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� � � � � � � � � � � �

+DUP RQLVDWLRQ�* RDO

„ 3URYLGH�LP SURYHG�VLGH�LP SDFW�GXP P \ �GHVLJQ�EDVHG�RQ
( 8526,' �� �WKDW�LV�Z RUOG�Z LGH�DFFHSWDEOH�LQ�WKH�LQWHULP
XS�WR�WKH�P RP HQW�WKDW�D�P RUH�DGYDQFHG�YDOLGDWHG�WHVW
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* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ �

0 RWLYDWLRQ

„ ³ : RUOG6,' ´ �GXP P \ �LV�EHLQJ�GHYHORSHG�EXW�KDUP RQLVDWLRQ
FRXOG�EH�UHDFKHG�HDUOLHU�EDVHG�RQ�SURYHQ�GHVLJQ

„ ( 8526,' �� �LV�P RVW�Z LGHO\ �XVHG�UHJXODWRU\ �VLGH�LP SDFW
GXP P \

„ ( 8526,' �� �GHILFLHQFLHV�WKDW�SUHYHQW�DFFHSWDQFH�Z RUOG�Z LGH
DUH�NQRZ Q�DQG�VROYDEOH
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� � � � � � � � � � � �� � � � � � � � � � � �
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* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ �

6WDWXV

„ ( ( &9�UHFRP P HQGDWLRQ�UHSRUW�WR�* 563�DQG�( XUR1&$3�LQ
6HSWHP EHU�� � � �

„ 3URSRVDO�IRU�DP HQGP HQW�RI�( &( �5� � �LQ�0 D\ �� � � �

„ 2,&$�FRQFHUQV�VXEP LWWHG�DW�ODVW�* 563�P HHWLQJ
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6XP P DU\ �RI�2,&$�. H\ �3RLQWV

„ 9DULDWLRQ�RI��ELRP HFKDQLFDO��SHUIRUP DQFH�FULWHULD
EHWZ HHQ�( 8526,' �� �DQG�( 6�� �GXP P \

„ ' LUHFWLRQDO�VHQVLWLYLW\

„ ,QWHU�ULE�KRP RJHQHLW\

„ 7KRUD[ �GDP SLQJ�FKDUDFWHULVWLFV�DQG�VWLIIQHVV
�YLEUDWLRQ�

„ ,QWHUDFWLRQ�EHWZ HHQ�ERG\ �VHJP HQWV
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9DULDWLRQ�RI�3HUIRUP DQFH�&ULWHULD

2,&$�&RQFHUQ

„ ( ( 9&�UHSRUW�H[ SODLQV�WKDW�( 6�� �KDV�ORZ HU�FULWHULD�WKDQ
( 8526,' �� �LQ�ELRILGHOLW\ �WHVWV

„ 7KLV�GHSHQGV�RQ�WHVW�FRQGLWLRQV

„ 7RR�P XFK�GDWD�DUH�P LVVLQJ�WR�P DNH�FRP SOHWH�DQDO\ VLV
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9DULDWLRQ�RI�3HUIRUP DQFH�&ULWHULD

( ( 9&�5HYLHZ

„ * RDO�RI�( 6�� �GHYHORSP HQW�KDV�EHHQ�WR�NHHS�VDP H�OHYHO
RI�ELRILGHOLW\ �WR�( 8526,' �� �Z �U�W��DFFHSWHG�( ( 9&
UHTXLUHP HQWV

„ : * � � �KDV�FKHFNHG�( 6�� �SHUIRUP DQFH�LQ�WKRUD[ �DQG�IXOO
ERG\ ��WKRUD[ �SHOYLV��UHVSRQVH

„ 5HVSRQVHV�RI�30 +6�ULE�GHIOHFWLRQ�DQG�9&��DUH�QRW
DYDLODEOH�DQG�WKHUHIRUH�QRW�LQFOXGHG�LQ�WKH�DVVHVVP HQW
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9DULDWLRQ�RI�9&

$GGLWLRQDO�WHVWV

„ 7HVW�RQ�ULE�RQO\

„ 9DULRXV�P DVV�LP SDFWRUV�DQG
YHORFLW\ �RI�LP SDFW

„ &RP SDULVRQ�RI�( 8526,' �� �DQG�( 6��
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m / s k g N m m / s m / s %
4 .0 7 .7 8 6 2 .2 0 .5 4 0 .5 9 1 0 .9
6 .5 3 .1 0 6 5 .5 0 .6 7 0 .7 1 7 .0
8 .0 1 .4 0 4 4 .8 0 .5 2 0 .4 9 -5 .5
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9DULDWLRQ�RI�3HUIRUP DQFH�&ULWHULD

&RQFOXVLRQ

„ ( 6�� �LV�VLP LODU�LQ�ELRILGHOLW\ �DV�( 8526,' �� �LQ�WKH�( ( 9&
WHVW�FRQGLWLRQV�IRU�Z KLFK�LW�Z DV�GHVLJQHG��( 69�� � � � �

„ 7KRUD[ �ELRILGHOLW\ �WDUJHWV�GR�QRW�LQFOXGH�GLVSODFHP HQWV
QRU�9&��Z KLFK�LV�DFNQRZ OHGJHG�LQ�WKH�( ( 9&�UHSRUW

„ 6RP H�LQMXU\ �FULWHULD�P D\ �YDU\ �EHWZ HHQ�WKH�WZ R
GXP P LHV�EXW�LW�LV��QRW�SRVVLEOH�WR�VD\ �Z KLFK�DUH
ELRP HFKDQLFDOO\ �P RUH�FRUUHFW



* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

' LUHFWLRQDO�6HQVLWLYLW\

2,&$�&RQFHUQ

„ 6XUSULVLQJO\ �KLJKHU�ULE�GHIOHFWLRQV�DUH�REVHUYHG�DW
UHDUZ DUG�DQJOH�LP SDFWV�IRU�( 6��

„ ' DWD�WR�FRP SDUH�Z LWK�SURGXFWLRQ�( 8526,' �� �DUH
P LVVLQJ�LQ�WKH�( ( 9&�UHSRUW

„ &KDQJH�LQ�SRVLWLRQ�RI�ULE�GLVSODFHP HQW�FDQ�KDYH�DQ
QHJDWLYH�HIIHFW�RQ�WKH�P HDVXUHG�YDOXHV�RI�WKH
GLVSODFHP HQW�Z KHQ�REOLTXH�ORDGLQJ�LV�SUHVHQW



* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

' LUHFWLRQDO�6HQVLWLYLW\

( ( 9&�5HYLHZ

„ &RQFOXVLRQ�LQ�( ( 9&�UHSRUW�EDVHG�RQ�LP SDFWRU�GDWD

„ $GGLWLRQDO�GLUHFWLRQDO�LP SDFW�GDWD�DYDLODEOH�RQ�( 8526,' ��
DQG�( 6�� �LQFOXGH�
® " IOKINETICS�STUDY��� � �� �PENDULUM�IMPACT�TESTS�ON�%52/ 3)$� ��COATED�PISTON	
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® 4. / �RIB�ONLY�DROP�TESTS��� � � ��� � � ��� ��� � ��� � �DEG	
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' LUHFWLRQDO�6HQVLWLYLW\
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' LUHFWLRQDO�6HQVLWLYLW\
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* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

' LUHFWLRQDO�6HQVLWLYLW\

&RQFOXVLRQ

„ ( 8526,' �� �DQG�( 6�� �VKRZ �D�VLP LODU�WUHQG�UHJDUGLQJ
REOLTXH�ORDGLQJ�L�H��ORZ HU�UHDGLQJV�LQ�IZ G�REOLTXH�DQG
KLJKHU�UHDGLQJV�LQ�UZ G�REOLTXH�LP SDFWV

„ 7KLV�LV�H[ SODLQHG�E\ �WKH�GHVLJQ�RI�WKH�ULE�VWUXFWXUH�DQG
ORFDWLRQ�RI�DFWXDO�P HDVXUHP HQW�SRLQW

„ &KDQJHV�LQ�GLUHFWLRQDO�VHQVLWLYLW\ �EHWZ HHQ�( 8526,' ��
DQG�( 6�� �DUH�FDXVHG�E\ �FKDQJHV�LQ�ULE�IULFWLRQ�DQG�D
VP DOO�VKLIW�LQ�SRLQW�RI�P HDVXUHP HQW�DV�H[ SODLQHG�LQ�WKH
( ( 9&�UHSRUW
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,QWHU�5LE�+RP RJHQHLW\

2,&$�&RQFHUQ

„ ( YROXWLRQ�RI�ULE�UHVSRQVHV�EHWZ HHQ�( 8526,' �� �DQG�( 6��
LV�QRW�FRQWLQXRXV
® 2EFERENCE�IS�MADE�TO�%52/ 3)$� �PROTOTYPE�DATA�BY�&RIEDEL�ET�AL�

„ ( I IHFW�RQ�P D[ LP XP �GHIOHFWLRQ�DQG�RU�9&�P D\ �EH
JUHDWHU�IRU�WKH�LQGLYLGXDO�ULEV�WKDQ�LQGLFDWHG�E\ �WKH
DYHUDJH�JLYHQ�LQ�WKH�( ( 9&�UHSRUW
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( ( 9&�5HYLHZ

„ ) ULHGHO�HW�DO��GDWD�VKRZ V�HYLGHQFH�RI�IODW�WRSV�DW�DQJOHG
LP SDFWV��VXJJHVWLQJ�ULE�ELQGLQJ�IRU�( 8526,' ��
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( ( 9&�5HYLHZ
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* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

,QWHU�5LE�+RP RJHQHLW\

&RQFOXVLRQ

„ ,QWHU�ULE�KRP RJHQHLW\ �LQ�DQJOHG�LP SDFWV�VKRXOG�QRW�EH
DVVXP HG�IRU�( 8526,' �� �RU�( 6��

„ &RQWLQXRXV�UHVSRQVH�EHWZ HHQ�XSSHU��P LG�DQG�ORZ HU
ULEV�LQ�DQJOHG�LP SDFWV�P D\ �EH�UHODWHG�WR�ULE�ELQGLQJ�
DQG�WKHUHIRUH�LV�OHVV�OLNHO\ �REVHUYHG�IRU�WKH�( 6��
GXP P \ �WKDQ�IRU�( 8526,' ��

„ ,Q�SHQGXOXP �LP SDFW�WHVWV��( 6�� �DQG�( 8526,' �� �VKRZ
LGHQWLFDO�EHKDYLRXU



* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

7KRUD[ �' DP SLQJ�&KDUDFWHULVWLFV

2,&$�&RQFHUQ

„ ) ULFWLRQ�LV�HOLP LQDWHG�LQ�( 6�� �DQG�FRP SHQVDWHG�E\
LQFUHDVLQJ�WXQLQJ�VSULQJ�VWLIIQHVV

„ 7KLV�OHDGV�WR�VWLIIHU�WKRUD[ �Z LWK�OHVV�RYHUDOO�GDP SLQJ
Z KLFK�LV�QRW�DSSURSULDWH



* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

7KRUD[ �' DP SLQJ�&KDUDFWHULVWLFV

&RQFHUQ ' RXEOH�SHDN�RI
VDP H�P DJQLWXGH
DW�VP DOO
GHIOHFWLRQ

2VFLOODWLRQV��a � �
+] � �REVHUYHG�RQ
WKUHH�ULEV
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* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

7KRUD[ �' DP SLQJ�&KDUDFWHULVWLFV

5HYLHZ

„ 7KHRUHWLFDO�FDOFXODWLRQ�RI�HLJHQIUHTXHQF\ �VKRZ V
GLIIHUHQFHV�DUH�VP DOO�EHWZ HHQ�( 8526,' �� �DQG�( 6��

„ 1HZ �VHULHV�RI�ULE�RQO\ �WHVWV�SHUIRUP HG�DW�712�) 766�WR
IXUWKHU�YLEUDWLRQ�EHKDYLRXU�RI�( 8526,' �� �DQG�( 6��



* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

7KRUD[ �' DP SLQJ�&KDUDFWHULVWLFV

5HYLHZ

„ &HUWLILFDWLRQ�W\ SH�ULE�GURS

„ ,P SDFWRU�P DVV�VWRSSHG�DIWHU�� �
�� �� � ��� � ��� � ��� � �P P
�Z �U�W��FRP SUHVVHG�IRDP ��WR
VWXG\ �SRWHQWLDO�YLEUDWLRQ

„ 9HORFLWLHV�� �� ��� �� ��� �� ��� �� �DQG
� �� �P �V

„ 0 DVV�� �� � ��� �� ��� �� � �NJ

„ ( 8526,' �� �DQG�( 6��

�
�

�� � �
� ��� 	
 � 	

�
� �



� �� � 	

�
� �

��

�

�

�� �

�
� ��

�

�

�

� �

�
�

�

�
� � 
 � 	

�
� �



* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

7KRUD[ �' DP SLQJ�&KDUDFWHULVWLFV

5HYLHZ ��FRQW¶G�

„ 6LP LODU�EHKDYLRXU
IRU�( 6��

„ 5HODWLYH�RYHUVKRRW�DW
� � �P P �FOHDUDQFH�
�� � �� �� � � �� �  � � �

„ 1R�VHFRQG�SHDN�LQ
VDP H�RUGHU

„ ' LIIHUHQW�Z DYH�OHQJWK
IURP �FDU�WHVW

Drop speed 6.5 m/s mass 3.10 kg

-10

0

10

20

30

40

50

60

40 60 80 100 120 140

Time in [ms]

R
ib

 d
is

p
la

ce
m

en
t 

in
 [

m
m

]

-750

-600

-450

-300

-150

0

150

300

R
ib

 a
cc

el
er

at
io

n
 in

 [
G

]

D rib free

D rib 20

D rib 15

D rib 10

D rib 7.5

D rib 5

--------------

Acc rib free

Acc rib 20

Acc rib 15

Acc rib 10

Acc rib 7.5

Acc rib 5



* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

7KRUD[ �' DP SLQJ�&KDUDFWHULVWLFV

„ &RP SDULVRQ�RI�RYHUVKRRW�LQ�ULE�GLVSODFHP HQW��LP SDFWRU
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* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

7KRUD[ �' DP SLQJ�&KDUDFWHULVWLFV

„ &RP SDULVRQ�RI�RYHUVKRRW�LQ�ULE�GLVSODFHP HQW��LP SDFWRU
VWRSSHG�DIWHU�� � �P P �GHIOHFWLRQ
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* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

7KRUD[ �' DP SLQJ�&KDUDFWHULVWLFV

„ ( 8526,' �� �( 6�� �FRP SDULVRQ��QRUP DOLVHG�WR�LQMXU\
FULWHULRQ��� � �P P ���LP SDFWRU�VWRSSHG�DIWHU�� � ��� � �DQG��
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* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

7KRUD[ �' DP SLQJ�&KDUDFWHULVWLFV

&RQFOXVLRQ

„ 2YHUVKRRW�RFFXUV�LQ�ULE�GHIOHFWLRQ�IRU�( 8526,' �� �DQG
( 6��

„ 7KLV�HIIHFW�LV��UHODWLYHO\ ��ODUJHVW�IRU�VP DOO�GHIOHFWLRQV

„ 7KLV�LV�H[ SODLQHG�E\ �WKH�GHVLJQ�RI�WKH�( 8526,' �� �( 6��
ULE�P RGXOH��LQ�SDUWLFXODU�WKH�FRP ELQDWLRQ�RI�VSULQJ�DQG
GDP SHU

„ 1R�HYLGHQFH�IRU�QDWXUDO�YLEUDWLRQ�IRXQG



* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

7KRUD[ �' DP SLQJ�&KDUDFWHULVWLFV

&RQFOXVLRQ��FRQW¶G�

„ 5HGXFHG�IULFWLRQ�DQG�DQJXODU�VHQVLWLYLW\ �KDV�OHDG�WR
LQFUHDVH�RI�RYHUVKRRW�LQ�( 6�� �FRP SDUHG�WR�( 8526,' ��

„ 7KLV�LQFUHDVH�LV�WKH�VDP H�P DJQLWXGH�DV�REVHUYHG�LQ�RYHUDOO
ULE�UHDGLQJV�IURP �YHKLFOH�WHVWV��EXW�UHODWLYHO\ �VP DOO
FRP SDUHG�WKH�LQMXU\ �FULWHULRQ

„ ) RU�KLJKHU�YHORFLWLHV��WKH�GLIIHUHQFH�EHWZ HHQ�( 8526,' ��
DQG�( 6�� �RYHUVKRRW�EHFRP HV�VP DOOHU



* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

,QWHUDFWLRQ�%HWZ HHQ�%RG\ �6HJP HQWV

2,&$�&RQFHUQ

„ %HVLGHV�WKRUD[ ��FKDQJHV�Z HUH�P DGH�WR�RWKHU�ERG\ �SDUW�
LQ�SDUWLFXODU�SHOYLV

„ 7KHLU�HIIHFW�RQ�WKRUD[ �ORDGLQJ�QHHGV�WR�EH�LQYHVWLJDWHG

„ %LRP HFKDQLFDO�UHDVRQV�KDYH�WR�EH�JLYHQ�EHIRUH
DSSO\ LQJ�WKHP �LQ�UHJXODWLRQ



* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

,QWHUDFWLRQ�%HWZ HHQ�%RG\ �6HJP HQWV

( ( 9&�5HYLHZ

„ 0 RVW�VLJQLILFDQW�FKDQJH�LQ�WKH�ORZ HU�ERG\ �UHJLRQ�LV�WKH
FKDQJH�RI�P DVV�GLVWULEXWLRQ�LQ�WKH�XSSHU�OHJ

„ 7KH�QHZ �GLVWULEXWLRQ�RI�P DVV�EHWWHU�FRUUHVSRQGV�WR�WKH
DFWXDO�KXP DQ�DQG�DGGUHVVHV�WKH�³XQUHDOLVWLF́ �KLJK
SHDNV�LQ�SXELF�UHVSRQVHV

„ 3HOYLV�DQG�OXP EDU�VSLQH�VWLIIQHVV�KDYH�QRW�EHHQ
FKDQJHG

„ ) XOO�ERG\ �+HLGHOEHUJ�WHVWV�VKRZ �XQDIIHFWHG
SHUIRUP DQFH�IRU�( 6�� ��VHH�SRLQW�� �



* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

,QWHUDFWLRQ�%HWZ HHQ�%RG\ �6HJP HQWV

&RQFOXVLRQ

„ &KDQJHV�LQ�( 6�� �ORZ HU�ERG\ �DUH�VXIILFLHQWO\
ELRP HFKDQLFDOO\ �VXSSRUWHG�DQG�KDYH�EHHQ�LP SOHP HQWHG
WR�VROYH�D�( 8526,' �� �GHILFLHQF\

„ ) XUWKHU�SRLQWV�P DGH�E\ �2,&$�DUH�QRW�YDOLG�DV�WKH
+HLGHOEHUJ�WHVW�UHVXOWV�GHP RQVWUDWH�FRP SDUDEOH
EHKDYLRXU�EHWZ HHQ�WKH�WZ R�GXP P LHV



* 563��* HQHYD��� � �' HFHP EHU�� � � � ��Z Z Z �HHYF�RUJ � �

2YHUDOO�FRQFOXVLRQV

„ ( ( 9&�: * � � �KDV�DGGUHVVHG�WKH�LVVXHV�SXW�IRUZ DUG�E\
2,&$

„ 5HYLHZ �RI�HYLGHQFH�DQG�QHZ �FRP SRQHQW�WHVW�UHVXOWV
IXUWKHU�FRQILUP �WKH�FRQFOXVLRQV�LQ�WKH�( ( 9&��UHSRUW

„ &RQWDFW�KDV�EHHQ�VRXJKW�Z LWK�UHSUHVHQWDWLYHV�RI
LQGXVWU\ �WR�GLVFXVV�WKHVH�ILQGLQJV

„ 1R�LP P HGLDWH�GHVLJQ�FKDQJH�LV�SURP SWHG�E\ �WKH
FRP P HQWV�UHFHLYHG�E\ �2,&$


