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Abstract 

Dip-Brazing is a metal-joining process in which two or more metal items are joined together using a low-temperature melting 
element as filler. In telecommunication field, this process is used to fabricate radar antenna systems. The process begins with the 
assembly of the parts constituting the antenna and the thin filler sheet used to join the parts. The mechanical deformations of the 
micro-pins of the parts allow to obtain a more compact mechanical assembly, before than the antenna system is subjected to an 
immersion cycle used for adjoining the parts. In this work, we present the design of the robotic cell to automate the assembly 
procedure in the aluminum dip-brazing of antenna in MBDA missile systems. In particular, we propose a robotic cell using two 
stations: i) assembly, using a SCARA manipulator; ii) riveting, using a three-axis cartesian robot designed for positioning a radial 
riveting unit. Motion control of the robots and scheduling of the operations is presented. Experiments simulated in a virtual 
environment show an almost perfect tracking of the designed trajectories. The standardization of the procedure as well as the 
reduction of its execution time is thus achieved for the industrial scenario.  
 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 27th International Conference on Flexible Automation and 
Intelligent Manufacturing. 

Keywords: radar antennas; manufacturing automation; robotic assembly; industrial robots; motion control. 

 

 
* Corresponding author. Tel.: +39-081-768-2464; fax: +39-081-768-2464. 

E-mail address: stanislao.grazioso@unina.it 

© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientific committee of the 27th International Conference on Flexible Automation and 
Intelligent Manufacturing

http://crossmark.crossref.org/dialog/?doi=10.1016/j.promfg.2017.07.123&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.promfg.2017.07.123&domain=pdf


398   Riccardo Signore et al.  /  Procedia Manufacturing   11  ( 2017 )  397 – 404 

1. Introduction 

A precise assembly of radar antenna systems (RAS) is a crucial step towards the efficient transmission and 
reception of signals [1]. The challenge in this procedure is due both to the small scale of the involved mechanical 
components and the high precision and accuracy required by the field. 
The industrial scenario behind this work is the manufacturing of RAS in MBDA1. Here, the current procedure to 
fabricate RAS involves a DIP-Brazing process to join the micro-mechanical components which will constitute the 
final system. 
The DIP-Brazing process [2] joins two or more pieces of metal by means of flowing a filler metal between the joint 
interfaces at a temperature below the melting point of the base metal, but above 900°F. The filler metal, upon 
cooling to the solid state, forms a strong metallic bond throughout the joined area. In aluminum parts as RAS, the 
filler metal is 88% aluminum and 12% silicon. The parts to be brazed, after a chemical washing, are assembled 
together with the filler metal preplaced as near the joint as possible. The assembly is then preheated in an air furnace 
up to 1025°F to insure uniform temperature and after it is immersed in a molten salt bath at 1095°F for the actual 
joining. The last operation is a washing, used to remove the salt on the assembly.  
As we can see in Fig. 1, the current procedure implemented in MBDA for aluminum DIP-Brazing of RAS involves 
three phases: 

1. Preparation of the components and their chemical washing. 
2. RAS assembly, divided in two phases: 

i. mounting 
ii. riveting  

3. Cycle of heating, immersion and washing. 

Since step 2 is manually performed by an expert operator, in this work we present the automatization of this phase 
by means of autonomous systems. We develop a robotic cell which articulates in two components, one for mounting 
the micro-mechanical components and one for riveting the pegs foreseen by the components design. This is a crucial 
step towards the achievement of a suitable assembly ready for the subsequent cycle of heating, immersion and 
washing. 

From now on, we indicate with Part A and Part B a simplified model of the components to be joined and with Filler 
Part the thin sheet of metal that constitutes the filler. The real drawings and CAD models of RAS and components 
are the sole property of MBDA, thus in the following simulations we refer to simplified models. 

The rest of the paper is organized as follows. In the remaining part of this section we report the related works in 
mounting and riveting which leveraged our design choices in the development of the robotic cell. Section 2 explains 
the methodology used to develop the robotic cell, whose design and control are presented in Section 3 and 4. Section 
5 shows the simulations of the controlled systems constituting the robotic cell and presents the results. Section 6 
concludes the paper and discusses future developments.  

1.1. Related work and technologies 

The mounting of micro-mechanical components using robotic systems and grippers in different manufacturing 
scenario is a well-known subject in literature [3-8].  
Currently, the most used industrial robots for assembly operations are: SCARA robots, for their selective 
compliance in the vertical plane [9]; six-axis robots, for their flexibility [10]; delta parallel robots (four and six-
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