability. 

The first step of fabricating each part’s layer in powder-based AM methods is delivering 

the powder feedstock. As the delivered powder contributes to the fabrication of a single layer at a 

time, it should be deposited on the build plate (substrate) with the thickness of a part’s layer 

[15,16]. The properties of this powder layer may influence the quality of fabricated parts [17]. 

Each powder layer should be highly-dense with low surface roughness to result in the desired part 

features, including low porosity, high mechanical properties, and high dimensional accuracy. Also, 

the powder should be rapidly delivered for each part's layer to minimize the fabrication time and 

maximize the process efficiency. Thus, the powder should be spread with a specific recoating 

velocity (RV) and layer thickness (LT) to quickly create a dense powder layer with low surface 

roughness. 

Many researchers in recent years have studied powder spreadability and its dependence on 

spreading process parameters. As no spreadability metric was commonly used in the AM 

community, the researchers proposed some spreadability metrics and examined their validity. 

These spreadability metrics have been reported and extensively discussed in a comprehensive 

review paper by Sehhat et al. [18]. The observed empty areas on the substrate with various LTs 

were reported by Ahmed et al. [19]; they found that the lower layer thicknesses resulted in a greater 

number of empty areas on the substrate. Cordova et al. [20] proposed the relative density as the 

powder spreadability metric; defined as the ratio of apparent density over material density (ρ), the 

relative density was evaluated in two different recoater designs. The funnel recoater, in which the 

particles were pushed down by the gravity forces of overhead particles, deposited a greater number 

of particles on the substrate and resulted in a higher relative density as the gravity forces dominated 

the Van der Waals forces among particles. Zhang et al. [21] considered the powder bed density as 

a powder spreadability metric; they found that powder bed density deteriorates at high RV and low 

LT due to powder splash and particle jamming, respectively. Surface roughness of spread powder 

was considered as a spreadability metric in a study by Parteli et al. [22], where higher RV resulted 

in larger surface roughness, i.e., lower spreadability. 

In this paper, the influence of the spreading process parameters, including RV and LT, on 

powder surface roughness has been experimentally evaluated. A powder spreading setup was 

fabricated to emulate the similar spreading conditions of LPBF. The trends for obtaining lower 

powder surface roughness were determined. The rest of this paper is organized as follows: Section 

2 provides the information on the used material and the fabricated spreading setup for performing 

spreadability experiments. Section 3 discusses the experimental procedure followed by the results 

and discussion in terms of the impact of RV and LT on powder surface roughness. 

 

2. Material and Methods 

2.1. Material 
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The gas-atomized stainless steel 304L powder with size distribution of 15-45 µm was 

provided from LPW Technology Ltd (Carpenter Technology Corp, USA). 

 

2.2. Experimental Setup 

2.2.1. Gantry System 

As shown in Figure 1, the spreading setup is comprised of a gantry system, a high-speed 

laser profiler, a build plate, and a recoater. The gantry system includes four stepper motors to 

provide the motion in three directions. The motion in Y-axis is supported with two stepper motors 

which are wired together to create the same speed and motion accuracy at both ends of the axis. 

The motion resolution of the gantry system is 1 µm which makes it reliable for adjusting the layer 

thickness. The motion in X- and Y-directions are belt-driven while the Z-axis is being driven via 

a ball-screw. The system is being controlled using G-codes. 

 

Figure 1. The powder spreading setup with its components. 

2.2.2. High Speed Laser Profiler 

For measuring the surface roughness of the spread powder, utilization of a profiler is 

necessary. The non-contact high frequency (170 to 5000 Hz) laser profiler Gocator 2320 (LMI 

Technologies Inc., Canada) was used to scan the surface of spread powder. The sensor works based 

on the triangulation principle and emits a laser line, including 1280 number of points, on the target 

which in this case is powder’s top surface. The gap between the emitted points depends on the 

distance from the target to the laser. The length of laser line that appears on the target is called 

field of view, which can be changed from 18 mm (near field of view) to 26 mm (far field of view). 

Figure 2 shows the clearance distance (the required minimum distance between the sensor emitter 

and target) and measurement range (the vertical range that laser can detect the target, starting from 

the clearance distance to far field of view). If the laser is closer to the target, the distance between 

1280 points would be smaller and the resolution of measurement in horizontal direction (X-axis) 

is higher; by increasing the distance between the laser and target, the points would be farther away, 
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which results in decreasing the resolution. The data sheet of sensor is shown in Table 1. The 

resolution of sensor in Z direction is 1.8 µm at the near field of view and 3 µm at the far field of 

view. Thus, for having higher resolution in both X and Z directions, the laser was placed in the 

closest distance from the build plate. 

  
(a) (b) 

Figure 2. Laser profiler for scanning surface roughness, (a) sensor dimensional characteristics, 

(b) the emitted laser line on the target during scanning. 

Table 1. Specifications of laser profiler 

 Gocator 2320 (mm) 

Data points/profile 1280 

Resolution Z 0.0018 - 0.0030 

Resolution X (Profile data interval) 0.014 – 0.021 

Clearance Distance (CD) 40 

Measurement Range (MR) 25 

Field of View (FOV) 18 - 26 

Laser class 2 

 

2.2.3. Build Plate and Recoater 

In LPBF process, the fabrication of parts is through melting and fusion of powder particles 

which are spread on the substrate or the precedent layers. The powder spreading inside the building 

chamber of LPBF machine plays an important role on the final part’s mechanical properties. In 

order to investigate the powder spreadability within the LPBF process, the same conditions of 

machine’s building chamber should be emulated in the powder spreading setup to make a true 

comparison. For meeting this need, the same powder recoater and build plate that are being used 

in a Renishaw AM250 machine were utilized in the spreading setup (see Figure 1). The recoater 

contact point with the powder is a silicon rod with diameter of 8 mm. 

3. Experimental Procedure 
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In this study, the powder spreadability was studied in terms of powder bed surface 

roughness. The variable factors were recoating velocity (RV) and layer thickness (LT). For the 

purpose of emulating the same conditions as the Renishaw AM250, the maximum level for RV 

was selected the same as the maximum recoating velocity in the machine which is 130 mm/s. 

Considering the value of 130 mm/s as the 100% of RV, 4 levels of 25% (32.5 mm/s), 50% (65 

mm/s), 75% (97.5 mm/s), and 100% (130 mm/s) were selected for performing the experiments. 

Also, 3 levels of 30, 50, and 70 µm were chosen for LT, as they are commonly used in LPBF 

process. Adjustment of RV and LT was performed through the CNC program of the gantry system. 

The powder surface roughness was considered as the response variable for statistical analysis. To 

evaluate the results’ repeatability, each experiment was replicated three times, and their mean and 

standard deviation were reported. 

The powder surface roughness was measured by the MountainsMap® software [23,24]. 

Figure 3a is an instance of the top-view of a powder layer spread with RV 25% and LT 30 µm. 

The software can generate the surface roughness Ra parameter for each scanned profile. As shown 

in Figure 3b, for measurement of surface roughness per spreading experiment, 12 profiles (with 

10 mm gap distance) of the scanned surface were selected, and their individual Ra was measured. 

Then, the mean and standard deviation of those 12 Ra values were reported as powder layer’s 

surface roughness. 

 
 

(a) (b) 

Figure 3. An instance of the spread powder (spreading parameters: RV=25% and LT=30 µm), (a) 

top-view of the spread layer, (b) 12 chosen profiles for measurement of Ra. 

4. Results and Discussion 
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To examine whether the surface profiles of a spread powder layer stay the same along the 

spreading direction, the plots of 12 recorded surface profiles for parameter set RV 25 and LT 30 

were generated and are shown in Table 2. As can be seen, except the width of the spread powder 

layer, the surface plots show quite similar profiles along the spreading direction with almost 

constant surface roughness; this indicates that the surface roughness of a spread layer stays 

constant regardless of the location along the spreading direction. 

Table 2. Impact of RV on surface profiles of powder layers spread with a constant LT 30 

Y 

(mm) 
Surface profiles Ra 

(μm) 

Y 

(mm) 
Surface profiles Ra 

(μm) 

120 

 

 

1.545 60 

 

 

1.540 

110 

 

 

1.546 50 

 

 

1.547 
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100 

 

 

1.540 40 

 

1.543 

90 

 

 

1.541 30 

 

 

1.542 

80 

 

 

1.545 20 

 

 

1.541 
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70 

 

 

1.543 10 

 

1.549 

 

To assess the impact of RV on the powder layers spread with a constant LT 30, the surface 

profiles and their corresponding Ra values at a representative location along the spreading 

direction Y60 are shown in Table 3. Increasing the RV resulted in a layer with higher surface 

roughness. The increased surface roughness when increasing RV can be observed in the surface 

profiles of corresponding spread layers. Increasing the RV from 25 to 100% considerably 

increased the powder surface roughness. This behavior can be explained by the increased 

momentum of particles at higher RV; as the particles are being pushed faster, they maintain their 

gained speed for a longer distance and in an arbitrary direction. This inorganized particle motion 

causes particles to deposit at random locations, creating empty areas on the substrate, and leaving 

empty space among particles which then will be transformed to porosity in the fabricated LPBF 

parts. 

Table 3. Impact of RV on surface profiles of powder layers spread with a constant LT 30 at the 

middle of spread layer Y60, (a) RV 25, (b) RV 50, (c) RV 75, (d) RV 100 

(a) 
Ra 

(μm) 
(b) 

Ra 

(μm) 

 

 
 

1.54 

 

 
 

1.75 

(c) 
Ra 

(μm) 
(d) 

Ra 

(μm) 

621



 

 
 

1.86 

 

 
 

1.96 

 

In addition, to evaluate the impact of LT on powder layers spread with a constant RV 100, 

the surface profiles and their corresponding Ra values at a representative location along the 

spreading direction Y60 are shown in Table 4. The surface roughness of the spread layer slightly 

decreased when using larger LTs; this is mainly because the powder particles are packed to the 

larger underneath material thickness. 

Table 4. Impact of layer thickness on surface roughness of powder layers spread with a constant 

recoating velocity 100% at the middle of spread layer Y60, (a) LT 30, (b) LT 50, (c) LT70 

  
Ra 

(μm) 

(a) 

 

 
 

1.59 
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(b) 

 
 

1.57 

(c) 

 

 
 

1.54 

 

5. Conclusion 

In this study, the powder performance in terms of layer’s surface roughness in the spreading 

step of LPBF process was experimentally investigated. An accurate spreading setup was fabricated 

which adjusts the spreading parameters, including recoating velocity (RV) and Layer thickness 

(LT), spreads a powder layer, and collects a point cloud of powder layer’s top surface using a laser 

profiler. The dependence of powder surface roughness on the spreading process parameters 

showed that a lower surface roughness was obtained with lower RV due to the more organized 

particle motion associated with slower speed and less momentum. LT also influenced the surface 

roughness where a larger LT slightly improved the powder surface roughness as more powder was 

packed underneath the recoater. 
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