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ABSTRACT 

Wire Arc Additive Manufacturing (WAAM) enables the fabrication of large-scale metallic components 

with a high deposition rate (2-3 kg/hr) [1]. However, this additive process can be susceptible to thermal 

accumulation which can negatively affect geometrical and mechanical characteristics. This study 

investigates the influence of two temperature control strategies: fixed dwell time and interpass 

temperature control (200 °C threshold), during the development of ER70S-6 thin-walled structures 

using the WAAM-Cold Metal Transfer (CMT) process. Mechanical and microstructural analysis were 

conducted. Comparatively, the interpass temperature control strategy increased the mean ultimate 

tensile strength by 13.42% against fixed dwell-time, while producing an improved homogenous 

microstructure and therefore reducing the variation within the deposition. These findings 

demonstrate the importance of thermal management in enhancing WAAM component quality and 

consistency. 
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1. INTRODUCTION 

Temperature control is critical to control thermal accumulation, microstructural development, and 

geometric stability of as-built depositions [2]. There are two main temperature control methods, fixed 

time and interpass temperature control. Liberini et al. [3] displays the use of fixed dwell time (60s) as 

a measure to alleviate thermal accumulation. Costa et al. [4] has highlighted that for ER70S-6, 

maintaining an interpass temperature of approximately 200°C provides a balanced deposition, strong 

fusion between layers, stable bead geometry and a more uniform microstructure through the build.  

2. MATERIALS AND METHODS 

Single-track thin-walled depositions consisting of 60 layers were manufactured using a KUKA KR16-

HW robotic system equipped with a Fronius TPS400i CMT power source. Depositions were produced 

using ER70S-6 wire with the following process parameters: wire feed speed; 3.50 m/min, travel speed, 

0.75 m/min; voltage, 0.75 V; current; 129 A. Two processing strategies were investigated. 

Fixed Dwell Time (FDT): 60 second fixed dwell time between layers (based off ER70S-6 cooling rate 

using selected parameters) and Interpass Temperature Control (ITC): subsequent layer temperature of 

200°C to initiate the deposition of next layer.  

Mechanical behaviours of tensile coupons extracted at 0°, 45°, and 90° orientations relative to 

the substrate were analysed using an EWN-W100K Universal Test Machine, equipped with a 20 kN 

load cell in accordance with ASTM A370 [5]. Three-dimensional (3D) microhardness mapping 

(recorded using Future-tech FM-800 Microhardness Tester), surface waviness, effective wall thickness, 

grain size and microstructural analysis were also conducted (Using Leica DMi8 for micrographs and 

image processing).   

3. RESULTS 

The FDT samples displayed orientation-dependent behaviour, with the highest Ultimate Tensile 

Strength (UTS) recorded at 0° (574.21 ±48.71 MPa) and the lowest at 90° (480.76 ±66.37 MPa) as shown 

in Table 1. ITC samples demonstrated improved consistency and mechanical performance. Maximum 

UTS reached 651.28 ±67.79 MPa at 90°. Mean hardness increased from 153.02 ±8.87 HV in the FDT 

condition to 168.84 ±4.22 HV under ITC. Grain size was also refined from 52.14 ±76.59 µm² in the FDT 

to 25.38 ±16.46 µm² in ITC (Table 1). 
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Table 1 - perties of fixed dwell time and interpass temperature control depositions  

0° 45° 90° 
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 Furthermore, ITC reduced the manufacturing time from 83.8 min to 72.7 min while reducing 

surface waviness from 0.7 mm to 0.4 mm and improving effective wall thickness by 0.3 mm. 

 Mean Vickers 

Hardness 

(HV) 

Mean 

Grain Size 

(µm2) 

Max 

Surface 

Waviness 

Effective 

Wall 

Thickness 

Total 

Deposition 

Time (mins) 

Mechanical and geometrical pro

Ultimate Tensile 

Strength (MPa) 

FDT 547.21

±48.71

502.55

±97.05

 

 

480.76 

±66.37 

 

 

153.02 

±8.87 

52.14 

±76.59 

0.7 

±0.2 

(mm) 

2.9 

±0.2 

(mm) 

83.8 

 

 

ITC 621.71

±9.39 

595.59

±90.07

 651.28 

±67.79 

 

 

 168.84 

±4.22 

25.38 

±16.46 

0.4 

±0.1 

3.2 

±0.1 

72.7 

 

4. DISCUSSION 

The results demonstrate a strong relationship between

thermal history, microstructure, and mechanica

performance. Fixed dwell deposition produced larger grain

structures and greater anisotropy due to therma

accumulation during multilayer fabrication. Interpas

temperature control provided the most balanced solution by

regulating thermal accumulation throughout the build

process. Maintaining the ambient temperature at 200 °C

provided relatively consistent cooling conditions, promoting

grain refinement and a more homogeneous microstructur

(Fig. 1), which contributed to improved hardnes

distribution, tensile properties, and reduced anisotropy. Th

simultaneous reduction in manufacturing time furthe

highlights its industrial potential for WAAM applications.  
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5. CONCLUSIONS 
This study demonstrates that deposition strategy

significantly influences the mechanical and metallurgica

performance of ER70S-6 WAAM-CMT multilayer thin-wall 

structures. 

 

l 
Figure 1 - Micrograph of ER70S-6 

depositions manufactured using a) FDT 

b) ITC  
• FDT depositions exhibited a more anisotropic tensile 

behaviour. 

 

• ITC depositions improved tensile strength (13.61%), hardness distribution (10.34%), and 

microstructural homogeneity. 

 

• Effective wall thickness increased from 2.9 mm (FDT) to 3.2 mm (ITC) and decreased surface 

waviness from 0.7 mm (FDT) to 0.4 mm (ITC) 

 

• Grain size was reduced by approximately 51% compared with the FDT condition.  

• Manufacturing time was reduced by 11.1 minutes compared with FDT deposition. 
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