
Author’s Accepted Manuscript

Factors Influencing the Effectiveness of Occupant
Retention under Far-side Impacts: A Parametric
Study

Sagar Umale, Narayan Yoganandan, Frank A.
Pintar, Mike W.J. Arun

PII: S1751-6161(18)30733-1
DOI: https://doi.org/10.1016/j.jmbbm.2018.05.021
Reference: JMBBM2798

To appear in: Journal of the Mechanical Behavior of Biomedical Materials

Received date: 22 August 2017
Revised date: 3 January 2018
Accepted date: 9 May 2018

Cite this article as: Sagar Umale, Narayan Yoganandan, Frank A. Pintar and
Mike W.J. Arun, Factors Influencing the Effectiveness of Occupant Retention
under Far-side Impacts: A Parametric Study, Journal of the Mechanical
Behavior of Biomedical Materials, https://doi.org/10.1016/j.jmbbm.2018.05.021

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/jmbbm

http://www.elsevier.com/locate/jmbbm
https://doi.org/10.1016/j.jmbbm.2018.05.021
https://doi.org/10.1016/j.jmbbm.2018.05.021


Factors Influencing the Effectiveness of Occupant Retention under Far-side Impacts: A Parametric 
Study 

Sagar Umale, Narayan Yoganandan, Frank A Pintar, Mike W J Arun 
Department of Neurosurgery, Medical College of Wisconsin, USA 

 
Abstract 

The occupant retention and injuries under far-side impact are invariably dependent upon the 

effectiveness of the seatbelt restraint system, which is largely driven by parameters such as seatbelt pre-

tensioner limiting load, D-ring position above and behind the shoulder, and friction coefficient between 

the torso and the seatbelt.  The cumulative effect of systematic variation of these parameters on 

occupant kinematics under far-side is rarely studied in the literature.  In this study, a systematic and 

detailed analysis was performed to understand the effect of these parameters on occupant retention.  A 

rigid buck assembly with Global Human Body Model Consortium Human Body Model, validated with 

post mortem human surrogate experiments was used under two different impact scenarios—lateral and 

oblique.  A simulation matrix of 16 cases was designed by varying the magnitude of the parameters for 

each impact scenario.  Each case was graded as good, moderate, or poor retention based on the position 

of the shoulder seatbelt at the time of rebound.  Head accelerations and excursions, chest compression, 

rib fractures, and neck moments of the HBM were analyzed to understand the effect of improved 

retention on occupant kinematics.  Results showed that higher pre-tensioner limiting load, higher 

seatbelt friction, and backward position of D-ring improved retention in both lateral and oblique 

scenarios.  Head acceleration, and excursions and chest compression decreased from poor retention 

cases to good retention cases for both impact scenarios. Rib fractures were higher in cases with poor 

retention as compared to those with good retention. The peak lateral neck moments changed 

marginally from poor to good retention; however, the rate of loading of the neck was significantly higher 

in good retention.  Thus, the current study suggested that the backward D-ring position coupled with 

higher pretensioner limiting load and friction is likely to improve retention in far-side impacts and 

prevent injuries from the occupant slipping out of the restraint system. Better retention reduced 

occupant acceleration, excursion, chest compression and number of rib fractures, on the contrary it 

might instill higher injury vulnerability to neck and brain. 

Keywords Computational modeling, human body model, far-side, seatbelt restraint system, D-ring 

position. 
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