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• ACM – Airbag Control Module 

• CG - Center of Gravity 

• DeltaV – Impact Speed Change 

• DELTAV-ACC - SMAC EQUIVALENT DeltaV 

• DELTAV-RES - TEST EQUIVALENT DeltaV   

• EDR – Electronic Data Recorder 
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• HVOSM - Highway Vehicle Object Simulation Model 

• Msmac3D - McHenry SMAC 3 Dimensional 

• OEM - Original Equipment Manufacturer 

• PDOF - Principal Direction of Force  

• SDM - Sensing Diagnostic Module 

• SMAC Simulation Model of Automobile Collisions 

• smacTHP – SMAC Time History Program 
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Introduction  

Volume 15, Issue 2 of Collision Magazine contains a case problem article entitled "Did you find any errors when you read 

through the data?" by W. R. Rusty Haight & David W. Sersen. 

The case problem documents a real-world crash, captured in part on video, where both involved vehicles have similar, 

nearly identical data sets. Both vehicles had EDRs (Electronic Data Recorders). Both vehicles were General Motors (GM) 

vehicles, both are "49CFR563 compliant" [1] in terms of the data sets recorded. They are from the same direct to 

module (D2M) cable family (the "F00K108454" D2M cable family of GM ACMs). The data translation reports for both are 

almost identical including much of the Data Limitations text. The most significant difference is the actual module variant. 

One vehicle – a 2013 Buick LaCrosse (Allure) – had what is identified as an "SDM10P-conti" airbag control module (ACM). 

The other involved vehicle, a 2017 Chevy Tahoe, had an ACM identified as a "SDM30-delphi." 

The first reason for a review of the case problem is the fact that the crash had some EDR (Electronic Data Recorder) 

anomalies, documented in the article, which demonstrate and caution that EDRs are not infallible, and you always must 

use caution when reviewing the EDR results. EDR data and information provide additional data for crash reconstruction 

which needs to be carefully analyzed in concert with other analyses and examinations to come to final conclusions on 

each individual crash reconstruction. 

The article brought up many important issues which need to be considered and addressed when reconstructing a crash 

with one, or two, EDRs. EDRs tell part of the reconstruction story…they are a great additional piece of the crash 

reconstruction puzzle however they can and do have issues/failures and don't tell you everything you need to know 

about a crash. The referenced article [2] included possibilities for corruption or inadequacy of the EDR data due to 

proximity of the EDR to the crush zone (does it possibly move during the crash?), collisions wherein the accelerations on 

vehicles may exceed the limitations of the maximum acceleration which can be recorded by the EDR (many have 50 g-

unit limits which represent an approximation of the actual limit) and there are other items which also need to be 

considered. 

A second reason for interest in the subject crash is that although one vehicle was at an extremely high speed (>100 MPH 

closing speed), the combined speed is like what might be encountered in 2 lane at-speed highway crashes so the 

anomalies brought up in the article are applicable to many highway crashes. 

 

Summary of the Crash  

The crash occurred in May 2019 when a speeding 2013 Buick LaCrosse, which weighed approximately 3693 lbs. (1675 

kg), crashed into a stationary 2017 Chevy Tahoe sheriff vehicle which weighed approximately 5550 lbs. (2517 kg). During 

the inline head-on impact both vehicles sustained significant frontal damage [Figure 1]. [Reference 2] 

As a result of the collision the Tahoe was pushed backwards approximately 172 feet and rotated approximately 180 

degrees. The Buick continued after the collision to travel forward approximately 228 feet down the road to its position 

of rest [Figure 2] 

 

 

https://www.collisionmagazine.com/
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Figure 1 Photographs of the damage to the vehicles in the subject crash 

 

Figure 2 Overhead view of the collision site 

The Tahoe's Pre-Crash EDR Data table indicates that during the last 5 seconds leading up to the crash, the deputy slowed 

from 7 mph (12 km/h) to a stop; his speed is very clearly 0 mph from about the -3.0 sec Pre-Crash Data sample to the -

0.5 sec sample: that being the last pre-crash sample before "algorithm enable", which generally indicates the point of 

collision. [Figure 3].   

The Buick Pre-crash EDR data indicates that the vehicle was accelerating from 106 MPH at 5 seconds prior to the impact 

to 109 MPH at the last recorded value approximately 0.50 before the "algorithm enable." [Figure 4]. 
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Figure 3 Tahoe Pre-Impact EDR information 

 

Figure 4 Buick Pre-impact EDR information 

In the case problem article, the reported Delta-Vs of the Buick and Tahoe do not agree with the physical laws when we 

calculate:  

• What the Delta-V of the Tahoe should have been in this crash for the EDR reported Buick DeltaV 

• What the Delta-V of the Buick should have been in this crash for the EDR reported Tahoe DeltaV. 

From the referenced article [2]  

“The first might be found in the data table "System Status at Event (Event Record 1)" where we see the data el-

ement "Maximum Delta-V, Longitudinal (Maximum Longitudinal SDM Recorded Vehicle Velocity Change for FSR 

Event) [3]  MPH [km/h]" and the translated value is "-48 [-77].4
 That element is coupled with the item, from the 

same data table: "Time, Maximum Delta-V (Time From FSR Time Zero to Maximum Longitudinal SDM Recorded 

Vehicle Velocity Change)(msec)" and the translated value there of "138 (ms)." What this says is that the airbag 

control module (ACM) captured acceleration and then calculated the Delta-V out beyond 138 ms, however, at 

138 ms, the ACM found the Maximum Delta-V which was recorded as -77 km/h (-48 mph) rounded to the near-

est 1 km/h for the resolution called out in 49CFR563.5
 

The reported DeltaV for the Buick from the EDR data was between 45.3 and 46.6 MPH  

The "Maximum Delta-V, Longitudinal" for the Tahoe is reported as -48 mph (-77 km/h) – coincidentally the same 

as that recorded for the Buick – but, given the difference in their weights, one of those values can't be right. 
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From the article [2] 

“…the reported Delta-V for Tahoe (48 mph (77 km/h)), the average weights of the involved vehicles as previously 

discussed, and an estimate for restitution of 0.1 we find that the closing speed of the Buick "should be" about 

109-110 mph (175-177 km/h) as seen in Equation 5. Again, as an interesting aside, if one were to discount 

restitution – because "it doesn't really make a difference in 'big Delta-V' crashes" – the Buick closing speed, 

given the information at hand, would be calculated to be 120-121 mph (193-195 km/h). 

This seems like it might have already been answered, but to be clear at this point in this Case Problem solution, 

given the data available, the Delta-V for the Buick should be about 72-73 mph (116-117 km/h). 

The article poses the question  

• “What might the reason be for the discrepancy with the Buick Delta-V data?” 

 

The detailed approach to investigation was to reconstruct the crash with a 3D crash simulation program which will 

provide detailed dynamic responses from which the question can be investigated. 

 

Research approach to evaluate the subject crash and EDR data 

Some researchers in the field of highway safety tend to view experiments, whether part or full scale, as being more real 

and believable than analyses. At least part of this tendency stems from the fact that physical experiments can be seen 

and photographed.  Many physical experiments are poorly defined and controlled. Instrumentation errors sometimes 

yield individual items of response that are not compatible with each other.  

 

Computer analysis can help by allowing the direct observation of computer “experiments". For example, in the series of 

physical experiments that were performed to validate the 3D simulation program HVOSM (Highway Vehicle Object 

Simulation Model) [6], several instrumentation difficulties were revealed by the comparisons with analytically predicted 

results.  

 

It is not intended to suggest that computer simulation can ever eliminate the need for physical experiments; rather, the 

intention is merely to point out the fact that computer simulations can serve as valuable aids for interpreting the results 

of physical experiments with nonlinear systems, as well as for interpolation and extrapolation to other combinations of 

test conditions. 

 

For the subject questions on EDR issues we will merge the known facts and data from the crash with computer 

simulation to help identify and explain the source of the EDR anomalies. The subject crash included damage and 

trajectory information, and EDR data for both vehicles. So it is a good example of a somewhat ‘full scale test’ type crash 

in which we can use a simulation program to help evaluate the crash and answer questions related to anomalies found 

in the EDR data.  

 

The 3D simulation program we used to aid in the evaluation of the crash and the EDR data is the msmac3D (McHenry 

SMAC 3-Dimensions) program. Msmac3D is a combination of two programs, HVOSM (Highway Vehicle Object Simulation 

Model) and SMAC (Simulation Model of Automobile Collisions), originally created and developed by Raymond R. 

McHenry, while at Calspan and which Ray and I merged together as a part of a research project in 1998 [Reference 7] 

https://www.mchenrysoftware.com/board/viewtopic.php?t=816
https://www.mchenrysoftware.com/board/viewtopic.php?t=584
https://www.mchenrysoftware.com/board/viewtopic.php?t=583
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The HVOSM is a 3D vehicle simulation model in which the vehicle has fifteen degrees of freedom: 6 for the 

sprung-mass, and up to 9 for the unsprung-masses. Tire side forces are generated according to equations 

allowing for saturation to occur at large slip angles. The “friction circle” and the "friction ellipse" concepts are 

used to simulate the effects of braking and traction on the side forces. The simulated suspension forces include 

progressively stiffening, energy dissipating limit stops and a combination of coulomb and viscous damping. The 

sprung mass is represented as a rigid body with a peripheral layer of homogeneous, isotropic, deformable 

material. The assumed properties of the peripheral layer, with dynamic pressure directly proportional to depth 

of penetration, were based on the results of dynamic and static crush tests of automobile structures [Reference 

7]. 

 

The SMAC computer program is a 2D time-forward simulation model which includes a complex collision 

algorithm for monitoring, detecting, and modeling the collision interactions of motor vehicles. With SMAC you 

set up a mathematical "full scale crash test" using the vehicle weights, dimensions, and other properties, you set 

the initial positions, headings and velocities and start the simulation run. The simulated vehicles collide and run 

out to rest. You then compare the SMAC predicted positions, orientations at rest and predicted damage with the 

accident evidence [Reference 8]. 

 

In 1998, I was hired by CBS News to reconstruct the Princess Diana crash for the television program “48 Hours”. 

We were provided the survey information for the tunnel, the approximate path and tire marks left by the 

vehicle, the vehicle damage and other vehicle information (crash tests for structural characterization) and we 

used the program, mSMAC3D (the McHenry Simulation Model of Automobile Crashes 3 Dimensional), to 

simulate the vehicle traveling into the Pont de l'Alma road tunnel in Paris, France, and striking the bridge 

support post. In the Pont de l’Alma tunnel they do not have guardrails or barriers in front of the bridge support 

posts. The results were presented in June 1998 and August 1998 . The eighteen-month French judicial 

investigation which concluded in 1999 correlated closely with the speeds and findings of our investigation and 

crash reconstruction and simulation. Until the early 2000s, the limitations in processing speed of personal 

computers limited our continued development of the mSMAC3D model to simple internal research. Since early 

2000s, and with the expanded computer capabilities, the msmac3D has been a commercially available 3D crash 

simulation reconstruction tool. 

 

  

https://www.mchenrysoftware.com/board/viewtopic.php?t=584
https://www.mchenrysoftware.com/board/viewtopic.php?t=583
https://www.mchenrysoftware.com/board/viewtopic.php?t=1304
https://www.youtube.com/watch?v=vBtoHYV_8Aw
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Topics of Investigation of the Buick EDR  

There are four possible reasons for the Buick EDR anomaly to be investigated: 

1) Was the EDR anomaly due to the amount of vehicle pitch during the collision? 

2) Was the EDR anomaly due to limitations of the EDR data collection and the approximate 50 g limit? 

3) Was the EDR anomaly due to some issue or limitation in the EDR DeltaV calculation logic? 

4) Was the EDR anomaly due to the EDR proximity to the crash zone and movement during the crash?  

 

1. Was the EDR anomaly due to the amount of vehicle pitch during the collision? 
a. Figure 5 displays some frames from the convenience store security camera video which show a significant 

amount of pitch during the crash. 

 

 
 

Figure 5 Frames from the video of the subject crash showing pitching of both vehicles 

2. Was the EDR anomaly due to limitations of the EDR data collection and the 

approximate 50 g limit? 
 

a. Closely reviewing the underlying acceleration data found in the data translation report clearly shows three 

distinct "flat spots" in the Buick crash pulse acceleration data at approximately 44 g's each. It is entirely 

possible that these represent a point where the accelerometer has reached the actual limits of its range 

("approximately" 50g's) not to mention the potential for over-ranging and the possibility of physical damage 

to the accelerometer in the crash. 
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Figure 6 EDR Acceleration and DeltaV traces for the subject vehicles, Tahoe (left) amd Buick (right) 

3. Was the EDR anomaly due to some issue or limitation in the EDR 

DeltaV calculation logic? 
a. Other possible explanations include EDR DeltaV integration data start and end times and sampling 

increment size and/or whether the offset of the EDR to the CG affected the results of the integration of the 

acceleration to produce the incorrect impact speed change aka DeltaV? 

 

4. Was the EDR anomaly due to the EDR proximity to the crash zone and 

movement during the crash? 
  

a. Figure 7 provides a schematic of the OEM location of the EDR as compared to the damage photo which 

shows significant change to the area of the EDR location. From the article it was suggested that the reason 

for the console damage and EDR movement was due to the extensive crush in the collision wherein the 

engine was pushed under the vehicle passenger compartment. The movement of the engine lifted and 

shifted the console in the passenger compartment. 

 

Figure 7 Location of and damage to area of the location of the EDR in the vehicle console 
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Simulation Analysis of the Subject Crash and EDR data 
 

To begin the subject analysis, a preliminary msmac3D simulation was performed of the subject crash as a baseline from 

which to allow testing various possibilities which might have produced the EDR anomalies.  The subject scene photo was 

scaled and loaded into the simulation [Figure 8], the approximate elevation changes of the roadway were then 

automatically loaded from Google Map information and the vehicles were loaded with default specifications based on 

make, model and year. Next the vehicle specifications were edited to include the known approximate weights of the 

vehicles at the time of the crash combined with other known data.  

 

Figure 8 Overhead view of the collision site with POI, POR and other information labeled 

Post impact approximations of wheel drag were entered since the front wheels of both vehicles were crushed/pinned 

and/or separated in the subject case.  

The msmac3D program is an iterative procedure where you simulate a “full scale crash test” at assumed or 

mathematically estimated speeds. The starting speeds can be obtained through simplified linear momentum 

approximation methods, EDR reported contact speeds or simple hunches. In the subject crash we had the EDR reported 

speeds from 0.5 seconds before ‘contact’, aka the ‘algorithm enable’ time (0 MPH for the Tahoe, 109 MPH for the 

Buick).   

The msmac3D simulation was run and the results were evaluated to determine if the simulated damage location and 

extents approximately matched the damage indicated in the photos. [Figure 1] and does the trajectory distance and 

rotation approximately match the scene evidence [Figure 8].  

Measurements and/or scans should supplement vehicle and scene photographs and estimates for the best 

characterization of the scene and vehicle evidence in order to perform the most accurate crash reconstruction 

and simulation. However, this preliminary crash reconstruction was simply created to provide a baseline crash 

reconstruction dataset for testing theories on what might have caused the anomalies in EDR data.   
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Msmac3D was then iterated by adjusting impact positions and speeds (as required) until a good preliminary 

approximate match of both the damage and trajectory data from the simulation matched the scene and vehicle damage 

information. After a few iterations of the collision offset (since the speeds of impact were known), some adjustments 

were made to the post-impact drag due to the extensive damage to the front wheels. On the Buick the front wheels 

were pushed rearward and on the Tahoe one wheel separated from the vehicle. With some adjustments we obtained a 

good first approximation of the crash with the msmac3D simulation.  

The results of the preliminary msmac3D simulation of the crash are shown in Figure 9 through Figure 16.  

• The time of impact was 1.546 seconds in the preliminary msmac3D crash reconstruction.  

o We could have started the simulation at contact so then 0.0 seconds would be the collision point 

however we wanted to include simulation of the pre-impact high-speed travel of the Buick through the 

intersection and to the point of impact to include any possible elevation changes on the Buick 

suspension and orientation at the point of collision. 

o To compare the EDR data with the msmac3D simulation output we simply added a time to adjust the 

EDR data. For best results we added 1.555 seconds to the Tahoe data and 1.545 seconds to the Buick 

data. These values were used for all charts displayed in this report.  

• The impact speeds were 0 MPH for the Tahoe, 109.1 MPH for the Buick  

• The Impact Speed Changes (DeltaV) were  

o 45 MPH for the Tahoe and  

o 69.3 MPH for the Buick.  

• The Tahoe (Veh1) msmac3D preliminary crash reconstruction comparison with the EDR results show a good 

correlation for the acceleration waveform and DeltaV time histories [Figure 12] 

• The Buick (Veh2) msmac3D preliminary crash reconstruction comparison with the EDR results do not have an 

acceptable correlation [Figure 13]. 

The first check of the msmac3D preliminary crash reconstruction simulation results was to test Newton’s 3RD law to 

confirm that Mass1*DeltaV1 = Mass2*DeltaV2. 

 The results correlate well for the collision partners. 

Note that a simple application of the momentum-based calculation of results may include some variation by a 

small amount. This is particularly evident In many lower speed collisions where there sometimes is a larger 

percentage difference.  

In motor vehicle collisions we do not always get Mass1*DeltaV1 = Mass2*DeltaV2 because of external forces 

such as tire forces and other external forces (such as structures scraping the terrain during the collision 

interaction).  When evaluating collisions with one or both vehicles having an EDR you may note this 

phenomenon depending on impact configuration and/or whether there was pre-impact braking which 

continued for part or all of the collision for one or both vehicles. As a simple example consider a side impact 

collision where one vehicle is pushed sideways. Energy is lost during the collision through the tires as external 

forces which resist the vehicle lateral motion. For more discussion on this topic see Reference 9. 

The total DeltaV of the Buick from the msmac3D preliminary crash reconstruction simulation was 71.3 MPH (Figure 15). 

The DeltaV for the Tahoe was 45 MPH (see Figure 11).  
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Note that the total DeltaV value for the Buick in the msmac3D simulation includes the approximate 1.3 MPH DeltaV 

which occurs after the collision interaction with the Tahoe due to additional external forces. The external forces are due 

to the rims and/or structure interacting with the roadway.  

The logic contained in the EDRs of the subject vehicles for the calculations of DeltaV have not been investigated or 

determined for this article however they most likely are slightly different than for the msmac3D collision simulation post 

processing DeltaV calculations:  

In a msmac3D simulation:  

• The program knows the accelerations of each vehicle at every millisecond during a collision interaction 

(the presence of collision forces) and/or when accelerations are being caused only by other factors (the 

presence of external forces). 

• The program calculates the resulting acceleration for each vehicle for each millisecond in time during 

the collision and uses that resultant acceleration value in the calculation of the DeltaV for each vehicle.  

• Calculating the DeltaV for each direction (longitudinal, lateral, and vertical) can have issues if the 

direction of any of the components reverse and change algebraic sign as it may reduce calculated deltaV 

for the individual directional component.  

• The logic in the smac3D program starts the DeltaV calculations at the first instance the acceleration goes 

above 1 G-unit. The DeltaV calculation continues until the acceleration goes back below 1 G-unit. 

Additional logic was added to catch momentary sign changes in the acceleration and to combine them if 

the vehicles are still interactive (if there are still collision forces) 

• The Principle Direction of Force (PDOF) for each vehicle is determined at the time of maximum 

acceleration for each vehicle during a collision. 

 

• The logic for EDR DeltaV calculations are not known at this time however there are some obvious issues: 

• EDRs do not know what is causing the accelerations and what is happening to the collision partner (or if 

it is not a collision partner, it might be a tree or wall) 

• EDRs DeltaV logic must simply look at the acceleration time history as recorded. 

• Whether EDRs individually calculate the DeltaV from the resultant acceleration at each time increment 

(like msamc3D does) or whether EDRs calculate the DeltaV for each component separately (longitudinal, 

lateral and vertical (if included)) is not known.  

• The EDRs have a lot of scatter in their measurement of the accelerations (jumping across the axis going 

positive and negative by large amounts). Understanding what logic controls the start and end time for 

the EDR DeltaV calculations is important. The logic can make a difference in the resulting EDR DeltaV 

results. 

 

As part of our research for our RICSAC-97 research [Reference 10] we evaluated variations on the location of the 

accelerometers in the vehicle in full scale tests and the effects of those differences in the DeltaV results. We also 

investigated the start and end times for the DeltaV calculations. To assist in our analysis, we created a post processing 

routine called smacTHP (SMAC Time History Program). The program was a part of our research documented in the SAE 

Paper 97-0961 [Reference 10]. As part of that research, we found two different ways DeltaV is calculated: 

• TEST EQUIVALENT DeltaV Calculation: As part of that research, we found that test facilities may separately 

calculate the DeltaV for each directional component (longitudinal (X), Lateral (Y) and Vertical (Z) and then 

combine those DeltaV values to determine the total DeltaV. 
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• SMAC EQUIVALENT DeltaV Calculations: The msmac3D program calculates the resultant acceleration for each 

time increment during a simulation and uses that resultant value in the calculation of the DeltaV. 

• Further discussion and presentation of DeltaV calculation procedures are contained in Reference 10. 

 

The DeltaV values are slightly different between the msmac Collision summary (bottom part of Figure 11, where you see 

a separate 1.3 MPH DeltaV with no corresponding DeltaV for the Tahoe (Vehicle 1)) and the results from the smacTHP 

program in Figure 15.  

In Figure 15 there is listed:  

• DeltaV-RES which is the TEST EQUIVALENT DeltaV and represents the Sum of Squares of the individual DeltaV-X 

& DeltaV-Y 

• DeltaV-ACC which is the SMAC EQUIVALENT DeltaV and represents the DeltaV determined by Integration of 

Resultant Accel  

For purposes of comparison with EDR data and determination of what might affect the results of the EDR outputs we 

will use the total DeltaV values as determined by the smacTHP program. 

 

  

Figure 9 Overhead multiple exposure graphics of preliminary msmac3D reconstruction of subject crash and match with scene evidence 

We’ve posted up to YouTube preliminary video views of the msmac3D simulation. 

 

Figure 10 msmac3D preliminary crash reconstruction stills at 1.8 seconds and 1.95 seconds 

https://www.youtube.com/watch?v=TQkV1qnnq8U
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Figure 11 Impact (top) Separation (Middle) and DeltaV (bottom) summary of preliminary msmac3D simulation 

 

Figure 12 Tahoe EDR measurements compare with msmac3D DeltaV with msmac3D Preliminary Crash Reconstruction 

 

 



PAGE 14 OF 25 
 

Investigation of EDR Data from A High Speed Crash with 3D Simulation 
By Brian G. McHenry, McHenry Software 

Collision Magazine, Vol 16, Issue 1 

 

Figure 13 Buick EDR measurements compare with msmac3D Preliminary Crash Reconstruction. Notice the maximum X acceleration limit for the 
Buick 

 

Figure 14 msmac3D speed v time for crash reconstruction of subject crash 

 

Figure 15 smacTHP calculation of the DeltaV for the Buick (veh2) 
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Simulation analysis of the Topics of Investigation of the Buick EDR  

In the following we investigate the topics related to the Buick EDR as listed earlier in this article: 

1. Was the EDR anomaly due to the amount of vehicle pitch during the collision? 

To address the first item of whether vehicle pitch can help explain the EDR results in Figure 16 we marked the area in 

red where the collision interaction between the vehicles occurs. The collision interaction is over before any significant 

vehicle pitch or roll response begins.  

Note that the collision interaction is over 0.5 second before the peak pitch angle of the Buick so the pitch 

response is not responsible for the EDR anomaly. Also note that in the simulation there is only 17 degrees of 

pitch of the Buick which was less than the results from the report [2] where they used Tracker software [11] on 

the security camera footage and found that the Buick pitched up to approximately 27-30 degrees.  

For this preliminary simulation investigation, we did not include the option to simulate the movement and 

deformation of the tires and suspension rearward with respect to initial location on the vehicle which would 

have allowed for more pitch angle.  However, since the pitch response was after the collision interaction the 

additional pitch response would not have affected the EDR results. 

 

Figure 16 msmac3D Roll & Pitch Responses of Vehicles 

For another demonstration of the effects of vehicle pitch effects on the EDR data we can compare a purely 2D (planar) 

analysis with the 3D analysis: 

With msmac3D a crash reconstruction can be run in 3D or 2D (planar) mode. In real world collisions and 3D 

collision simulation models like msmac3D during collision interactions the vehicles can 3D translate (X, Y & Z) 

and 3D rotate (yaw (X-Y), pitch (X-Z) and roll (X-Y)) during the collision away from the collision interaction 

positions. This allows an additional dimension (the Z or vertical direction) for the vehicle to travel during a 

collision interaction. 

We refer to this as the “path of least resistance” behavior during collisions:  
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Colliding vehicles rotate around and away from the collision area (the area of the vehicle structures) to 

try to minimize the forces and moments during the collision.  

This can be modeled in a 3D computer simulation model like msmac3D because at every millisecond during the 

generally 50 to 150 milliseconds of crash interaction the actions of the forces and moments are modeled in 3 

Dimensions.   

In 2D analyses and simulations, for example when using a 2D simulation program in which all forces and 

moments are modeled for every millisecond during the collision interaction (like original SMAC or msmac3D 

when run in optional 2D mode), colliding vehicles can only translate (in X & Y, planar) and rotate in Yaw (X-Y 

planar). Therefore, the detailed forces and moments in identical 2D v 3D simulations can be quite different.  

In this simple test we reran the preliminary 3D crash reconstruction simulation, using the msmac3D 2D option, 

to demonstrate differences which can occur between 2D and 3D analyses. This comparison is to shed further 

light on possible pitch and roll effects on the EDR measurements.  

The results of the preliminary crash reconstruction rerun in 2D (planar) is presented in Figure 17 through Figure 

20 

In  Figure 17 we compare the EDR data with a 3D and then 2D simulation of identical impact configurations. 

Note that the 2D option limits the vehicle responses to the 2D X-Y plane: 

o The Tahoe DeltaV  

o DeltaV increased from 45 MPH to 50 MPH 

o Maximum Acceleration increased from 43 Gs to 50 Gs 

o Crash duration increased from 0.114 sec to 0.125 sec 

• The Buick  

o DeltaV increased from 71 MPH to 76 MPH.   

o Maximum acceleration increased from 67 Gs to 85 Gs 

o Crash duration increased from 0.114 sec to 0.125 sec 

A direct comparison of the 2D v 3D results create a dramatic demonstration of the phenomena we refer to as 

‘path of least resistance’ where without the ability of the vehicle to lift, pitch and roll away and around the area 

of contact between the two vehicles in 2D, the X-Y planar structure must absorb more energy.   

An additional item to note is that for 2D there is a range of speeds.  

The reason for the range of speed in the 2D simulation is that the vehicle sees more lateral (Y) 

movement and acceleration than in the 3D (which has X-Y-Z). This also demonstrates how important it is 

to determine how the EDR logic handles fluctuations in the accelerations. Does the EDR logic ignore the 

fluctuations of the accelerations? If not, what signal or flag is used to trigger the start and end of the 

DeltaV calculations? This will be explored more in the next section. 

In Figure 18 we see that the DeltaV reported by msmac3D in 2D mode for the vehicle-to-vehicle collision is 70.15 

MPH. Note there are additional DeltaVs of 6.1 MPH and 4.2 MPH that occur in the Buick and 4.4 MPH that 

occurs in the Tahoe. The EDR DeltaV logic for each vehicle is independent and does not try to match the DeltaVs 

of the colliding vehicles. The EDR only sees the vehicle acceleration of the vehicle in which it is mounted. 

Note in Figure 19 the differences between the DELTAV-RES (TEST EQUIVALENT) DeltaV and the DELATV-ACC  

(SMAC EQUIVALENT).  
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The reason for the differences is revealed by examining the right side of  Figure 20 which is an enlargement 

of the scale for the Lateral (Y) acceleration. In Figure 20 we see the lateral acceleration (Y) oscillates from 

positive to negative G forces in many instances greater than 1 G-unit (which as previously mentioned is the 

on/off trigger for the start and end of the DeltaV calculations in msmac3D). It also produces large 

differences in the DeltaV if it is based on the individual components (DELTAV-RES) instead of the resultant 

acceleration (DELATV-ACC). This anomaly is something that the EDR must deal with and should be the 

subject of another research project to determine:  

• How do EDRs handle the fluctuations in the accelerations when calculating DeltaVs? 

For purposes of comparison with EDR data and determination of what might affect the results of the EDR 

outputs we will use the total DeltaV as determined by the smacTHP program for comparison with the EDR 

DeltaV data. 

 

Figure 17 Comparison of EDR v 3D collision and 2D collision 

 

 

Figure 18 msmac3D crash reconstruction rerun in 2D mode (so planar X-Y 2D simulation analysis) 
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Figure 19 smacTHP outputs for smac3D in 3D vs 2D mode showing the differences DELTAV calculations including TEST EQUIVALENT (DeltaV-RES) 
and SMAC EQUIVALENT (DELTAV-ACC), Maximum G’s and duration of collision 

 

Figure 20 Accelerations of Tahoe (Veh1) and Buick (Veh2) in msmac3D Analysis in 2D mode.  
On left is both Longitudinal (X) and Lateral (Y) accelerations and  

On right is a close up of the Lateral (Y) acceleration with range of +/- 1G-unit displayed 
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The second item to investigate: 

2. Was the EDR anomaly due to limitations of the EDR data approximate 50 g 

limit? 

As pointed out in the referenced article [2] EDRs may have a limit on the maximum acceleration that can be recorded 

during a collision interaction. This was also demonstrated at the 2021 NAPARS conference in Crash test#2 previously 

mentioned where the indicated 50 G limit on the EDR (see right side of  Figure 21] was in reality a 53.5 G limit (see left 

side of Figure 21 circled flat spot, and Reference 12).  

 

Figure 21 NAPARS Crash Test Number 2 with EDR acceleration clipping and note the 50g indication on the EDR 

 

In a review of the acceleration time histories for the subject crash [Figure 6] there appears to be a limit of the maximum 

acceleration of approximately 44 G’s. To test the effects of implementing a 44 G limit we added an option to smacTHP to 

limit the Maximum G-force for the post processing DeltaV calculations.  

Note the maximum acceleration limit is ONLY in the integration of the accelerations to calculate the Impact 

Speed Change (Delta-V). 

A comparison of the results is presented in Figure 22 through Figure 24: 

Figure 22 through Figure 23 demonstrate that limiting the post-processing maximum accelerations for the Buick 

to 44 Gs reduces the calculated DeltaV: 

o The 44 G EDR limitation reduces the calculated DeltaV from 71.3 MPH (right side of Figure 22) to 59.3 MPH 

(Left side of Figure 22) 

o The post processing integration of the acceleration results in a DeltaV which is less than the actual by 12 

MPH (17% less than actual). This helps explain some of the EDR anomaly.  

The use of a maximum acceleration limit of 44 Gs helps explain one of the reasons for the difference in the EDR DeltaV 

compared with the theoretical amount based on the Tahoe DeltaV. But it doesn’t explain all the difference.  
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Before moving on we also ran the DeltaV calculations while using the labeled 50 G maximum acceleration vs the 

actual measured 44 G maximum acceleration limit of the EDR to quantify what difference changing the limit by 6 

Gs would make.  

The results of the test of 44 Gs v 50 Gs limit are presented in Figure 25. The 6 G difference in the maximum 

acceleration leads to an approximate 5 MPH difference. In Figure 25Figure 24 the value on left vs value on the 

right demonstrates an approximately 8 % difference in the DeltaV calculations if a 50 G v a 44 G limit were used. 

Care must be exercised in determining the actual maximum recorded value.  

As we saw in the NAPARS test [Figure 21] the 50 G limit for that vehicle meant 53.5 Gs maximum acceleration 

whereas in this case the 50 G limit indicates approximately 44 Gs. In either case the EDR data limitation will 

make the EDR calculated DeltaV lower than the actual DeltaV. However, it does not explain all of the reasons for 

the difference. 

 

 

Figure 22 Summary of DeltaV calculations integrating the msmac3D accelerations limited to 44 Gs v no accel limit DeltaV Calculation 
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Figure 23 Comparison of EDR accelerations with msmac3D with and without a 44 G acceleration limit 

 

Figure 24 Comparison of EDR DeltaV v msmac3D and msmac3D with 44 G limit 

 

Figure 25 Comparison of DeltaV calculations for 44 G v 50 G maximum limitation 
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The next item to determine, in combination with the EDR limit, was: 

3. Was the EDR anomaly due to some issue or limitation in the EDR DeltaV 

calculation logic? 

Might any offset of the EDR from the Center of gravity (CG) of the vehicle have an influence on the calculation of the 

DeltaV? What is the EDR logic for the start and end time for the integration of the accelerations to calculate the DeltaV 

and might it provide further explanation for the EDR issue?? 

EDRs are rarely located at the CG (Center of Gravity) of a vehicle due to the many variations in the vehicle build 

configurations and vehicle loading. Most have internal logic or adjustments to compensate for any changes which might 

result. In the RICSAC-97 paper [10] we found that accelerometers at locations other than the CG could result in very 

different DeltaV results.  

For this subject case the collision is mainly longitudinal and the EDR only measured in the longitudinal (X) and 

lateral (Y) directions. We ran a few tests of the simulation with the EDR offset from the CG by up to 2 feet and 

found very little change in the DeltaV calculations due to the longitudinal configuration of the subject crash. We 

will leave an investigation of what, if any, changes may result in different loadings and/or different offsets of the 

EDR from the CG to another time and for another crash test which has significant yawing during the collision 

interaction. 

For the subject crash the smacTHP program can be used to test variations of the start and end times for the impact 

speed change calculations.  

If we examine a comparison of the accelerations of the EDR and the msmac3D simulation [Figure 26] we see that 

the EDR starts at a time after the start of the simulation acceleration.  

The DeltaV calculation procedure for the msmac3D simulation program for a given acceleration exposure is 

determined by the integration of the resultant acceleration. For each millisecond time increment during a 

collision, a resultant acceleration is determined by the vector sum of the x and y components of the vehicle 

accelerations. The SMAC/smacTHP logic assumes a collision occurs when the resultant acceleration of a vehicle 

goes above 1 G-unit and the collision ends when the acceleration of a vehicle goes back below 1 G-unit. It is not 

known what the logic is for the EDR (and it may vary by manufacturer and between models). 

As a test of whether or not the differences in the EDR-reported DeltaV might be due to both the Maximum G limitation 

and also possibly a difference in the start and end times for the DeltaV calculations, we determined the approximate 

start and end time for the EDR acceleration that would be considered a collision as the red arrows indicate in Figure 26 

as:  

• EDR DeltaV integration  

o Start time 1.557 second where the EDR acceleration recording start 

o End time 1.615 seconds where the EDR acceleration abruptly reverses sign. 

When we rerun smacthp to calculate the DeltaV with the approximate EDR start and end times determined above the 

results start to compare more favorably with the EDR data for the Buick [see Figure 27 through Figure 29]. 

• The 44 EDR G unit limitation combined with the approximate start/end times observed from the EDR 

acceleration traces reduces the calculated DeltaV from 71.3 MPH to 48.7 MPH 
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• 48.7 MPH compares more favorably with the reported DeltaV for the Buick where the EDR reported between 

45.3 to 46.6 MPH  

We also looked at the start and end times for the accelerations of the Tahoe in the subject crash. See the EDR 

acceleration data for the Tahoe in Figure 12. The start and end times appear complete and correspond with the 

msmac3D acceleration start and end times.   

 

Figure 26 Comparison of EDR accelerations with the msmac3D reconstruction note the different start and end time for the EDR trace 

 

Figure 27 EDR DeltaV Calculation v Baseline msmac3D v msmac3D with 44 G limit and adjustment of start/end tim eof DeltaV calulations 
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Figure 28 msmac3D smacthp post processing with 44 G limit and limit on start/end time for DeltaV Calculations 

 

Figure 29 Comparison of EDR data, msmac3D crash simulation normal, then with 44 G limt and the 44 G limit with start/end time limits 

 

The last item to review is: 

4. Was the EDR anomaly due to the EDR proximity to the crash zone and 

movement during the crash?  

Currently movement of an EDR during a collision interaction is not something that is modeled with crash simulation 

software. The movement, as pointed out in the article, was due to the engine displacement under the passenger 

compartment which produced a lifting and lateral shift of the EDR location during the crash interaction.  

To model the effect of the movement would require a detailed 3D measurement of the final EDR location relative to an 

exemplar measurement of the initial OEM EDR location. Then there would have to be an assumption and approximation 

of the timing of the movement and the effects determined. To do such a research project is beyond the scope of this 

preliminary initial investigation. 
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SUMMARY 

A high speed crash test was presented in detail in Volume 15, Issue 2 of Collision Magazine. In the crash, documented 

EDR results had some anomalies which we have investigated. We found that the maximum G-limit of EDRs combined 

with adjustment of the start and end time of the DeltaV calculations to try to mimic the EDR software explains the main 

reasons for the anomaly in the EDR data and reports. 

This article demonstrates that the interpretation of EDR results can be supplemented by the application of 3D 

simulation, such the msmac3D program, as demonstrated in this article. It is possible to supplement partial EDR results, 

to compare predicted and measured EDR time-histories and to test theories on data issues with EDRs. EDRs are NOT 

infallible, and they only make up a part of the data required for a complete crash investigation and reconstruction. EDRs 

include great additional data to add to the process of reconstructing a crash however they can and do have 

issues/failures and don't tell you everything you need to know about a crash. 

Some future research projects should include testing time history waveforms produced by range limitations on 

accelerometer readings, effects of tire-terrain friction values and corresponding vehicle/ground forces on EDR data, 

accelerometer (EDR) positions and potential offsets and movements during collision interaction and further exploration 

of the effects of pitch and roll movements on EDR data. 
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