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Abstract: The fabrication of complex-shaped parts by direct metal deposition (DMD) requires multi-axis machining for 

the realization of part overhangs. For this purpose, the machine kinematics needs to be considered and suitable process 

parameters have to be developed. The aim of the present study is to assess the deposited layer height stability in the multi -

axis DMD process for different process parameters. An analytical model was used to predict local layer height instabilities 

and validated for different experimental conditions. The layer height was analyzed by optical measurements and it was shown 

that local variations of the deposition speed caused by the rotary axis can lead to local material overbuild. The model 

successfully predicted the critical locations, such that it can be applied in future to more complex geometries that require 

multi-axis interpolation. 
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1. Introduction 

Direct Metal Deposition (DMD) is a process that involves the 

creation of a melt pool with a laser beam into which metal powder 

is injected 1). The applications of the DMD process include part 

fabrication or different components repairs. Usually, deposition 

units are installed on multi-axis machines for better accessibility 

and fabrication of complex geometries. The usage of multi-axis 

machines allows to build parts with relatively large overhangs, but 

can have difficulties with a path planning or process limitations 2). 

In DMD, the final characteristics are affected by many factors 

(laser power, speed, powder flow, etc.). The above mentioned 

parameters affect the layer height and thickness. Therefore, 

process parameters should be optimized for successful fabrication 

of the final part because it has a critical impact on geometrical 

accuracy, process stability, and the overall quality of the product3). 

In the multi-axis processes, a higher number of the factors due to 

additional limitations, such as slicing techniques or turning table 

speed limitation affects the layer height more. Due to that fact, the 

process requires a control system. To avoid additional sensors an 

analytical model is used in the NC-code preparation stage for the 

necessary height control. 

The aim of the present study is to validate an analytical model 

for local layer height overdeposition prediction and assess the 

deposited layer height stability in the multi-axis DMD process for 

different process parameters. 

2. Materials and methods 

The nickel-based superalloy Inconel 718 was selected as a 

material for the specimens. A 5-axis combined milling machine 

GF HPM 450 U with a retrofitted laser processing system was 

used for additive manufacturing. The machine tool has three linear 

axes, X, Y and Z, and two rotary axes, B and C, which allow both 

5-axis machining and laser deposition. Additive manufacturing of 

the DMD structures was performed with the integrated laser 

processing system HMT Ambit S5 that includes an IPG fiber laser 

and an Ambit cladding head. The theoretical spot size of the laser 

is 3 mm and the resulting melt pool width approximately 2 mm. 

Argon is used for shielding, nozzle protection, and powder carrier 

gas at flow rates of 8 l/min, 4 l/min, and 4 l/min, respectively. 

Test specimens were manufactured with the parameters listed in 

Table 1. 4-axis cladding (XYZC) was used for the specimens’ 

fabrication. The process parameters were chosen based on a 

previously made parameter study. For clearer calculations and 

better clarity each specimen consists of two layers. 

Table 1. Process parameters 

Parameter 

set 

Contour 

speed, 

mm/min 

Raster 

speed, 

mm/min 

Laser 

power, 

W 

Powder 

flow, 

g/min 

Layer Z 

increment, 

mm 

Normal 

speed 
200 335 1000 3 0.8 

High 

speed 
400 670 1000 3 0.8 

For the 3D-model discretization, DMD tool path calculation, 

and layer height stability prediction, a self-developed research 

CAM (RCAM) software was used as described by Eisenbarth et 

al. 4-6). RCAM software has been developed in MATLAB that 

creates the tool path for a given CAD model and adds points in a 

constant distance, typically the size of the melt pool. For each 

point on the path, an adapted laser power is assigned to the NC-

code. Besides that, the software shows a calculated rotational (C-

axis) speed on a 3D-model (Fig.1) and highlights the areas with a 

higher probability of layer height instability. The calculation 

based on the fact that the maintenance of a constant laser 

movement speed is necessary to achieve a stable cladding process. 

It is not always possible for multi-axis processes due to limitation 

of speed of the rotational axes. The height profiles of the 

specimens were measured with a laser line sensor Micro-Epsilon 

scanCONTROL 2900-50/BL. 

3. Results and discussion 

Fig.1 shows an image of the test geometry (“high speed” set) with 

predicted layer height instability zones. Depending on the color (light blue 

to purple), the relative speeds of the rotary table at each point of the 
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workpiece are indicated respectively. The red highlighted areas are where 

the model calculates that the rotational speed of the turning table exceeds 

the maximal achievable speed. These areas are prone to layer height 

imperfections (overbuild). This is due to the laser speed being too high for 

this geometry (tips with a radius of 1.5 mm) what leads to the inability to 

rotate the machine table fast enough at the turning point. Thus, it can lead 

to unstable layer heights and an inability to complete the part, as observed 

next. 

Fig.2 illustrates the obtained samples. The lower specimen (fast speed) 

shows a notable overbuilding at the tips of the edges. 

 

Fig. 2. Obtained specimens 

 
Fig.3 displays the linear profiles of these specimens. The specimen 

fabricated with “normal speed” parameter set shows relatively stable layer 

height as the difference in height between the middle part and the tips is 

0.5 mm. For the “high speed” specimen the difference is 1.7 mm (Fig.3). 

The layer height instability of more than 1.5mm cannot be neglected due 

to the geometrical requirements for the top layer and due to the risk of 

collision of the head and the part after 3-4 layers of deposition. 

 

 

Fig. 3. Height profiles of the obtained specimens 

The layer height overdeposition increases with increasing of the laser 

speed. It happens due to the turning table speed limitations and small radius 

of the tip, which leads to inability of maintenance constant cladding speed 

at the turning point. Therefore, the laser head stays longer on the tip during 

the turning movement and deposition lasts longer then required, what 

cause the overbuilding. 

4. Conclusions 

An analytical model was successfully tested and showed 

efficiency in prediction of critical locations in the multi-axis 

building strategies. Thus, the developed model can be applied for 

more complicated geometries that require multi-axis deposition. 
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Fig. 1. Prediction of the layer instable regions of the part. Light 

blue – rotational speed of the turning table (C-axis) is 0, purple -  

rotational speed of the turning table (C-axis) is maximal, red -  

rotational speed of the turning table (C-axis) exceeds the maximal 


