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1 Introduction

Background

The Modeling and Simulation (M&S) community models a large number of
vehicle types. To ensure validity of these models, it's important to accurately
represent vehicle mobility and logistical movements. Of course, the most
accurate mobility representation would be to explicitly model each vehicle type.
However, it is not practical to explicitly model every vehicle type in some
applications—especially those simulating battalions and above. In those
applications, vehicle classes are modeled instead of vehicles. When considering
a particular vehicle, one must first determine which mobility category the vehicle
falls into and then use the mobility of that category of vehicles to represent the
trafficability of that vehicle. The following is a procedure for determining the
appropriate mobility category or bin that represents a particular ground vehicle.

Twelve vehicle bins were devised to categorize vehicle movement. The first
nine bins were originated by the U.S. Army Model and Simulation MOVE Stan-
dards Category Panel and the U.S. Army Materiel Systf:ms Analysis Activity
(AMSAA) for use in the WARSIM 2000 (Appendix A)." The addltional three
bins were added as a result of the analysis detailed within this report.” Bins were
developed for three levels of tracked vehicle mobility (1-3), three levels of
wheeled (i.e., truck) mobility (4-6), three levels of wheeled vehicles towing
trailers (7-9), two types of Amphibious Combat Vehlcles (ACV) (10-11),and a
sub 500 kg All Terrain Vehicle (ATV), unmanned (13)2 During the course of
this research. the Joint Warfare System (JWARS) adopted the first eleven bins
with the twelfth to be added later." Bin membership was based on vehicle
performance as modeled by the NATO Reference Mobility Model (NRMM) and

| «“Qimulated Performance of WARSIM Bundle Representative Vehicles on Terrain in SWA,
Europe, NEA, and Comparison of SRF and NRMM II Derived Speed Predictions,” AMSAA,
October 1998.
2 WARSIM 2000 is a computer-based simulation with associated hardware and is the Army’s next
generation command and control training environment. WARSIM 2000 will replace, in priority
urder. a number of existing legacy training simulations.

} The use of the term amphibious is meant to include armored vehicles that can maintain buoyancy

tn water or have design characteristics similar to vehicles that swim.

4 1 Standards-Based Movement and Infrastructure Aggregation Methodology for Mobility Repre-

sentation in Modeling and Simulation, USAERDC, September 2001.
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logical groupings.' Also, included are identified vehicles serving as the

representative member of each bin. The identified representative vehicles have
been adopted by JWARS and closely match what was identified in the AMSAA

study.

The procedure described in this document is to be used as a tool to consis-
tently generically categorize vehicles and place them into bins. It is understood
that for particular scenarios, some vehicles might be better represented in another
bin. However, it is highly unlikely that it would be beyond the adjacent bin (i.e.,
low mobility versus high mobility).

Cross-validation with NRMM speed predictions was performed and there
were no instances where the predicted speeds differed by more than one adjacent
bin between NRMM and the procedure described herein. For 20 percent of the
instances, there was disagreement by one adjacent bin and in half of those
instances, the categorization was near the edges of adjoining bins.

Purpose and Scope

The purpose of this study was to standardize a set of ground vehicle bins,
name the respective representative vehicles, and provide a repeatable procedure
to categorized ground vehicles into representative bins suitable for
simulation/analysis when the specific modeled representation of a given vehicle
is not practical. The scope of this research was constrained to the findings of
previous analyses offered by AMSAA and USAERDC, open source data found
in Jane’s Yearbooks, and prediction results using the NRMM with terrain cells
found in Kuwait, Iran, North Korea, and Germany. This report documents the
conduct and findings of this research.

Vehicle Bins

Practical design considerations of current and future brigade level and above
wargame simulations limit the bin count to about nine. Additionally, experience
has shown that three representations each of wheeled and tracked vehicles are
sufficient in most simulations, especially for on-road movement. The exceptions
include, but are not limited to, specially designed vehicles such as ACVs. The
amphibious requirement on these vehicles drastically limits the design envelope
in order to assure floatation and ingress/egress capability. Scenarios that would

' NRMM 11 is a computer-based set of algorithms designed to predict the steady state maximum
speed for a vehicle operating in a given area. NRMM Il is capable of producing on-road, off-road
and gap-crossing predictions. In making a mobility analysis, NRMM II considers vehicle
characteristics, driver capabilities, road and terrain factors, weather conditions, and natural
obstacles. More specifically, NRMM II requires as input over 90 parameters. These include
vehicle weights, width, height, ground clearance, wheeled/tracked, horsepower, soil description,
surface condition, soil strength, vegetation, and parameters describing mobility influencing factors
including: driver visibility (braking distance), driver endurance, current and recent weather
conditions, and the placement and descriptions of naturally occurring obstacles.
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call for movement across a significant number of streams, rivers, and beaches
would need to explicitly model the amphibious capability of ACVs.

Furthermore, future combat vehicles will evolve and push the design
envelope of ACVs outward. Therefore, for future design and operational
considerations, separate bins were set aside for wheeled and tracked ACVs to
better capture their performance envelope. Other future combat vehicles will

exploit the benefits of smaller, unmanned ATVs, and as such, a twelfth bin was
created.

In the future, expansion of this documented bin system may be needed to
cover a broader spectrum of systems. Such systems might include ground effect
vehicles (air cushioned) or exotic systems such as crawlers, hoppers, walkers, etc.
Analysts will need the capability to study the operational impacts of using such
vehicles.

The twelve bins are:

A. High Mobility Tracked Vehicle.

B. Medium Mobility Tracked Vehicle.

C. Low Mobility Tracked Vehicle.

High Mobility Wheeled Vehicle.
Medium Mobility Wheeled Vehicle.
Low Mobility Wheeled Vehicle.

High Mobility Wheeled Vehicle with Towed Trailer.

oI B (R <> SR

Medium Mobility Wheeled Vehicle with Towed Trailer.

e~

Low Mobility Wheeled Vehicle with Towed Trailer.

Tracked ACV.

~

K. Wheeled ACV.

L. Light ATV.

The approach taken in developing the bins as well as the findings, are given in
the following sections. Details of the analysis are found in the Appendices.
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2 Approach to Vehicle
Binning

Introduction

This chapter provides a description of the initial approach taken to develop a
procedure to categorize vehicles into representative bins. Variations from this
initial approach are documented in the following chapter.

The objective of the approach was to develop a mathematical formula for
grouping vehicle types into the WARSIM 2000 vehicle bins plus additional bins
if needed. Multivariate Linear Regression was chosen as the mathematical para-
digm because of its simplicity and robustness.

Approach

Search current international literature and gather characteristic data for 100
or more vehicles of varying sizes, functions, and manufacturers that are
representative of the world’s most common military vehicles.! Data collected
were:

A. Combat vehicle weight or combined vehicle weight (including trailers)
(kg).

B. Empty weight (kg).

C. Power-to-weight ratio (computed when not given) (hp/t)
{equal to CVW/engine power*1000}.

D. Ground clearance (minimum of vehicle or trailer) (m).
E. Maximum road speed (kph).

F. Fording depth (m).

! Jane’s Yearbooks were used as the primary open source data.

Chapter 2 Approach to Vehicle Binning



G. Maximum vertical obstacle (tracks only) (m).
H. Ground contact pressure (tracks only) (kg/cm®).

I, Amphibious (or design is characteristic of amphibious) (Yes or No).
J. Maximum gradient (%).
K. Engine power (hp).

L. Manufacturing type code (1: USA, UK, Germany; 2: Former Warsaw
Pact, Iraq, China, North Korea).

M. Primary use code (1: Truck; 2: ACV; 3: Heavy Equipment Transporter).
The steps used to develop the vehicle bins included:

1. From the list of 100 or more wheeled and tracked vehicles considered for
this analysis, randomly choose and separate the vehicles into three sets
parsed as wheeled, wheeled with trailer, and tracked vehicles. Each set
would have a maximum of 30 vehicles (target sample size for Gaussian
statistical analysis).

2. For the selected vehicles having NRMM 11 vehicle data files, perform
cross-country and on-road speed predictions using high resolution
NRMM Il terrain data under average normal conditions (winter
conditions excluded) for both vehicle sets, in (a) Kuwait, (b) Iran,

(c) North Korea, and (d) Germany.I

3. Compute measures of performance (MOP) using NRMM 11
(Version 2.6.3). For each vehicle on each of the terrains and roads
considered, collect the average cross-country omni-directional speed
(Xcc), average primary road omni-directional speed (Xpr), average
secondary road omni-directional speed (Xsr), and average trail omni-
directional speed (Xt). Preliminary results showed that most vehicles
could not negotiate roughly 8 percent of the cross-country terrain under
average normal soil conditions. Considering that a driver will not
attempt to negotiate such terrain, only consider the best 90 percentile of

! The data sets have been commonly used over the past several decades for vehicle mobil-
ity analysis studies at the U.S. Army Engineer Research and Development Center. More
specifically they are designated as geographic quadrants 54491V (Kuwait), 6449111 (Iran),
3222111 (North Korea), and 5520 (Germany).
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the terrain. The MOPs are equivalent to the TRADOC mobility levels.
They are defined and computed as follows:

Tactical High : YTH=0.6 % Xcc+ 0.1x Xpr + 0.3 % ((Xsr + Xt)/2)
Tactical Standard : Y1s=0.3x Xcc+ 0.2x Xpr +0.5x((Xsr + Xt)/ 2)

Tactical Support : Yss=0.15x Xce + 0.3x Xpr+ 0.55x ((Xsr + Xt)/2)

4. Tactical high would be indicative of tracked vehicle movement, tactical
standard would be indicative of wheeled vehicle movement, and tactical
support would be indicative of wheeled vehicles with trailers.

5. Formulate a multi-variant linear regression equation for each of the three
data sets from the independent variables. The independent variables
include the readily obtainable vehicle characteristics given in step | and
the dependent variables defined by the MOPs. Use a stepwise regression
method to eliminate insignificant independent variables while
maintaining an adjusted r” value greater or equal to 0.85.'

6. Randomly choose five additional NRMM II wheeled vehicle files, five
additional NRMM II wheeled (with trailer) vehicle files, and
five additional NRMM II tracked vehicle files as cross-validation subsets
of the NRMMII vehicle files. Using the data collected in step 4,
compute the MOPs of the corresponding sets of five vehicles. Choosing
five vehicles will provide about a 1/3 portion for cross validation and
2/3 portion for regression.

7. Use a two-tailed paired ¢ test with 0=0.05 level of significance
(p=35 percent probability) to statistically test whether the regression
equations are suitable for predicting performance and thus capable of
appropriately binning a vehicle. The metric p is the probability of
obtaining a larger ¢ statistic by chance alone if there is no difference
between the paired sample means. The MSE of the NRMM II and
regresjsiﬁn-paired differences of the validation set must not exceed
5 kph”.

8. After suitable results are obtained, organize and develop the bin
membership criteria by using the samples to perform a cluster analysis
based on the standard deviations of the MOPs. The bin membership will
be determined by the predicted speed and the bin breakpoint. The
breakpoint speed will be the halfway point between the predicted speeds

' As the mean square error of a regression procedure approaches zero, the adjusted r’
approaches a value of one. Stepwise regression is an approach for selecting a subset of
factors for a regression model. In an iterative fashion, the procedure removes input fac-
tors from the regression equation that do not show a greater than 0.10 probability of
receiving a greater F statistic. Thus, by design, the procedure will increase the adjusted r’
towards one and reduce the mean squared error until no other factors meet the screening
criteria. Root Mean Square (RMS) is the square root of Mean Square Error.
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of the two vehicles that adjoin one another, but are members of different
bins as determined via the cluster analysis.

9. Compute the MOPs for the remaining vehicles that have no NRMM
predictions or in those cases where a NRMM vehicle file does not yet
exist and test sensitivity and organize all vehicles into their respective
bins using the computed MOPs and binning criteria.
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3 Findings

Introduction

This chapter provides the initial findings using the approach and the results
of building algorithms for categorizing tracked, wheeled, and wheeled vehicles
towing trailers. Additionally, a sensitivity analysis was performed on the given
algorithms. A summary of the findings is provided at the end of this chapter.

Initial Findings

A stepwise linear regression procedure was used to develop a multi-variant
linear regression with independent variables characterizing the vehicle. After
several iterations of the approach and with less-than-acceptable results, it was
discovered that by removing the ACVs from the wheeled vehicle set, the
Adjusted r° improved and a more logical organization of vehicles was evident.
The ACVs have design tradeoffs that greatly distinguish them from other
vehicles (1.e., swimming, small loads, ground clearance, and armored).
Therefore, two unique bins for wheeled and tracked ACVs are recommended and
all wheeled and tracked ACVs vehicles would belong to their respective bins.

Moreover, upon review by AMSAA, it was found that permitting the use of
independent variables that produce nonsensical interactions in nature within the
regression equation can cause counterintuitive results when all other independent
variables remained unchanged. This was caused by the wrong sign being given
to an independent variable during the formulation of the regression equation.
While this might not necessarily have had a negative impact if the vehicle data
were accurate enough for all attributes considered, it would negatively impact bin
membership 1f one or two of the variables in question were assigned significantly
inaccurate data. Therefore, to ensure the sensitivity of the regression equation
reacted in a physically reasonable manner, the approach was modified so as not
to consider any regression formulation that assigned counterintuitive numeric
signs to independent variables.
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Tracked Vehicles

Unlike trucks and heavy equipment transporters, tracked vehicles travel off-
road more often than on-road, and therefore any binning algorithm for tracked

vehicles should give primary emphasis to off-road travel. Thus, Yy (tactical
high) is the most appropriate MOP.

After randomly selecting and excluding five vehicles out of the 19 available
NRMM II tracked vehicle files, an automated backwards stepwise regression pro-
cedure was explored as a means to develop a multi-variant linear regression using
independent variables to characterize the vehicle and Y1y as the dependent varia-

ble. However, the automated procedure was abandoned since it didn’t allow
enough degrees of freedom.

A supervised procedure was then initiated with the backwards stepwise
method. Stepping through this procedure and eliminating the variables empty
weight, power-to-weight ratio, ground clearance, maximum fording depth,
amphibious, maximum gradient, and primary use yielded a fit with an adjusted r
0f 0.97 and a rms of 1.27 kph (Figure B1). Upon evaluating the cross-validation
vehicle sample with the derived regression equation and paired / test, the
computed p was equal to 9.0 percent probability (Figure B2) and a MSE of
5.7 kph®. Thus, since p was greater than « (0.05 or 5 percent), it cannot be
refuted that the samples are of the same population, but since the MSE was
greater than 5 kph’, the procedure was ineffective.

A forward stepwise linear regression procedure was then initiated. By using
the described method, the maximum road speed was entered as the only inde-
pendent variable yielding an adjusted r* value of 0.886 and a rms of 2.59 kph
(Figure B3). Upon evaluating the five vehicle cross-validation sample with the
derived regression equation and paired f test, the computed p was equal to
34.2 percent probability (Figure B4) and a MSE of 6.6 kph®. Thus, since p was
greater than a, it cannot be refuted that the samples are of the same population,
however, since the MSE was greater than 5 kph®, the procedure was ruled

ineffective.

A supervised procedure was then initiated with the forward stepwise method.
Stepping through this procedure and adding the variable power-to-weight ratio
showed a slight improvement with physically reasonable interactions. Adding
just combined weight or power or combinations of each caused counterintuitive
interactions that would cause the values of the dependent variable to behave in a
manner that is reverse of what is physically probable. Other variables offered
insignificant improvements to the regression fit. The resulting fit yielded an
adjusted > of 0.887 and a rms of 2.58 kph (Figure B5). Upon evaluating the
cross-validation sample with the derived regression equation and paired 7 test, the
computed p was equal to 50.2 percent probability (Figure B6) and a MSE of
4.99 kph’. Thus, since p was greater than a, it cannot be refuted that the samples
are of the same population, and since the MSE was less than 5 kph”, the

procedure was effective.
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The predicted speed from the regression model was used to select an appro-
priate bin based on a statistical cluster analysis balancing mean speed and stan-
dard deviations. The analysis yielded the following results:

Means Cluster Standard
Cluster (kph) Deviations (kph)
1 * 325 2.67
2 25:7 1.40
3 9.1 0.0

The results of the cluster analysis placed only one vehicle in the lowest
mobility bin. Upon review of the cluster results by SMEs , it was judged to be
unsatisfactory and it was decided that a more logical grouping of the clusters
could be achieved by shifting the breakpoint speed from 15.4 to 26.3 kph for the
lower and middle cluster and leaving the breakpoint speed at 31.2 for the middle
and upper cluster. No other changes were made to the cluster membership.
These changes allowed more agreement with the regression predictions and
NRMM II predictions insofar as bin membership. The adjustments yielded the
following results:

Means Cluster Standard Breakpoint
Cluster (kph) Deviations (kph) (kph)
1 33.7 2.14 >31.2
2 29.2 1.23 >263<31.2
3 22.2 4.29 <26.3

Results of the binning procedure are provided in the last column of the
Appendix B, Table Bl. Table B2 provides the tracked ACVs used for this
analysis.

Wheeled Vehicles

Wheeled vehicles travel on-road more often than off-road, and therefore, any
binning algorithm for wheeled vehicles should give primary emphasis to on-road
travel. Thus, Y1s (tactical standard) is the most appropriate MOP.

After randomly selecting and excluding 5 vehicles out of the 15 available
NRMM II wheeled vehicle files, an automated backwards stepwise regression
procedure was used to develop a multi-variant linear regression using
independent variables to characterize the vehicle and Ys as the dependent
variable. As with the tracked vehicles, the procedure proved ineffective due to
the limiting degrees of freedom.

A forward stepwise linear regression procedure was used to develop a multi-
variant linear regression using independent variables to characterize the vehicle
and the Y1 as the dependent variable. Ensuring physically reasonable interac-
tions occurred and using the described method, the power-to-weight ratio, maxi-
mum gradient, and mfg type code were entered as the only independent variables
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yielding an adjusted r’ value of 0.777 and a rms of 3.59 kph (Figure C1). Upon
evaluating the cross-validation vehicle sample with the derived regression
equation and paired ¢ test, the computed p is equal to a 76.2 percent probability
level (Figure C2) and a MSE of 76.2 kph®. Thus, since p was greater than a, it
cannot be refuted that the samples were of the same population, but since the
MSE was greater than S kph®, the procedure was ruled ineffective.

Following the results of the forward stepwise linear regression procedure
used for tracked vehicles, the maximum road speed was entered as the only
independent variable. This resulted in an adjusted r* of —0.03 and a rms of
7.71 kph (Figure C3). Upon evaluating the five cross-validation vehicle sample
with the derived regression equation and paired ¢ test, the computed p is equal to
a 50.2 percent probability level (Figure C4) and a MSE of 28.7 kph®. Thus, since
p was greater than o it cannot be refuted that the samples are of the same popula-
tion, but since the MSE was greater than 5 kph®, the procedure was ruled
ineffective.

A supervised procedure was then initiated with the forward stepwise method.
Stepping through this procedure and adding the variable power-to-weight ratio,
caused physically unreasonable interactions with maximum road speed. In other
words, increasing maximum road speed caused a decrease in Y1s. Continuing
with the procedure, adding maximum gradient and power improved the regres-
sion fit and maintained physically reasonable interactions. The resulting fit
yielded an adjusted r’ of 0.813 and a rms of 3.29 kph (Figure C5). Upon evalu-
ating the 5 vehicle cross-validation sample with the derived regression equation
and paired ¢ test, the computed p was equal to 10.4 percent probability (F ig-
ure C6) and a MSE of 120.8 kph®. Thus, since p was greater than a, it cannot be
refuted that the samples are of the same population, but since the MSE was
greater than 5 kph?, the procedure was also ineffective.

Through these three iterations, the procedure was not successful with using
the MOP Y1s. Although it was previously postulated that Yrs should be the
MOP for wheeled vehicles, it didn’t work for the described method. Thus, Yss
was then used as the MOP.

Following the course taken previously, similar results followed. Stepping
through the procedure and using the variables power-to-weight ratio and maxi-
mum gradient yielded favorable and physically reasonable results. The resulting
fit yielded an adjusted > of 0.687 and a rms of 4.62 kph (Figure C7). Upon
evaluating the five vehicle cross-validation sample with the derived regression
equation and paired ¢ test, the computed p was equal to 76.4 percent probability
(Figure C8) and a MSE of 29.5 kph®. Thus, since p was greater than a, it could
not be refuted that the samples are of the same population, but since the MSE
was greater than 3 kph®, the procedure was also ineffective.

The significant difference in the results of the previous iteration (Figure C7
& C8) and iteration 2 (Figure C3 & C4) was that the fit was about the same for
the data set used for the regression and the data set used for cross-validation.
Furthermore. since much greater speeds are obtainable with Y as opposed to
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Y1y, the criterion for obtaining a MSE less than 5 kph2 was relaxed and it was
decided that a MSE of 29.5 kph” is acceptable.

The predicted speed from the regression model was used to select an appro-
priate bin based on a statistical cluster analysis balancing mean speed and stan-
dard deviations. The analysis yielded the following results:

Means Cluster Standard

Cluster (kph) Deviations (kph)
4 512 3.75
5 42.3 2.29
6 33.9 3.32

Upon review of the cluster results by subject-matter-experts (SMEs), it was
decided that a more logical grouping of the clusters could be achieved by
expanding the membership of the fastest cluster to include the top three members
of the middle cluster. In turn, this shifted the breakpoint speed to 42.9 kph. The
breakpoint between the two bottom clusters was unchanged. The adjustments
yielded the following results:

Means Cluster Standard Breakpoint
Cluster (kph) Deviations (kph) (kph)
4 47.3 4.2 >429
5 40.8 0.98 >38.2<429
6 33.9 332 < 38.2

The data used for predicting the Yrg and Ygg speeds of 29 vehicles are found
in Appendix C Table C1. The predicted Ys and Yss speeds are given as well
and are sorted from highest speed to lowest speed. Because there were not a
sufficient number of NRMM wheeled vehicle files where the vehicle was not
towing a trailer, 29 rather than 30 vehicles were selected. Table C3 provides the
wheeled ACVs used for this analysis.

Wheeled Vehicles Towing Trailers

As discussed above, trucks travel on-road more often than off-road. This is
especially true for trucks towing trailers. Therefore any binning algorithm for
such vehicles should give even more emphasis to on-road travel than provided by
tactical standard. The MOP most appropriate would be tactical support, Yss.

However, because there were an insufficient number of NRMM vehicle files
(7) to build a regression equation and perform cross validation, an expert proce-
dure was employed. The most obvious criteria for selecting members to the low-
est mobility wheeled with trailer was determining whether the vehicle was a
heavy equipment transporter, or primary use code 3. Thus, vehicles having a
primary use code of 3 belong to Bin 9. Their combined vehicle weights were all
greater than 60,000 kg.
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The next step was to build breakpoint criteria for the remaining vehicles.
F.mm -sub Ject-matter-expert experience, combined vehicle weight and power are
hls_tol:ically good criteria for categorizing vehicles. Thus, the power-to-weight
ratio is a logical breakpoint criterion. The power-to-weight ratios given in
Table B3 show a range of 6.1 to 21.6. From past AMSAA and ERDC analysis,
theﬁ MTYV with trailer was found to be a high mobility vehicle and M985 with
tratler was found to be a medium mobility vehicle (see Appendix A). Thus, the
breakpoint should be between their respective values. This is set at a 10.0 power-

to-weight ratio. Results of the binning procedure are provided in the last column
of Appendix C, Table C2.

Sensitivity of Bin Membership

Although it is certainly desired that data values of vehicle attributes and
stated performance from various sources be equal, the reality is they are not.
Variation occurs for different reasons and can be attributed to whether the source
is classified, unclassified, undocumented modifications, data collection errors,
etc. Thus, it was important to examine the sensitivity of the binning algorithms
to variations. Sensitivity was given as the percent of vehicles that changed bins
as a result of a percent change in attribute/performance values. The results are
given in Table 1.

Table 1 "
Sensitivity of Bin Membership to AttributeIPerformarlce Values

% Change
% Change | % Change | Wheeled
Attribute/Performance Tracked Wheeled Vehicles
Descriptions % Variation | Vehicles Vehicles w/Trailers \

I 5 3 10 11
Combat Weight (Gross Combined) 10 3 21 1
20 3 35 22
5 0 10 1
Power 10 3 21 22
20 23 35 33
5 0 7 11
Power-To-Weight Ratio 10 3 28 22
20 3 41 33
5 3 N/A N/A
Maximum Road Speed 10 37 N/A N/A
20 60 N/A N/A
5 N/A 0 N/A
Maximum Gradient 10 N/A 0 N/A
20 N/A 10 N/A

' Note: Sample sizes were 30, 29, 15 for tracked, wheeled, and wheeled witrailers, respectively.

Summary

Both automated and supervised backward stepwise linear regression methods
failed to lead to a set of vehicle parameters that could be used to categorize
tracked vehicles of comparable performance into bins. A supervised forward
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stepwise linear regression procedure was the best method for determining the
best set of vehicle characteristic variables to use for categorizing tracked

vehicles.

For wheeled vehicles, it was not possible to determine bin membership with
any of the regression methods using tactical standard as a MOP. The tactical
support MOP was used instead of tactical standard as a means of assessing bin
selection. Using Yss and a relaxed MSE, a supervised forward stepwise linear
regression was used to identify power-to-weight ratio and maximum gradient as
vehicle parameters that best discriminated wheeled vehicles into bins.

The two-tailed ¢ test was ineffective in distinguishing between good and bad
regression fits due to the limiting degrees of freedom and 95 percent criterion.
The 95 percent criterion is a common but a high standard for refuting statistical
claims. Thus, by default MSE was the only criterion used for goodness of fit.

For wheeled vehicles towing trailers, SME opinion was consulted since there
were not enough NRMM vehicle files with towed trailers to form an adequate
control group for comparison. Primary use is first used to screen low mobility
wheeled towing vehicles from the others. Then, power-to-weight ratio was used
to distinguish between medium and high mobility wheeled vehicles towing a
trailer.

In regard to the sensitivity analysis, the tracked algorithm is the least
sensitive of the three and is more in agreement with NRMM insofar as MOP.
The results of the sensitivity analysis showed that the results of the tracked
algorithm was less sensitive when varying weight and power-to-weight ratio,
about the same for power, and most sensitive when varying maximum road
speed.

For wheeled vehicles, agreement is not as good as with tracked and there is a
wider variance with the predictions of the algorithm and NRMM. The wheeled
vehicles were the most sensitive to changes in attribute/performance values. The
wheeled vehicles with trailers in tow are fairly sensitive but not as much as just
wheeled vehicles.

[t could not be verified whether the sensitivity of the results as given was
correct without conducting substantial research beyond the scope of this analysis,
but the results do yield guidance as to how accurate the input data should be. As
stated in the introduction, analysis requiring highly accurate mobility predictions
should not use these surrogate vehicles to represent particular vehicles.
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4 Bin Membership Procedure

Introduction

This chapter provides the algorithms for categorizing vehicles into the bins
that best approximate a vehicle’s mobility. A summary of the findings is pro-
vided at the end of this chapter.

Procedure

[f the vehicle is tracked and its combat vehicle weight > 500 kg, then go to
step A. If the vehicle is wheeled and its combat vehicle weight > 500 kg, then go
to step B. Else, vehicle is a light ATV and thus go to step C.

A. Tracked Vehicles (Bins 1-3,10):

(1) Collect, at a minimum, the following information on a tracked
vehicle.' If the vehicle is an ACV then go to step 2.

Combat vehicle weight (kg)
Power (hp)
Maximum road speed (kph)

or

Power-to-weight ratio (hp/ton)
Maximum road speed (kph)

Note: Published power-to-weight ratios do not always equal the
ratio of the published power and combat vehicle weight (all multi-
plied by 1,000), but are close in value.

(2) If the primary use code is equal to 2, then place the vehicle in
Bin 10.

| jane’s Yearbooks were used as the primary open source data.

15
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(3) Otherwise, use the following equation to tactical high speed, Yy
(kph).

Y =2.4+0.229* (power-to-weight ratio) + 0.382 * maximum
road speed

or

Yu=2.4+0.229* (power)/(combat vehicle weight * 0.00111) +
0.382 * maximum road speed

Note: Published power-to-weight ratios do not always equal the
ratio of the published power and combat vehicle weight (all multi-

plied by 1 kg/0.00111 ton), but are close in value.

(4) Use the value of YTH to select the vehicle bin using:

5 5T Pl S et M S e e s o B S I s Ym=31.2
BRI ot T s det e S oo T S e, Ymu=263and Yyy<31.2
5753 o s RN N e W LS T W =0 WRE o o S| OO Sl WPy "= YTH <26.3

B. Wheeled Vehicles (Bins 4-9,11):

(1) Collect the following information on a wheeled vehicle.' If the
vehicle 1s an ACV then go to step 2.

Maximum gradient (%)

Primary use code (1: Truck; 2: ACV; 3: Heavy Equipment
Transporter)

Trailer attached (True/False)

Combat vehicle weight (kg)

Power (hp)

or

Maximum gradient (%)

Primary use code (1: Truck; 2: ACV:; 3: Heavy Equipment
Transporter)

Trailer attached (True/False)

Power-to-weight ratio (hp/ton)

(2) If the primary use code is equal to 2, then place the vehicle in
Bin 11.

(3) If a trailer is not attached to the wheeled vehicle, then use the
following equation to bin:

' Jane’s Yearbooks were used as the primary open source data.
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Yss = 1.20 + 1.258* (power-to-weight ratio)+ 0.338 * maximum
gradient

or

Yss =1.20 + 1.258* (power) / (combat vehicle weight * 0.00111) +
0.338 * maximum gradient

(4) Use the value of Ygg to select the vehicle bin using;

T T Yss = 42.9 kph
5415 ey eSO S Sl AW, Yss = 38.2 kph and Ygss <42.9 kph
Bin O ST e B i il et el it Crd YSS <38.2 kph

(5) If a trailer is attached and the primary use code is equal to 3 or the
combined vehicle weight exceeds 60,000 kg, then place the vehicle
in Bin 9.

(6) Otherwise bin as follows:

B s sasisisais s hives Power-to-Weight Ratio > 10.0
B8 .. onirmmmassimananissinieiias Power-to-Weight Ratio < 10.0

C. Light ATV (Bin 12):

If vehicle is light ATV or less than 500 kg, then place in Bin 12.

Summary

This chapter provided a step-by-step procedure for deciding the appropriate
mobility category and bin in which to place a vehicle. The algorithms were
written in such a manner as to facilitate computer programming.
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5 Representative Vehicles for
Bins

Introduction

This chapter enumerates the vehicles chosen to represent each of the bins and
gives the rationale for choosing them as representatives. Every effort was made
to use vehicles already serving as representative vehicles in the modeling and
simulation community, wherever possible.

Representative Vehicles

Following vehicle performance, the next principle requirement for selecting a
representative vehicle was the availability of accurate data and SME/user
familiarity with the vehicle. Thus, selecting U.S. made vehicles was imperative
regardless of whether the vehicle’s performance falls near the middle of a given
bin, although that was preferred when available.

The vehicles representing Bins 1, 3, 4, 7, 9 are those listed or recommended
in the AMSAA study for cross-country vehicle binning. The focus of the
AMSAA study was to verify choices of vehicles to represent mobility bundles of
WARSIM vehicles operating in cross-country environments. Changes in repre-
sentation to the original nine were brought about by the need for additional bins
and results of a JWARS study. In this latter study, emphasis was given to logisti-
cal movement rather than cross-country movement, thus on-road consideration
became important.

In keeping with the described changes, the M270 replaced the M113A3 in
Bin 2 when it moved to the representative vehicle for Bin 10: the M985 replaced
the M935 for Bin 5, likewise for Bin 8; and the M917 replaced the M911 for
Bin 6. The LAV2S serving as the Interim Brigade Vehicle was the logical choice
for Bin 11, and finally for Bin 12 the ATV representative was chosen for its
current widespread use in the U.S. and its size being similar to anticipated future
vehicle systems.

Although, Kawasaki is a foreign-owned company, it has been producing
ATVs in the U.S. since the mid 1970°s. These choices for bin representatives are
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further corroborated by the adoption of the same vehicles as mobility category
representatives in JWARS.

Per the results of the aforementioned stated references and results described
in this document, the twelve bins and their corresponding representative vehicles
are given in Table 2. References are given as to whether they are representative

in WARSIM (or later refined by AMSAA for WARSIM), CCTT-SAF, and
JWARS.

Table 2
Bins and Representative Vehicles

j

WARSIM/
AMSAA
No, Bin Name Vehicle Recomd. CCTT JWARS
High Mobility Tracked Vehicle M1A1 X X X
Medium Mobility Tracked ; 3
2 | \ehide M270 MLRS diff’ N/A X
3 Low Mobility Tracked Vehicle M60 AVLB X X X
4 High Mobility Wheeled Vehicle M1084 MTV X diff X
Medium Mobility Wheeled .
5 Vehicle M985 HEMTT diff % X
6 Low Mobility Wheeled Vehicle M917 Dump Truck diff diff X
High Mobility Wheeled Vehicle
7 wiTowed Traller M1084/M1094 X N/A X
Medium Mobility Wheeled )
8 Vehicle w/Towed Trailer M385/M989 diff X
9 Low Mobility ‘Wheeled Vehicle M911/M747 HET X X
w/Towed Trailer
10 Tracked ACV M113A2 N/A X
1 Wheeled ACV LAV25 N/A X
. Kawasaki ATV
12 Light ATV high shock) N/A X

Same vehicle and identical category.
? Different vehicle and identical category.
* Category not available or applicable.

Summary

This chapter identified other studies and simulations used as references in
choosing representative vehicles for each of the mobility categories as well as the
findings of this research. Every effort was made to build on past research, select
U.S. made vehicles, and bring the modeling and simulation community together

on choices for representative vehicles.
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6 Conclusions and
Recommendations

In summary, this report presents the procedures and findings of categorizing
ground vehicles while providing the M&S community with a set of common
categories and common representative vehicles. The procedure successfully used
currently available parameterizations for ground vehicles and then used a subset
of those vehicles to represent other vehicles with similar mobility performances.
This was accomplished by defining the categorization, devising a practical
binning system, and sorting the vehicles into those bins. A sensitivity analysis
was performed to evaluate the robustness of the categorization mechanism
against changes in the values of vehicle input parameters. Existing bins and
representative vehicles were taken from WARSIM 2000 and JWARS. New bins
were named for vehicles that defied classification into those bins. The resulting
set of bins is provided in this report and includes the new groups of amphibious
tracked, amphibious wheeled vehicles, and small vehicles (< 500 kg).

Procedural Findings

A supervised forward stepwise linear regression procedure was the best
method for determining the best set of vehicle characteristic variables to use for
categorizing tracked vehicles when tied to the MOP tactical high. The same
regression procedure was not suitable for wheeled vehicles when tied to the MOP
tactical standard; however the MOP tactical support was suitable.

A regression procedure could not be used for wheeled vehicles towing
trailers since there were not enough NRMM vehicle files with towed trailers to
form an adequate control group for comparison. Thus, SME opinion was
consulted. Primary use is first used to screen low mobility wheeled towing
vehicles from the others. Then, power-to-weight ratio was used to distinguish
between medium and high mobility wheeled towing vehicles. The remaining
bins, amphibious tracked, amphibious wheeled only required differentiation as to
whether the amphibious armored combat vehicle is tracked or wheeled, and
finally for the ATV as to whether the vehicle’s weight was less than 500 kg.

A clustering technique was used to divide the tracked and wheeled groups
into three bins each. The technique called for balancing the standard deviations
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of the pertinent MOPs from one cluster to another. For practical considerations,

the criteria for bin membership were slightly adjusted to allow for the inclusion
of existing or well-known representative vehicles.

Each of the categorization formulae was tested for sensitivity to changes in
the values of input parameters. These results showed that the binning of tracked
vehicles was less sensitive to changes in the values of vehicle parameters than for
wheeled vehicles. Wheeled vehicles with towed trailers were also sensitive to
vehicle parameter changes but not as sensitive as wheeled vehicles alone. These
sensitivities for wheeled vehicles are not unexpected since the design of wheeled
vehicles is less specialized than tracked vehicles and wheeled vehicles are
expected to operate on a broader set of off-road and on-road conditions.

Recommendations

Based on the findings of this research, it is recommended that the 12 bins for
categorizing ground vehicles be accepted as a standard for the M&S community
and be accepted for the U.S. Army Standards Repository System and the M&S
Resource Repository. It is further recommended that current and future wargame
simulations and decision support systems adopt the categorization procedure and
bins documented within this report.

Further refinement of this procedure may be accomplished by obtaining a
larger set of vehicle data and predicting mobility on a larger set of terrain
databases. Additionally, prior to analysis or during the course of simulation,
allowing the flexibility of changing the representative vehicles of bins as a func-
tion of terrain conditions and features (i.e., plains, hills, obstacles) would better
model the performance of a particular vehicle without being vehicle specific.
This is recommended as the next level of resolution increase.
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“Simulated Performance of
WARSIM Bundle Representa-
tive Vehicles on Terrain in
SWA, Europe, NEA, and Com-
parison of SRF and NRMM
Derived Speed Predictions”
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“Simulated Performance of WARSIM Bundle Representative Vehicles on
Terrain in SWA, Europe, NEA, and Comparison of SRF

and NRMM Derived Speed Predictions”

Introduction. This paper documents an analysis of the comparative performance
of the vehicles chosen to represent the WARSIM mobility bundles, and the simu-
lation of vehicle speed using the WARSIM Speed Reduction Factor (SRF)
method. The purpose of the analysis was to verify that the vehicles chosen to
represent the WARSIM mobility bundles are reasonable choices, and
representative of these bundles, and to demonstrate the WARSIM SRF method of
speed computation and it’s accuracy. The scope of the analysis was limited due
to time constraints.

First, the performance of the representative vehicles in each category (wheeled,
tracked, and tractor-trailers) as predicted by the NATO Reference Mobility
Model (NRMM) was evaluated by running the high, medium, and low mobility
representative vehicles on terrain in four different regions of the world
(Lauterbach Germany, Al Mafraq Jordan, Dasht E Arzhan Iran, and Cheorweon
South Korea). Vehicle speed profiles for the high, low, and medium
representative vehicles were then plotted and compared.

The second part of the analysis evaluates the WARSIM SRF method of speed
computation. Because of time constraints the analysis was limited to one terrain,
the Lauterbach region of Germany. Speeds for a vehicle chosen from the
WARSIM mobility bundling document over the Lauterbach terrain were com-
puted using the SRF method. This same vehicle was then run on NRMM and
results were compared.

Vehicle Bundle Representatives (Tracked). Speed reduction matrices have
been developed for the WARSIM SWA playbox using the M1A1 as a representa-
tive of the “high mobility tracked” bundle, the M113A2 as a representative of the
“medium mobility tracked” bundle, and the D7 Dozer as a representative of the
“low mobility tracked” bundle. Waterways Experiment Station (WES) concurs
that these vehicles are reasonable representatives of the mobility bundles.

NRMM Results (Tracked). The representative vehicles were run on the NATO
Reterence Mobility Model (NRMM), simulating terrain in the Lauterbach region
of Germany, the Al Mafraq region of Jordan, the Cheorweon region of South
Korea, and the Dasht E Arzhan region of Iran. Standard NRMM results of these
simulations are presented in Figures Al through A4. The figures are plots of
cumulative average speed as a function of percent of total area and are often
referred to as speed distributions or speed profiles. They offer a convenient
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NRMM Results, Lauterbach Germany
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Figure A1. Lauterbach Germany, tracked representative vehicles

NRMM Results, Al Mafraq Jordan
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Figure A2. Al Mafraq Jordan, tracked representative vehicles

means of comparing the performance of several vehicles over the thousands of
units that make up a single terrain data set.

The D7 shows little speed variation on a given terrain. This is because it is
geared for low speed, high tractive force operation. It's maximum speed is less
than 10 mph. Percent of no—go terrain varies noticeably on the different areas
however. Overall average speed differences between the M1A1 and the M113A3
are about 20 percent on the Lauterbach terrain, 28 percent on the Jordanian
terrain, and about 24 percent on the South Korean and Iranian terrain. There is a
large speed difference between the D7 and the other vehicles on the Laute::bach
terrain. This is caused by a low top speed, typical of construction and engineer
equipment. On the more severe areas (Korea and Iran), the difference betw:een‘
the D7 and the other vehicles is not as large. The high mobility representative 1s
significantly faster and has fewer no-gos on all terrain simulated than the medium
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NRMM Results, Dasht E Arzhan, Iran
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Figure A3. Dasht E Arzhan Iran, tracked representative vehicles

NRMM Results, Cheorweon S. Korea
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Figure A4. Cheorweon, South Korea, tracked representative vehicles

mobility representative. The medium mobility representative is significantly
faster and also has fewer no-gos than the low mobility representative on all
terrain simulated.

Vehicle Bundle Representatives, Tractor/Trailers. Speed reduction matrices
have been developed for the WARSIM SWA playbox using the M1025A2
towing the High Mobility Trailer (HMT) as a representative of the “high mobility
tractor/ trailer” bundle, the M923 towing the M 1061 trailer as a representative of
the “medium mobility tractor/trailer” bundle, and the M911 towing the M747
trailer as a representative of the “low mobility tractor/trailer” bundle. WES

concurs that these vehicles are reasonable representatives of the mobility
bundles.
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NRMM Results, Tractor/Trailers. NRMM was used to simulate the represen-
tative vehicles on terrain in the Lauterbach region of Germany, the Al Mafraq
region of Jordan, the Cheorweon region of South Korea, and the Dasht E Arzhan
region of Iran. The results of these simulations are presented in Figures AS

through A8.
NRMM Results, Lauterbach Germany
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Figure A5. Lauterbach Germany, tractor/trailer representative vehicles

NRMM Results, Al Mafraq Jordan
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Figure A6. Al Mafraq Jordan, tractor/trailer representative vehicles

The high mobility representative is significantly faster and has significantly
fewer no-gos on all terrain simulated than the medium mobility representative.
The medium mobility representative is significantly faster and also has
significantly fewer no-gos than the low mobility representative on all terrain
simulated. Overall average speed differences between the M1025/HMT and the
M923/MO061 are about 47 percent on the Lauterbach terrain, 38 percent on the
Jordan and Korean terrain, and 29 percent on the terrain in Iran. Overall average
speed differences between the M923/M1061 and the M911/M747 are about

42 percent on the Lauterbach terrain, 30 percent on the Jordan and Korean
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NRMM Results, Dasht E Arzhan Iran
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Figure A7. Dasht E Arzhan Iran, tractor/trailer representative vehicles

NRMM Results, Cheorweon South Korea
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Figure A8. Cheorweon South Korea, tractor/trailer representative vehicles

terrain, and 19 percent on the terrain in Iran. These speed comparisons were
made only on terrain which was ‘go’ for both vehicles being compared.

Vehicle Bundle Representatives, Wheeled. Speed reduction matrices have
been developed for the WARSIM SWA playbox using the M1025A2 as a
representative of the “high mobility wheeled” bundle, the M923 as a
representative of the “medium mobility wheeled” bundle, and the M911 tractor
as a representative of the “low mobility wheeled” bundle. WES concurs that
these vehicles are reasonable representatives of the mobility bundles. The M911
is not classified as a low mobility wheeled vehicle in the WARSIM bundling
document, it is being used as a surrogate vehicle to represent this category. The
reason for this is that neither WES nor AMSAA have sufficient data to create an

NRMM data file for any of the vehicles classified as “low mobility wheeled” in
the bundling document.
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NRMM Results, Wheeled. NRMM was used to simulate the representative
vehicles on terrain in the Lauterbach region of Germany, the Al Mafraq region of
Jordan, the Cheorweon region of South Korea, and the Dasht E Arzhan region of
Iran. The results of these simulations are presented in Figures A9 through A12.

NRMM Results, Lauterbach Germany
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Figure A9. Lauterbach Germany, wheeled representative vehicles

NRMM Results, Al Mafraq Jordan
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Figure A10. Al Mafraq Jordan, wheeled representative vehicles
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NRMM Results, Dasht E Arzhan Iran
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Figure Al11. Dasht E Arzhan Iran, wheeled representative vehicles

NRMM Results, Cheorweon South Korea
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Figure A12. Cheorweon South Korea, wheeled representative vehicles

On the Lauterbach terrain, overall average speed differences between the
MI1025A2 and the M923 are about 35 percent. The average speed difference
between the M923 and the M9111 tractor is about 30 percent. In Al Mafraq Jor-
dan, the differences are about 45 percent between the M1025A2 and the M923,
and about 24 percent between the M923 and the M911 tractor. On the Dasht E
Arzhan terrain speed differences are 50 percent between the M1025A2 and the
M923, and 12 percent between the M923 and the M911 tractor, the M911 also
has significantly more no-gos than does the M923. In the South Korean terrain
speed differences are about 50 percent between the M1025A2 and 17 percent
between the M923 and M91 1 tractor, the M911 has significantly more no-gos
than the other two vehicles on this terrain.

Comparison of SRF Generated and NRMM Computed Speeds. SRF derived
speeds and NRMM computed speeds for vehicles chosen from the mobility bun-
dles were compared. The comparison was done using speed reduction matrices
developed for the bundle representative vehicles in the Lauterbach region of Ger-
many. The values plotted are SRF and NRMM computed speeds for each unit of
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the Laut?rbach terrain data file. The speeds were sorted from highest to lowest.
All terrain units were weighted equally in the percent of total area computation.

The representative vehicle for the “high mobility wheeled” bundle is the
M1025A2 HMMWYV. SRFs resulting from running this vehicle on the Lauter-
bach terrain were used to multiply the maximum speed of the comparison
vehicle, a BRDM-2. The BRDM-2 was then run on NRMM. Results of the
comparison are presented in Figure A13.

The representative vehicle for the “medium mobility wheeled” bundle is the
M923 truck. SRFs resulting from running this vehicle on the Lauterbach terrain
were used to multiply the maximum speed of the comparison vehicle, a GAZ-66
truck. The GAZ-66 was then run on NRMM. Results of the comparison are
presented in Figure Al14.

SRF Derived and NRMM Computed Speeds
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Figure A13. High mobility wheeled vehicle SRF, NRMM comparison
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Figure A14. Medium mobility wheeled vehicle SRF, NRMM comparison
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The “high mobility tractor trailer” bundle representative vehicle is the M1025A2
towing a High Mobility Trailer (HMT). SRFs resulting from running this vehicle
on the Lauterbach terrain were used to multiply the maximum speed of the com-
parison vehicle, an MTV towing an M1061 trailer (see conclusions for informa-
tion on classification of MTV). The MTV/M1061 was then run on NRMM.
Results of the comparison are presented in Figure A1l5.

The “medium mobility tractor trailer” bundle representative vehicle is the M923
towing an M1061 trailer. SRFs resulting from running this vehicle on the
Lauterbach terrain were used to multiply the maximum speed of the comparison
vehicle, an M1075 towing an M 1076 trailer (PLS). The M1075/M1076 was then
run on NRMM. Results of the comparison are presented in Figure A16.

SRF Derived and NRMM Computed Vehicle Speeds
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Figure A15. High mobility tractor/trailer SRF, NRMM comparison

SRF Derived and NRMM Computed Vehicle Speeds
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Figure A16. Medium mobility tractor/trailer SRF, NRMM comparison
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The representative vehicle for the “high mobility track™ bundle is the M1A1.
SRFg resulting from running this vehicle on the Lauterbach terrain were used to
multiply the maximum speed of the comparison vehicle, a T-80 tank. The T-80
was then run on NRMM. Results of the comparison are presented in Figure A17.

The representative vehicle for the “medium mobility track™ bundle is the
M113A2. SRFs resulting from running this vehicle on the Lauterbach terrain

were used to multiply the maximum speed of the comparison vehicle, an M60A3

tank. The M60A3 was then run on NRMM. Results of the comparison are
presented in Figure A18.

SRF Derived and NRMM Computed Vehicle Speeds
Lauterbach Germany
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Figure A17. High mobility tracked vehicle SRF, NRMM comparison
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Lauterbach Germany

30 — SRF ( Med. mobility tracked vehicle. (M113A2 ) ) x V max.MG0A3
——MG0A3 ( NRMM Computed Speeds)

Speed (mph)
i 3 N
o o

-
o

ot ® 2 T RIS ITLIIBSERRRIZBE A

Percent of Total Area

Figure A18. Medium mobility tracked vehicle SRF, NRMM comparison

The representative vehicle for the “low mobility track™ bundle is the D7 Dozer.
SRFs resulting from running this vehicle on the Lauterbach terrain were used to
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multiply the maximum speed of the comparison vehicle, an M9 ACE. The M9
was then run on NRMM. Results of the comparison are presented in Figure A19.

SRF Derived and NRMM Computed Vehicle Speeds
Lauterbach Germany
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Figure A19. Low mobility tracked vehicle SRF, NRMM comparison

Comparison vehicles (PLS, T-80, BRDM-2, M60, GAZ-66, M9) were chosen
from the appropriate mobility bundles as they are currently classified in the
WARSIM mobility bundling document. The MTV/M 1061 tractor-trailer was
used as a comparison vehicle for the high mobility tractor-trailer bundle because
further analysis (see conclusions) indicates that the MTV should be reclassified
as a high mobility wheeled vehicle. A low mobility wheeled vehicle comparison
was not done. This is because neither WES nor AMSAA have sufficient data on
any of the vehicles in this bundle to create an NRMM data file.

Overall results of these comparisons, with the exception of the low mobility
tracked vehicle, appear acceptable however, other vehicles examined during the
analysis do not compare as well. As an example, Figure A20 compares the
performance of the BMP-2 as simulated using SRFs from the medium mobility
track and the high mobility track representative vehicles. It appears that while
this vehicle is classified as a medium mobility track in the bundle document it is
better represented by the high mobility SRFs. It should be reclassified as a high
mobility tracked vehicle.

Another example of this is the HEMTT. It is classified in the “high mobility

wheeled” bundle. Figure A21 shows that the HEMTT is better represented as a
“medium mobility wheeled” vehicle.
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SRF Derived and NRMM Computed Vehicle Speeds
Lauterbach Germany
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Figure A20. BMP-2 simulated using Medium mobility SRFs and High Mobility
SRFs, and compared to NRMM computed BMP-2 performance.
BMP-2 should be classified in the high mobility wheeled bundle
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Figure A21. HEMTT simulated using Medium mobility SRFs and High Mobility
SRFs, and compared to NRMM computed HEMTT performance.
HEMTT should be classified in the medium mobility wheeled bundle

The LMTYV is classified as a “high mobility wheeled” vehicle, while the MTV is
classified as a “medium mobility wheeled” vehicle. Comparison of the cross
country performance of these two vehicles using NRMM shows little difference
between them and, when compared to the M1025A2 indicates that they should be

classified as “high mobility wheeled vehicles” (Figure A22).
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NRMM Results Lauterbach Germany
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Figure A22. Performance of MTV, LMTV, and M1025A2. The MTV and LMTV
should be reclassified as “high mobility wheeled” vehicles

While the “high mobility wheeled” SRF and NRMM simulations of the BRDM-2
are comparable, simulation of other vehicles such as LAV-25, MTV, and LMTV
do not compare as well. There are large differences between SRF derived and

NRMM computed speeds for these vehicles over a major portion of the terrain
(Figures A23 and A24).
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Figure A23. High mobility wheeled SRF, NRMM comparison
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SRF Derived and NRMM Computed Vehicle Speeds
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Figure A24. High mobility wheeled SRF, NRMM comparison

The reason for this is that while the M1025A2 is indeed a high mobility wheeled
vehicle, it is not the best representative of this bundle. The very high maximum
on-road speed (82 mph) of this vehile is the cause of the problem. The SRF
matrix is constructed by running NRMM using the representative vehicle (in this
case the M1025A2) and then dividing the speed predicted by NRMM on each
terrain unit by the maximum on-road speed of the representative vehicle.
Because the maximum on-road speed of the M1025A2 is so high this results in
SRFs that are applicable to HMMW Vs but are unrealistically low when applied
to other vehicles in the bundle.

A speed reduction matrix developed based on the performance of the MTV rather
than that of the M1025A2 resulted in SRF derived speeds for the LAV and
BRDM-2 which were much closer to the NRMM computed results (Figures A25
and A26).
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Figure A25. High mobility wheeled SRF, NRMM comparison, computed using
new “high mobility wheeled” (MTV) representative vehicle SRFs
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SRF* and NRMM Computed Vehicle Speeds
Lauterbach Germany

——SRF ( High mobility Wheeled veh. {mtv ) ) x V max. BRDM-2
50 - ——BRDM 2 ( NRMM Cumplitad Speeds )

Speed ( mph )

ST 2 TERIRSSRIIIDBEIIBRKEKZIZESS

Percent of Total Area

Figure A26. High mobility wheeled SRF, NRMM comparison, computed using
new “high mobility wheeled” (MTV) representative vehicle SRFs

However, when the M1025A2 is simulated using the new (MTV) SRFs there are
significant differences in SRF and NRMM predicted performance (Figure A27).

NRMM results for the wheeled representative vehicles (Figure A28 ), and the
MTYV show that the MTV is a reasonable representative for the “high mobility
wheeled” bundle. It is faster than the M1025A2 over about 60 percent of the
terrain and encounters fewer no-gos. It is also consistently faster and encounters
fewer no-gos than the medium mobility representative vehicle.
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Figure A27. High mobility wheeled SRF, NRMM comparison, computed using
new “high mobility wheeled” (MTV) representative vehicle SRFs
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NRMM Results ( with alternate high mobility representative vehicle )
Lauterbach Germany
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Figure A28. High mobility wheeled vehicles simulated by NRMM with terrain in
Lauterbach Germany

The D7 dozer SRF and NRMM computed speeds for the M9 ACE do not com-
pare very well (Figure 19). A second “low mobility tracked” vehicle, the AVLB,
was simulated using the D7 SRFs and compared with it’s NRMM computed per-
formance (Figure A29). This comparison also shows speeds computed using the
SRF method of speed computation which are too high.
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Figure A29. Low mobility tracked vehicle SRF, NRMM comparison

The reason for this is similar to the reason that the M1025A2 SRFs yielded
speeds which were consistently too low. In this case, because the maximum on
road speed of the D7 is only 6.3 mph and because it is capable of nearly
maximum speed on all off road terrain untill it reaches a no-go condition, it’s
SRFs are all very high. The SRF matrix is constructed by running NRMM using
the representative vehicle (in this case the D7) and then dividing the speed
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predicted by NRMM on each terrain unit by the maximum on-road speed of the
representative vehicle. Because the maximum on-road speed of the D7 is so low
this results in SRFs that are applicable to D7s but are unrealistically high when
applied to other vehicles in the bundle.

A speed reduction matrix developed based on the performance of the AVLB
rather than that of the D7 resulted in SRF derived speeds for the M9 which were
much closer to the NRMM computed results (Figure A30).
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Figure A30. Low mobility tracked vehicle SRF, NRMM comparison using alternate
vehicle SRFs

The D7 was simulated using the alternate AVLB SRFs. A comparison of SRF,
NRMM computed performance is shown in Figure A31. Speed differences range
from about 1 mph to about 2.5 mph.
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Figure A31. Low mobility tracked vehicle SRF, NRMM comparison using alternate
vehicle SRFs
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A plot of NRMM results for the tracked representative vehicles in Lauterbach
Germany (Figure A32) shows that the AVLB is a good representative for the
“low mobility tracked” bundle. It’s speeds are significantly lower than those of
the “medium mobility tracked” vehicle, and it encounters significantly more

Nno-gos.
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Figure A32. NRMM results for tracked representative vehicles in Lauterbach

Germany

Conclusions (Choice of Representative Vehicles). The vehicles initially

chosen are reasonable representatives of the mobility bundles, however there are
better representatives for the “high mobility wheeled” and “low mobility tracked”
bundles. NRMM simulated performance of the representative vehicles on widely

differing types of terrain (temperate European, desert, mountainous) show
consistent and significant decreases in speed and in some cases increases in no-

go terrain, as the mobility category goes from high to low. The wheeled vehicles

show the most variability from one terrain to another.

Performance of some vehicles within a mobility bundle may be well represented

by the SRF matrix of the chosen representative vehicle, while other vehicles in

the same bundle may not be. This is illustrated by performance of vehicles in the
“high mobility wheeled” bundle. Most vehicles in this bundle are probably better
represented by a vehicle such as the MTV, which has a more moderate maximum

on-road speed than the current representative (M1025A2).

The D7 is not the best representative of the low mobility tracked bundle. It’s
cross country speed profile is unusual in that it is capable of nearly maximum
speed until it begins to encounter no-go conditions. It’s maximum speed is also

unusually low at 6.3 mph. A more suitable representative vehicle for this bundle

is the AVLB (see Figure A32).

Conclusions (SRF Method of Speed Prediction). The SRF speed computation

method can result in speeds very close to those predicted for a vehicle by
NRMM. However, if a vehicle is not classified in the correct mobility bundle
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then speed prediction will not be as good. Fidelity of the SRF simulation method
is highly dependent on vehicles being classified in the appropriate mobility
bundles. The mobility bundle document should be reviewed and vehicles
reclassified as needed. There are very large numbers of vehicles classified as
high and medium mobility and extremely few classified as low mobility. Very
low speed construction/engineer vehicles such as fork lifts and bulldozers could
be represented adequately by a constant speed, this would free this bundle and
allow a redistribution of vehicles within the mobility categories.

A20 Appendix A Simulated Performance of WARSIM Bundle Representative Vehicles




Appendix B
Tracked Vehicle Analysis

Appendix B Tracked Vehicle Analysis

B1



B2

Response: tact high (kph)
i ™
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Figure B1. Results of regression analysis for tracked vehicles (Iteration 1)

.
Predicted tact high (kph) By tact high (kph) _]

Line of Fit
35
=
=
% 30 -
5]
"
2
B |
b 25
a
20 40
tact high (kph)
= Paired t-Test
7 )
[F'airad t-Test ]
tact high (kph) - Predicted tact high (kph)
Mean Difference 1.773039 Prob>|t| 00896
Std Error 0.794879 Prob >t 0.0448
t-Ratio 2230577 Prob <t 09552
DF 4
N

\

Figure B2. Results of paired t test for tracked vehicles (Iteration 1)
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Figure B3. Results of regression analysis for tracked vehicles (Iteration 2)
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Figure B4. Results of paired t test for tracked vehicles (lteration 2)
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Response: tact high (kph)
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' RSquare 0.904523
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[;‘-‘aramalar Estimates ] .
Term Estimate Std Error i Ratio Prob=|t|
Intercept 24174449 2.828608 0.86 0.4107
Max Road Speed 0.3821863 0059112 6.47 <0001
Power-to-weight 0.2291367 0.220252 1.04 0.3205

= L
Effect Test ]
Source Nparm DF Sum of Squares F Ratio
Max Road Speed 1 1 278.42454 418023
Power-to-weight 1 1 7.20871 1.0823
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Source DF Sum of Squares Mean Square F Ratio
Model 2 694.09793 347.049 52.1054
Ermror 11 73.26564 6.661 Prob>F
C Total 13 767.36357 <0001
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Figure B5. Results of regression analysis for tracked vehicles (lteration 3)
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Figure B6. Results of paired t test for tracked vehicles (Iteration 3)
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Table B1

racked Vehicles, Bins 1-3

Power to
Weight | Max
Combat| Ratio |Road| Vert Mfg | Primary Pred.
NRMM II| Weight (hp/ |Speed| Obs |Power| Type| Use |[NRMMII| Y
racked Vehicle File ke ton) kph m hp Code | Code |Yu (kph)| (kph BIN
Leopard Il Y 551500  27.00 72| 1.10] 1641] 1 5 377] 363 1
1A1'22 54545( 270 72| 124/ 1500 1 5 382 361 1
lAMX 40 LeClerc N 43700 300/ 70| 1.00( 1445 1 5 360 1 |
80 Y 425000 259 70| 100 1213 2 5 345 351 1
64 Y 395000, 177] 78| o080 771 2 5 356 351 1
Leopard | N 400000 208 65 1.15 915 1 5 320 1
M2A2 Y 300000 181 66 o091 600 1 4 315 318 1
AMX 30 N 360000 200 65 093 794 1 5 318 1 |
2A1"3 Y 250400 175 66| 091 500 1 4 323 316 1
arderA3 /Roland | Y 350000  180| 65| 1.00f 600 1 4 256 314 1
270 MLRS Y 25191 180 64 100 500 1 4 303 310 2
hallenger Y 620000 194 60| o085 1322 1 5 285 298 2
T72 Y 445000 189 60| o085 927] 2 5 335| 208 2
MZ Mine Layer N 285000 184 60| o070 579 2 | 4 208 2
S3152mmSPH | Y 275000  17.3] 60| 070 525 2 4 307 293 2
erkava Mk 3 N 610000  197] 55| 1.00] 1323 1 5 279 2
109A1B SPH N 24948 147 56| 053 405 1 4 273 2
55 Y 360000  161| 50| 080 639 2 5 270 252 3
69 N 370000 159 50| 080 648 2 5 251 3
62 w/o Rct-Arm Y 40000, 145 50| 080 639 2 5 250 248 3
54/Type59 N 36000  144] 50| 079 573 2 5 248 3
55/MTU-20 N 370000 142 50| o080 580 2 4 248 3
48A5 Y 48987 - 159 48 092 750 1 5 226 245 3
55/IMR Y 340000  155| 48] o080 580 2 5 259 243 3
60A3 Y s2617|  142| 48] 091 7s0[ 1 5 229 241 3
!Ehieftain N 550000  136] 48] 091 826 5 239 3
60/AVLB'*? X 55205 123] 48] 091 750 1 4 216| 236 3
ZSU-23-4/SA-6 Y 20500, 124 44 110 280 2 4 255 221 3
88A1 Y s0848|  134] 42[ 107 750 4 249 218 3
‘D?—G Y 14456 126 10| 100 200 1 4 73 91 3

Appendix B Tracked Vehicle Analysis

Note: Grayed rows indicate a vehicle not part of the regression formulation, but used for cross validation with a NRMM
prediction and the regression prediction.
II' Representative vehicle for WARSIM & JWARS by ERDC, October 2000.
“ Representative vehicle for WARSIM selected by AMSAA, October 1998.
" Representative vehicle for CCTT-SAF.
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Table B2 gt
Tracked Amphibious Combat Vehicle, Bin 10 |

NRMMIl |Combat Weight] Max Road |Max Grad| Power | Mfg Type | Primary Use |
Tracked Vehicle File Exist kg Speed (kph) % h Code Code
M113A2'%° Y 11253 61 60 212 1 2
M551 Y 15830 70 60 300 1 2
259 Y 9000 60 60 300 2 2
MOACE Y 24500 48 60 295 1 2
BMP-2 Y 14300 58 60 320 2 2
BMP-1/W2Z501 Y 13500 80 60 300 2 2
251 122mm SPH Y 16000 60 60 240 2 2
PT76 Y 14600 44 70 240 2 2
BMP-3 N 18700 70 60 551 2 2
YW531H (PRC) N 13600 65 60 352 2 2
[BMD-3 N 13200 70 60 495 2 2
[BMD-1 N 7500 70 60 265 2 2
BTR-50 N 14200 44 70 265 2 2
VP7A1 N 22838 64 60 441 1 2
BVP M80A N 14000 64 66 315 2 2
MT-LB/SA-13 N 11900 62 60 264 2 2 |
YWS531 (PRC) N 12600 65 60 353 2 2 |
BMD-2 N 8225 60 60 265 2 2

Representative vehicle for WARSIM & JWARS by ERDC, October 2000.
* Representative vehicle for WARSIM selected by AMSAA, October 1998.
’ Representative vehicle for CCTT-SAF,
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C2

ftaspcnse: Tac Stnd (kph) " (a rote-Model J )
'[Summary of Fit ] o
| 50
RSquare 0.851013 ;
RSquare Adj 0.776519 s b sl
| Rn?-{ Mean Square 3.589956
an of Response 35.12
L_Gbservations (or Sum Wats) 10 s .
. \ =
[Parame!er Estimates ] | £ 35
Term Estimate StdEmor tRatio Prob>|t ;% /
Intercept 25042159 11.07715 0.23 0.8287 E 30—
Power-to- 1.1867991 0.213789 555 0.0014 95 % Conf
Max Gradient % 0.4109265 0.167342 246 0.0494 25— Interval
Mfg Type Code 8031146 2925632 275 0.0335 €==""
- - =
Effect Test Y J | l !
20 25 30 35 40 45 50
Source Nparm DF Sum of Squares F Ratio Prob>F Tac Stnd (kph)  Predicted
Power-to- 1 1 397.15584 308165 0.0014
Max Gradient % 1 1 77.71398 6.0300 0.0494 r[hnalysis i Varance ] i
Mfg Type Code 1 1 97.11673 7.5356 0.0335 :
_ ATOTE ___J|| Source DF Sum of Squares Mean Square F Ratio
Model 3 44168928 147.230 11.4240
Error 6 77.32672 12.888 Prob>F
L\tI: Total 9 519.01600 0.0068

Figure C1. Results of regression analysis for wheeled vehicles (Iteration 1)
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Figure C2. Results of paired t test for wheeled vehicles (lteration 1)
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Response:

-~

[E‘:aurnmmﬂn,.r of Fit J

Tac Stnd (kph)

WQAFJ&_J

LS

50
RSquare 0.084122 !
RSquare Adj -0.03036
Root Mean Square Emor 7.708399 | =
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= — a %
=) |8
i‘ 5 N =
[Parameter Estimates J ﬁ o
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Intercept 20.06628  17.72991 1.13 25 =
Max Road Speed 0.1641627 0.191511 0.86
- J .
20 25 30 35 40 45 50
Source Nparm  DF  Sum of Squares TacStnd (kph)  Predicted
Max Road Speed 1 1 43660713
b g -
(hnalysis of Variance ]
Source DF Sum of Squares Mean Square F Ratio
‘| Model 1 43 66071 43 6607 0.7348
| Error 8 475.355298 59.4194 Prob>F
C Total 9 519.01600 0.4163

\

Figure C3. Results of regression analysis for wheeled vehicles (Iteration 2)
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Figure C4. Results of paired t test for wheeled vehicles (lteration 2)
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Response.  Tac Stnd (kph) -’(W Tent
( Y L
:Sm'nmanr of Fit ,
RSquare 0.896017
RSquare Adj 0812831
Root Mean Square Error 3.285387
Mean of Response 3512
Observations (or Sum Wgts) 10
h e = ’
” —— == \ 3
=2 | E
Term Estimate StdErmor  tRatio  Prob>|t| E
Intercept -B87.14627 2B8.89778 -3.02 00296 | E
Power-to-weight 16371676  0.273667 598 00019 | '
Max Road Speed 0.4244074 0.145781 2.9 0.0334 |
Max Gradient % 0.7227558 0.20492 353 00168
Power (hp) 00452613 0014341 316 00252 |
;r —— — =
I T
Emcion Tac Stnd (kph) Predicted
Source Nparm DF Sum of Squares F Ratio Prob>F
Power-to-weight 11 38629096 357683 00019 | [ Rrdiysie of Vestance
Max Road Speed s 91.48230 B.4755 0.0334 = 2
DF Squares Mean Square F Ratio
Max Gradient % §: 29 13427236 124398 00168 ﬁ:‘d':' ) T ﬂ:ssmm e
Power (hp) 1 1 107.52212 09615 0.0252 ‘J Error 5 53 06883 10,764 Prob>F
. iy : ) e .
C Total 9 519.01600 00113

Figure C5. Results of regression analysis for wheeled vehicles (lteration 3)
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Figure C6. Results of paired t test for wheeled vehicles (Iteration 3)
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Response:  Tac Sup (kph)

- N [W!#Dﬁﬁl Test j
(Summnry of Fit |
RSquare 0756216
RSquare Adj 0. 686563
Root Mean Square Error 4618191 |
Mean of Response 40.57 |
Observations (or Sum Wgts) 10 J
= e
I"F_ — -\|_ "\ a—
[Plrllﬂﬂlﬂi‘ Estimates ) E
Term Estimate StdEmor  tRatio  Prob>|t §
Intercept 1.2009551  14.21611 0.08 09350 3
Power-to-weight 1.2581431 0.270988 464 00024
L.M“ Gradient % 0.3384222  0.209461 162 0.1502
i - = =4 —
(Effect Test |
25
Source Nparm  DF  Sum of Squares FRaio  Prob>F 4 T G S SR ST T S
Power-to-weight 1 1 45973206 21.5556 0.0024 Tac Sup (kph)  Predicted
Max Gradient % 1 1 5567416 26104 0.1502 |
Ir[Analysia of Variance }
Source DF Sum of Squares Mean Square F Ratio
Model 2 463.10715 231.554 10 8569
' Error 7 149 29385 21.328 Prob>F
' CTotal S 612 40100 0.0072
L

LS

Figure C7. Results of regression analysis for wheeled vehicles (lteration 4)
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Figure C8. Results of paired t test for wheeled vehicles (lteration 4)
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able C1
heeled Vehicl

Combat/ |Power-| Max
Loaded to- Road
NRMM II| Weight |Weight| Speed | Fording

File k Ratio | (kph m
N 2200 2071 100] o070 62 75 59.7
1025A2' a672] 3107 113 o7e] 40| 160 491 567 539
M1043 a672| 31071 13 076 40 160 53.9)

0507| 21471 94 081 60| 225 403 449 487
13258| 1984 94| 081 60 200 409 454| 466

4
Y 4
N 4
Y 4
Y 4
IRB 44 N 5300 1866 109 075 60 109 451 4
IGAZ-66 Y s800] 17.99 95 080 60 115 302 369 443 4
1084/MTV?* Y 15078] 17.45] 94| 081 60| 200 399 441 436 4 ‘
AZ-135L4/FROG N 19000, 17.19] 65| 058 57| 360 422 5 4‘
IL 135/FROG7 Y 19000] 17.19| 65| 058 57 360| 37.5] 41.7] 422 5
N Cat | A1 N 32000 1559 90| 120 60 550 412 5
923° Y 14030| 1552] 84| 076] 60| 240 273 320 412 5
977 HEMTT' Y 27080] 1491 88| 076] 60 445 376 435 404 5
985 HEMTT? Y 28168] 1433 88 076] 60| 445 318 372 397 5 ||
543M/Scud/SA10 | Y 32470{ 1460 63 110 57 525 389 5 ;‘
SEE N 7250 1376 80 076 60 110 389 5
ZIL 131 N 10425| 1305 80| 140 58 150 374 6
URAL375/SA-4Reload | N 13300 1228 75) 100 60| 180| 371 6
RM70 N 25300, 968 75| 140 60 270 37.0] 6
35A2 Y 10400, 1221 90| o076 60 140 336 386 37.00 6 |
1074/PLS Y 39916 1136 91| 122 60 s500] 389 436 359 6
IKRAZ 260V Y 22000 11.88) 80| 120 58 =288] 387 428 359 6
ZTS 152 N 20250, 1374 80| 140 60 345 350 6
IMAZ543A N 43300, 11.000 63| 110 57| 528 316 396 344 6
IL 157 N gas0] 11700 65| 085 53 109 340 6
KRAZ 214 N 19300| 964 55| 100 57 205 6
K48/14 Y 47628] 848 84 152 60 445 5
AM 150 T11 N 11400 11.94] 85 100 43 150 8
IM9172 vy | 33070 10970 1071 o061 41] 400 6

Note: Grayed rows indicate a vehicle not part of the regression formulation, but used for cross validation with a NRMM
Predictinn and the regression prediction,
Representative vehicle for CCTT-SAF.
Representative vehicle for WARSIM & JWARS by ERDC, October 2000.
Representative vehicle for WARSIM selected by AMSAA, October 1998.

C6 Appendix C Wheeled Vehicle Analysis




able C2

heeled Vehicles with Trailers, Bins 7-9

Power- Max |

e ng'lht_air:ed wt?'h Ground| Road | Ford Mfg I

eeled VehicleFile Waigl-:f;g! R?altgiot C!I:‘a!r Sﬁd De"p:th GTaa:‘fn Pt:'wer gr:ii (.g::s:e BIN |
M1025A2t Y 6668 216/ 038 113 o076 40 180 1 1 7
923witrailer’ Y 12977 166 03 84 0.76 60] 240 1 1 7
M813 w/ trailer N 18985 11.4| 0.295 g4l 076 67| 240 1 1 7
TVM10942 Y 25049 104 0559 94| 0.81 60 290 1 1 7
Leyland Truck (8x6) N 32000 98 0.29 78| 075 61 350 1 1 8

985 witrailer’ Y 42121 9.5 03 88| 076 60 445 1 1 8 |

ATRAB815 Y 35400, 84| o041 80 1400 30| 333 2 1 | 8 |

915A2 Y 47670, 76| 0.254 90| 051 184 400[ 1 1 8 |
IM916A1 Y 59020, 61| 0305 853 051 18 400 1 1 | 8
-537 witrailer N 86600 55 0.35 50 1.30 8 525 2 3 9
anyang HY473A N 62000 52 034 64 070 24| 355 2 3 9
shkosh M1070 N 104961 43| 033 72|  0.71 15| 500 1 3 9

ercedes Benz 3850 | N 1100000 41| 039] 85 o070 32| 500 1 3 | s |
M911 HET'? Y 102514 40 025 72| 1.07] 20 450 1 3 9

FAP 3232 N 81000{ 36| 0.38 60| 1200 32 320 2 3 9 |

Representative vehicle for WARSIM selected by AMSAA, October 1998,
Representative vehicle for WARSIM & JWARS by ERDC, October 2000.

TableC3 ———+ﬁ
(Wheeled Amphibious Combat Vehicles, Bin11

Max
Combat/ Road
NRMM II Loaded Ground | Speed Max | Power | Mfg Type | Primary Use
eeled Vehicle File Weight (kg) | Clear (m) kph) |Grad %| (h Code Code

BTR70 Y 11500 0.48 80 60 264 |2 2
BTR60P Y 9980 0.48 80 60 180 |2 2
BRDM-2/ SA-9 7000 0.43 100 60 154 |2 2
[LAV25% Y 13400 0.39 100 60 303 |1 2
lAMx 10 RC N 15880 035 | 85 50 |300 |1 2
BAZ-5937 N 10650 0.43 70 60 295 |2 2
BOV N 5700 0.33 95 55 163 |2 2
BTR 152 N 8950 0.30 75 55 121 2 2

BTR80 N 13600 0.48 90 60 286 |2 2 |
[BTRQD N 17000 0.53 90 60 500 |2 2
Fuchs/M93 NBC N 17000 0.41 105 70 320 |1 2
LAV600 N 18500 0.53 100 60 298 |1 2

Panhard VCR N 7900 0.38 90 60 160 |1 2 r|
SA-8 N 9000 0.40 60 60 176 |2 2
AB-71 N 11000 0.47 95 60 308 |2 2
AB-77 N 13350 0.53 83 60 291 |2 2
551 N 15000 0.41 85 60 2_32 2 2

Appendix C Wheeled Vehicle Analysis
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