
1388 / / /  -3

 :

 - 

kakaee_ah@iust.ac.ir

*
 - 

m_momeni@ip-co.com

 - 

a_mahmoudi@ip-co.com

 - 

m_ghafuri@ip-co.com

 .  ( )

 .

( )

 .

 .

.

 .

.

( )

 :  .

 .  8 

.

88/12/1 :    88/6/12 : /  *



1388 / / /  - 4

 -1

1  .[1]

 ...  ( )

 .

.

3 2

 .

)

 (... 

.

 .

 .

.

 -2

:

Test bench - 1

ECU (Engine Control Unit) - 2

Knock Sensor - 3

 -1

 ( )

 1,646

9,9

 78,6

 85

 134,5

 3,5

 -2

 .

 -3

 .

(KISTLER 6117BFD13) 4

 .

 .

(AVL GH12D)  .

 . 5

 ,  ,  .

.  [2]  ...

 -4

.

 -5 

 .

 ( )

 . Indimaster

6

.

Spark Plug Pressure Transducer - 4

Cylinder Head - 5

Printer Port - 6



 /  /  /

1388 / / /  -5

 -6

ETAS ES590

 . 1

.

 [2] 

:

AVL 670 Indimaster, Calcgraf, 

AVL Concerto 3.7 

INCA 5.4

Matlab 7.1

 -3

:

 850-5500

 70-140

)

(  ( )

0,7-1,2

87  95

 25-60

 40-100

 -4

.

 -1-4

 .

 .

 .

 ,( )

.[3]

ETK ECU - 1

2(FFT)  -2-4

3DFT

 .

FFT .

 . DFT

 . Cooley-Tukey FFT

 . 5 4

 2 

 .

.  [4] 

 ,

 .

 .

)

 (1)   .  (

 .

 . ( )

 ( )

 .  8  ,

 90  5000 

 0,87  21 

.  30 

Fast Fourier Transformation - 2

Discrete Fourier Transformation - 3

Divide and Conquer Algorithm - 4

Recursively - 5



1388 / / /  - 6

1

 -3-4

 .

 .

 .

 .

 :1

 :2

 :3

.[5]

.  [2]  ,

Low Pass Filter - 1

High Pass Filter - 2

Band Pass Filter - 3

 -5

 [6]  

:

 -

 -

.

 -1-5

4

 ,  .

 .

 .[7] 

.  (2) 5(PKP)

2

 (2) 

 3000   :

 16  100 

 31   1  

.

 .

 .

 2 

 .

Smoothed Pressure - 4

PKP: Peak Knock Pressure - 5



 /  /  /

1388 / / /  -7

 ( )

.  7

 -2-5

 [8]  1  .

 .

.  (3) 

3

 :  (3)  

 90  5000 

 30  0,87  21

.

.

( )  -6

 .

 .  [2]  ,

.

 .

Checkel - 1

 .

.  5-25 

 (4) 

 .

 .  1938  [9]  2

( )

.

 (4)

 :

 ( )  : m

 ( )  : n

m,n ( )  : 

 ( )  : 

 : C

 : B

.

 .  (4)

 (1)

 1000  .

 .[10] 

.[11]

 Draper - 2



1388 / / /  - 8

[5] 4

1

1,10,13,02,01,0m , n

 Mode

Shape

5,3323,8324,2013,0541,841
nm,

21,615,417,112,37,5
nmf ,

(1)

 .

. CFD

 .

.[12]

 -7

 .

 .

 -1-7

 1  300  200 

 .

 (5)  .

.

 3000 

 100 

5

2  (6) 

 .

 20  ,

 ( )  0,25 

.

MEP - 1

Cumulative Frequency - 2



 /  /  /

1388 / / /  -9

 100  3000 

7

 1000 

 .  30 

 500 

 .  4000  

)

 (

.

 -2-7

 5000  0,1) 

(  300 

(8 )

.

 5000  : 

 21  90 

 30  0,87 

8

 100  3000 

6

 ,

 .

.

 4000

 3000  50) 

 500  .  ( 

 1000  .

:

39942995:500

.

.

101213:

10067:

10001:

6
500

10004000

th

Third

Second

First

Offset

:  (7) 



1388 / / /  - 10

 (8) 

 25  

 .  50 

.  25 

1

 .

 25  ,  1000 

:  0,12 

12.0
150000

deg
6000

Resolution
deg

6000
60

360
*10001000

s

s
s

rpm

.

.

 -3-7

 .

 .

 .

 .

 .  (10)  (9) 

 5000 

 0,87  21  90

.  30 

Resolution -1

9

10

 .

 15

 .

)

 (

 .

.

 6 

 .



 /  /  /

1388 / / /  -11

 .

1

 .  [7] 

 .  ,

.  (11) 

[7] 11

 (13)  (12)  .

.

[7] 12

Validation -1

[7] 13

 .

3 2

.[7]

4

 .

.[7]

 -8

 ( )

 .  [6] 

.

 -1-8

 [13].

.  4-25

Flush Top - 2

Flush Rear - 3

 Recessed side - 4



1388 / / /  - 12

 -2-8

 .

 .

.

:  ( )

 2 

 .

 .  30 

 .

 (14)  100  3000 

 .

)

.  (

:

 100  3000  :

 0,9  16,5 

 30 

 100  3000  :

 1  17,25 

 30 

 100  3000  :

 1,1   18  

 30 

 100  3000  :

 1  12 

 30

:

 21-62 :

 22-58 :

 25-60 :

 23-54 :

14



 /  /  /

1388 / / /  -13

 3000 

 21-62   100  

 87  .

.

 (16)  (15)  .

 .

 .

.

 ( ) 15

 ( ) 16

[13] :

 20 

 .  107 

 50 

 .  20 

 (4) 

:

50000

6*
)(
rpm

CAesolutionR  (4)

 5000  

 .  0,6 

 15 

 107 

 80 

 17 ) .

.(

         -9

 .

 .

 .

 [6]  .

 .

.



1388 / / /  - 14

 .

 1000 

 50 

 .

 75  5 

.

 .

 .

 .  8  

.

 .

 ( )

.

 -10

.

 -11

Crank AngleCA

Knock IntensityKI

 Peak Knock

Pressure
PKP

 Power

Spectrum
PS

Reference:

[1] M. Castagné, J. P. Dumas, S. Henriot and F. A. Lafossas, 

"New Knock Localization Methodology for SI Engines", 

SAE Paper 2003-01-1118, 2003.

[2] A.H. Kakaee, M. Momeni, "Optimum Empirical Method 

for Knock Detection in a Spark Ignition Engine for Engine 

Mapping & Calibration", Thesis for the Degree of Master 

of Science, Iran university of science and technology, 1388

[3] Alex Gil Sanches, Felipe Soto Pau, "Identification and 

Quantification of Knock in Internal Combustion Engines 

using Spectral Analysis",  SAE Paper 2001-01-3923, 2001

[4] Cooley, James W., and John W. Tukey, "An algorithm 

for the machine calculation of complex Fourier series," 

Math. Comput. 19: 297–301 , 1965

[5] Gao Xiaofeng, Richard Stone, and Chris Hudson, "The 

Detection and Quantification of Knock in Spark Ignition 

Engines", SAE Paper 932759, 1993

[6] A.H. Kakaee, M. Momeni, " Evaluation and 

Development of Methods for Knock Detection using 

Cylinder Pressure Data", ICICE-6-1197, Tehran, Olympic 

hotel, 1388

[7] Michael F.J. Brunt, Christopher R. Pond, John Biundo, 

"Gasoline Engine Knock Analysis using Cylinder Pressure 

Data",  SAE Paper 980896, 1998

[8] Checkel, M.D. and Dale, J.D., ’Testing a Third 

Derivative Knock Indicator on a Production Engine’, SAE 

Paper 861216, 1986.

[9] Draper, C.S., “Pressure Waves Accompanying 

Detonation in the Internal Combustion Engine”, J. 

Aeronautical Sciences, Vol. 5, No 6, 1938.

[10] J. M. Towers, R. L. Hoekstra, "Engine Knock, A 

Renewed Concern in Motorsports -A Literature Review", 

SAE Paper 983026, 1998.

 [11] Pan, J. and Sheppard, C.G.W., “A theoretical and 

Experimental Study of the Modes of End Gas Autoignition 

Leading to Knock in S.I. Engines”, SAE 942060, 1994.

[12] R. Worret, S. Bernhardt, F. Schwarz and U. Spicher, 

"Application of Different Cylinder Pressure Based Knock 

Detection Methods in Spark Ignition Engines", SAE Paper 

2002-01-1668, 2002.

[13] C. Hudson, X. Gao, R. Stone, "Knock measurement 

for fuel evaluation in spark ignition engines", Fuel 80 

(2001) 395-407.



The Journal of Engine Research/Vol. 17 / Winter 2009

Effect Investigation of Important Parameters in 
Knock Detection Using Cylinder Pressure Data

M. Momeni*	
Master of Science
Automotive Engineering Department
Iran University of Science & Technology (IUST) 
m_momeni@ip-co.com

A.H. Kakaee
Assistant Professor
Automotive Engineering Department
Iran University of Science & Technology 
kakaee_ah@iust.ac.ir

A. Mahmoudi
Master of Science
Irankhodro Powertrain Co. (IPCO)
a_mahmoudi@ip-co.com

M. Ghafuri 		
Master of Science
Irankhodro Powertrain Co. (IPCO) 
m_ghafuri@ip-co.com

Abstract
Several parameters have significant effect on measure and analyzing of cylinder pressure to obtain ac-

curate knock data. Acquisition frequency, number of cycles, transducer location and transducer mounting 
are measuring parameters. Filtering frequencies, knock windowing, knock model features and threshold 
values for knock intensity are important analyzing parameters. Effects of these parameters on knock detec-
tion and methods for optimal selection are investigated by analyzing test bench datasets. Note that optimal 
methods aren’t for special operating conditions and almost cover all operating points of engine. 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 test results show that knock is occurred in special frequencies because of acoustic vi-
bration 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, Sensitivity Analysis, Optimal Parameters, Spark 
Ignition Engine

M. Momeni / A.H. Kakaee / A. Mahmoudi / M. Ghafuri 

*Corresponding Authors
Received: Sep. 03, 2009

Accepted in Revised Form: Feb. 20, 2010


