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��2 ���N� ' � �*)�%�%� ?A��( �%Q
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 3�
��� ��,R� ' ;�
��2 ?&� )�
��
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��� 6�
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 ���:/�
 ?��� ' ��*��+

�  �(
%- =>�� �/��* ���
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 �� [�� �/�	�* 6�����N( �* 3�
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 ��,X
 "����
��� �* ��  ���k
  . ' g�� 6�
 �*��B �Q	 �� �* �+ �/�	 6�
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��2 ��5&
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��� 
�/*
 ' ��%�	 "'� �* ;�
��2 pt� ' ��  ���-| '
 8
� 9�/  3�
��� "'� �* 
� �'� �( "��/	
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�/*
 �* �s�
/� _��	 �
�N� V���� �( �* ���* 
f� �?��B �(
%- @�W	
 ��	#

 ��+ "�
fB ?�yA���B �
�& ���:/�
 ��%� ��
�# �� �� . ?-�� ' �0
�M ���  �Z�( 6�
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)����# ��%� �%�%�

�%�%� �	�* 9�/ 	
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�( ��
� V�+��

AccelerometerTachometer

3�/�W�� �* �%��	# 3���

�	��
� �� ���-|

��,R��( ��
�  3�� <�%� ARMA

KL5���=� _.�%� K�����-`�I;��a�� 

       "�'�' 3�
��� '� "
�
� "�
�� 6�
^)     �/�%+�� 3�
��� ' 8
� 9�/  3�
��� (      ��F'�- 3�
��� �� ')   ����+�� 3�
���� (
                  3'
 "�'�' ��+ �	���� ��� �+ ?�
 H�%X 6��* E# �NA ����M ' ��%*)   �/�%+��� �
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���� ��� �* �:�X ��*
�*

) � �5��
 3�
��� (             6���5� )��2 �
 ' 6��5� �
��� ����B �� �*
�* 3'
 "�'�' �+ "
 �QR� �� ��' �
� �(
%- �%�A �%- �
 
�
��  �
      s �%- �F'�- �� 
�   ��+ �(
%- �(� .          ��+ ��%�* �� �5��
 �%���	# 3�
���� ����  "�
��� 6��
^ ��F'�- 6�
 �*�
*

�
�
��/��'�:��%�%� �'� �( "��/	
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�/*
 �� ���()�/�%+�� "�����2 �* �s�
/� _��	 �� (� �* ��)  . �� d(

 KL5b�.�[ ���0=��/ �� � c2(� 3
 0� P�A
� 0\ �$�.

 �%�%� �� ���:/�
 ��%��m��R ��k�0 (�������# ��
,�� L� �%�%� L�* �� @�	 (Knock testing engine BASF) ?�
 
 �K ?+�  �� �a,/>� "��/-%� E�/+
 ��A 6��5� �� ' )*%+ ����2 "'� �* �5��U� �%Q
� �*(Carlowitz&Co) �E�N�#

?�
 ��  �/-�� ' �0
�M .
 �,��' �* �%�%� 6�
"
�* "
 ��W� [K
�� ?��	 ���]� � �K ?�� [K
�� ?��	 �	
%�  �� 
� �%�%�
0� E# ��+��+ 6� ���]�* .
�/0
 �Q:R� �-
� �� 
� )*%+ a,/>� "����  V���� 6��* ' ��
 ���'# �%F' . 6�
 @�W	
 ��

)*%+ �[+
�� ?��	 ���]� �* �"��B ��
� "�(�
�*
 E��+ ����# �
 p2 �)����#a,/>� H�  �,0�� ?�( �* ���( �Q:R� �� 
 .
�/0
�%�%� ��+��+ "��A ?��0 ��	# 6��'
 �+ �����B ���%� [+
�� ?��	 �* ' )*%+ E'�* �d,` '  ��	 )����# �,0�� 6��-#

 �,0��" [+
�� ?��	 �* x,�
�
� ' " E��� V��# GA�* ?�
 6�N� E# �
 �/��* �  1��0
 �+ �%* ��*%+ �0 [N��+��

�%  �%�%�. ?A��	
�'�� �%�%� �*
�* �0
�� 6�
 ���N� ��rpmx~~) �%�%� ���	 ?A�� �* �*
�* ( p	�+�� '�
��* �	%N	" �*
�*
KHzcc,P�%*  . ���  V���� 6��* �+ ����B 6��5� ���&� �� �*
�* �,0�� �( "
�* "��B ��
� E��� H�� ���� Z�M �


 �'�0b~~� ���� �%�%� ���+ ����  .
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 KL5e�2 ��$ 6��"��M�0�1� 3� �(�(� 1� -��8 ,�(
 N 5  .S
��� !@T
 :b,J

 KL5X�2 ��$ 6��"��M�0��� �$ �(�(� 1� �,�(
 3.��� � .S
��� !@T
 :b,b

 KL5Y�2��$ 6��"��M�0��$ �$ �,�(
 3.��� � .S
��� !@T
 :b,eb

 KL5g�2 ��$ 6��"��M�0�(2 �$ �,�(
 3.��� � .S
��� !@T
:b,Xb

 KL5Hh�����D �,�(
 3.��� � .S
��� !@T
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 6�
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���]� �*
��U
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 ��/��B H�%X )����# �
 �X�0 "����
���"
�
 �*"�( H�  V���� �* �)*%+ a,/>�  �� [+ )*%+ "�( H�  �

 ���� �� "��,� x �� Pb ��
� )��N	 
 �� ?� .�* ?��	 I
� ��� E
�'� ��'
� ���
 �%R� ��(�
�%N	 6�
 ���N� �� �U�	 

?�
 �/����� "�( 3�
��� �
�
� �"�%NA �%R� ' 6���2 ���.

 KL5HH�,�(
 SA�& 3.���  .S
��� !@T
 :e,J

 KL5HJ�2 ��$ 6��"��M�0,�(
 S#5 3.��� �$  .S
��� !@T
 :e,�

 KL5HR�2 ��$ 6��"��M�0� �$ ���#��(� ,�(
 N 5 �� - .S
��� !@T
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 =>�� �(�
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 �
 �+ ��U
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 "'� �* �  �(
%-. �
�
� 6�* Zy/-
 ���� Z�M �
 

 �� ��  ���%� "����
���"�( H� 
 ��
�	
 �* )*%+ "n�* ' [+  "�
 ���N�^? "
�* �+ �* ���N�6"�( H�   ' n�* )*%+ 
6���2 �X�- ��,R� �* "���	 ���%�	�
 �* �� ���:� �*�& [( �
 "�%�  H�%X �* '  .�[�� �/�	 ��' �!�0
 ?�N(���� '

 ���:�"�( H�  6�* )*%+ 6���2 ' =�>��� �* �� E# 6���S# �0
�� �� )*%+ . ' �/�	 6�
 6/��B �Q	 �� �*  "�'#��� �*
H�  ��(�%�%� ��%N5� ��+��+ 6�0 �� ' �,NA "�(��*��+ �� �+ ����� 6�
 ������ ��
�' ��
�	 j� )*%+ "n�* ����* "�(

�/�
 �� .�:�
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 �*�
* m��R� =�>�� GR* �k�0 )*%+ "�(�
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�5� �* �.%� 3�
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�+�( �
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� ;� � ����N( �* 
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 �* �/ 
� E��+ ���:� "
�* �/�* .%� ��U
� ���N� ��
 ��,��� ���* ��
�
 ?�>	 �[��
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 �/�
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 �U�	"��	 ������("Q	 ��%� ��U
�  � ��
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�

�� �* �����
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��� E
%
A �*
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 KL5H��2 �$ �2 1� K��
 KL������"-�$ ��M�0,�(
 �� � 3.��� �$ �(�(� 1� .� �$ ���� KL5 �-��T��& i;� ���� � 5 �5�� -

�� 3� j(��� 
� � 5 kl� ���(.2 �$ ,�(
 3� ��T� 3IV�� ��2 �� 6�� KL��� !2� � 5 *%#� 30�2��5 ��L�� �(D 0�)$ � `

2 �$ �m �� �n���� 3IV���!5� 
 $(=� P�$ KL9������ 3IV��  0D 3VI
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b� 3.8�� o���

(�( ��
� ��  �+| �+ �	%�	�N��Q	 ��%� ��U
� " "�( �/�� �� b~���� 3�� �*���/�
��2 ARMA�	%  �� ��/
� .

 �	%N	"
  ��/�
��2"�(3�� 
�*"d�( ��
� �/�� " �a,/>�  3'�F ��)P(?�
 ��  u��.* � �,X�0 8��/	 �� ?&� �N+ 

 �+ �%  �� �Q0y� �/�
��2 ��/��@���^Moving Average "
�
 �*  "����  a,/>� "���*%+?�
 �F%� V��F.

 6� =H� 6 � _.�%� -�+������& ARMA -�1� 3� b�+ �$�$ _.�%� 3�2$ $(5 0� 3p�q� 3
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��+ 9-�1� 3� P���D ������&
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 _.�%� -��� 5.
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��� )~,`��%� �� �� �* ��  3'
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P,b�bP,bx�P,b�oJP,bo~JP,c�xJP,bocJP,b�`JP,b�cJP,co`JP,c~�J3'



~,xx�~,xPx~,�~d~,xxc~,�~P~,xdo~,xc~~,xP~~,�b`~,x��@'
�

~,b`cJ~,`�dJ~,cc~J~,bP�J~,c~bJ~,bbcJ~,b�xJ~,`d`J~,ccdJ~,b~oJ@%
�

~,d�c~,c�b~,xbP~,coo~,dc`~,d``~,c��~,cdo~,dxo~,c�~

@�
��^

~,`bPJ~,PocJ~,`cdJ~,`~bJ~,`x`J~,Poo~,`��J~,P��J~`d�J~,P��J[W

2
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��2

A
.R

~,xboJ~,dxxJ~,xc`J~,x~cJ~,�~`J~,x~oJ~,xbPJ~,d�`J~,�P`J~,xcbJ
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~,bx�~,bP`~,b�b~,bcb~,cb~~,bdo~,bdb~,b~d~,ccx~,bcb@'
�
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