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Abstract 

Weld seams usually require post-machining to remove surficial tempering col-
ors, tinder and rust. Especially in high-end applications such as upmarket ex-
haust systems, high demands on the surface appearance need to be fulfilled 
as a sales argument. Hitherto, weld seams are treated individually, e.g. with 
manual devices using brushes as cathodes for electrochemical cleaning. To 
reduce human resources and time-consumption, a setup for electrochemical 
cleaning using a flat jet was developed, which offers the possibility for auto-
mated treatment and perspective process chain integration. 

Cylindrical tube-shaped workpieces were treated to prove the functionality of 
the setup. The outer surfaces of metal active gas welded as well as metal inert 
gas welded tubes were characterized before and after electrochemical cleaning 
by means of increase in glossiness and reduction of roughness values. Appli-
cable processing parameters such as working distance, voltage and feed speed 
were analyzed for the design of an industrial setup. 

1 Introduction 

Upmarket exhaust systems are hand-crafted in individual designs. Especially 
the manifolds have complicated structures to fulfil special requirements such as 
pre-defined sound characteristics. For this purpose, constant lengths and 
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cross-sectional areas of the single tubes are required. Hence, the tubes are 
bended, winded and connected via metal active gas (MAG) or metal inert gas 
(MIG) welding as can be seen in figure 1.  

 
Figure 1: Upmarket exhaust manifold and tube parts with weld seams 

Since the manufactured manifolds need to fulfil high demands on their surface 
appearance as a sales argument, they are treated individually. Especially the 
regions around weld seams require post-machining treatments to remove surf-
icial tempering colors, tinder and rust. Hence, manual treatments are often un-
avoidable to treat the complicated tube surfaces. For this purpose, electro-
chemical cleaning devices with carbon brush cathodes are used. To reduce 
efforts, minimize human resources and time-consumption, an automated pro-
cess is aspired offering perspective integration into a process chain. 

In this study, an individual laboratory setup was developed to analyze applica-
ble parameters such as voltage, nozzle feed speed and the required machining 
time. Typical, cylindrically shaped tube-sections were chosen and treated to 
prove the functionality of the setup and to analyze the polishing results. The 
focus was on the quality of appearance by means of an increase in glossiness 
and the removal of tempering colors and tinder. The reduction of roughness 
values Ra and Rz was analyzed for quantitative comparison before and after 
polishing. Applicable processing parameters such as working distance, voltage 
and feed speed were derived from the comparative results.  

2 Tube samples 

From available upmarket manifolds, a diameter of 63 mm was chosen as one 
of the most common shapes and hence, the most relevant shape. The wall 
thickness is approximately 1 mm in this case. Tube sections cut out of exhaust 
systems with lengths between 60 mm and 120 mm and with MAG as well as 
MIG weld seams were provided by Friedrich Motorsport GmbH, Germany. Fig-
ure 2 shows a benchmark sample in its condition before and after manual pol-
ishing, which served as comparative sample. 
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Figure 2: Benchmark sample before polishing (BP, left) and after manual polishing (AP, 
right) with details of the respective sections with measurement lines uniform length of 6.0 mm 

The MIG weld seams are characterized by elevations with heights up to 0.5 mm 
and in some cases also have depressions of approximately - 0.1 mm. This re-
sults in working distances with positive and negative deviations. Weld seams 
from MAG welding have more significant elevations, but were defined as sub-
ordinately relevant, since upmarket exhaust systems are usually manufactured 
via MIG welding. Hence, roughness measurements were carried out on and 
near the MIG weld seams at the measurement lines indicated in figure 2. For 
comparison, the roughness was measured before (BP1, BP2 and BP3) and af-
ter manual polishing (AP1, AP2 and AP3) over a uniform length of 6 mm. A 
Keyence VK-9700 confocal laser scanning microscope with an objective mag-
nification of 20 was used. The measured values are shown in Table 1. 

Table 1: Roughness values of the manually polished benchmark sample 

Condition Reference position Ra in µm  Rz in µm  

Before manual  
polishing 

BP1  0.37  4.38  

BP2  1.00  15.30  

BP3  0.45  19.00  

After manual  
polishing 

AP1  0.40  7.17  

AP2  1.57  18.50  

AP3  0.33  4.69  

 

The central lines BP2 and AP2 were positioned through the center along the 
respective MIG weld seam, while the other two measuring lines were positioned 
outside on the left (BP1, AP1) and on the right (BP3, AP3), respectively. The 
values at the central positions on the wavy weld seams show the highest 
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values. The only exception is Rz at position BP3, which is increased by local 
remains of tinder. When comparing the values before and after manual polish-
ing, hardly significant changes are recognizable. However, the quality of visual 
appearance and the gloss are significantly improved after manual polishing. 

3 Development of flat jet setup 

Electrochemical machining using a cylindrical, free jet of electrolyte (Jet-ECM) 
is hitherto mainly investigated for micro-machining, e.g. using nozzle diameters 
of 0.1 mm [1,2,3]. To increase the machining width on the tube component’s 
surface, the laboratory setup was redesigned by means of a flat jet setup, as 
shown in Figure 3. 

 
Figure 3: Flat jet nozzle with cathode contact (left), adaptor and connector components 
(center) and redesigned nozzle system at the z-axis (right) 

Slotted dispensing nozzles with an outlet cross-section of (1.6 x 12.7) mm² were 
obtained from VIEWEG GmbH. The resulting cross-sectional area of approx. 
20 mm² corresponds to an increase by factor 2500 compared to the previous 
nozzles for micro-machining. As the flat jet nozzles are available with a 1/4-inch 
NPT threaded connection, additional adaptors were necessary for the connec-
tion with the conical Luer-Lock connection previously used. Due to the long 
length of the flat jet nozzles of 102 mm, a customized cathode contact sheet 
made of stainless steel was designed to reduce the electrical resistance over 
the guided electrolyte and to provide electric current density for sufficient pol-
ishing effects. A rotary drive was implemented into the laboratory setup to ena-
ble polishing of the entire circumference of the tube’s outer surfaces as shown 
in figure 4.  
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Figure 4: Photograph of the revised laboratory setup with flat jet nozzle system and inte-
grated rotary drive as well as remaining open length for tube components 

A HarmonicDrive FHA-14C servo drive with hollow shaft was used. The rotary 
drive was integrated into a plastic housing with sealing air connection to prevent 
electrolyte solution from entering the sensitive drive components. A DBF55 
three-jaw chuck from Koch Maschinenbau GmbH & Co. KG made of stainless 
steel was selected as a suitable clamping system, which offers sufficient elec-
trical conductivity for anodic contacting and sufficient resistance against corro-
sion from the electrolyte solution. An individual sliding contact was designed for 
the anodic contacting of the chuck. The tube components were electrically con-
nected via the clamping jaws. An adapter made of PEEK was placed between 
the chuck and the drive to ensure galvanic separation of the rotary drive from 
the electrochemical machining process and to ensure sufficient resistance 
against chemical influences from the electrolyte solution.  

The remaining open length for applicable tubular workpiece components is ap-
proximately 120 mm. Considering the travel range of the linear stages, a maxi-
mum free length of approximately 100 mm can be reached via relative linear 
motions between nozzle and workpiece, which is sufficient for polishing exper-
iments on the tube samples. 

An alternative electrolyte pump of the type FluSys WADose GEAR was selected 
and integrated into the setup to provide sufficient flow rates for the formation of 
a free electrolyte jet without interruptions. The gear pump enables a maximum 
flow rate of 480 liters per hour, whereas the previous double-piston pump only 
delivered a maximum of 12 litres per hour. In addition, the gear pump works 
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almost pulsation-free even at high volumetric flow rate and is therefore suitable 
for forming continuous free jets with the increased cross-sectional area.  

4 Functional verification 

Three functional tests were carried out with the values charted in Table 2 to 
verify the applicability of the flat jet setup. 

Table 2: Parameters for functional verification  

Parameter Variable Value Unit 

Voltage U 50, 70, 100 V 

Electrolyte pH pH 0.2  

Electrolyte conductivity σ 202.5 mS/cm 

Electrolyte temperature ϑ 21.8 °C 

Electrolyte supply rate V/t 49.0 l/h 

Nozzle cross-sectional area w x l 1.6 x 12.7 mm² 

Nozzle linear motion speed v 1.0 mm/s 

Workpiece rotational speed ω 20.0 min-1 

Working distance s ≈ 8.0…9.0 mm 

 

A constant nozzle linear motion speed of 1.0  mm/s was chosen from in-
itial experiments. From rough calculations about the required rotational speed 
considering sufficient overlap of single circumferential machining rotations, a 
workpiece rotational speed of 20.0 min-1 was defined as applicable. From initial 
tests with the gear pump, a sufficiently delivery rate for the formation of a con-
tinuous free jet without interruptions and at the same time sufficiently low for 
low backscattering effects was investigated and determined 49 l/h. A provi-
sional circular supply was set up to investigate reusability of the electrolyte and 
reduce its consumption for economic and environmental aspects. A maximum 
DC voltage of 100 V was selected in accordance with DIN VDE 0100-410.  

A commercial electrolyte SuperCleaner from Reuter GmbH & Co. KG was used. 
The measured pH represents acidic characteristics. The working distance of 
approx. (8...9) mm is the preset value between the nozzle’s end face and the 
tube’s surface. The variation of 1 mm results from deviations due non-ideal 
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circular shape, the inclination angle and excentric rotational movements. Addi-
tional, irregular deviations at weld seams are not taken into account.  

Each experiment was carried out with a polishing time of 20 s, which represents 
a tube length of 20 mm. Figure 5 shows a tube sample before, during and after 
three polishing experiments. Cleaning effects are clearly visible with naked eye. 

 
Figure 5: Tube sample in initial state with residues of tinder and rust and tempering colors 
(left), experiment with flat jet nozzle and visibly polished area below the jet (center), tube sam-
ple after three experiments with voltages of 50 V, 100 V and 70 V (right) 

The experiments were analyzed regarding the electric current over time. Fig-
ure 6 shows exemplary measurement results with 70 V. 

  
Figure 6: Electric current over time at U = 70 V (left) and polished tube sample with indi-
cated positions for roughness measurements (right) 

The graph on the left shows an almost constant current of between 1200 mA 
and 1300 mA with slight increases due to periodic working distance reductions 
from the recurring weld seams. With 100 V the measured average current val-
ues were approx. 2000 mA with similar deviations. The right-handed image 
shows the polished tube sample with indications of referenced measurement 
positions. The gloss was significantly increased, as can be seen from light re-
flections and comparing with the initial state in figure 5. The three polished, 
circumferential sections were measured for comparison with the same strategy 
as the benchmark sample. The measurements marked at the reference posi-
tions resulted in the values in Table 3. The roughness values are in similar 
range and partially below the comparative values of the benchmark sample. 
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Table 3: Roughness values of the tube sample polished with the flat jet setup 

Voltage reference position Ra in µm Rz in µm 

50 V Left 0.31  2.61  

70 V Right 0.36  2.98  

100 V Center 0.28  2.49  

5 Conclusion 

A Setup for flat jet electrochemical cleaning was developed and a proof of its 
functionality was carried out on weld seams. Comparable results as in manual 
electrochemical cleaning were achieved with voltages between 50 V and 100 V. 
Hence, reproducible polishing effects are expected at largely varying working 
distances. This is one basic prerequisite for sufficient and homogeneous pol-
ishing effects of complicated manifolds surfaces in a perspective industrial 
setup and will be investigated more in detail in future experiments. 

Acknowledgement 

This project is supported by the Federal Ministry for Eco-
nomic Affairs and Climate Action (BMWK) on the basis of 
a decision by the German Bundestag.  

Literature 

[1] Hackert-Oschätzchen, M.; Meichsner, G.; Zinecker, M; Martin, A.; Schu-
bert, A.: Micro machining with continuous electrolytic free jet, Precision 
Engineering 36, 2012, p. 612-619 

[2] Martin, A.; Zeidler, H.; Hackert-Oschätzchen, M., Schubert, A.: Analysis 
of the Reproducibility of Jet-ECM Point Removals on Defined Shape De-
viations, In: Proceedings of the Global Conference on Micro Manufacture, 
Denmark, 2016, p. 95-98 

[3] Hackert-Oschätzchen, M.; Meichsner, G.; Zeidler, H.; Zinecker, M.; Schu-
bert, A.: Micro Machining of Different Steels with Closed Electrolytic Free 
Jet. In: AIP Conference Proceedings, 2011, p. 1337–1343 

 


	18 Setup for flat jet electrochemical  cleaning of weld seams



