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1 Reliability

2 Durability

3 Scuffing fault

4 Local welds

5 Piston scuffing fault
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7 Cylindricity

8 Thermal expansion
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10 Stiffness
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12 Cohesive forces

13 Adhesive forces
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1) If (Blow_by is normal_change) and (Engine_speed

is normal_change) and
normal_change) and

normal_change) then

healthy)

(Engine_torque is
(Engine_power is
(Engine_condition is

2) If (Blow_by is normal_change) and (Engine_speed

is not normal_change) and (Engine_torque is
normal_change) and (Engine_power is
normal_change) then (Engine_condition is
warning)

3) If (Blow_by is high_increase) and (Engine_speed

is  high_increase) and (Engine_torque is
high_increase) and (Engine_power is
high_increase) then (Engine_condition is healthy)

4) If (Blow_by is high_increase) and (Engine_speed

is high_reduction) and (Engine_torque is high_
reduction) and (Engine_power is high_ reduction)
then (Engine_condition is
piston_scuffing_occurence)

5) If (Blow_by is high_increase) and (Engine_speed

is high_reduction) and (Engine_torque is normal_
change) and (Engine_power is normal_ change)
then (Engine_condition is
piston_scuffing_occurence)

ol (V) USs s obml o3 e Blobs jlly b e ol o

>

nput 1 (blow-by rate)

X

Fuzzy scuff

Input 2 (speed) (mamdani)

16 rules

X

Input 3 (torque)

X

Output (engine condition)

Input 4 (oower)
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Degree of membership

Degree of membership

Input 1 (Blow-by flow rate)

-25 -20 -15 -1 0 15 20 25

0 -5 0 5 1
Input 2 (Rotational speed)

1f T T T T T T T
5 VAV »
0 L : : : c : : L :
-5 -4 -3 -2 -1 0 1 2 3 4 5
Input 3 (Engine torque)
1 T T T
05
0 : : : c L L :
-8 -6 -4 -2 0 2 4 6 8
Input 4 (Engine power)
1 T T T
0.5
0 L : : c : L :
-10 -8 -6 -4 -2 0 2 4 6 8 10
Membership Functions for inputs
o g39)9 3k 2l b S
Output (Engine condition)
T T T T T T T T T
healthy warning piston scuffing occurrence
1
08 bl
0.6 bl
0.4r A
0.2+ A
0 : : c . : : :
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1

Membership functions for output

e Bl T JSS
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Blow_by=25

Engine_speed=0.0835

Engine_torque=-7.186
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Piston scuffing is one of destructive faults in internal combustion (IC)
engines. There are different causes to make this fault that the lack of the
lubricant is the most important one among them. Due to its destruction
power, its detection has always been noticed by engine producers. In this
paper, with the purpose of this fault detection, a method based on Fuzzy
logic and the use of engine performance parameters has been proposed. For
this reason, 4 parameters including the rotational speed, the torque, the
engine power and the blow-by flow rate were measured. Afterward, the
Fuzzy logic system was developed for the piston scuffing fault detection.
Experimental results showed that the piston scuffing fault caused the
rotational speed, the torque and the engine power reduced more than 100
rpm, 25 Nm and 16 kW, respectively. In addition, a great and instant
increase occurred in the blow-by flow rate. Results also demonstrated that
the use of the changing pattern in engine performance parameters and
applying them in the Fuzzy logic system made an appropriate procedure for
the piston scuffing fault detection.
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