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Motivation =%/l
Demand for Friction Optimization BEE{L{ItEK

37 % of transport CO, emissions are from heavy-duty applications
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Duty cycles & environmental conditions restrict BEV and FCEV concept g
5 25 EE AN AR 25 BRI 7 BEVAIFCEV R &

Hydrogen and e-fuels potentially CO,-neutral
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50 % BTE target is demanding all measures — especially mechanical
(friction) optimization
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Friction at PBI very complex and depending on load conditions -

Advanced measurement methods required (e.g. floating liner engine) 4 ‘ Further
PBIAb ) EESR AR B 2%, BT s> RS &E 7L Gy O\, CO, reduction

SFLE R BEHL) N\ required .
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Technologies to reduce PBI friction losses
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Analysis of piston assembly friction ;EZERLEEERSHT

Heavy-Duty FRIction Single Cylinder &l &

AVL HD FRISC

Peyi = Measures crank-angle based friction between piston &

J LN liner MEFENHTE L AR T HRARIER
B! [ 1 = Cycle averaged friction power SEIJEERINZRIEIR

Typical investigations & variant comparisons under fired

- Liner shapes and surfaces (coatings)
HEFRTRE (RE)
- Piston geometries & coatings (skirt, pin, ...)
m/ IEETRE (B8, E5FEES)
- Piston ring tensions and surfaces ;jEZERKIFERE
- Qil viscosities & additives H;B¥LEFDZRN05
— lube oil consumption and component wear

Piston Lateral Force in N
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AVLs long time experience with the floating liner method
ensures highly accurate results of crank angle resolved
piston group friction at fired engine operation.
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Floating Liner Engine Concept {F&if

Liner assembly connected via four pre-stressed triaxial 6 /

force sensors to crankcase - enable measurements of '
tensile and pressure forces in cylinder axis as well as . Fr,
lateral forces F
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Liner realized as a bottom stop concept and inserted to
cooling jacket - easy exchange
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Cylinder liner and cylinder head decoupled by using a
special high temperature sealing ring known from the
proven system for passenger car/light commercial )
applications - further compensation of gas forces by @

geometric design elements or piston modifications not
required
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Summary

,'E'\é:é.: Why HD FRISC is an important development tool?
At 4AHD FRISCE— 1"EERIHALATE_
Initial | = Optimization of piston bore interface in a very early phase of powertrain
. Perial development process or in case of field issues (troubleshooting)
S”’f NIRRT AT R ERR B e HENSCRRIn)ER (SEHERR, NEEIE R
”‘s”" : =« Detailed simulation model validation to improve prediction accuracy
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= Detail assessment of 1 F{&:
— Friction &

Oil friction
modifiers

Optimized — Lube Oil Consumption jiH;i8HiEFE
~ Wear ER
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= ,,FRIction Single Cylinder (FRISC)” measurement allows
" ER T BRI ERe0% SCI
— Efficient component development & optimization BHEFAFLIL
— during engine concept design phase or for troubleshooting
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