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1- Signal

2- Cylinder

3- Dynamometer
4- EF7

5- Cycle

6- Parameter

7- Contour

8- Frequency
9- Efficiency
10- Test bench
11- Knock
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1- ECU (Engine Control Unit)

2- Knock Sensor

3- Calibrate

4- Connecting Rod

5- Spark Plug Pressure Transducer

6- Cylinder Head

7- Printer Port

8- Phase

9- Digital Sensors

10- Discrete Fourier Transformation

WA (sl w35 Bylod] iy Jlol p5ige ligind gy —sale dolind VA




Ag0 gohe deo [ SIS s pual

o diald g SLilas ) olass dolay s 55 banyl3g05 4365 ol Cara] amd o L5
o L)t b llas 48 g8 liol ol 45 am3 o oL o505 el
93 Lailyd )3 wlgial [Lid v 48 290 dagi ol AKHZ 3900 )5 ccanl gl
©39y9 Slon slod g +/AV laeY ¥V BTDC &85 A+ w5 o33l - -Tpm

ool ol o 44 ¥+°C

80
70 A

ol/ .
0 "
e

2 0 T T T T T T

0 10 20 30 40 50 60 70
CA [deg ATDC]

Cylinder Pressure [bar]

0.08

o

o

~
-~

0.06

0.05

0.04

0.03

2 0.02 \
0.01

pectrum [bar”2]

Powe
o

5 10 15 20 25 30 35
Frequency [kHz]

OT OB Gl lges g dilgiul Hlid e

 sogdy cyds Lo Y F

@29 a1y 9y sl il lallis & conl Slslre (gloasl o8, (Bl
g oo Bl (63959 AL ol jl ady O gy cpl 0 A8 o b

ero lopy @b S b g awbe (Lol cadle &8 s o cnl sl
o550 g D9 50y 0l it gl gl o e 4S5 b @ 095 0
e Cond 4y 0nd Blo Cudle g 295 o0 dumlme 4y

lnsoly JolS G ¢y ol 535 slbtolu s 98 738 ol Lol
Oy el 1 VL

ool Jol Blo ¢ doly 51 YL glatoluy Bl 90,17, I5 YL Lo

Doy delay
Sataliy ol (Bl w0k aseio S 5 badalay G 90138 e Lilo
[F1ab 5l g

N-1
X =S xmxeo k=0,
n=0

1 N-1 ok
K@z(—]}}ﬂ@xw; k=0, ...
N n=0

oy =exp(-27 j/N) (v

Yoleo oyl

shol cede : X ()

cadle 2,58y x(K)

bales dxbo )3 (agpge 2505 1 ]

Laosls sl :N

Cpidian 45T ol ol Bas cpl ) odel Cand 0 laged 1 edliil jd aoe S
Sy Age5 Soluy (s (CamsdsSOL Solus) 50 Lulo Wlgs oo oS il 51 gl
I¥] cwl

FFT) g 399 ok ~T-F

ol S e Lot glite gladals L slial & 1, sliel §) (gl allss DET
Spdse Gypo SAS 4wy o paits duslxs bl 315 (9015 0,8 Slos
el o sSae s DFT fwloes glyy 168 (cFossls FET

35 939 (295 N) 3l 5L dvwloee N¥ay calatis N Jols DFT dislxe
el @l Wlgiioe FFT o8 Jo 5 (el (i5e N ggome (295 12 9
[%ogN@U Whubxe gloj (ials cplply 351 Cud 4 4wleN x LogNL
J0] .l

o1el8 oyl .cul Cooley-Tukey sucls FFT dulxa gly 00e o 5dglize
3 el TSl yeb 4 TS oS alinl A laodly s (3905 s yoleol
Ui5u 93y gl g e wglite yob 4 bl Y51 Slgs ool slusi &S G yge
s a8 Al )3 Lol ol 20l ) Jlows 026l cls ol 53 5 905 puad (goluo
o Slslee ey bl azily (93b5 Jgl lace o b g 28 gl (o335 ool
03B ol 5l oalitl b S d)58 Joas dnloe JalS' B9y b oo S
ol 0341 [0] g po

b e 0yl b jloges lgial (lid (codie Bjgh s aslos L
@ 2y 0l Olusd Wy 4 4 298 dag Wl e Cund 4 A ya > dilgiul
e 1 08 Gl Jlges ggige 3)Shes Sl ol (dulpd 53 g S 45>
S xSl Sl g S5 o duailxe GBlis jobo 4y 452 i (gl il b
&by lg5 o ylges ol jl ookl b oyl dgmg ad o i ) wilgiwl HLid jloges
Soluw) S0 doluw dlniin Job o 1) dolus jo > ilgiwl jlid e Sllwg
i lasS g8y bulyd 3 1) (yldges iz (V) JSD 903 el (CamdsSil

1- Fast Fourier Transformation

2- Algorithm

3- Divide and Conquer Algorithm
4- Recursively
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5- Digital Filteration
6- Low Pass Filter
7- High Pass Filter
8- Band Pass Filter
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1- Noises
2- Draper
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1- Parameter 4- Integral of Modulus of Pressure Oscillation
2- Maximum Peak to Peak Value 5- Maximum Amplitude of Pressure Oscillation
3- RMS Value 6- Stoichiometry
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1- Knock Limited Spark Advance
2- Advance

3- Dimensionless Knock Indicator
4- Range
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1- Sum of Divided Band Pass Filtering Method
2- Narrow Band-Pass Filter
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3 - Half power band width
4 - cut-off
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1- Integral of Modulus of Pressure Oscillation Gradient
2- Ferraro

3- Smoothed Pressure
4- Peak Knock Pressure
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1- Knock Intensity
2- Offset
3- First Derivative Method
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There are several methods for determining the knock intensity using cylinder pressure data, evaluation
and development of these methods by analyzing test bench datasets is the basic issue of this study. At first,
the methods for knock intensity determination are investigated and optimal methods are introduced by com-
paring test results in the fixed conditions. After determining the knock intensity by an appropriate method,
threshold values must be determined for identifying knock borderline. Several methods for determining
threshold values in individual cycles or statistical parameters of multiple cycles are introduced.

Two methods for determining knock intensity can be compared by assuming one of them as the reference
method, the way for comparison and selection of optimal parameters for second method are represented.
Note that important parameters for analyzing of transducers> data, such as digital filtering and Fast Fourier
Transformation (FFT), are introduced. FFT determines the main oscillation frequencies and digital filtering
omits undesired frequencies.

Investigations of the test results show that knock is occurred in special frequencies because of acoustic
vibration modes, some methods for determining of these frequencies are introduced. It should be mentioned
that the main oscillation frequency due to knock is about 8 kHz. Exact determination of these frequencies is
important for investigation of filtering and optimal transducer location.

Keywords: Knock Detection, Cylinder Pressure, Knock Intensity, Threshold Value, Spark Ignition
Engine
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