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There is an obvious link between Newtonian physics and crash re-
construction; however, the link to mathematics is not as intuitive.  
Among other things, basic math is commonly used when adding 
vectors, evaluating crush, and converting between imperial and 
metric units. This article examines how fundamental calculus tech-
niques can help define reconstruction variables, specifically delta-V 
(velocity change).  As a refresher for some and first exposure in the 
application for others, this is a look at calculus and the definite 
integral in the context of crash analysis.

But why?  As crash data becomes more common and more auto 
manufacturers (OEs) make their stored data available, we will most 
assuredly see that the data storage schemes will continue to vary 
between manufacturers and parts suppliers.  As part of the differ-
ences between OEs, we already see how some record delta-V differ-
ently.  Some OEs store delta-V while others store acceleration.  For 
example, General Motors vehicles typically store delta-V in 10ms 
“blocks” for varying crash pulse periods and Ford vehicles store 
acceleration which is then used by the Bosch Crash Data Retrieval 
(CDR) software to calculate delta-V.  But, how is that calculation 
done?  What’s necessary to take a set of acceleration data points and 
convert that to some quantity of delta-V?   When would I want to 
even do that sort of analysis?

Starting with the last question first, say you have a set of accelera-
tion data from a crash test or imagine you download crash data 
from a car and it offers a crash pulse but not the delta-V.  What 
are you going to do with the acceleration data?  Simply put, you 
can calculate the “area under the curve” and find the delta-V.  That 
delta-V is then used, of course, with other calculations to find clos-
ing velocity and, in some cases, impact velocity.  Before any of that; 
however, we have to work on getting from acceleration to delta-V 
and, to get there, we’ll cover some basics first.

We can start by reviewing the fundamentals of an acceleration 
pulse. Figure 1 is an example of a crash pulse captured during a 
frontal crash test. The horizontal axis is time in seconds, and the 
vertical axis is acceleration in g’s. There are several data points that 
are important in this plot. For example, the measured max accel-
eration is around 14.5g, and the crash duration is about 96 milli-
seconds.  However, cumulative delta-V can’t be found just by look-
ing at the graph and considering a maximum value so this is where 
calculus comes into play and where we contemplate the “definite 
integral.”   For our purposes, the integral will be a number that 
represents the area enclosed by a time based curve, the time axis, 
and two time points. 
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The CDR System is a tool that provides access to vehicle 
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