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ABSTRACT 

The rotor of a cylindrical Slipring Assembly (SRA) has 

been re-designed based on a combination of Additive 

Manufacturing (AM), resin casting and machining. 

Whilst fulfilling all Form-Fit-Function (FFF) 

requirements derived from the existing SRA rotor design, 

the new design reduces the number of parts involved 

from 60 to 1 (considering a 30 channel rotor). This results 

in substantial shortening of the lead time (now 4 to 6 

weeks instead of 3 to 4 months) and manufacturing costs 

(-40%). 

A trade-off on the AM technologies and materials based 

on several breadboard models (BBMs) allowed to 

confirm Laser Powder Bed Fusion (LPBF) fusion and 

bronze as the most suitable process and material. The 

BBMs and their functional testing results were used to 

iterate on the design which led to the manufacturing and 

functional testing of a set of rotor Qualification Models 

(QMs). The QMs are currently integrated with 

conventional SRA stators and will follow the functional, 

performance, and environmental tests required to reach 

the TRL7. A set of “conventional” SRAs will be tested in 

parallel and the test results will be benchmarked to 

confirm the potential of this new rotor generation to 

supersede the current one. 

 

INTRODUCTION 

SRAs and industry 4.0 

SRAs are electrical continuity devices intended to 

transfer electrical signals from a stationary member to a 

rotating member. SRAs are present in many satellite sub-

systems such as Solar Arrays Drive Mechanisms 

(SADMs), Antenna Pointing Mechanisms, Control 

Momentum Gyroscopes and other instruments [1]. To 

respond to the new paradigm of Industry 4.0, RUAG Slip 

Rings SA (RSSR) is developing a new generation of 

SRAs whose objectives are driven by customer specific 

requirements on LEO/MEO/GEO markets. Those 

objectives are to guarantee short lead times, high 

throughput production and cost savings whilst keeping 

the highest reliability level. RSSR ongoing developments 

also seek at proposing highly optimized modular & 

configurable SRAs to precisely match the customer’s 

needs. As a central part of the SRA, the re-design of the 

rotor was a key pre-requisite to reach those objectives. 

Conventional SRA rotor architecture 

The physical architecture of SRA rotors relies on a 

precise manufacturing and assembly sequence involving 

many operations. As a rule of thumb, the number of 

components increases with the number of electrical 

channels to be included in the rotor, following a 

multiplication factor of 2 (cables excluded). In other 

words, each channel to be achieved involves three 

components: an insulating ring, a conductive ring and an 

electrical wire. Unsurprisingly, the manufacturing and 

assembly efforts tend to increase accordingly, as well as 

the probability of reliability issues. Furthermore, stacking 

conductive and insulating rings implies a long tolerance 

chain which makes it mandatory to achieve high 

dimensional precision for each component. As an 

example, a 30 channel SRA rotor involves the stacking 

of 60 rings. Considering a ring thickness tolerance of 

±10 μm, the overall track pitch deviation increases to 

± 600 μm, causing obvious design, machining and 

assembly challenges. To avoid the use of cables and 

reduce the number of components, a novel design 

concept based on an Additive Manufacturing process has 

been proposed and applied to the SRA rotor. 

 

 
Figure 1. Traditional architecture of a cylindrical SRA 

and picture of an SRA (stator left side, rotor right side) 



 

 

NEW GENERATION SRA ROTOR CONCEPT 

General concept 

The design concept illustrated by Fig. 2 relies on the 

additive manufacturing of a one-piece metallic structure 

comprising  a hull (1) and a plurality of  electrical wires 

(2), mechanically linked to the hull by means of 

sacrificial bridges (3) implemented at strategic locations. 

In a second step, the part is filled with an insulating 

material (4). After hardening of the insulating material, a 

conventional machining process is applied to remove the 

sacrificial bridges. The part resulting from this three-step 

sequence has functional built-in electrical wires whose 

terminations can take various shapes such as pierced 

terminals as per [2],  slipring contacts or many others. 

These terminations can be achieved as “as-built” net-

shapes or by means of post-AM machining. The 

structural hull may comprise additional features such as 

mechanical interfaces, reference surfaces, flexure 

elements, and others, all of them being achieved as net-

shapes or after a machining step. 

 
Figure 2. Schematic description of the general concept of 

mechanical parts featuring built-in electrical wires 

 

Concept implementation on real parts 

In this first example (Fig. 3), the general concept is 

applied on a mechanism to manufacture net-shape 

connector and wires which allow interfacing an actuator 

and a strain gauge sensor monitoring a flexure element. 

 

 

Figure 3. Compliant mechanism with built-in 8-pin 

male connector and electrical cables 

The second example is the SRA rotor whose resulting 

physical architecture is illustrated by the conceptual view 

of Fig. 4. The architecture includes cylindrical slip ring 

interfaces (3) on the wire termination “A” and soldering 

interfaces on the wire termination “B”. The rings are 

forming a one-piece structure with the sacrificial hull and 

bridges (2), as well as the central structure (1). After the 

casting and hardening of the insulating material (4), a 

machining step allows to remove the external hull and 

bridges and to machine the precision V-grooves on each 

individual ring. With standard machining equipment, the 

overall V-groove track pitch deviation technically 

achievable is no more than a few microns, i.e. two orders 

of magnitude below that obtained with the conventional 

architecture illustrated by Fig. 1. 

 
Figure 4. New rotor architecture concept 

 

SRA rotor Breadboard models detail design 

The detailed design illustrated by Fig. 5 comprises a total 

of 30 annular rings with an equal number of built-in wires 

spread all around the periphery of the rotor. Two designs 

were established to address two rotor sizes. For the 

product reference “404”, the external diameter of the 

rotor after final machining is a cylinder of 53 mm 

diameter and 50 mm height. This reference is the most 

challenging for the manufacturing since it involves the 

narrowest resin gap between the tracks. A second design 

was established for the product reference “507” (66 mm 

diameter and 85 mm height). Its larger size shall allow to 

assess the adaptability of the AM technologies tested. For 

both designs, notable characteristics of the design are:  

• “Pierced terminals” designed in accordance with [2], 

each one allowing to solder up to two AWG20 wires, 

• Conical cross-shape inner shell to reduce the amount 

of resin and allow the interfacing of the SRA shaft, 

• Built-in channels to inject the resin from the bottom 

and thus avoid projections and bubbles, 

• Machining interfaces and positioning references. 



 

 

SRA rotor Production workflow 

Fig. 6 shows the simplified rotor production workflow 

which starts with the additive manufacturing of the one-

piece structure. After cleaning, the electrical cables are 

soldered on the terminations and the resin is casted 

through the dedicated injection channels. After the curing 

of the resin, the rotor is machined to remove the outer 

shell and reveal the cylindrical conductive tracks 

separated by barriers. To ensure an optimal electrical 

contact with the stator brushes, the tracks are machined 

with a V-shape groove and plated with a precious metal 

alloy. The resulting part is illustrated by Fig. 8. 

 

 

 

Figure 5. Printed rotor structure (cross-section view) 

 

 

 

Figure 6. AM rotor workflow 

 

NEW SRA ROTOR PRODUCTION 

AM technology and material trade-off 

The two designs of Breadboard models (BBMs), namely 

rotor 404 and 507 (see dedicated section in previous 

page) were used to benchmark three different additive 

manufacturing technologies. For each, the materials were 

selected based on their availability for the process, their 

adequacy for the application, but also based on lessons 

learned from previous developments [3]. This 

preselection process resulted in the following selection: 

1. Laser Powder Bed Fusion (LPBF) 

a) Aluminum AlSi12,  

b) Pure copper, 1070 nm laser wavelength (red)  

c) Pure copper, 515 nm laser wavelength (green) 

d) Bronze CuSn10 

2. Binder Jetting (BJ) 

a) 60% stainless steel 316 infiltrated  

with 40% bronze CuSn10 

3. Investment Casting (IC) 

a) Bronze CuSn8P 

The trade-off was based on a set of 18 quality criteria 

pertaining to the following categories: 

• Critical features feasibility and part accuracy 

• Material & functional defect occurrences 

• Process adaptability to geometry modifications 

• Process applicability for industrialization 

These criteria were assessed with the following means: 

• Magnified visual inspections: 

o Critical geometries verification 

o External defects 

• X-ray CT scanning (Fig. 7): 

o Internal defects 

o Critical geometries measurements  

• 2D & 3D optical metrology 

o Critical geometries measurements  

o External defects 

• Terminals soldering test and solder inspection 

• Machined features tolerances 

• Electrical insulation and continuity measurements 

• Material and process verification tests on samples: 

o Tensile  

o Hardness 

o Density 

o Microstructure 

o Surface roughness before and after machining 



 

 

 

Figure 7. CT-scan reconstruction of the rotor 

 

BBMs Benchmarking results 

Binder jetting involves two showstoppers: (1) resin gap 

width inconsistency caused by the warpage occurring 

during the printing, debinding and sintering process of 

the green part and (2) internal defects arising from the 

infiltration step – a passive process driven by the 

capillary effects of bronze infiltrating the sintered part 

heated at 1100°C. Despite these drawbacks, this process 

has the major advantage that the design rules do not 

involve a 45° overhang limitation, as it is the case for 

LPBF. It must be stressed that this technology has 

evolved since the time the BBMs were manufactured. 

Hence, there is a nonzero probability that these 

showstoppers can be solved or circumvented. In 

particular, the use of pure copper now available for BJ 

could at least allow avoiding the issues arising from the 

infiltration process. 

Investment casting has three showstoppers: (1) the 

depth of the tracks is limited by the ability of the molten 

metal to propagate in volumes having a slim aspect ratio, 

(2) the presence of short-circuits caused by molten metal 

infiltration in cracks of the gypsum mold, (3) the quality 

of the parts which is not reproducible.  

 

To date, LPBF remains the best suited process for the 

SRA rotor application. The material choice is however 

less straightforward since Aluminum, Copper and 

Bronze suffer from specific but different limitations. 

Aluminum BBMs were successfully manufactured by 

LPBF but the reliability of the precious metal plating 

could not be guaranteed by the sub-contractors. The issue 

is currently the only showstopper for the application. 

Pure copper BBMS built by LPBF with a 1050 nm laser 

source were showing unacceptable residual porosity, 

even after a Hot Isostatic Pressing (HIP) treatment. It 

must be stressed that the absorptivity of copper in the 

infrared range is poor, which makes the control of the 

melt pool quite difficult and leads to porosity. This 

problem was solved by using an LPBF machine equipped 

with a 515 nm laser source. Nevertheless, the machining 

remains difficult and induces surface defects which affect 

the quality of the final plating. This process however 

remains promising if the machining issues can be solved 

by optimizing the process parameters. 

For the CuSn10 bronze BBMs, the critical geometries 

were achieved, the machined surfaces reached the surface 

quality criteria, and the geometries reached the 

tolerances. The terminals could be soldered, and the 

tracks were successfully plated according to the qualified 

process. Finally, the electrical insulation tests performed 

on two BBMs revealed only one short-circuit over the 

120 channels tested on four BBMs. The measurement of 

the material properties did not reveal any issues: the 

tensile test results reached the expectations for as-build 

bronze material, i.e. 370 MPa of yield strength, between 

495 and 550 MPa for the Ultimate Tensile Strength 

(UTS) with an elongation from 4.5 to 14.7%. The density 

measured by means of Archimedes method was between 

99.6 and 100%, while the micro-hardness values were 

between 140 and 170 HV. 

 

Trade-off conclusion 

The analysis of the benchmarking results led to the 

conclusion that LPBF and CuSn10 were the best options 

to manufacture the Qualification Model rotors (QMs).  

Despite the drawback of the 45° overhang limit 

pertaining to LPBF, this process showed the best 

reliability and adaptability to the two rotor sizes 

manufactured, namely 507 and 404. It must be stressed 

that the rotor 404 is the most critical size since it involves 

the narrowest resin gap between tracks with only 0.4 mm. 

The most probable cause of the short circuit detected on 

one of the 60 channels tested for the 404 module was 

attributed to a cleanliness issue (powder residues). This 

could not be firmly confirmed because of the resolution 

limit of the Computer Tomography but the experience 

suggests that such an isolated defect is not typical of a 

process failure. The continuity and isolation testing of the 

two 507 BBM rotors revealed no electrical defect 

 

Compared to aluminum which does not suffer from 

corrosion issues, the use of CuSn10 requires adequate 

means to avoid surface corrosion, which is a drawback. 

The corrosion could be prevented by implementing a 

nickel-plating step. Although this additional step adds 

complexity to the manufacturing workflow it also 

improves the solderability of the terminals. On another 

note, the advantage of CuSn10 over aluminum is that the 

precious metal plating procedure applied was identical to 

the one applied to the qualified procedure applied to the 

conventional rotors. 



 

 

Qualification Models design and production 

A few minor design adaptations were implemented to the 

rotors based on lessons learned (essentially alignment 

marks for machining). The designs of the jigs used for the 

casting and machining steps were adapted to improve 

their ergonomics (Fig. 8). On the process side, the 

duration of the ultrasonic cleaning step was increased to 

reduce the risk of powder residue and the layer of the 

nickel-plating was thickened to further improve the 

solderability of the terminals. 

Figure 8. 3D printed jigs for the two casting operations 

 

The inspection of the QMs after the LPBF step did not 

reveal any non-conformances. Similarly, the machining 

did not reveal any non-conformances, excepted the resin 

barriers between the tracks which could not be machined 

(Fig. 5). The root cause of this issue is associated with the 

way the rotors were clamped during the machining 

operation and a corrective action applied to the 

machining procedure should solve this issue. This non-

conformance was judged not critical for the qualification 

tests to come since the barriers are not involved in the 

primary function of the rotor. The casting operations 

were performed with more ease thanks to the update of 

the jigs and the soldering of the terminals confirmed that 

the thicker nickel-plating layer improved the wettability 

of the surface to the solder flux.  

 

Figure 9. Optical metrology inspection of the rotor 

Qualification Models functional testing 

  The first QM successfully passed the electrical isolation 

and continuity tests and could be plated with the precious 

metal tribological layer (Fig. 8). This first QM exemplar 

is ready to be integrated to the SRA and to follow the 

whole qualification test sequence described in Fig. 12. 

The second QM exemplar is still under manufacturing. 

The production process lasts longer than expected 

because the electrical isolation and continuity tests 

revealed short circuits between some tracks of the second 

rotor exemplar. Therefore, the processing of additional 

raw parts was started to hopefully produce a second QM 

exemplar free of functional defects. Investigations are 

ongoing to understand the causes of these electrical 

defects which seem more present on the QM than on the 

BBMs. Possible causes to be investigated are the 

presence of powder residue (or other contaminants) or the 

thickening of the nickel-plating layer which may have 

reduced some resin gaps. 

 

 

Figure 10. QM rotor ready for integration 

 

Figure 11. Short-circuit between 2 tracks (IR imaging) 

  



 

 

Once the second QM exemplar will be available, the two 

QMs will be integrated with the SRA stator and follow 

the qualification test sequence described in Fig. 12. 

 

Figure 12. QMs qualification test sequence 

 

CONCLUSION AND OUTLOOK 

The AM technologies and materials trade-off based on 

the benchmarking of two different BBM sizes allowed to 

firmly select LPBF and CuSn10 based on practical 

experience. Nevertheless, it is interesting to point out that 

the selection of today could be questioned tomorrow if 

some of the drawbacks pertaining to a given technology 

are resolved, especially for Binder Jetting. In addition to 

the selection of a baseline technology and material, the 

benchmarking confirmed that the selection of the AM 

equipment and manufacturing parameters is of utmost 

importance. Indeed, identical material and technology 

(aluminium and LPBF) assessed in a former phase [3] 

and re-assessed in this phase of the development resulted 

in different results.  

 

The AM of several breadboard series allowed to 

progressively consolidate the design, whilst complying 

with FFF requirements. The fact that more electrical 

short-cuts were detected on the QM parts could 

contradict this observation. However, the combination of 

the knowledge acquired with the BBM experience and 

the data to be gathered through the root cause analysis to 

come will be the best inputs to consolidate the end-to-end 

production flow. Note that the most challenging rotor 

size (404) was selected for the QMs to bring to light 

remaining weaknesses and to prepare for the next phase: 

the qualification of the steps involved in the production 

workflow, including AM with respect to the ECSS [4]. 

At this point of the development, the new lead time for 

the rotor is estimated at 4 to 6 weeks instead of 3 to 4 

months and the reduction of the manufacturing costs shall 

be close to 40%. Additional time and cost savings are 

expected  with the automation of the rotor design updates. 

Indeed, the AM rotor is a one-piece design which makes 

it rather straightforward to implement design macros 

based on parametrized features (diameter, height, number 

of tracks, etc….). Once done, the rotor would no longer 

be declined in a catalogue of fixed sizes: any size of rotor 

within a given range would be achieved with marginal 

NRE costs (Non-Recurring Engineering costs).  

 

To allow this, the SRA stator must follow the same 

approach. This endeavour was started in the framework 

of the European project MANUELA [5] with the 

development of a topologically optimized, one-piece 

stator structure (Fig. 13). In a future development step, 

the topology optimization of the stator could be 

automated, whilst integrating the customer’s size, 

interface, and environmental requirements. 

 

 

  

Figure 13. Topologically optimized SRA stator 

structure produced by LPBF 
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