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Yb fiber pulse laser
(Panasonic: LP-S500)

Galvano mirror

Laser light

Laser focus

§: Glass substrate

a-C:Hfilms
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l Laser rradiation

’ Glass substrate (7059) |
a-C:H film

_ (A)
Thickness: 0.7 um .
Joining by laser irradiation
a-C:H film (B)

Thickness: 1.05 pm
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Amorphous carbon film on both substrates
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a) Tungsten (protective layer during FIB processing)
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] 4% 5 Laser Surface Modification in Automotive Powertrain

1. Introduction

Even as electrification expands in the automotive industry,
highly efficient internal combustion engines remain important
for hybrid systems. In addition to combustion improvements,
reducing mechanical losses, such as friction between moving
engine components, is one practical way to improve overall
system efficiency [1]

This article introduces laser surface texturing on crankshaft
surfaces, used together with smooth bearings, as a method to
improve lubrication while reducing friction.

2 . Balancing Friction Reduction and Lubrication

Lower surface roughness generally reduces friction, but it also
lowers ol retention. If lubrication becomes unstable, seizure can
occur. Therefore, friction reduction and lubrication stability must
be designed together.

To address this, smooth bearing metals were combined with
textured crankshaft journals and pins. Small micro-scale pockets
were formed on the crankshaft surface to serve as lubricant
reservoirs, as shown in Fig. 1. During operation, these pockets help
retain and redistribute oil, supporting stable lubrication.

\H
.

Smoothed bearing

Imm

Fig. 1 Friction reduction concept using smooth bearing metals in
combination with textured crankshaft surfaces [1].

3. Why Laser Surface Texturing?

Several manufacturing methods, including machining and
forming, were evaluated for producing these textures. However,
precise geometry control was difficult because crankshafts contain
both hardened and non-hardened regions. Machining can also
introduce unwanted mechanical loading,

Laser processing avoids these issues. Texture size, density and
arrangement can be adjusted digitally without tool changes. It also
eliminates direct mechanical contact and avoids tool-wear-related
costs.

Among short- and ultrashortpulse laser systems, an industrial
nanosecond pulsed laser was selected as a practical balance
between quality, productivity and cost. Although burrs are
formed during processing, the required functional surface could
be achieved by adjusting the finishing operation, as shown in Fig. 2.

Nissan Motor Co., Ltd.
Dipl. Ing. Aurel Funar

Pulse

Marker

Rotating
Shaft TP

Fig. 2 Processing setup (left) and finished surface (right).

4 . Surface Function Creation by Laser Processing

The surface function is mainly determined by pocket geometry,
including width, length, depth, pitch, density and arrangement on
the crankshaft surface.

Laser parameters directly affect texture width and depth. As
shown on the left side of Fig. 3, depth can be controlled by the
total pulse fluence applied. The optimum range for lubrication
performance is narrow: pockets that are too shallow cannot retain
enough oil, while pockets that are too deep may trap the lubricant.
The right side of Fig. 3 shows shaft testpiece evaluation results,
confirming that properly designed textures retain more oil than
the standard setup.

Texture pitch, density and pattern arrangement strongly
influence the functional surface. In Fig. 4, the red line indicates
the conventional crankshaft upper limit, while the green and
blue results are significantly lower, demonstrating better scuffing
resistance.

These componentlevel results were then validated using actual
crankshaft processing and engine testing,

N
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0y
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H <10pum
e
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Depth um

Oil retention Time comparison
between different setups

Fig. 3 Texture geometry and oil retention.
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&
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Scuffing limit [°C]
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Pattern X-direction pitch mm

Fig. 4 Texture pattem and scuffing resistance

5. Engine Performance

Engine testing showed that the combination of smooth bearing
metals and laser-textured crankshaft surfaces reduced friction
torque by about 10% at 2000 rpm compared with the conventional
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Green: Standard Bearing and Crankshaft
Red: Smooth bearing with Textured Crankshaft
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Fig. 5 Engine friction torque reduction

configuration. This benefit was also maintained at higher engine
speeds, extending the effective operating range, as shown in Fig. 5.

6 . Outiook and Conclusions

Laser surface texturing is a practical surface modification
method for automotive powertrain components. By adding
controlled microscale features, it can improve lubrication behavior
while keeping the low-friction benefit of smoother surfaces. The
engine test results confirm the effectiveness of combining smooth
bearing metals with lasertextured crankshaft surfaces.
Laser surface engineering will become increasingly important for
efficient next-generation automotive powertrains.
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