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D1 Vehicle Seat-Adjuster Failure in Collisions:  Unreliable Safety Devices

Mark C. Pozzi, MS*, Sandia Safety Sciences, 2 Marietta Court, Ste A, Edgewood, NM 87015; and Kenneth J. Saczalski, PhD*, 1440 W 
Bay Avenue, Newport Beach, CA 92661

7KH�JRDOV�RI�WKLV�SUHVHQWDWLRQ�DUH�WR�������LQIRUP�IRUHQVLF�DQG�¿HOG�LQYHVWLJDWRUV�IRU�SROLFH��PHGLFDO��DQG�WUDI¿F�VDIHW\�RUJDQL]DWLRQV�
KRZ�DQG�ZK\�YDULRXV�VHDW�DGMXVWHUV�IDLO�LQ�YDULRXV�FROOLVLRQV������WHDFK�PHWKRGV�RI�UHFRJQL]LQJ��DQDO\]LQJ��DQG�GRFXPHQWLQJ�VXFK�IDLOXUHV��
����H[SODLQ�KRZ�VXFK�VHDW�IDLOXUHV�DIIHFW�YHKLFOH�RFFXSDQW�VDIHW\��DQG������GHPRQVWUDWH�YLD�VWDWLF�DQG�FUDVK�WHVWLQJ�KRZ�DOWHUQDWLYH�GHVLJQV�
prevent such predictable failures.

This presentation will affect the forensic science community by providing information on largely hidden vehicle safety defects that 

DIIHFW�WKH�PRWRULQJ�SXEOLF���0DQ\�VHYHUH�LQMXULHV�DQG�GHDWKV�KDYH�RFFXUUHG�GXH�WR�VXFK�IDLOXUHV��ZKLFK�DUH�QRW�DGHTXDWHO\�DGGUHVVHG�E\�
many government or auto-industry safety standards.

6HDW�DGMXVWHUV�DUH�QRW�PHUHO\�GHYLFHV�WR�DVVLVW�PRWRULVW�FRPIRUW�DQG�¿W�ZLWKLQ�D�YHKLFOH���9HKLFOH�PDQXIDFWXUHUV�ZDUQ�PRWRULVWV�WR�
QHYHU�DGMXVW�VHDW�WUDFNV��UHFOLQHUV��RU�RWKHU�DGMXVWHUV�ZKLOH�YHKLFOHV�DUH�LQ�PRWLRQ�DQG�WKDW�VHDWEDFNV�PXVW�EH�XSULJKW���7KH\�ZDUQ�WKDW�
DQ\�VHDW�PRYHPHQW�GXH�WR�UHOHDVH�RI�D�VHDW�DGMXVWHU�FDQ�UHGXFH�WKH�HIIHFWLYHQHVV�RI�VHDW�EHOWV�DQG�LQFUHDVH�WKH� OLNHOLKRRG�RI� LQMXU\��
KRZHYHU��WKH�YDVW�PDMRULW\�RI�VHDWV�LQ�YHKLFOHV�DUH�VXEMHFW�WR�H[DFWO\�WKDW�NLQG�RI�SUHGLFWDEOH�XQVDIH�VHDW�PRYHPHQW�GXH�WR�LQDGHTXDWH�
FUDVKZRUWKLQHVV�RI�VHDW�VWUXFWXUHV�DQG�VHDW�DGMXVWHUV���0RVW�VHDWV�DUH�WRR�ZHDN�WR�EH�FDSDEOH�RI�PHHWLQJ�WKH�UHTXLUHPHQWV�IRU�RFFXSDQW�
protection set forth in the vehicle owner’s manual.  There are no sensors or warnings provided in vehicles to indicate that seats adjusters 

DUH�QRW�IXOO\�HQJDJHG�RU�WKDW�VHDWEDFNV�DUH�QRW�DGHTXDWHO\�XSULJKW�ZKLOH�WKH�YHKLFOH�LV�LQ�PRWLRQ���7KHVH�VHDWV�DUH�OHJDO�WR�VHOO�GXH�WR�
LQDGHTXDWH�RU�QRQ�H[LVWHQW� VHDW� VDIHW\�DQG�RFFXSDQW�SURWHFWLRQ� UHJXODWLRQV�DQG� UHVXOWDQW� ODFN�RI�PHDQLQJIXO� WHVWLQJ�� �7KH�HQKDQFHG�
potential for serious and fatal injury to front and rear seat occupants, including children, is clearly demonstrated. 

'HFDGHV�RI�UHVHDUFK�LQWR�YHKLFOH�FUDVKZRUWKLQHVV�DQG�RFFXSDQW�SURWHFWLRQ�HIIHFWLYHQHVV�RI�YDULRXV�VHDW�DQG�EHOW�FRPELQDWLRQV�KDYH�
demonstrated numerous random modes of seat adjuster failure in foreseeable collisions.  Over time, seats have grown more complex, 

RIWHQ�DGGLQJ�YHUWLFDO�DQG� WLOW�DGMXVWHUV�DV�ZHOO�DV�UHFOLQHUV�DQG� ODWFKHV� WKDW�DOORZ�IROG�ÀDW�FDSDELOLW\�RI�QRW�RQO\�UHDU�VHDWV� LQ�XWLOLW\�
vehicles but also some front seats.  This study involves analysis of various seat adjuster failures during static, sled, and crash tests, as 

ZHOO�DV�UHODWHG�IRUHQVLF�HYLGHQFH�IRXQG�RQ�IURQW�DQG�UHDU�VHDWV�DQG�YHKLFOH�VWUXFWXUHV�GXULQJ�¿HOG�LQYHVWLJDWLRQV���7KLV�LQFOXGHV���VHDW�
WUDFN�WR�ÀRRU�DQFKRUV��VHDW�WUDFN�DGMXVWHUV��VHDW�FXVKLRQ�WR�VHDW�WUDFN�VHSDUDWLRQ��VHDW�FXVKLRQ�YHUWLFDO�DQG�WLOW�DGMXVWHUV��UHFOLQHU�JHDU��
EROW��DQG�IUDPH�IUDFWXUH��DQG��DGMXVWHU�IULFWLRQ�PHFKDQLVP�VOLSSDJH���6HDW�DGMXVWHUV�DOVR�IDLO�GXH�WR�RFFXSDQW�DQG�RU�VHDW�EHOW�FRQWDFW�WR�
XQVKLHOGHG�FRQWUROV���,QHUWLDO�UHOHDVH�RI�VHDW�FRQWUROV�ZKLFK�DUH�HQJDJHG�PHUHO\�E\�VSULQJ�WHQVLRQ�LV�DOVR�D�ULVN���%HQGLQJ�DQG�IUDFWXUH�
of inadequate seat frames can contribute to catastrophic failure of one or more seat adjusters, especially in offset and angular impact 

loading.  Angular loading of seats can often reduce static strength capacity by 30%-40% compared to straight rearward loading.  One 

type of seat has demonstrated at least seven random failure modes, often with multiple adjuster failures in one collision.  Seats with 

multiple adjusters or multi-function recliners often show greater potential for failure at lower occupant load levels than those achieved 

E\�PRUH�EDVLF�VHDWV���6HDW�DGMXVWHUV�KDYH�DOVR�VKRZQ�VLJQL¿FDQWO\�UHGXFHG�VWUHQJWK��FUDVKZRUWKLQHVV��DQG�UHOLDELOLW\�LI�WKH\�DUH�SODFHG�LQ�
less than optimal mechanical engagement, within their normal operating range.  All of these factors contribute to the unreliability of seat 

adjusters as an occupant safety device.

7KLV�VWXG\�VKRZV�GLUHFW�FRPSDULVRQV�EHWZHHQ�HYLGHQFH�IRXQG�LQ�¿HOG�LQYHVWLJDWLRQV�RI�IURQW�DQG�UHDU�VHDW�IDLOXUH�DQG�ODERUDWRU\�
studies performed to demonstrate the circumstances of the collision.  This includes sled testing with adult and child dummies, vehicle-

WR�YHKLFOH�FUDVK�WHVWLQJ��DQG�YHKLFOH�WR�¿[HG�REMHFW�FUDVK�WHVWLQJ���7KHVH�VHDW�DGMXVWHU�IDLOXUHV�XVXDOO\�LQYROYH�UHDU�LPSDFWV�EXW�KDYH�DOVR�
RFFXUUHG�LQ�IURQW��VLGH��DQG�UROORYHU�FROOLVLRQV���6HDW�DGMXVWHU�IDLOXUH�PRGHV��VHDW�EHOW�VODFNHQLQJ�HIIHFWV��UHVXOWDQW�RFFXSDQW�NLQHPDWLFV��
HMHFWLRQ��DQG� LQMXU\�DUH�DQDO\]HG� LQ�GHWDLO�� �7KLV� LQFOXGHV�VWDWLF� WHVWLQJ�DV�ZHOO�DV�VLGH�E\�VLGH�G\QDPLF� WHVWLQJ�RI�YDULRXV�VHDW��VHDW�
adjuster, and seat belt designs under identical collision circumstances.
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