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ABSTRACT

This study was conducted as part of the analytical support provided by the
Combat Operations Analysis (COA) Directorate of the US Army Combined Arms
Combat Developments Activity (CACDA) to the Division Restructuring Evaluation
Office (DREO) during the Battalion Phase of the Division Restructuring
Evaluation (ORE). This study examined the combat effectiveness of four
alternative battalion task forces In various combat scenarios. CARMONETTE was
used to model the combat In this study. This report contains a description of
the four alternative organizations, a discussion of the analysis methodology
used, the results of the CARMONETTE gaming, the statistical and inferential
analyses of the results, and the findings of the analyses. Additionally, a
detailed description of the three combat scenarios used for this study is
provided in this report.
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EXECUTIVE SUMMARY

1. PURPOSE. The purpose of this study was to determine differences in
the combat effectiveness of battalion organizations derived from a
current armor division and a restructured heavy division by extending the
results of the Division Restructuring Evaluation (ORE) battalion field
test into the 1985 time freme through simulation against a postulated
European threat.

2. BACKGROUND.

a. The Division Restructuring Evaluation (ORE) is the evaluation
phase (Phase II) of the Division Restructuring Study (DRS). The purposes
of ORE are twofold:

(1) To compare the effectiveness of the restructured heavy
division to that of the current armored division and to evaluate the
adequacy of the restructured heavy division with respect to the interface
with related echelons above division and improvements in efficiency of
organizational unit training.

(2) To reconinend improvements to current divisional organizations
configured with the current weapon systems and to develop preferred
alternative organization s for testing as the future weapon systems become
available.

b. The proponent f or ORE is the Force Structure and Design
Directorate (FSD); a part of the US Army Combined Arms Combat
Developments Activity (CACDA) located at Fort Leavenworth, Kansas. As
proponent DREO has the responsibility to design and implement the DRE
Independent Evaluation Plan (IEP). The IEP contains a description of the
restructured heavy division in terms of its major combat systems, a
discuss ion of the eva luation Issues, their criteria for evaluation , and
the organization and responsibilities for accomplishing the evaluation .
The IEP is updated, as necessary, to reflect the findings of completed
testing and analysis and/or guidance provided by CSA In-process reviews
and other major decision reviews. The IEP is formally approved by the
Comander, TRADOC and the Coninander, OTEA after each major update.

3. OBJECTIVES. The objectives of this study are twofold:

a. To measure and compare the combat effectiveness of a battalion
task force derived from a current (H—series) armor division and one• derived from the restructured (1-series) heavy division operating against
a 1985 threat in a Central Europe environment.

xvi i



b. To ascertain th~ contribution of the major direct fire weaponsystems to any measured differences in combat effectiveness.

4. SCOPE.

a. This analysis examined differences in combat effectiveness between
battalion organizations derived from the proposed restructured (1—series)
heavy division and the current (H—ser ies) armor division .

b. H—series tank organizations were compared with 1—series tank
organizations, and H—series mech organizations were compared with
1-series mech organizations. No direct comparisons were made between
tank and mech organizations.

c. The analysis was conducted in the mi d—1980 time frame by updating
the alternative organizations with weapon systems whose IOC dates were
within the specified time frame. The threat force, provided by Threats
Division , Concepts, Doctrine and Li terature Directorate, CACDA, was also
updated with the capabilities postulated by 1985.

d. The standard scenario for combat developments , Europe I, Sequence
2A was the framework within which the analysis was conducted.

5. LIMITATIONS/CONSTRAINTS.

a. The interactions among the organizations being evaluated and other
US and friendly nation forces were not evaluated.

b. The effects of air defense, attack helicopters , and TACAIR were
not considered in this analysis.

c. Since the current (H-series) battalion Is larger than a
restructured (T-series) battalion, the comparisons were made using a
current task force organization in which the number of major weapon
systems in the organizations being compared were about equal while
maintaining unit integrity.

d. Force costing of the organizations being compared was not
addressed In this analysis.

e. This study was constrained to use the individual weapon system
mobility rates measured during the DRE Battalion Field Test held at
TCATA. These mobility rates were derived by CACDA from the movement
records of the Instrumented weapons.

• f. IFV/CFV mobility rates have been determined to be compatible with
the XMl; thus, the tactical mobility rates 0f the IFV/CFVs were
considered to be the same as the XMl tactical mobility rates.

xv i i i
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6. METHODOLOGY.

a. General. CARMONETTE was used as the combat simulator for this
study. The CARMONETTE run design, developed to address the objectives of 

*this study, contained three run sets. The run sets were developed to
stress different aspects of the alternative armor and mech organizations
performing various missions in two European terrain areas.

(1) Run set 1. This run set evaluated the alternative tank and
mech organizations in a position defense conducted against the Red force
attempting to cross the Fulda river In terrain area 1, whIch is between
the cities of Niederaula and Niederjossa. Since there Is little movement
by the Blue force, this scenario stresses the ability of the Blue force
to service Red targets effectively and quickly.

(2) Run set 2. The second run set was designed to measure the
performance and evaluate the effectiveness of the alternative
organizations while conducting offensive operations. These scenarios,
conducted in terrain area 2 (vicinity of Arzell/Eiterfeld), tested each
Blue organization ’ s ability to maneuver and bring its firepower to bear
on the Red force.

(3) Run set 3. The last run set was developed to evaluate the
Blue force task organizations in a covering force operation. These
scenarios were also developed in the rolling terrain of area 2 and also
stressed the ability of the Blue organizations to maneuver their
firepower against the Red force.

b. Analysis Techniques. The analysis performed on the results of the
CARMONETTE gaming was conducted in two parts. The first part consisted
of applying various statistical techniques to the results of the 25
replications made for each organization in the run sets. The statistical
techniques employed included multivar iate hypothesis testing using the
Hotelling ’s l~-statistlc and the construction of simultaneous
confidence intervals. These statistical procedures were used to identify
significant differences in the gaming results and to determine the
sources of any observed variations. The second part of the analysis was
conducted to ascertain If any of the observed significant differences
would be significant in a practical sense to a coninander In the field.
This part of the analysis utilized a number of inferential analyses based
on the results of the statistical analyses.

7. RESULTS.

a. Comparison of H-Series and 1—Series Tank Organizations in the
Position Defense Scenarios. The H-series tank organization displayed
more combat effectiveness in both a statistical sense and a practical

xix
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sense in the position defense scenario. The key to the H—series tank
organization ’s greater success was the ability of the H—series XM1s to
better service the Red targets. The ability to task organize for combat
allowed the H—series tank organization to deploy its XM1s in positions
where they were closer to the main attack. Thus, they were able to
attain a greater loss exchange ratio and kill a larger percentage of the
Red force than the 1-series XM1s.

b. C~~parison of H—Series and 1-Series Mech Organizations In thePosition Defense Scenarios. The 1-series mech organization was found to
be significantly more combat effective than the H-series mech
organization. There is a threshold of firepower that must be brought to
bear to defeat an enemy force. The H-series mech organization, deployed
and configured by doctrine, was able to block the main attack using
slightly over half of its weapons with minimal support from the remaining
weapons. This amount of firepower was apparently below the winning
threshold. The 1—series mech organization was able to bring about
two-thirds of its weapons to bear on the Red force, including all its
high rate of fire weapons (XM1s). This level evidently was sufficiently
above the firepower threshold to defeat the enemy.

c. Comparisons of H-Series and T-Series Tank Organizations In the
Deliberate Attack Scenarios. Examination of the gaming results uncovered
a problem within CARMONETTE with the artillery/mortar fire allocation
procedures that influenced the outcomes in favor of the 1—series tank
organization. The degree of influence is uncertain. Thus, although the
statistical analysis found the difference in combat effectiveness to be
numerically significant, plots of the surviving maneuver force ratio
differential (SMFRD) showed the T-series tank organization as only
marginally more combat effective. Thus, it is questionable in a
practical sense whether the T-series organization was significantly more
combat effective.

d. Comparisons of the H-Series and 1-Series Mech Or9anlzations in the
Deliberate Attack Scenarios. The main contributor to the Red losses in
the mach deliberate attack scenarios was found to be the TOW vehicles.
This was primarily due to the superiority in numbers of TOW vehicles as
compared to the number of XM1s in each mech organization. The 1-series
mech organization statistically displayed more overall combat
effectiveness than did the H-series mech organization. Nonetheless,• examination of the SMFRD plots indicated little practical difference

• between the outcomes of the battles of the respective organizations.

e. Comparisons of the H-Series and T-Series Tank Organizations in the• Covering Force Area Scenarios. In the covering force scenario the
1—series tank organization displayed a statistically significant
difference and a tactical advantage in combat effectiveness over the
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H—series tank organization. Examination of the individual weapon system
performance parameters found that , on a per weapon bas is, the H-series
XM1s and TOW vehicles performed slightly better than the 1-series
weapons. However, the H—series weapon systems incurred heavier losses,
which resulted in the T-series XM1s and TOW vehicles being more
effective. The differences in survivability appear to result from
differences in the initial emplacements of the weapon systems and tactics
used in the respective battles.

8. FINDINGS.

a. Although the observed differences in the performances of the
individual weapon systems when grouped as either a T-ser ies or an
H-series organization were not consistently the same over all the
scenari os , a few general trends were observed and are presented below.

(1) The company team concept should be incorporated into the
1-series doctrine. In the defense, this concept provided the gamer the
flexibility to employ the most effective mix of rapid fire and long range
weapon systems as dictated by the situation. In the offense, a variety
of man-made and natural obstacles may need to be reduced or destroyed,
thus requiring Infantry to dismount. Occas ions also frequently arise
that require the rapid fire characteristics of tanks to reduce enemy
fires. Thus, the company team concept is best suited to cope with the
varieties of situations encountered on the battlefield.

(2) The scenarios in which the Blue force had to effectively
maneuver its weapon systems found that the T-series organizations were
consistently able to maneuver more of their weapon systems into the
battles. Thus, the 1—series consistently fought the battles with more
weapon systems than the H—se ries organizations. This difference in the
performance of the weapon systems is attributed to the fact that the
1-series weapon systems were organized into three companies whereas the
H-series weapons were organized into only two companies. This difference
In configuration provided the 1-series organization with an additional
axis of advance in the offensive scenarios and better mutual support
during the fall back operations of the covering force actions.

(3) The configuration of three companies also gave an advantage
to the 1-series organizations in the position defense scenarios . The
three companies could be placed where they could provide mutual covering
support. The two companies under the H—series concept of organization
were emplaced too far apart to provide effective support fires.

b. As presented in table 1, the 1-series organizations were found to
be statistically more combat effective than the H-series organizations in
four of the five comparisons. In two of these comparisons, those for the
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offensive scenarios, the T-series organizations were shown to be
statistically more combat effective; but for all practical purposes, the
combat effectiveness of the alternative organizations was the same. In
the remaining comparisons, which found both a statistical and a
practical difference in combat effectiveness, the 1-series organizations
were found to be more effective in two of the comparisons and the
H-series organization was found to be more effective in one comparison.
Thus, although there were advantages associated with both organizational
concepts, neither seemed to display a distinct advantage over the other.

Table 1. Suninary of CAI~4ONETTE gami ng analysis.

Scenario Statistical • Practical
Comparison Superiority Advantage

Position Defense
H-tank vs 1-tank H-tank H-tank
H-mech vs T-mech T-mech T-mech

Deliberate Attack
H-tank vs 1-tank 1-tank None
H-mech vs T-mech T-mech None

Covering Force
H-tank vs 1—tank 1-tank 1—tank
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1. PURPOSE. The purpose of this study was to determine differences in
the combat effectiveness of battal ion organizations derived from a
current armor division and a restructured heavy division by extending the
results of the Division Restructuring Evaluation (DRE) battalion field
test into the 1985 time frame through simulation against a postulated
European threat.

2. BACKGROUND.

a. The Division Restructuring Evaluation (ORE) is the evaluation
phase (Phase II) of the Division Restructuring Study (DRS). The purposes
of-DRE are twofold:

(1) To compare the effectiveness of the restructured heavy
division to that of the current armored division and to evaluate the
adequacy of the restructured heavy division with respect to the interface
with related echelons above division and Improvements in efficiency of
organizational unit training.

(2) To reconinend improvements to current divisional
organizations configured with the current weapon systems and to develop
preferred alternative organizations for testing as the future weapon
systems become available.

b. DRE is being conducted in four separate but overlapping phases:

(1) Developmental phase (February 1977-September 1978). This
phase consists of several activities including evaluation and revision of
restructured division operations manuals (RDOMs), unit ARTEPs , and tables
of organization and equipment (TOE). The developmental phase also
includes the restructuring and training of selected units for field
testing.

(2) Battalion phase (May 1977-July 1978). This phase consists
of the execution and analysis of several field tests and exercises, in
particular the ORE battalion field test conducted at the US Army TRADOC
Combined Arms Test Activity (TCATA) in October-December 1977.

(3) Brigade phase (January 1978—October 1979). This phase will
consist of the execution of the ORE brigade field test, analysis of the
test results, and preparation of the test reports.

(4) Analysis phase (April 1977—October 1979). The analysis
phase encompasses the two testing phases and is being conducted to
evaluate through the aid of simulations , models, and war games selected
aspects of the alternative organizations in a 1985 time frame against a
realistic European threat.



c. The proponent for DRE is the Force Structure and Design
Directorate (FSD); a part of the US Army Combined Arms Combat
Developments Activity (CACDA) located at Fort Leavenworth, Kansas. As
proponent DREO has the responsibility to design and implement the ORE
Independent Evaluation Plan (IEP). The IEP contains a description of the
restructured heavy division in terms of its major combat systems, a
discussion of the evaluation issues, their criteria for evaluation , and
the organization and responsibilities for accomplishing the evaluation.
The ZEP is updated, as necessary, to reflect the findings of completed
testing and analysis and/or guidance provided by CSA in-process reviews
and other major decision reviews. The IEP is formally approved by the
CorEander, TRADOC and the Coninander, OTEA after each major update.

d. As a part of the evaluation process, DCDR CACDA has tasked the
Combat Operations Analysis (COA) Directorate of CACDA to provide
analytical support for ORE. This report and its associated gaming is a
part of the support provided by COA for the battalion phase of ORE.

e. The combat simulator used in this study was CARMONETTE. A
description of the version of CARMONETTE used in this study is presented
in paragraph 6.

3. OBJECTIVES. The objectives of this study are twofold:

a. To measure and compare the combat effectiveness of a battalion
task force derived from a current (H-series) armor division and one
derived from the restructured (1—series) heavy division operating against
a 1985 threat in a Central Europe environment.

b. To ascertain the contribution of the major direct fire weapon
systems to any measured differences in combat effectiveness.

4. SCOPE.

a. This analysis examined differences in combat effectiveness
between battalion organizations derived from the proposed restructured
(1—series) heavy division and the current (H—series) armor division .

b. H-series tank organizations were compared with T-series tank
organizations, and H-series mech organizations were compared with
T-series mech organizations. No direct comparisons were made between
tank and mech organizations.

c. The analysis was conducted in the mid-1980 time frame by updating
the alternative organizations with weapon systems whose IOC dates were
within the specified time frame. The threat force, provided by Threats
Division , Concepts, Doctrine and Literature Directorate, CACDA, was also
updated with the capabilities postulated for 1985.

2 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_

~

•

~~~~



_ - •~ • • •  .•-~~

d. The standard scenario for combat developments, Europe I, Sequence
2A was the framework within which the analysis was conducted .

5. LIMITATIONS/CONSTRAINTS.

a. The i nteractions among the organizations being evaluated and
other US and friendly nation forces were not evaluated .

b. The effects of air defense, attack helicopters, and TACAIR were
not considered in this analysis.

c. Since the current (H—series) battalion is larger than a
restructured (1—series) battalion , the comparisons were made using a
current task force organization in which the numbers of major weapon
systems in the organizations being compared were about equal while
maintaining unit integrity.

d. Force costing of the organizations being compared was not
addressed in this analysis.

e. This study was constrained to use the individual weapon system
mobility rates measured during the ORE Battalion Field Test held at
TCATA. These mobility rates were derived by CACDA (reference 2) from the
movement records of the instrumented weapons.

f. IFV/CFV mobility rates have been determined to be compatible with
the XMl; thus, the tactical mobility rates of the IFV/CFVs were
considered to be the same as the XMl tactical mobility rates.

6. CARMONETTE.

a. General. CARMONETTE was last documented in 1974 by General
Research Corporat4on (GRC) for the US Army Concepts Analys is Agency (CM)
(reference 1). Since that time CARMONETTE has undergone numerous
revisions principally by CM and the US Army TRADOC Systems Analysis
Agency (TRASANA). The vers~on of the model used in this study was
obtained from CAA in May 1977. It is the version of the model used by
CM in the Advanced Attack Helicopter (MH) study and is generally
referred to as the “70-unit” version.

b. Model Description.

(1) General. CARMONETTE is a stochastic, event sequenced combat
simulator, which models the combat of two opposing forces. The model
simulates brief battles of up to 60 minutes of intense combat.
Continuation of battles beyond 1 hour of combat is considered
questionable in CARMONETTE. This is because CARMONETTE is loaded with a
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given set of order data, which is executed sequentially through the
battle. As the battle progresses, the situation changes until the
original data set is no longer meaningful. The basic activities of
combat that are mode led in CARMONETTE are movement, target acquisition ,
di rect fire engagements, intelligence , fire support, air defense, and air
operations.

(2) Units. CARMONETTE is gamed with combat units , which can be
structured to represent any level of aggregate weapons from an individual
man or weapon system up to a platoon of weapons. A maximum of 70 units
is available to each force. In this study an attempt was made to
structure units as individual major direct fire weapon systems and, in
the case of dismounted personnel , rifle squads. This was accomplished,
for the most part, with the Red defender force and for all Blue
organizations. However, since the Red aggressor force was a motorized
rifle regiment, its units were typically aggregated at platoon level in
order to fit all the weapon systems of the regiment into the available 70
combat units .

(3) Orders. The units are made to move and fire in CARMONETTE
through unit orders. Each unit has a string of orders that it-executes
sequentially during the simulated battle. The CARMONETTE order
vocabulary used in this study included the following:

(a) NSTP - orders a unit to move without stopping; used for
units that fire while moving.

(b) MOVE - causes a unit to change positi ons; used for units
that cannot fire while moving.

Cc) STAY - orders a unit to fire or wait.

(d ) DISM - causes a passenger unit to di smount from its
carrier unit.

(e) REMO - causes a passenger unit to remount into its
carrier unit.

(f) SKIP - causes a unit to ski p a number of orders
determined by a qualifier in Its order string.

(4) Terrain. The terrain in CARMONETTE is divided into a grid
of 60 x 63 squares. The size of the grid can vary depending on the data
available and the scenario being gamed. The size of the grid squares in
this study was 100 meters square. It was considered necessary to use
100—meter grids to obtain a reasonable resolution of the terrain in the
model . Therefore, the total size of the terrain “box” was 6.0 x 6~3kilometers.
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c. Model Limitations.

(1) The maximum of 70 units per side is a l imitation .
Aggregation of weapon systems in units has been acknowledged by the
CARMONETTE user coninunity to be questionable because of the degradation
It causes to some of the combat processes modeled .

(2) This version of the model had no capability to play
minefields or CLGP.

(3) CARMONETTE has a rather simplistic representation of the
artillery/mortar processes for target selection and fire support resource
allocations.

(4) This version of the model was not considered to contain a
realistic representation of smoke, so no smoke or any other kind of
limited visibility was played.

(5) Although the 100-meter square grid provided a reasonable
terrain resolution , it limited the expanse of terrain upon which the
garners had to maneuver their forces. As a result, some modifications had
to be made to weapon deplo~mients and tactics to acconmiodate this lack ofmaneuver room.

(6) In CARMONETTE units are always located at the center of a
100-meter square grid. Thus, the garners could not optimize a weapon ’s
battle position within a grid.

(7) The orders ava il abl e in the CARMONETTE vocabulary were not
sufficient to conduct organizational unit maneuvers. Thus, it was
necessary to correlate with respect to time the orders of the individual
combat units coninon to an organizational unit to attain any coordination
of movement among the weapon systems.

(8) Aggregate CARMONETTE units must be homogeneous; that is ,
they can conta in severa l weapon systems, but all the weapon systems must
be the same. This constraint required some modifications to the
organizations gamed in the units that by necessity were aggregated.

d. Model Modifications for ORE.

(1) CARMONETTE had to be converted from the UNIVAC version used
by CM and TRASANA to a version that would execute on a CDC 6400/6500
computer. This task was accomplished by CACDA/COA.

(2) The terrain representation in CARMONETTE was changed to one
similar to that used in the DYNTACS—X model. The primary benefits in
maki ng thi s change were as fol l ows:
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(a) An improved terrain representation. The old CARMONETTE
terrain was characterized as square pillar s of varying sizes. It
consisted of horizontal square surfaces whose elevations were that of
their centroid (the center of the grid). The DYNTACS-X terrain
representation, on the other hand , is composed of uniformly sized and
shaped i nterconnected triangles whose end points are at varying
elevations. Thus, the surfaces of the triangles can be oriented in
virtually any plane , providing a multifaceted topography. This
triangular representation provides a more realistic representation of the
terrain contours. As a result, the improved terrain line-of-sight
algorithms are considered to be more realistic.

(b) An expanded data base. The modification achieved
compatibility between CARMONETTE and an extensive terrain data base
developed at CACDA over the past few years. Data are available on disk-
based files at TRADOC DPFO, Fort Leavenwor th for the European V and V II
Corps areas , North German plains , and selected Asi an areas. With the
exception of vehicle mobility measures, the CARMONETTE land deck data
elements can be derived from this digital topographic data base.

e. CARMONETTE Data Base.

(1) Weapons effects data base. The CARMONETTE data base
contains weapon characteristics and performance data. The source for all
effects data is AMSM/BRL. Performance data are provided for both Blue
and Red in the attacking and defending position (e.g., Blue fully exposed
with Red hull defilade).

(a) Direct fire weapon accuracy data are provided in fixed
biases and round dispersion s for first round fires (stationary and 300
crossing angle moving targets) and probability of subsequent round hits
given a hit and given a sensed miss. Add—on dispersions are also
provided for moving firers. The probability of kill (N/F) given a hit
data are provided in 1—foot dispersions.

(b) Indirect fire weapon data were generated from AMSAA
lethality and vulnerability source data by processing the AMORES Indirect
Fire Model (AIFN). A complete description of the data sets and their
development is contained in USACACDA TP 3—78, Indirect Fire Data for DRE
Battalion Gaming Study.

(2) CARMONETTE lan d deck. The CARMONETTE land deck is composed
of terrain elevation, vegetation height, cover index, concealment index ,
cross country mobility index, and road mobility index encoded for each
100-meter grid cell of the modeled terrain area. Processing of specific *

data items for ORE CARMONETTE runs are described in the following
subparagraphs.
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(a) Terrain elevation . Standard Defense Mapping Agency
Topographi c Center (DMATC ) terra in e leva tions to the nearest meter above
sea level were used.

(b) Vegetation height. Standard DMATC four level feature
code to the nearest meter above terrain surface were used. Codes
correspond to no vegetation (0—meter height), crops/orchards (3—meter
height), buildings (7—meter height), and forestation (12—meter height).

(c) Cover index. Cover index for each terrain grid cell was
derived by placing a target at the center of the grid and sampling
potential observer positions within a predefined range band from the
target. For each observer, the fraction of the target covered by terrain
feature was computed and the grid assigned an index based on the coverage
class Interval into which the fraction falls. Cover indices may assume
values from 1 to 15. It is important to note that cover fraction is only
computed where observer to target intervisibility exists .

(d) Concealment index. Concealment index was assigned to
grid cells by a process similar to that used for cover index. The
exception was that only terrain features (crops , forests, and buildings)
can prov ide concea lment to a target, a condition Independent of target
cover. Concealment indices may likewise assume values from 1 to 15
indicating increasing degrees of concealment. A more detailed derivation
of CARMONETTE land deck data is presented in reference 3.

(e) Cross country mobility (CCM) index. The CCM index was
derived from the Combined Arms Tactical Training Simulator (CAITS) cross
country movement data prepared by DMATC. Acetate overlays for the CATTS
data were digitized for the DRE gaming areas and the original Indices 1
through 7 regrouped into CARMONETTE indices 1 through 3. The CAllS
overlay provides predicted maximum speed for M6O, M113, ~ll51, M35, andtroops in cross country movement. Movement speeds used in DRE correspond
to tactical mobility speeds for the specific systems simulated .

(f) Road mobility index. A two level road mobility index
was assigned each terrain grid cell. Zero indicates no road and 1
indicates the presence of a road. Data for road mobility were digitized
directly from 1:50,000 DMA maps considering only autobahn through
secondary road quality.

(3) Mobility data. The mobility data were derived from the
results of the DRE Battalion Field Test held at ICATA (reference 2). In
this test, data were gathered on the tactical maneuvering speeds of
M6OA1s and M113s (TOW) configured as 1-series and H—series platoons.
Estimates were then made from these speeds for the expected tactical
mobility rates of the 1985 Blue weapon systems -- XMl, IFV/CFV and ITV .
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A detailed description of the method used to extrapolate these 1985
weapon system tactical mobility rates and how they were applied to this
study is at appendix A.

(4) Sensor data. The CARMONETTE sensor data used in this study
were the same used by CM in the MH study. Since in the DRE scenarios
the primary means for the gathering of intelligence and target
acquisition were eyeballs (aided and unaided), It was decided to use the
CM sensor data.

(5) Other data. The remainder of the data base (UNT cards)
varied among the scenarios that were gamed. The UNT cards describe each
unit including weapons and orders. A detailed description Of the
CARMONETTE data base requirements can be found in book II of the GRC
documentation (reference 1).

f. CARMONETTE Postprocessors. In addition to the postprocessor
i nherent to CARMONETTE, statistical and battle graphic postprocessors
were developed by CACDA to augment CARMONETTE for this study. These new
postprocessors use the output from the CARMONETTE battle model known as
the “history file.”

(1) Statistical postprocessor. The new statistical
postprocessor was developed as a ser ies of programs and routines to
compute from the history file the measures of combat effectiveness and
the measures of individual weapon system performance presented in
paragraph 9 and to conduct the statistical analysis described in
paragraph 11. Graphics programs to display the measures of
effec tiveness / performance as functions for time for selec ted
organizations/weapon systems were also developed.

(2) CARF4ONETTE battle graphic postprocessor.

(a) The graphic postprocessor developed during this study
displays the combat actions simulated during a CARMONETTE run.
Information on the history file records is processed and displayed on a
TEXTRONIC 4081 graphic terminal. The actions of combat displayed by the
graphic postprocessor include the following:

1. Unit movement.

2. Direct fire pairings.

3. Artillery/mortar firings.

4. Casualty assessment.

5. Mount/dismount of passengers from carrier units.
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(b) The terrain background may be viewed in the form of
var ious overlays, which include a grid , contour lines, and forested and
built -up areas. The grid covers a 6500x6500—meter area and is divided
into 500- meter squares. The terrain contours are lines of constant
terrain elevation. The contour interval used for this study was 20
meters. The contour interval may be changed, but it requires a new set
of data. The forest and built-up area overlay simply depicts each
100-meter square grid that contains trees and/or buildings . These
terrain overlays can be viewed individually or collectively.

(c) A feature of the graphics postprocessor is the
capability to “zoom— in” or expand a small portion of the battle area.
The display area may be changed In 100—meter increments from the standard
6500-meter square down to the resolution of a 100—meter square. Thus,
any section of the battle area may be displayed at full screen scale.

(d) Additional features of the CARMONETTE battle graphics
postprocessor include the ability to start the display at any point of
time during the battle and view it for any length of time until battle
termination. Another feature is the capability to displ ay the movement
trails for all un its at any point in the battle and to display the
position s at which vehicles were lost and units were killed . The
postprocessor also can display all fire pairings by type weapon system at
any point in the battle.

(e) The CARMONETTE battle graphics postprocessor was
developed at CACDA by members of the ORE battalion gaming study team.
The documentation for the graphics postprocessor is currently under
development and will be published by CACDA.

7. ALTERNATIVE ORGANIZATIONS.

a. General. The Blue organizations evaluated In this study were
derived from the current (H-series) and the future alternative (1—series)
battalion task forces. All organizations were evaluated in the 1985 time
frame by updating their present TOE with the weapon systems whose IOC
dates are within the specified time frame. The future Blue weapon
systems included in these organizations are the following:

(1) XMl tank.

(2) Infantry fighting vehicle (1EV).

(3) Cavalry fighting vehicle (CFV).

(4) Improved TOW vehicle (liv).
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b. Basis for Comparison. Meaningful comparisons in force structure
studies require a certain level of consistency between the organizations
being compared and the scenarios in which they are being compared. Nor—
mall y, in studies that compare simi lar alternative force structures, it
is sufficient to hold the initial force ratios constant. However, the
sizes of the organizations being compared in this study were signifi-
cantly different.

(1) Considering major weapon systems, an H-series battalion task
force is l arger (about 50 percent l arger) than a T-series battalion task
force. Thus, in order to maintain constant Initial force ratios, the Red
force opposing the H-series organizations would have to be half again
larger than the Red force opposing the 1-series organizations. In add i-
tion , the larger H-series battalion requires a larger unit frontage upon
which to deploy its weapons. Accordingly, if full H-series and T-serles
battalions were compared, it would be impossible to determine whether any
measured differences in effectiveness and performance were attributable
to differences in the number of major weapon systems, differences in unit
frontages, differences in threat forces, or differences in organization .

(2) A basis for comparison was achieved in this study by
reducing the size of the H—series organizations being compared so that
they contained approximately the same number of major weapon systems as
the 1-series organizations. The number of weapon systems could be only
approximately the same between the organizations because it was necessary
to maintain unit integrity to the degree possible. This allowed the
organizations being compared to be deployed over equal frontages on the
same terrain and to be opposed by an identical threat in their respective
scenarios.

c. Blue Battalion Task Forces. The H-series and 1—series tank heavy
and mech heavy battalion task forces gamed in this study are presented in
figures 1 through 4. Due to CARMONETTE limitations (specifically, that
aggregate units must be homogeneous), some modifications were made to the
number and type of weapon systems in the Blue task force organizations.
For exampl e, the H-series tank heavy battalion task force headquarters
and headquarters company (HHC) contains three XM1s and one M113. The
battalion headquarters was represented In the CARMONETTE gaming as one
unit consisting of three XM1s only. In the mech organizations it was
necessary, in some cases , to equate M113s to IFVs. The scouts in all
organizations had to be updated fan M113/TOWs and M113s to CFVs.

8. SCENARIOS.

a. General. Each alternative organization was evaluated in
offensive and defensive scenarios. The two tank organizations were also

— evaluated in an additional defensive scenario in a covering force area.
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Figure 1. H-serIes tank heavy battalion task force.
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Figure 2. 1-series tank heavy battalion task force.
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Figure 3. H-series mech heavy battalion task force.
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Figure 4. T-series mech heavy battalion task force.
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Each of the three scenarios is discussed briefly below. A more detailed
discussion of the scenarios, which includes the battle situations,
terrain analyses , initial deployment of the forces, and narratives of the
battles fought by each alternative organization, is presented in appendix

b. Position Defense Scenarios. In this scenario each øf the four
al ternative Blue organizations occupied battle positions on the Fulda
River between the towns of Niederjossa and Niederaula. They were
attacked by a Red motorized rifle regiment (MRR) attempting to conduct a
river crossing across the Fulda. Since there -is little movement by the
B lue forces , this scenario stressed each organization ’s ability to
service targets in a target rich environment.

c. Deliberate Attack Scenarios. All four alternative organizations
were also evaluated, in turn, in an offens ive scenario, which arrayed
them against a Red motorized rifle company reinforced with a tank
platoon . The Red weapon systems took up battle positions in the vicinity
of Arzell-Eiterfeld. This scenario was developed to evaluate each
organization ’s ability to maneuver its weapon systems to bring as much of
its firepower as possible to bear against the enemy.

d. Covering Force Action Scenarios. The two tank organizations were
evaluated conducting an active defense in the covering force area (CFA).
These acti ons , also occurring in the vicinity of Arzell-Eiterfeld, placed
an MRR conducting a road march through the CFA against each of the two
tank organizations. The Blue weapon systems initially engaged the lead
elements of the MRR , to make it deploy from the road march, and then
fought brief delaying actions to inflict as much damage as possible on
the Red force without becoming decisively engaged. This scenario also
stressed an organization’s ability to maneuver its firepower.

9. ESSENTIAL ELEMENTS OF ANALYSIS AND MEASURES OF EFFECTIVENESS AND
PERFORMANCE.

a. Essential Elements of Analysis (EEA). Two EEA were addressed in
this study, as fol lows :

(1) EEA 1. What is the relative effectiveness of a battalion
task force derived from the alternative heavy division as compared to one
derived from the current organization?

(2) EEA 2. What is the contribution of each major direct fire
weapon system to the overall difference In effectiveness?

b. Measures of Effectiveness (MOEJ and Measures of Performance
(MOP). The MOE and MOP that were used to evaluate the two EEA are
presented below. The overall combat effectiveness measures were used in
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the evaluation of EEA 1, and the direct fire effectiveness and
performance measures were used to evaluate EEA 2. In the determination
of the MOE and MOP a weapon system (and a loss) was defined as one of the
major direct fire weapon systems. The Blue major direct fire weapon
systems were XMl, liv, IFV , CFV , and M113; the Red major direct fire
weapons systems were T72, BMP, and BRDM-2. Although many of the
following expressions are actually MOP, they are all referred to as MOE.

(1) Overall combat effectiveness measures.

(a) MOE 1. Total (cumulative) Red losses (RL).

(b) MOE 2. Total (cumulative) Blue losses (BL).

(c) MOE 3. Loss exchange ratio (LER), where :

LER — Red losses
— Blue losses

(d) MOE 4. Surviving maneuver force ratio differential
(SMFRD), where:

SMFRD Blue surviving weapons Red surviving weapons
Blue initial weapons Red initial weapons

(e) MOE 5. Time (In minutes) to battle termination.

(2) Direct fire effectiveness and performance measures.

(a) MOE 6. Killer-victim scoreboards.
- (b) MOE 7. Blue kth type direct fire weapon LERs (LERk),where:

R Red losses to Blue kth type weaponLE k Blue kth type weapon losses

(c) MOE 8. Percent of Red losses attributable to Blue kth
type weapons (percent RLk).

(d) MOE 9. Blue kth type weapon loss ratio (WLRk), where:

WLR Blue kth type weapon losses
k = Initial number of Blue kth type weapons
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(e) MOE 10. Blue kth type weapon engagement rate (WERk),
where:

WER — Number of Blue kth type weapon firings
k Combat interval (minutes)

(f) MOE 11. Blue kth type weapon effective firepower
percentage (EFPk), where:

EFP = 
Number of Blue kth type weapons that fired 

~ ioo ok Initial number of Blue kth type weapons

(g) MOE 12. Average engagement range of Blue kth type
weapon (AERk).

10. RUN DESIGN.

a. General. The run design for this study was developed to address
all factors considered necessary to investigate the EEA . It was
developed with the intention of being executed with CARMONETTE as the
combat simulator. The DRE battalion gaming CARMONETTE run design is
presented in table 1.

b. Definitions.

(1) Design factor. The independent variables of the run set.

(2) Replication. One successful execution of the CARMONETTE
model.

(3) Run. One or more replications that hold the input data
constant and vary only the random number seed.

(4) Run set. One or more runs that vary the design factors of
the input data in a prescribed manner.

c. Design Factors. The design factors that were varied among the
run sets are presented and discussed below.

(1) Task force. This study evaluated two types of maneuver
organizations:

(a) Armor - tank heavy battalion task force.

(b) Mech - mechanized infantry heavy battal ion task force.

(2) Organization. Two alternative organizational structures
were evaluated In this study:
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Table 1. DRE battalion gaming CARMONETTE run design.

Run Set*
Design Factor

1 2 ( 3

Task Force 2 2 A
Armor (A)
Mech (M)

Organization 2 2 2
H-series (H)
1-series (T) I

Mission PD DA CFA
Position Defense (PD)
Deliberate Attack (DA)
Covering Force Action (CPA ) t

Terrain Al A2 A2
Area l (A1) I

- 
Area2(A2) 

_ _ _ _ _

CARMONETTE RUNS 4 j 4 2

*A numeric 2 implies that both values of the design factor were
used in the run set.
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(a) H-series - organization derived from the current armor
division TOE.

(b) T-series - organization derived from the restructured
heavy division TOE.

(3) Mission . The battalion task force organizations were
evaluated in three different types of scenarios:

(a) Position defense - the mission of the Blue force was to
defend in position against an attempted river crossing by the Red force.

(b) Deliberate attack - the mission of the Blue force was to
conduct a deliberate attack to secure specified objectives.

(c) Covering force action - the mission of the Blue force
was to delay and engage the Red force in the covering force area by
destroying his recon screen and forcing deployment.

(4) Terrain. The alternative organizations were evaluated on
two types of European terrain:

(a) Area 1. German terrain bordered in the north by the
city of Nederaula and in the south by Niederjossa. The area is bisected
by the Fulda River and not considered good track country.

(b) Area 2. This area is typical of rolling German terrain;
it is good track country. This terrain is In the general vicinity of the
cities of Arzell—Eiterfeld.

d. Run Sets. The run sets of the CARMONETTE run design were set up
to evaluate the alternative organizations over a variety of missions in
two types of European terrain.

(1) Run set 1. This run set evaluated the alternative tank and
mech organizations in a position defense conducted against the Red force
attempting to cross the Fulda river in terrain area 1. Since there is
little movement by the Blue force, this scenario stresses the ability of
the Blue force to service Red targets effectively and quickly.

(2) Run set 2. The second run set was designed to measure the
performance and evaluate the effectiveness of the alternative
organizations while conducting offensive operations. These scenarios,
conducted in terrain area 2, tested each Blue organization ’s ability to
maneuver and bring its firepower to bear on the Red force.

19
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(3) Run set 3. The last run set was developed to evaluate the
Blue force task organizations in a covering force operation. These
scenarios were also developed in the rolling terrain of area 2 and also
stressed the ability of the Blue organizations to maneuver their
firepower against the Red force.

11. ANALYSIS METHODOLOGY. Termination of each replication of CARMONETTE
resulted In several MOE/MOP that indicated the performance of the
organization s gamed. Because of the dependent relationships existing
among these MOE/MOP and the desire to reduce the study—wide type 1 error
(which is the probability of rejecting a true null hypotheses) through
reducing the number of hypotheses tested, multivariate statistical
procedures rather than untvarlate procedures were applied where
appropriate. The major multivar i ate technique applied was Hotelling ’s
T~ test. This test indicates a difference if it exists between the
vectors of means taken from two groups. For example, to address the
question of an overall difference existing between the H and T—series, a
vector of sample MOE/MOP means characterizing the overall combat
effectiveness of the T—series organization was tested against the
corresponding vector of sample MOE/MOP ipeans from the H-series
organization .

a. Issues, Questions, and Methodology. The following subparagraphs
Identify the EEA, issues, and questions addressed in the comparison of
the gamed H and 1—series tank/mech organizations. Also indicated is the
procedure used for evaluating each issue.

(1) EEA 1 was stated in paragraph 9 as:

•What is the relative effectiveness of a battalion task force
derived from the restructured division as compared to one derived
from the current organization?

Operationally, to analyze this EEA for the situation gamed, this question
was posed as:

~Is there a significant difference between the H and 1—seriestank/mech organizations in their overall effectiveness to fight
an identical threat?

Originall y, four MOE/MOP were considered to evaluate this question in the
position defense and deliberate attack scenarios, where Red losses (RL)
was used as the battle termination criterion .
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These MOE/MOP were:

Blue losses (BL).

Loss exchange ratio (LER).

Surviving maneuver force ratio differential (SMFRD).

Time to battle termination (TIME).

As can be expected from the derivation , examination of the correlations
existing amon g these MOE/MOP for the gamed situations indicated that BL,
LER, and SMFRD were so highly intercorrelated that they were actually
measuring the same attribute. For this reason, BL and SMFRO were
el iminated as measures of overall effectiveness and LER and TIME were
retained for statistical analysis. Simi larly, in the covering force
action where time was the battle termination criterion, BL and RL were
retained for statistical analysis. For each situation gamed the null
hypothesis:

1t~T 1 L~~H]  [0
H0: I I —  I ,

LTTMETJ TTMEHJ Lo
was tested against its alternative:

[t~~T1 F~ H 1 F0]
HA: I I — I I ~I I

LTTRETJ L’~~Hi Loi
using Hotellings T2 test with a = .10. When the null hypothesis was
rejected, s imultaneous 90 percent conf idence intervals were constructed
for the mean differences occurring between the corresponding pairs of
MOE/MOP means. Such confidence intervals indicate the degree of
difference existing for the particular MOE/MOP and which organization
displayed the higher mean value. A specific description of Hotelling ’s
12 procedure and the construc tion of s imultaneous confidence intervals
is provided in paragraph lib.

(2) EEA 2 was stated in paragraph 9 as:
What is the contribution of each major direct fire weapon
system to the overall change in effectiveness?

In order to analyze this EEA for the I and H—series tank/mech
organizations gamed, three separate issues were addressed for the direct
f ire weapon systems:

21 

-- - .



ability of Blue direct fire weapon systems to destroy Red vehicles

difference in types of Red kills inflicted

differences in the survivability of the Blue direct fire weapon
systems.

These three issues were posed as separate questions and treated with
separate but simi lar methodologies.

(a) Issue 1 considers the ability of Blue direct fire weapon
systems to destroy Red vehicles. The Red vehicles were defined as tanks,
BRDMs, and BMPs; and the Blue weapon systems were defined as tank and TOW
vehicles. In the prel iminary analysis of the data, when the TOW vehicles
were delineated by type (liv, CFV , IFV), several statistically
significant results were found. However, further analysis indicated
several of these significant results were due to terrain and the
positioning of the different TOW weapon types. For example, in one
organization the ITVs might be positioned in forward positions with the
best fields of fire, whereas in the alternative organization the ITVs
might be assigned to an overwatch mission with CFVs and IFVs occupying
the forward positions. Because of the interchangeability of TOW weapon
systems across organizations and scenarios and the resulting influence on
apparent effectiveness, the TOW weapon systems were grouped into a single
class for analysis. On this basis, Issue 1 was stated as the following
questi on:

Issue 1. Is there a significant difference between the
ability of Blue tanks and TOW vehicles from the H and 1-series
tank/mech organizations to destroy Red vehicles?

The two MOE/MOP used to evaluate this question were: (1) Red losses due
to Blue tanks , and (2) Red losses due to Blue TOW vehicles. For each
situation gamed, Hotelling ’s 12 test with a .10 was used to test the
equality of mean vectors from the two organizations. If the null
hypothesis was rejected, simultaneous 90 percent confidence intervals
were constructed to identify differences In the individual MOE/MOP from
the two organizations. Provided the null hypothesis was rejected, the
question of interest then became:

Sub-Issue 1.1. Did the differences result from the different
weapon systems mixes of the two organizations or did the
difference result from different contributions by weapon
systems?

In order to address this sub—Issue, average Red losses per weapon system
were considered; that is, for each replication the Red losses due to
tanks and TOWs were divided by the original number of tanks and TOW
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vehicles for the respective organizations. The resulting mean vectors
were checked for significance by organization. At this point a
significant result indicated a difference in contribution of the weapon
systems between the two organizations. In this event, five weapon
systems MOE/MOP were examined:

• Weapon system loss exchange ratio.

• Percent of Red losses per weapon.

• Weapon engagement rate.

• Effective firepower percentage.

Average engagement range.

Differences among these weapon MOE/MOP were used to Infer the manner in
which the weapon systems were contributing differently within the two
organizations.

(b) The second issue addressed the type of Red kills
inflicted. The different types of kills were defined as kills of Red
tanks, BRDMs, and BMPs. For testing, this issue was stated as the
following question:

Issue 2. Is there a significant difference in the average
number Of Red tank, BRDM, and BMP kills inflicted by the H and
1-series tank/mech organizations?

Hotelling ’s T2 test with a = .10 was used to test the equality of the
mean vec tors of Red tank, BRDM, and BMP kills inflicted by the Blue
organizations gamed. This test was carried out in a manner analogous to
those previously described , with the construction of simultaneous
confidence intervals in the event significance was found.

(c) The remaining issue addressed under EEA 2 concerned the
survivability of the Blue direct fire weapon systems. As with Issue 1,
the weapon systems were defined as Blue tanks and TOW vehicles . The
question of survivability was stated as:

• Issue 3. Is there a significant difference in the
survivability of the Blue tanks and TOW vehicles from the H
and 1—series tank/mech organizations when pitted against an
identical threat?

As with the preceding Issues, the analysis was performed using
Hotelling ’s T2 test. If the null hypothesis was rejected simultaneous
90 percent confidence intervals were formed to identify differences in
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the individual MOE/MOP from the gamed organizations. When a significant
difference was found, the question of interest became:

Sub-Issue 3.1. Did the difference exist due to different
weapon systems mixes of the two organizations or did the
difference result from different contributions by the weapon
systems?

To address this sub—issue the survivability per Blue original weapon was
considered. From this point on, the methodology paralleled that
developed with Sub-Issue 1.1 in determining if the differences resulted
from weapon system mixes or from different contributions of the weapon
systems. Again the remaining five MOE/MOP for each weapon system were
examined if weapon systems were found to be contributing differently.

b. Hotelling ’s Two Samp le 12 Statistic. Suppose that
i ndependent random samples of observations on p variables 0f interest
have been obtained under different conditions from two groups. Also
assume in each conditi on:

The variables have a multivariate normal distribution .

The same, though unknown, covar i ance matrix ~ of full range pexists.

A test of the null hypothesis:

u11 ~zi

H0: 
U12 

U221

‘alp ‘~
2p•I

that the population mean vectors of the p variables are equivalent, as
opposed to the alternative hypothesis:

~Il1312 U22
HA:

l.Llp l~2p
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can be performed. Compute the sample mean vectors:
Xlii X~i
X1 21 X22

B • J  ~~~
X1pJ X2p

and the pooled covariance matrix:

S ,~ +
1
n2 - 2 

(A1 + A2)

where n1 and n2 are the number of observa tions taken from each groupand A1 and A2 are the sum of squares cross products matr ices for thetwo groups. Given X j, the p x nj matrix of observations from thei—th group, and T1, the matrix of means (i.e., each row contains themean values on the pth variates), the sum of squares cross productsmatrix Aj is given by:

A1 (X1 — T~)’ • (X .~ 
—

The T2 statistic is computed as:

T2 B 
~~~~~

The dec ision process is to accept H0: ~ B 

~2 jf

(n +n - 2).p
- n1 + n 2 — p . . ~ a p , n1+n2 - p - i

and reject otherwise. Here, F represents the tabled F-statistic withsignificance level ~ and degrees of freedom p and (ni+n,_p..1). The100 (1-a) percent joint confidence region is specified by the vector ~satsifying the inequality:

n + n
- T2 6)’ S (X1 - ~2 - ~ ~1.n2

2 
~~u; p, n1+n2 

- p - i
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where,
2 = 

(n1+n2—2)p 
FT Q; p, fl14~ 2 p - i  Tflj+n2—p—1) a; p, n1+n2 

- p - i

Simi larly, the 100 (1-a) percent simultaneous confidence Intervals for
all linear contrasts a’ ~ of the mean differences are defined by:

~~ fl1ffl~a’ (T, - X.~) - Va ’Sa £ 
~~ T2 

. .~~~~ - - ~ 
< a ’ ~£ ~ ‘~l~~2 u, p , fl1 2 p

f ~~~~~ 2
~ a’ (T1 -T2)+ Va’Sa n1.n2 

T a p , nj+n2 - p - 1 .

Further explanation of Hotelling ’s 12 statistic is available in
references 4 and 6.

c. Adequacy of Hotelling ’s 12 Test. As is typical in practical
application s of statistical procedures, the analyzed data sets were
assumed to fulfill the basic assumptions required by the test statistic.
Since all data sets violate such assumptions to some extent, it is
worthwhile to review the effects of violating these assumptions to
determine their practical importance. The following discussion indicates
that the effects of violating the assumptions of multivariate normality
and equality of covarlance matrices with regard to Hotelllng ’s 12
statistic are minimal . Al so, as a matter of practical import, the power

. of Hotelling ’s 12 is discussed .

(1) The assumption of multivariate normality in 12 is a direct
’

extension of the assumption of normality in the univariate t—test.
Harr is (reference 5, p. 81) reported that little is known about the
robustness of 12, except that for sufficiently large sample sizes,
computed T2-yalues do conform to the F—distribution , regardless of the
shape of the parent population. Lacking, however , are empirical sampling
studies to determine just how large the sample sizes need to be. In view
of this, Harris stated:

...might suspect from multitude of empirical sampling experiments
which have demonstrated the remarkable robustness of Student’s t-test
against violation s of the normality assumption, that violation of
multivar iate normality would have simi lar small effects on the
validity of 12.tests unless especially “wild TM distributions areemployed.
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(2) According to Morrison (reference 6, p. 152-153), Ito and
Schull investigated the effects of unequal covari ance matrices on the
true a and power probabilties while using the T2—statistlc. They
showed that the true significance level and power are unaffected by
discrepancies between the covariance matrices when the sample sizes are
equal and fairly large.

(3) For the two-sample test of equality of mean vectors, the
12 statistic of paragraph lib has the noncentral F distribution with
parameter: 

2 _________ —1
+ “2 (P1 — P2)’ i: (vi — P2)

and degrees of freedom p and n1 + n~ - p - 1. Charts of the power
function of the noncentral F have been prepared for tests of size .05 and
.01 and certain degrees of freedom. However, no such charts have been
located for a = .10 and corresponding to the noncentral parameters 

‘ -

estimated from the trial DRE runs. Rather than spending considerable
time calculating values and preparing charts of the power function of the
noncentra l F, the power of univarlate t—tests was used to Infer roughly
the power of the T~ tests. Morrison (reference 6, p. 150-152) expl3red
the relationship existing between univarlate and multivariate powers for
a single-sample test with two means. He noted that the 12 test had
appreciably less power than the univariate t-tests when the correlations
were near zero. However, as the absolute value of the correlation
increases , the multivarlate power eventually surpassed that of the
univariate test.

12. RESULTS. Based on the resulting MOE/MOP from 25 replications of
CARMONEITE for each organization and scenar io combi nation, inferential
statistics between the corresponding 1—series and H—series organizations
as well as suninary statistics for each organization were computed. Five
separate organizational comparisons were performed according to the
methodology described in the preceding paragraph. Specifically, these
comparisons were:

• H—series versus T-series tank organizations in a position defense.

• H-series versus T-series mech organizations In a position defense.

• H—series versus 1-series tank organizations in a deliberate
attack.

• H-series versus 1—series mech organizations in a deliberate
attack.

• H-series versus 1-series tank organizations in a covering force
action.
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Details of these scenarios were discussed in paragraph 8. Results of the
aforementioned comparisons are presented in the remainder of this
paragraph.

a. Tank Organizations in Position Defense.

(1) As indicated In the methodology, the overal l effectiveness
(EEA 1) of the two organizations was evaluated using loss exchange ratio
(LER) and time for battle termination (TIME) as dependent variables with
Hotelling ’s T2 as the test statistic. Table 2 displays the dependent
variable means and standard deviations by organization. A significant
12 value of 26.69 (p c .001) was obtained . (p < .001 means that the
probability of attaining a computed 12 value of this magnitude by
chance alone is less than .001.) Therefore, the null hypothesis of
equivalent mean vectors was rejected. This being the case, the 90
percent simultaneous confidence intervals for mean differences were
constructed. The obtained confidence intervals were:

- 1.98 < T -L E R H < -  .39

and : 
-

- .63<TT
~
iET _ r i ~~H <1 .61.

These results indicate on the average the H-series tank organization
achieved a higher LER and terminated the battle quicker than the 1—series
tank organization.

Table 2. Overall effectiveness means and standard deviations for
tank oroanizations in position defense.

M M ~ 
Observations 1-Series Tank H-Series Tank

E/ 0 Per Group Mean Standard Mean Standard
__________ ______________ ________ 

Deviation 
_______ 

Deviation

LER 25 3.01 .63 4.20 1.68

TIME (Mm ) 25 24.28 .72 23.16 .82
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(2) The first issue addressed with regard to EEA 2 concerned the
ability of Blue tanks and TOW vehicles to kill Red vehicles. The average
number of kill s achieved by these systems is shown in table 3. The com-
puted statistic (12 110.70) verIfied the quite apparent difference in
mean vectors. To determine if the observed differences were due to
weapons systems mix or differential contributions by weapon systems, the
average nun~er of kills per original weapon system was computed. Theseresults are displayed in table 4. A computed 12 value 0f 14.13
(p <.01) indicated the average number of kills per weapon system were
not equivalent for the two organizations. The 90 percent confidence
interval s for the differences on a per weapon system basis are:

- < 

~~~ - - .07
- .12< 

~Ttow XHtow - .12.

As indicated by the syimietric confidence interval about zero, the TOW
weapons demonstrated no per weapon difference between the two
organizations. However, the confidence interval for tanks indicated a
better performance by the H—series tank than the 1-series tank on a per
weapon basis. The MOE/MOP characterizing the tank performance of the two
organizations are presented in table 5.

Table 3. Means and standard deviations Of Red vehicle kills for
tank organizations In position defense.

MOE MOP Observations — 

1-Series Tank 
— 

H-Series Tank
Per Group N a Standard — Standarde n Deviation 

— 

an Deviation
Red Losses 25 45.28 5.73 64.36 9.57

Red Losses 25 46.72 6.38 30.04 5.06
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Table 4. Means and standard deviations of Red vehicle kills per
weapons system for tank organizations in position defense.

1-Series Tank H-Series Tank
MOE ‘MOP ubservations 

_________ ___________ ____________________Per Group M Standard Standard
- ____________ ______________ 

ean Deviation an Deviation

Red Losses 25 1.81 .23 2.01 .30

Red Losses 25 1.67 .23 1.67 .28

Table 5. Means and standard deviations of the MOE/MOP for tank
weapons from the tank oroanizatlons in oosition defense.

T-Series Tank H-Series Tank
MOE’MOP ~.~servat~ons 

______ __________ ______

per Group Standard - 
Standard

__________________ ___________ 
Mean DevIation - an Deviation —

g~
O
~~tio 25 3.82 1.44 4.72 1.79

Percent Red
Losses per 25 2.54 .36 2.72 .30
Weapon

25 1.34 .13 1.24 .14

25 86.86 3.45 84.14 3.73

Engag~ment Range 25 119.6~ 46.03 357.22 46.05
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(3) The second issue underlying EEA 2 focused on the type of Red
vehicle kills inflicted by Blue weapon systems. Table 6 shows that the
average number of Red tank , BRDM , and BMP kills did not differ a great
deal in the 1-series and H-series replications. Statisticall y this was
demonstrated by a failure to reject the null hypothesis of equivalent
mean vectors at the a = .10 level.

Table 6. Mean and standard deviation of Red kills by
type for tank organizations in position defense.

• T-Series Tank H-Series Tank
per Group Mean Standard Mean Standard

_______________________ ________ 
Deviation Deviati on

Tanks 25 1 18.76 1.01 19.40 1.44

BRDMs 25 8.24 1.17 8.64 .81
- 

BMP 25 66.60 4.52 67.00 5.70

(4) The remaining issue addressed in association with EEA 2
concerned the survivability of the Blue tanks and TOW vehicles. The
average number of Blue losses by these weapons systems is exhibited
in table 7. A significant 12 value of 343.33 (p < .001) was obtained ,
and thus, in terms of average Blue losses by weapons system type,
differences occurred. In order to determine the relative survivability
of the weapons systems the Blue losses per original weapons system (i.e.,
proportions destroyed) were considered . Table 8 displays the average
losses per ori ginal weapons system. In comparing the mean vectors of
losses on a per weapons system basis , the value of T2 was computed to
be 12.36 (p < .01). [n addition the ~o percent confidence intervals for
differer,ces were computed to be:

- .04 < XTtk - XHtk < .13

.04 XTtOW - XHtOW .22

As indicated by the exclusion 0f zero from the confidence interval for
the TOW difference and near exclusion for the tank difference,
disparities on a per weapon system basis existed . These results imply
more TOW vehicle s and tanks were aestroyed on a per weapons system basis
in the T—series than in the H—series. To aid in inferring possible
causes for such results , MOE/MOP characterizing individual weapons system
performance were calculated . Table 9 presents these MOE/MOP for the TOW
vehicles , and table S previously presented the corresponding values for
the tanks. The interpretation of these results as well as their
synthesis with results from the remaining comparisons is presented in
pa’agraph 13 of this report.
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Table 7. Mean and standard deviations of Blue losses for
tank organizations in position defense.

1-Series Tank H-Series Tank
MAE IM~P ~ servation 

_____________________

~‘ ‘~ per Group Mean Standard Mean I Standard -

________ ____________ 
Deviation Deviation

Tanks 25 12.96 - 

3.36 15.20 4.56

TOWs 25 19.44 2.62 10.24 3.22

Table 8. Mean and standard deviati on of Blue losses per
original weapons system for tank organizations
in position defense.

MOE/MOP Observation T-Series Tank H-Series Tank
per Group Mean Standard Fiean Standard

_________ _____________ 
Deviation Deviation

Tanks 25 .52 
- 

.13 .48 .14

TOWs 25 .69 .09 .57 .18
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Table 9. Means and standard deviation of the MOE/P-lOP for
TOW weapons from the tank organizations employed

- in position defense.

. 1-Series Tank H-Series Tank
MOE’HOP Observation 

_________

per Group Mean Standard Mean Standard -

________________ ____________ _________ 
Deviation Deviation-

Wea pon Loss 
• 25 2.48 .64 3.36 1.70Exchange Ratio

- 

Percent Red
- Losses per 25 2.64 .30 2.48 .70
Weapon

Weapon Engage-
ment Rate 25 - .95 .10 .96 .12
(rds/min/wpn)

• Effective
Firepower 25 - 94.36 1.98 97.25 5.44
Percentage

Average -
Engagement 25 1905.76 41.83 1891.34 49.60
Range
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b. Mech Organization in Position Defense.

(1) As before, the overal l effectiveness of the two
organizations was evaluated using LER and TIME as dependent var i ables.
The means and standard deviation s of these variables are displayed in
table 10. The null hypothesis of equivalent mean vectors was rejected
since a significant T~ value of 10.67 (p < .01) was calculated . The
subsequent computation of the 90 percent simultaneous confidence
intervals yielded:

.15<t~
T_ [

~~H < 1 . 2g

- 1 .15<l T _ T j~~H < -.07

These i nterval s convey that on the average the 1-series Mech organization
attained a higher LER and terminated the battle quicker than the H—series
Mech organization .

Table 10. Overall effectiveness means and standard deviations for
meth organizations in position defense.

T-Series Mech H-Series Mech
MOE/MOP Observations 

Mean I Standard i~~Mean Standard
_____________ ______________ ________ 

Deviation Deviation

LER 25 3.51 .77 1 2.79 
- 

1.03

TIME (mm ) - 25 22.89 .53 23.50 1.10

_ _ _ _ _ _ _ _ _ _  I _ _ _  _ _ _ _ _ _ _ _ _ _ _
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(2) The demonstrated ability of the two organizations to destroy
Red vehicles is presented in table 11. A computed test statistic value
of 11.99 (p < .01) indicated a difference in the vectors of means.
However, when the kills were determined on a per weapons system basis
(table 12), the null hypothesis of equivalent mean vectors could not be
rejected at the ~ 

= .10 level . This implies the difference in vehicle
kills resulted from the weapons system mixes rather than disproportionate
contributions by weapons systems.

Table 11. Mean and standard deviations of Red vehicle kills
for mech organizations in position defense.

1-Series Mech H-Series Mech I
MOE/MOP : Observa tions 

________ ___________ _______ ____________

per Group Mean Standard Mean Standard
_________________________ - Deviation 

_______ 
Deviati on

Red Losses 25 21.40 5.03 17.60 6.42to Tanks
Red Losses 25 73.12 5.01 67.28 10.48to lOWs

Table 12. Mean and standard deviations of Red vehicle kills
per weapons system for mech organi zations in
position defense.

Observation 4 1_Series Mech H-Series Mech

Standard Mean StandardMOE/MOP per Group Mean Deviation 
________ 

Deviation

per Tank 25 1.95 1 .46 1.76 .64Red Losses
i I

Red Losses 25 1.66 .11 1.56 .24per TOW
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(3) Table 13 exhibits the type of Red vehicle kills inflicted by
Blue weapons systems. Since a 12 value of 15.71 (pc .01) was
obtained , the null hypothesis of equivalent mean vectors was rejected and
90 percent simultaneous confidence intervals computed . The resulting
interval s were:

.39 < XTtk - XHtk < 2.82

-.64< XTbrdm - XHbrdm < .80

1.38 <X lbmp - X Hbmp < 13.83

As indicated by the first and third confidence intervals , the 1—series
Mech was able to destroy more Red tanks and BMPs than the H-series Mech.

Table 13. leans and standard deviations of Red kills by
type for mech organizations in position defense.

Observations 1-Series Mech H-Series Mech
MOE/MOP per Group Mean T Standard Me Standard

-
_______________________ ________ 

Deviation an Deviation

Tanks 25 19.16 1.34 17.56 1.87

BRDMs 25 8.56 .87 8.48 1.05

BMPs 25 67.44 2.86 59.84 11.46

(4) On the average, fewer Blue tanks and TOWs appear to be
destroyed in the 1—series Mech organization (table 14). Statistically
this statement was verified by a computed 12 value of 21.29
(p < .001). The relative survivabi lities of the same weapons systems are
displayed in table 15. On the per weapons system basis the null
hypothesis 0f equivalent mean vectors was also rejected (12 = 37.78;
p < .001). Subsequently, the 90 percent confidence intervals were
computed to be:

- .37 < 
~Ttk 

- XHtk - .16

- .14 < 
~rtow - XHtow < .00
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Table 14. Means and standard deviations of Blue losses
for mech organizations in pos iti on defense.

1-Series Mech H-Series Mech 1
MOE’MOP Observa tions 

_________ ____________ _________ ____________- per Group Standard M Standard.~an Deviation 1-1ean Deviation

Tanks 25 5.72 1.88 7.88 1.67

- TOWS 25 : 23.32 4.34 25.84 5.52

Table . 15. Means and standard deviati ons of Blue losses per
origi nal weapons system for mech org~nizations inposition defense.

T-Series Mech H-Series MechObservations 
__________ ___________ ________ ___________IIv ~~f I Iv r 

- per Group Me ,~ 
Standard Mean Standard -

- 
a Deviation 

_________ 
Deviation

Tanks 25 .52 .17 .78 .17

TOWs 25 .53 .10 .60 .13
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The exclusion or near exclusion of zero from both intervals implied a per
weapons system difference for both tanks and TOWs. In each case, the
1—series weapons systems survived relatively better than those in the
H—series . As an aid for interpreting these results , the MOE/MOP
characterizing tank and TOW achievements are presented in tables 16 and
17, respectively.

Table. 16. Means and standard deviations of the MOE/MOP for
tank weapons from the mech organizations employed
In position defense.

Observa tions 1-Series Mech 1 H-Series Mech
MOE/MOP per Group M Standard Mean Standardean Deviation 

_______ 
Deviation

Weapon Loss 
• 25 4.45 2.79 2.52 1.52Exchange Ratio -

Percent Red -

Losses per 25 2.68 .61 3.20 .81
Weapon
Weapon Engage-
ment Rate 25 1.77 .21 1.37 .25

- (rds/min/wpn)

Effective Fire- 25 96.89 5.09 95.20 7.14
- power Percentage
- Average Engage- 25 2024.65 I 66.78 1921.13 65.45ment Range
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Table--17. Means and standard deviations of the MOE/MOP for
TOW weapons from the mech. organizations employed
in position defense.

1-Series Mech H-Series Mech
MOE ‘MOP Observations 

_________ ________ ________ __________per Group Mean Standard Me Standard
______________ ____________ _________ 

Deviation a Deviation

g~
O
~~tio 25 .3.27 .79 2.80 1.03

Percent Red
Losses per 25 2.30 .18 2.54 .30
Weapon
Weapon Engage-
ment Rate 25 .98 .08 .99 .07
(rds/min/wpn)

Effective
Firepower 25 94.78 2.17 94.19 2.95
Percentage

Average
Engagement 25 1993.34 35.90 1984.97 29.90
Range
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c. Tank Organization in Deliberate Attack.

(1) LER and TIME once again served as the MOE/MOP used to
coni~are the overall accomplishments of the two organizations (table 18).A It value of 39.67 (p c .001) indicated a difference did result in the
average overal l effectiveness measures. On the average the H-series
organization was able to terminate the battle quicker; however, it
achieved a lower LER. The 90 percent confidence intervals for the
average difference were computed to be:

- .O3<tflrT_ i j
~H < .25

.06<TThIET _ T jJjEH (1.43

Table 18. Overall effectiveness means and standard deviations
for tank organizations In del iberate attack.

M ~ 
Observations 1-Series Tank H-Series Tank

MOE/ 0 per Group Mean Standard Mean Standard
________ ______________ _________ 

Deviation 
________ 

Deviation
LER 25 .88 .19 .76 .25

TIME 25 18.78 .86 18.04 1.27

(2) The ability of the tank and TOWs from the two organizations
to kill Red vehicles is depicted in table 19. A test statistic of 26.65
confirmed the apparent difference in mean values. However, on a per
weapons system basis no statistical (12 ~ 1.13) or apparent (table 20)difference in means resulted. This implies the mix of tanks and TOWs
rather than a difference in weapons system effectiveness caused the
discrepancy in Red kills.

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~



~ - - - - - - --~ - - --
~~-

-
~

- -
~~~~~

--
~~ -“ -- --- -~~~~ —~~~~~~~~~~~-—----

Table 19. Means and standard deviations of Red vehicles
kills for tank organizations in deliberate
attack.

Observations 1-Series Tank H-Series Tank
MOE/MOP per Group Mean Standard Mea Standard

___________ _____________ ________ 
Deviation ~ Deviation

Red Losses 25 7.76 1.67 10.4.8 2.04to Tanks
Red Losses 25 6.08 1.68 3.44 1.96

Table 20. Means and standard deviations of Red vehicle
kills per weapons system for tank organizations
in deliberate attack.

T-Series Tank H-Series Tank
MOE ‘~1OP Observations 

________ ___________ ________ ____________

Per Group 
~~ _ Standard ,~~ Standardan Deviation an Deviation

Red Losses 25 .31 .07 .33 .06per Tank
Red Losses 25 .22 .06 .19 .11per TOW

41
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(3) Table 21 presents the average number of Red tank, BRDM, and
BMP kills achieved by the Blue organizations. Since two BRDMs were
destroyed in every replication , no variance existed for BRDM kills.
Because thi s led to a singular covar iance matrix, Hotellings T2 could
not be computed. To overcome this problem the matrix entries for BRDM
kills were eliminated and the test was performed only on average tank and
BMP kills. A nonsignificant 12 value of .95 was obtained.

Table 21.. Means and standard deviations of Red kills by
type for tank organizations in deliberate
attack.

1-Series Tank H-Series Tank
MOE ‘MOP Observations 

________ ____________ _______ _____________

per Group Me n Standard Me n Standarda Deviation a Deviation

Tanks 25 3.92 .28 3.96 .20

BRDMS 25 2.00 .00 2.00 .00

BMPs 25 7.92 .40 7.96 .35

(4) While TOW losses were roughly equivalent for the comparison
organization , table 22 displays that on the average the 1—series
organization lost 3.08 fewer tanks than the H—series organization.
Statistically, a 12 value of 16.06 (p c .01) confirmed a difference In
the vectors of means. As before, to assess the relative survivability of
the weapons systems, the Blue tank and TOW losses per original weapons
system were considered (table 23). On a per weapons system basis, it was
observed that tank survivability was roughly equivalent while the
1-series TOWs demonstrated better survivability . This result was
supported by a computed 12 of 7.85 (p .1) and 90 percent confidence
interval s of:

-.06 < 
~Ttk 

- Xpg~ < .07

-.14 <
~~Ttow - XHtow ‘ -.01

To aid in the interpretation of greater relative survivability by the
1-series TOWs, tables 24 and 25 present the MOE/MOP characterizing tank
and TOW achievements in the two organizations.
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Table 22.. Means and standard deviations of Bl ue losses for
tank organizations in deliberate attack.

T-Series Tank H-Series Tank
MOE ‘MOP Observations 

_______ ____________ _______ ______________

per Group Mean Standard Mean Standard
_________ ____________ _______ 

Deviation 
_______ 

Deviation

Tanks 25 11.72 2.44 14.80 3.64

TOWs 25 4.64 2.98 4.32 1.97

- Table 23. Means and standard deviation of Blue losses per
original weapons system for tank organization in
deliberate attack.

1-Series Tank H—Series Tank
MOE ‘MOP Observations 

________ _____________ _______ ______________

per Group 
~ n Standard 

~~ n Standarda Deviation a Deviation

Tanks 25 
] 

.47 .10 
— 

.46 .11

TOWs 25 .17 .11 .24 .11

43

S. -~~ --- ~~_ -—  -



V . - 
_ _  - -

~

Table 24. Means and standard deviations of the MOE/MOP
for tank weapons from the tank organizations
employed in the deliberate attack.

1-SerieS Tank H-Series Tank
MOE’MOP Observations 

______ ___________ ______ __________Per Group Mean Standard Mean Standar~
_____________ ____________ ______ 

Deviation 
_______ 

Deviation

Weapon Loss
Exchange 25 - .71 .26 .78 .33
Ratio

Percent Red
Losses Per 25 2.91 .60 3.05 .56
Weapon

Weapon Engage-~ment Rate 25 .25 .05 .25 .06
(rds/mi n/wpn)

Effective
Firepower 25 60.95 10.29 50.71 8.93
Percentage

Average
Engagement 25 2313.96 120.19 2305.40 121.53
Range

-~~~~~~~~~~~~~ - - i±---~~-- 1___
~~~~~~~~~~~_~~~~~~ ~- ~~~~~~~~~~
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- Table 25.. Means and standard deviations of the MOE/MOP
for TOW weapons from the tank organizations
employed in del iberate attack

1-Series Tank H-Series Tank
~~~ ‘M”P Observations 

_________ _________ ________ _________

‘““ ‘ “ per Group n Standard ~~~ Standara )eviation ~an Deviation

Weapon Loss 25 1.94 1.96 .93 .56Exchange Ratio

Percent Red
Losses per 25 1.70 .48 1.57 .94
Weapon -

Weapon Engage-
ment Rate (rds/ 25 .14 .04 .17 .07
min/wpn)

Effective Fire- 25 55.09 9.76 51.50 13.41power Percentage

Average
Engagement 25 2262.33 311.64 1831.11 483.09

[
Ran~e 

_____________ _________ _________ ________ __________
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d. Mech Organizations in Deliberate Attack.

(1) Means and standard deviations of the measures of overal l
effectiveness, LER and TIME, are presented in table 26. As with the tank
organizations in the deliberate attack, the H-series organization
terminated the battle quicker but achieved a lower LER than the 1-series
organization. A difference in the vectors of means was confirmed by a
T2 value of 38.96 (p < .001). The 90 percent confidence intervals for
the di fferences in means were computed as:

.04 < LrR1 - LERM < .24

.10 < 1WE1 - TIMEH < 1.37

Table 26. Overal l effectiveness means and standard deviations
for mech organizations in deliberate attack.

________- 

Observations 
-- 

1-Series Mech H-Series Mech
MOE/MOP Per Group M n Standard Mean Standardea Deviation 

________ 
Deviation

LER 25 .69 .19 .55 .12

TIME 25 18.22 .94 17.48 1.08

(2) The average Red vehicle kills attributed to Blue tanks and
TOWs are shown in table 27. On the basis of a computed 12 va lue of
1.64, the null hypothesis of equival ent mean vectors could not be
rejected at the ~ .10 level. The same statistical conclusion was
obtained on a per weapons system basis where 12 = 3.95 (table 28).
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Table 27. Means and standard deviations of Red vehicle
ki l ls  for inech organizations In deliberate
attack.

T-Series Mech H-Series Mech
MOE ‘MOP Observations 

_______ ___________ _______ ____________

Per Group Mean Standard Mean Standard
___________ ____________ _______ 

Deviation 
_______ 

Deviation

Red Losses 25 4.48 1.78 3.88 1.54
to Tanks
Red Losses 25 9.16 1.93 9.72 1.67
to TOWs

Table 28. Means and standard deviations of Red vehicle
kills per weapons system for mech organization
in deliberate attack.

T-Series Mech H-Series Mech
MOE ‘MOP Observations 

________ _____________ ________ ______________Per Group Mean Standard Mean Standard
___________ ____________ _______ 

Deviation - Deviation

Red Losses 25 .41 .16 .39 .15
Per Tank
Red Losses 25 .21 .04 .23 .04
Per TOW
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(3) Table 29 displays that the average number of Red kills by
type were nearly equivalent for the two organizations. Because this near
equivalence resulted in a 12 of only .13, the null hypothesis was not
rejected.

- Table 29_ Means and standard deviations of Red kills by
type for the mech~organizations in deliberateattack.

MOE £4 P Observations T-Series Mech H-Series Mech
/ 0 per Group Mean Standard Mean Standard

________ _____________ _______ 
Deviation 

_______ 
Deviation -

Tanks 25 3.88 .33 3.84 .62

BRDMs 25 1.96 .20 1.96 .20

BMPs 25 7.80 .50 7.80 .87

(4) The average numbers of Blue tanks and TOWs destroyed are
exhibited in table 30. Since a significant T2 value of 47.77 (p c.001)
was obtained , the null hypothesis of equivalent mean vectors was
rejected. The results indicated on the average more tanks were destroyed
In the 1-series organization while more TOW vehicles were destroyed in
the H-series organization . Table 31 displays the relative
survivabilit les of these same weapon systems; that is , Blue weapon
systems destroyed per original weapon system. On this per weapons system
basis , the null hypothesis of equivalent mean vectors was also rejected
(12 = 37.80; p <.001). The 90 percent confidence intervals for mean
differences were computed to be:

- .03 < 
~Ttk 

- XHtk < .20

- .20 < 
~Ttow - XHtow < - .06

These confidence intervals imply the H-series tanks were somewhat more
survivable than the 1-series tanks on a relative basis while the reverse
was true for TOW vehicles. Tables 32 and 33 display the individua l
MOE/MOP of the Blue tanks and TOWs, respectively.
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Table.30.. Means and standard deviations of Blue losses
for mech organizations In del iberate attack.

1-Series Mech H-Series Mech
per Group Mean Standard Mean Standard

_________ _____________ _______ - 
Deviation 

_______ 
Deviation

Tanks 25 7.88 2.13 6.32 1.70

TOWs 25 13.60 4.82 18.96 4.51

- Table 31.. Means and standard deviations of Blue losses
per original weapons system for mech organization
In deliberate attack.

Observations 1-Series Mech H-Series ~4ecbMOE/MOP per Group Me Standard Me Standardan Deviation an Deviation

Tanks 25 .72 .19 .63 .17

TOWs 25 .31 .11 .44 .11
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Table 32. Means and standard deviations of the MOE/MOP
for tank weapons from the mech organizations
employed in del iberate attack.

1-Seri es Mech H-Series Mech
MOE’PIOP Observations 

________ _________ ________ __________

per Group Mean Standard Mean Standard
______________ ___________ _______ 

Deviation 
_______ 

Deviation

Weapon Loss
Exchange 25 .66 .44 .70 .40
Ratio

Percent Red
Losses Per 25 4.53 1.65 4.05 1.31
Weapon

Weapon Engage-
ment Rate (rds/ 25 .26 .09 .15 .05
ml n/wpn)

Effective
FIrepower 25 74.22 14.95 62.00 16.07
Percentage
Average
Engagement 25 2348.14 188.10 2353.56 180.50
Range
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: Table 33. Means and standard deviations of the MOE/MOP

for TOW weapons from the mech organizations
employed in deliberate attack.

1-Series Mech H-Series Mech
MOE ‘MOP ~~servatl 0fl5 

_______ __________ _______ ____________

per Group Ilean Standard M~ 
- Standard

- Deviation .~an Deviation

Weapon Loss
Exchange 25 .74 .27 .55 .17
Ratio

Percent Red
Losses Per 25 1.78 .44 2.12 .33
Weapon
Weapon Engage-
ment Ratio 25 .11 .03 .12 .03
(rds/mi n/wpn)

Effective
Firepower 25 59.56 10.82 56.77 5.89
Percentage
Average
Engagement 25 1948.53 236.50 920.58 308.04
Range
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e. Tank Organizations in Covering Force Action.

(1) Unlike the CARMONETTE replications used for the previouscompari sons , the time of battle termination was controlled in the
CARI4ONE1TE runs for the last comparison. Since battle termination time
was no longer free to vary, it was use less as a measure of overall
performance. On the other hand , Red losses were no longer contro ll ed and
were free to vary. For this reason total Red losses were substituted for
battle termination times in the analysis methodology. In addition ,
because LER considers both Blue and Red losses and Red losses were
already being considered, Blue losses were subst ituted for LERs in the
analysis. Thus, total Red and Blue losses served as the Indicants of
overall effectiveness in the final comparison. Table 34 shows that the
T-series organization outperformed the H-series organization by achieving
more Red kill s and suffering fewer losses on the average. This statement
was confirmed by a significant difference In the mean vectors (12
52.84; p < .001) and the following confidence intervals:

8.46 <
~~
UT ..~~TJH< 15.94

-5.39 < - < -.77

Table 34. Overall effectiveness means and standard
deviations for tank organizations in
cover ing force action

Observations 1-Series Tank H-Series Tank
MOE/MOP per Group Standard Me StandardMean 

- 
Deviation an Deviation

Blue Losses 25 12.84 3.82 15.92 3.52

Red Losses 25 55.68 5.60 43.48 6.28
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(2) Table 35 depicts the ability of the tanks and TOWs from the
two organizations to kill Red vehicles. The computed test statistic
va lue, 90.76 (p c .001), denoted a difference In the vectors of means.
The dispar ity in Red kills by TOW vehicles stands out as the major
difference. On a per weapons system basis this disparity disappeared• (table 36); however, an apparent difference developed for Red losses per
tank. A difference in the mean vectors on a per weapons system basis was
indicated by a 12 value of 12.93 (p c .01). Subsequent computation of
the 90 percent confidence intervals yielded:

.05 < 
~Ttk XHtk < .24

-.06 < 
~Ttow 

- XHt~~ 
<.15

The exclusion of zero from the confidence interval computed for tank
differences and its range infers a better performance by the 1-series
tank. Table 37 presents the MOE/MOP measures characterizing tank
performance in the alternative organizations.

Table 35.. Means and standard deviations of Red vehicle kills
for tank organizations In covering force action.

___________- 

Observations 1-Series Tank H-Series Tank
MOE/MO per Group Me Standard Me Standard

__________ 
- 

a Deviation a Deviation
Red Losses 25 21.08 4.19 22.44 4.14
to Tanks

Red Losses 25 24.68 3.76 15.04 3.39
to TOWs
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- Table 36. Means and standard deviations of Red vehicle
kills per weapons system for tank organization
in covering force action.

T-Series Tank H-Series Tank
MOE’MOP Observation, 

_______ ____________ _______ ____________

per Group Mean Standard - Standard
_________ ___________ _______ 

Deviation .~an Deviation

Red Losses~ 25 .84 .17 .70 .13
per tank
Red Losses 25 .88 .13 .84 .19
per TOW

Table 37. Means and standard deviations of the MOE/MOP for
tank weapons from the tank organizations employed
in covering force action.

• 1-Series Tank H-Series Tank
MOE ‘MOP Observations 

________ ____________ ________ _____________

/ per Group Mean Standard Mean Standard
___________ ____________ _______ 

Deviation 
_______ 

Deviation

Weapon Loss
Exchange 25 5.17 3.34 3.25 1.57
Ratio

Percent Red
Losses per 25 1.69 .27 1.86 .33
Weapon
Weapon
Engagement 25 .25 .03 .25 .02
Rate (rds/
min/wpn) 

I
Effecti ve
FIrepower 25 96.38 3.71 98.71 2.03
Percentage

Average
Engagement 25 2382.82 52.77 2429.94 42.51
Range

_____________ ________ _____________ _______________________
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(3) The average number of Red tank, BROIl, and BMP kills is
presented in table 38. A T2 value of 46.02 (p c .001) Indicated a
difference in the vectors of means. It appeared the greater number of
total Red kills by the 1-series organization transformed into a greater
number of individual tank, BROIl, and BMP kills by the 1—series
organization . The 90 percent confidence intervals for average
di fferences were ca lculated to be:

1.82 < XTtk - XHtk < 4.34

0.00 < 
~
‘
Tbrdm - XHbrdm < 2.32

1.27 < 
~Tbmp 

- XHbmp < 6.81

- - Table 38. Means and standard deviations of Red kills by
type for the tank organizations in covering
force action.

MOE MOP Observations 1-Series Tank H-Series Tank
/ per Group Mean Standard Me Standard

_________ ____________ _______ 
Deviation an Deviation

Tanks 25 15.96 1.54 12.88 1.83

BROIlS 25 6.96 1.62 5.80 1.50

BMPS 25 22.84 3.26 18.80 4.12

(4) The average number of Blue tank and TOW vehic le losses are
exhibited in table 39. A significant 12 value of 19.81 (p < .001)
conveyed that a difference in the vectors of means existed between the
comparison organizations. From the table, it is obvious the significant
result was obtained because the 1—series organization lost fewer tanks
than the H-series organization. On a per weapon system basis this trend
is somewhat less apparent in table 40. But, in this same table, TOW
vehicles from the T—series organization demonstrate far greater relative
survivability than TOW vehicles from the comparison organization . This
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Table 39.. Means and standard deviations of Blue losses for
tank organizations in covering force action.

1-Series Tank H-Series Tank
MOE ‘MOP Observations 

________ _____________ ________ _____________

per Group Mean Standard Mean Standard
_________ ____________ _______ 

Deviation 
_______ 

Deviation

Tanks 25 5.12 2.03 7.84 2.61

TOWs 25 7.60 2.33 7.72 1.49

- Table 40.. Means and standard deviations of Blue losses per
original weapons system for tank organizations In
covering force action.

1-Series Tank H-Series Tank
MOE’MOP Observations 

_______-- ____________ ________ ____________

per Group Mean Standard Mean Standard
_________ ____________ _______ 

Deviation 
_______ 

Deviation

Tanks 25 .20 .08 .25 .08

TOWs 25 .27 .08 .43 .08
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result was affirmed by a significant test statistic (12 46.99;
p < .001) and the following 90 percent confidence interval s for the mean
differences:

-.09 < 
~Ttk 

- XHtk < .01

.21 < ~Ttow - XHtow < -.11

The MOE/MOP characterizing tank performance were prevIously presented in
table 37 and the corresponding MOE/MOP for TOWs are displayed in table 41.

Table 41.- Means and standard deviations of the MOE/MOP
for TOW weapons from the tank organizations
employed in covering force action.

1-Series Tank H-Series Tank
MOE/MOP Observations 

________ __________ _______ ____________

per Group Mean Standard Mean Standard
_____________ ____________ _______ 

Deviation 
_______ 

Deviation

Weapon Loss
Exchange 25 3.50 1.07 2.06 .77
Ratio

Percent Red
Losses per 25 1.84 .28 2.44 .42
Weapon

Weapon Engage-
ment Rate 25 .11 .01 .11 .02
(rds/mln/wpn)

Effective
FIrepower 25 91.82 5.57 84.75 3.17
Percentage
Average
Engagement 25 ~631.47 48.36 2639.23 63.42
Range 

-
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13. INTERPRETATION OF RESULTS.

a. General. The previous paragraph presented the CARMONETTE gaming
results and their statistical analysis , which established many
significant statistical differences between the 1—series and H—series
organizations. At issue, however, is not whether the organizations are
different in a statistical sense, but whether they are different in a
practical sense. The following subparagraphs further discuss and
investigate the gaming results to ascertain if any of the observed
statistical differences also have a practical significance tactically.

b. Position Defense Compari sons. The position defense was
conducted in a target rich environment. The scenario was designed to
test each organizati on ’s ability to service targets adequately. Since
the Blue force was positioned with the bulk of its force on-line and
conducted little movement, this scenario provides a relative evaluation
of the amount of firepower each organization was able to generate against
an initially equal threat force.

(1) H—series versus 1-series tank organizations.

(a) Overall combat effectiveness. The differences in the
MOE for overall combat effectiveness of the alternative tank
organizations were found to be multivariate statistically significant.
This significance was based on force less exchange ratio and time.
Figure 5 Is a time plot of the LERs achieved by both tank organizations.
The plot shows that, except for the initial engagements, the H-series
tank organization was able to maintain a higher LER throughout the battle
than the 1—series tank organization. Figures 6 and 7 are time plots of
the corresponding Red losses to and Blue losses suffered by the tank
organizations. As can be seen in figure 6 both organizations attained
about the same number of Red kills. The H—series organization , however,
attained the kills sooner and, thus, effectively serviced the Red targets
at a higher rate than the T-tank organization . Figure 7 shows that the
H—tank organization was able to sustain an average of 7.56 fewer armored
vehicle losses than the T-tank. Figure 8 depicts the SMFRD attained by
each tank organization . This plot indicates that both organizations won
the battle. Since both tank organization s destroyed the same percent of
the Red force, the SMFRD plots show that the H-tank had 10 percent more
of its force remaining at the end of the battle than did the 1-series
tank organization .

(b) Weapon system performance. Since the position defense
scenario stressed the Blue force ability to service targets, the prime
measure of performance in determining the contributions of the major
direct fire weapon systems to the effectiveness of their organizations
was considered to be the percent of Red losses killed by each type of
weapon system.

58



~~~~~~~~~~~~~~~ 
_ - ~~~~~~~~~~~ _— _ — -

1. An analysis of both tank organizations showed that
the H-series XM-ls were responsible for an average of 64 percent of the
total Red losses and the TOW vehicles were responsible for an average of
34 percent. Figure 9 is a plot of the percent of the cumulative Red
losses over time that are attributable to Blue H-series XM-ls and TOW
vehicles. Figure 9 clearly shows that the XM-ls were the principal
contributor to the Red losses. The H—series XM1s were responsible for
almost two-thirds of the Red losses. The T-series TOW vehicles , on the
other hand , killed more of the Red force than the 1-series Xtlls. The
1-series tank organization killed 45 percent of the Red losses with its
XM1s and 51 percent with its TOW vehicles. Figure 10 Is a time plot of
the percent of the cumulative Red losses attributable to each of the
1-series direct fire weapon systems. This plot indicates that initially
the 1—series TOW vehicles were responsible for about twice as many Red
losses as the XM1s. However, primarily due to the attrition/suppression
of the TOW vehicles as the battle progressed, the TOWs were killing only
slightly more of the Red force than the XM1s at the end of the battle.
Considering these relationships , the key to the H-series tank
organization’s greater success appears to be the ability of the H-series
XM1s to better service the Red targets than the 1-series XM1s. Figure 11
is a time plot of the cumulative Red losses killed by the XM1s of each
organization . This plot shows that the H-series XM1s killed 20 percent
to 30 percent more of the Red force than the T-series XM1s.

2. It was shown in the statistical analysis that the
1-series XM1s achieved higher engagement rates than the H-series XM1s.
In table 5 the average weapon engagement rate for 1—series XM1s was 1.34
(rounds/minute/tank), while the H-series XMl average engagement rate was
1.24 (rounds/minute/tank). A plot of the average engagement rates for
the XM1s of both tank organizations during each minute of combat is
depicted in figure 12. This figure shows that the H-series X141s
initially fired faster, but in the mid and latter stages of the battle
the 1-series XM1s had the higher engagement rates. To understand these
performance parameters better, It is helpful to translate to the total
number of rounds fired each minute by all the XM1s in the organization .
An estimate for the average number of rounds fired per mi nute by all XM1s
from each organization may be determined through the following equation:

WLR
Rik Ilk . WERIk . (1 - - 

1k

59 

—_ --  --



p.- - - -
~~~

-
~~~~~~

- — _ ‘ —
~~

- -,.----
~~
.-—.—-. - -

where for the kth type organization :

R ik = the average number of rounds fired per minute.

Nik = the number of weapon systems initially In the organization .

WER Ik = the average weapon engagement rate.

WLR Ik the weapon loss ratio.
l_ WLR ik = an estimate of the average fraction of
2 weapons that survive the battle.

Application of this equation reveals that all the T—series XM1s col lec-
tively fired an average of 25.5 rounds/minute and the H-series XM1s fired
an average of 30.3 rounds/minute. So, even though the 1-series XM1s had
higher average engagement rates, the H-series XMIs, because there were
more of them, were able to fire an average of 4.8 more rounds/per minute.

3. The weapon loss exchange ratios were found In the
statistical analysis (as shown in table 5) to be 4.7:1 for the H—series
XM1s and 3.8:1 for the 1-series XM1s. Time plots of the XMl LERs for
each tank organization are presented in figure 13. It is evident from
this plot that the H-series XM1s were more effective than the 1-series
XM1s. However, since H-series XM1s fired only slightly more rounds per
minute than the T-series, and since the effective firepower percentages
and weapon loss ratios for the XM1s of both organizations are virtually
the same (shown in figures 14 and 15 respectively), the difference in
LERs indicates that the H-serir~ XM1s were more effective with theirshots than the 1-series XMl. Considering that the XMl accuracy and
lethality data bases in CARMONETTE were identical , the increased
effectiveness of the H-series XM1s must be attributed to the differences
in their deployment doctrine. The differences are reflected in the
avera9e engagement ranges. The average engagement ranges for each
organization ’s XMls are shown in figure 16. It is apparent from this
plot that the H—series XM1s consistently engaged their targets at shorter
ragnes than did the 1-series XM1s.

(c) Sumary. The H-series tank organization displayed more
combat effectiveness in both a statistical sense and a practical sense in
the pc3ltion defense scenario. The key to the H-series tank organi-
za~ion ’s greater success was the ability of H-series XM1s to better
service the Red targets. The ability to task organize for combat allowed
the H—series tank organization to deploy its XM1s in positions where they
were closer to the main attack. Thus, they were able to attain a greater
LE~ and kill a larger percentage of the Red ‘orce than the T-series XMls.
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Figure 5. Loss exchange ratios achieved by tank organizations
in position defense.
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Figure 6. Red losses to tank organizations In position defense.
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Figure 7. Blue losses suffered by tank organizations In position
defense.
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Figure 8. Surviving maneuver force ratio differentials for tank
organizations in position defense.
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FIgure 9. Percent of Red losses by H-tank organization directfire weapon systems.
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Figure 10. Percent of Red losses by T-tank organization direct
fire weapon systems.
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Figure 12. Average engagement rates for XM1s in position defense.
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Figure 13. Loss exchange ratios for tank organization XM1s in
position defense.
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Figure 14. Effective firepower percentage for tank organization
XM1s in position defense.
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FIgure 15. Weapon loss ratio for tank organization XM1s in
position defense.
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Figure 16. Average engagement ranges by tank organization XM1s
in position defense.
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(2) H-series versus T-series mech organizations.

(a) Overal l combat effectiveness. The statistical analysis
found the differences with respect to force LER and time in the overall
combat effectiveness of the mech organizations to be multivariate
significant. Figure 17 is the time plots of force LER for both mech
organizations. The plot graphically illustrates the greater combat
effectiveness displayed by the 1-series mech organization. Throughout
the entire battle the 1-series organization was able to maintain a higher
LER than the H—series organization. Plots of the Red losses and Blue
losses incurred as functions of time in these scenar ios are presented ~infigures 18 and 19, respectively. Figure 18 show that the T-serles
organization was able both to kill more of the Red force and to service
effectively the Red targets at a higher rate than the H—series mech
organization . As a result, the Blue armored vehicles losses suffered by
the 1-series organization were an average of 5.12 fewer than the H—series
mech losses. This relationship is depicted in figure 19. The SMFRD
plots for each organization are presented in figure 20. The SMFRDs show
the 1-series mech organization winning its battle and the H—series mech
organization losing its battle.

(b) Weapon system performance. The position defense
scenarios were target rich and tested the ability of both mech
organizations to service targets effectively. As depicted in figure 18
the 1-series organization was able to effectively service (kill) an
average of 9.48 more Red armored vehicles than the H-series
organization . Inspection of time plots of the percent of Red losses
attributable to XM1s (figure 21) and TOW vehicles (figure 22) shows that
each type of weapon system killed about the same percentage of the Red
losses in its respective organization . The H—series organization, as was
shown in table 15 of the statistical analysis, was more vulnerable than
the T-mech org~inization. The H-mach lost 78 percent of its XM1s and 60
percent of its TOW vehicles; T-mech lost 52 percent of its XM1s and 53
percent of its TOW vehicles. The XMl and TOW vehicle weapon loss ratios
are plotted as functions of time in figures 23 and 24, respectively. As
can be seen from these plots , the losses suffered by the TOW vehicles in
each organization occurred simi larly. The H—series XM1s, however,
incurred a significantly higher percentage of losses than the 1-series
XM1s. Since the effectiveness of the TOW vehicles of each mech
organization was approximately the same, the measured difference in
combat effectiveness must be attributable to differences In the
performance of the XM1s of each organization. Since both mech
organizations contain only slightly different mixes of the same weapon
systems and were being attacked by identical threats, their difference in
survivability may be attributed to differences In the deployment of the
organizations, In their ability to get their weapon systems into the
battle, or in the performance characteristics of their weapon systems.
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1. The average engagement ranges for the XM1s in
1-series mech organizations as shown in figure 25 were slightly longer
than the H-mech engagement ranges, but for all Intents and purposes they
were the same. Thus, based on range only, there was little difference
between the deployment of the XM1s In the two organizations. There was a
difference, however, due to the organizational grouping of the weapon
systems. The H-series weapons were grouped into two mech heavy company
teams and positioned to cover the two expected avenues of approach. The
two company teams thus positioned were located about 3km apart and could
provide only a minimal amount of mutual support. The T-serles weapons,
on the other hand, were grouped Into three pure companies. One 1-series
mech company covered each of the two expected avenues of approach, and a
tank company was positioned between the two to provide support. Because
of this deplo,)lnent configuration, the 1-series mech organization was able
to bring to bear an amount of firepower sufficient to defeat the enemy;
the H—series mech was not.

2. The effective firepower percentage (EFP), a measure
of the percentage of weapon systems that fired in a battle, calculated in
the statistical analysis (table 16) indicates that almost all the XM1s of
both organizations got involved in the battle. The 1-series EFP of 97
percent for XM1s was only slightly higher than the H-series XMl EFP of 95
percent. Figure 26, however, Indicates that at any given time during
combat the T-mech had a higher percentage of its XM1s In the battle,
which reflects the ability of the tank company to service both avenues of
approach.

3. A comparison of the other XMl performance parameters
(table 16) shows the T-serles mech XM1s average engagement rates were
slightly higher than the H—series XMl. This Is graphically depicted in
figure 27. Accounting for the differences in weapons mix by to average
number of rounds fired per minute (as in subparagraph (2) above), the
1-series mech XM1s fired 13.3 rounds/minute, more than twice the 6.4
rounds/minute fired by the H-series XM1s. Accordingly, the T-niech XMl
higher fire rate coupled with their lower weapon loss ratios provided the
T-series XMIs with significantly higher LERs as shown In figure 28.

(c) Sunmiary. There is a threshold of firepower that must be
brought to bear to defeat an enemy force. The H-mech organization,
deployed and configured by doctrine, was able to block the main attack
using slightly over half of Its weapons with minimal support from the
remaining weapons. This amount of firepower was apparently below the
winn ing threshold. The 1—series mech organization was able to bring
about two-thirds of its weapons to bear on the Red force, including all
its high rate of fire weapons (XM1s). This amount evidently was
sufficiently above the firepower threshold to defeat their enemy.
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FIgure 17. Force LERs for mech organizations In position defense.
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Figure 18. Red losses to mech organizations In position defense.
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Figure 19. Blue losses incurred by mech organizations In position
defense.
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Figure 20. Surviving maneuver force ratio differential for mech
organizations In position defense.
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FIgure 21. Percent of Red losses to mach organizations XM1s in
position defense.
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Figure 22. Percent of Red losses to mech organization TOW vehicles
In position defense.
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Figure 24. Weapon loss ratios for mech organization TOW vehiclesin position defense.
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Figure 25. Average engagement ranges for mech organization XM1s in
position defense.
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Figure 26. Effective firepower percentage for mech organization
XM1s in position defense.
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Figure 27. Weapon engagement rates for mech organization XM1s inposition defense.
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Figure 28. Weapon LERs for mech organization XM1s in positiondefense.
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c. Deliberate Attack Comparisons. These scenarios placed each

alternative organization In the position of conducting an offensive
operation against a Red reinforced motorized rifle company. The key
factor for analysis in these scenarios was determined to be an

• organlzatlon s s ability to bring to bear as much of Its firepower as
possible on the enemy force. The following subparagraphs discuss the
ability of two tank organizations and two mech organizations to maneuver
their firepower effectively.

(1) H—series versus 1—series tank comparisons.

(a) Overall combat effectiveness. The differences between
the LERs achieved by each force and the times In which they were achieved
were again found in the statistical analysis to be numerically
significant. Figure 29 depicts the time relationships that existed
between the LER5 attained by the two forces. As can be seen from this
plot, the 1-series tank organization was noticeably more effective during
the tenth through the thirteenth minutes of combat than the H—series
organization. Throughout the remainder of the battle, however, the LER
of the 1—series organization was only marginally higher than the
H-series. Figures 30 and 31 show the average number of Red and Blue
losses exper ienced In the gaming of these scenar ios, respectively. It is
apparent from figure 30 that the H—series tank organization killed Red
vehicles earlier In its scenario than did the 1-series tank
organization. In fact, the H-tank organization maintained a higher kill
rate throughout the battle, although at the end of the battle there was
little difference between the total Red losses. This superior
performance by the H-series organization can be directly attrIbuted to
the differences In the tactical mobility rates used in the gaming of each
organization. These mobility data, as discussed In appendix A, were
derived from data collected during the DRE Battal ion Field Test, which
found that the H-series vehicles maneuvered at greater rates than the
1—series vehicles. The result of using these rates in the CARMONETTE
gaming was that the vehicles of the H-series organizations were able to
move at higher speeds than the 1—series vehicles. Accordingly, the
H-series organizations got into the battle faster and were able to
inflict losses on the Red force sooner than the 1-series organizations.
The plots of the Blue losses shown In figure 31 also Illustrate the
dispar ity In the mobility rates of the two organizations. Noteworthy,
however , Is the fact that the losses suffered by the 1-series tank
organization were an average of 3.16 armored vehicles fewer than the
H—series organization. Thus, the principal reason for the significant
difference observed in LER Is the better survivability of the armored
vehicles In the T-series tank organization. The SMFRD plots for the two
organizations are presented in figure 32. It is apparent from the SMFRD
plots that both organizations were able to defeat the opposing force.
The value of the 1-series SMERD was numerically greater than the H-series
SMFRD, which indicates that the combat effectiveness of the 1-series
organization was greater than that of the H—series organization.
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(b) Weapon system performance. Since the key factor in
these offensive scenarios was an organization ’s ability to effectively
maneuver Its firepower to bring as much as possible to bear on the enemy,
the measure of performance first analyzed was effective firepower
percentage (EFP). In tables 25 and 26 the statistical analysis of the
EFP for XM1s and TOW vehicles found that the 1—series organization was
able to get 10 percent more of its XM1s and 3 percent more of Its TOW
vehicles into the battle. Translating the percentages into numbers of
weapon systems, the T—series tank organization fought the battle with an
average of 15.3 XM1s and 15.4 TOW vehicles, whereas the H-series
organization fought with an average 0f 16.3 XM1s and only 9.4 TOW
vehicles. Thus, the 1—series organization was able to maneuver into the
battle and fIght with an average of 5.0 more major weapon systems than
the H-series tank organization.

1. Comparisons of the remaining performance parameters
al so presented in ~ables 25 and 26 found simi larities in the contribution
of the XM1s to the,effectiveness of their respective organizations. The
XM1s of the two organizations accounted for a larger percentage of the
Red losses than did the TOW vehicles. As shown In figures 33 through 36,
the XM1s of the two organizations had about the same weapon engagement
rates, weapon loss ratios, average engagement ranges, and loss exchange
ratios.

~~. There was , however, a distinct difference in the
contributions to effectiveness of the TOW vehicles. The differences
noted were between the weapon loss ratios (presented In figure 37), the
average engagement ranges (presented in figure 38), and specifically
between the loss exchange ratios for the TOW vehicles of the two
organizations (presented in figure 39).

a. Examination of these differences found that the
superior performance of the 1-series TOW vehicles was primarily due to
the 1-series infantry combat vehicle (IFV) performance. Figure 40 shows
the differences in LER observed for all the 1-series TOW vehicles. It is
apparent from the figure that the IFVs were the primary contributors to
the superior performance of the 1-series TOW vehicles. A comparison of
the 1—series and H-series IFVs found significant differences existing
between the weapon loss ratios as shown In f igure 41, average engagement
ranges as shown in figure 42, and the respective LERs as shown in
figure 43. This exceptional performance by the 1-series IFVs, however,
is counter-intuitive to the expectations of TOW vehicles In the offense.

b. Further analysis established that the seemingly
high T—serles IFV LE~ was attributable to the way CARMONETTE allocatedartillery/mortar fires. CARMONETTE requires that targets for “on-call”
f ire support be prioritized by target class (weapon system). I~ theseoffensive tank scenarios first priority for Red fire support wa~. given totank targets , since tanks were the most abundant weapons and wt. e
consi dered to present the greatest threat to the Red maneuver systems.
Because of this, the vast majority of the Red artIllery/mortars were
fired In the CARMONETTE runs at tank targets. Since the H—series tank
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organization was task organized into tank heavy company teams, which
collocated the XM1s and TOW vehicles , the suppressive effects from the
impacting Red artillery/mortar rounds were experienced by both XIlls and

- TOW vehicles. The T-series tank organization, however, by doctrine was
fought with pure companies. Accordingly, most of the Red fire support
was directed against the two pure tank companies with few, if any, rounds
impacting around the mech company IFVs. Thus, the 1—series IFVs
experienced little suppressive effects from the Red fire support systems
and, therefore, were able to attain the observed superior measures of
performance.

(c) Sunvnary. Careful examination of the gaming results
uncovered a problem within CARMONETTE that influenced the outcomes in
favor of the 1-series tank organization . The degree of influence Is
uncertain. Thus, although the statistical analysis found the difference
in combat effectiveness to be numerically significant , the SMFRD plots
show the 1—series tank organization as only marginally more combat
effective. Thus, it is questionable in a practical sense whether the
1—series organization was significantly more combat effective.
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Figure 29. Force loss exchange ratios of tank organizations in
deliberate attack.
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Figure 30. Red losses to tank organizations in deliberate attack.
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Figure 31. Blue losses incurred by tank organizations in
deliberate attack.
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Figure 33. Weapon engagement rates for tank organization XM1s indeliberate attack.
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Figure 34. Weapon loss ratios for tank organization XM1s in
deliberate attack.
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• Figure 35. Average engagement ranges of tank organization XM1s in
deliberate attack.
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Figure 36. Loss exchange ratios for tank organization XM1s in
deliberate attack.
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Figure 37. Weapon loss ratios of tank organization TOW vehicles
in deliberate attack.
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Figure 38. Average engagement ranges of tank organization TOW
vehicles in deliberate attack.
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Figure 39. Loss exchange ratios for tank organization TOW vehicles
in deliberate attack.
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Figure 40. Loss exchange ratios of 1-series tank organization
TOW vehicles in deliberate attack.

101

I
_ _  

-~~ ~~~~~ V ~~~~~~ ~~~~~~~~ • —~~-~~- V

~ 

— V— V V V V - V • - ~~~~~~~~~~~~~ — • ••



— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~

——————H— Series IFVs 
1-Series IFVs

0.5 -

14
P
N

L
0
S
S

I
I
o

0 ~~ — ~~
0

‘
a 

~~

I I I
8 18 12 14 16 18 28

TINE

• Figure 41. Weapon loss ratios for tank organization IFY5 in
deliberate attack.
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Figure 42. Average engagement ranges of tank organization IFVs in
deliberate attack.
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Figure 43. Loss exchange ratios for tank organization IFYs in
deliberate attack.
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(2) H—series versus 1-series mech comparisons.

(a) Overall combat effectiveness. The gaming of the mech
deliberate attack scenarios provided results that were also found in the
statistical analysis to be multivar iate statistically significant with
respect to force LER and time. Figure 44 contains time plots of the LERs• achieved by each mech organization. The plots show the 1-series LER to
be basically greater than the H-series LER. The total number of Red and
Blue losses are presented In figures 45 and 46, respectively. The total

• Red losses at the end of the battles, as shown in figure 45, were the
same for each organization. As In the results of the tank offensive
scenari os, the H—series mech organization appeared to be able to kill Red
faster than the 1-series mech organization. As before, this is direc~lyattributable to the faster H—series mobility rates. This characteristic
time lag of the T-series behInd the H-series is also present In the Blue
loss plots of figure 46, which in addition shows that the 1—series mech
organization lost an average of 4.28 fewer armored vehicles than the
H-mech organization. 1hu~, the observed difference between the LERs ofthe two organizations is attributable to the increased survivability of
the T-serles weapon systems. The SMFRD plots for the mech organizations
are presented in figure 47. The SMFRO plots indicate that both
organization s won their respective battles. The 1—series organization
ended its battle with a numerically higher SMFRD than the H-series
organization . Since both organizations killed the same percent of the
Red force, this indicates that the 1—series was more combat effective
because a greater percentage of its force survived.

(b) Weapon system performance. Since the key factor to
success in the offensive scenarios has been assessed to be an
organization ’s ability to maneuver its firepower into battle, the
effective firepower percentage (EFP) was again the first measure of

• performance investigated. Tables 33 and 34 of the statistical analysis
show that the T-mech organization was able to get 12 percent more of its
XM1s and 2 percent more of its TOW vehicles into the battle. Translating
into numbers of weapon systems, the 1—series organization fought the
battle with an average of 8.1 XM1s and 26.4 TOW vehicles , while the
H-mech organization fought with 6.2 XM1s and 24.5 TOW vehicles. Thus,
the T-serles organization fought the battle with an average of 3.8 more
major weapon systems than the H—mech organization.

1. TOW vehicle performance. A comparison of
performance measures for the mech TOW vehicles as presented In table 34
revealed that they were responsible for the majority of the Red losses.
Figure 48 shows that the 1-series TOW vehicles were able to surpass the
LER of the H-series TOW vehicles during the last 4 minutes of their• battle. Since there was no appreciable difference in the weapon
engagement rates and the average engagement ranges (shown in figures 49

• and 50, respectIvely), the superior 1-series TOW vehicle LER was
attributed primarily to their lower average weapon loss ratio. Figure 51
shows that the 1-series organization lost 31 percent of Its TOW vehicles
and the H-series lost 44 percent. The anomaly with the suppression of
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IFVs due to limitations in the CARMONETTE fire support allocation
procedures experienced in the tank offensive scenarios was also present
In these mech offensive runs , but to a much lesser degree s ince the tanks
were not as abundant in this scenario. Inspection of the measures of
performance of the IFVs from both organizations indicated little
difference between them. Thus, the effect of the CARMONETTE fire support
limitation was considered negligible.

2. XMl performance. Investigation of the XMl measures
of performance a~ table 33 revealed that their contributions to theoverall combat effectiveness of their organization were simi lar. Little
difference was apparent between the MOP of the XM1s other than the weapon
engagement rate In which the 1-series XM1s averaged .26 and the H-series
XM1s averaged .15 engagements per minute per tank. Even though the
1-series XM1s engaged at almost twice the rate of the H-series XM1s,
there was little difference, except for the aforementioned time lag, In
their respective loss exchange ratios as shown in figure 52. In fact,
the H-series XM1s, because they achieved a lower weapon loss ratio, were
able to attain a slightly higher LER.

(c) Suninary. The main contributor to the Red losses in the
mech deliberate attack scenarios was found to be the TOW vehicles. This
was primarily due to the superiority In number of TOW vehicles as
compared to the number of XM1s in each mech organization. The 1-series
mech organization statistically displayed more overall combat
effectiveness than did the H—series mech organization. Nonetheless,
examination of the SMFRD plots indicates little practical difference
between the outcomes of the battles of the respective organizations.
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deliberate attack.
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Figure 45. Red losses to mech organizations in deliberate attack.
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Figure 47. Surviving maneuver force ratio differentials of mech
organizations In deliberate attack.
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Figure 48. Loss exchange ratios of mach organization TOW vehicles
in deliberate attack.
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Figure 49. Weapon engagement rates for mech organization Ti)W
vehicles in deliberate attack.
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Figure 50. Average engagement ranges for mach organization TOWvehicles in deliberate attack.
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Figure 51. Weapon loss ratios for mech organization TOW vehicles
in deliberate attack.
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Figure 52. Loss exchange ratios for mech organization XM1s in
deliberate attack.
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d. Covering Force Scenarios. The last group of scenarios was
designed to evaluate the alternative organizations In a delaying
operation conducted in the covering force area. As in the offensive
scenar ios , the key to success in these scenar ios rested In an
organization ’s ability to maneuver its firepower. The main objective of
the units in the covering force scenarios was to fire on the enemy to
force him to deploy from a road march, inwnediately maneuver to fall back
battle positions , and take the enemy under fire again without becoming
decisively engaged. Only the two alternative tank organizations were
gamed in the covering force scenarios. The following subparagraphs
discuss the outcomes of that gaming.

(1) Overall combat effectiveness. The differences in the
overall combat effectiveness of the two tank organizations were
determined to be multivar i ate statistically significant in the
statistical analysis. This statistical significance was based on
differences in the number of losses Inflicted on the Red force and the
corresponding number of losses suffered by each Blue organization. The
time relationships of average cumulative Red and Blue losses observed in
the cover ing force scenar ios are presented in figures 53 and 54,
respectively. As can be seen in figure 53, both organizations began
inflicting losses on the Red force during the second minute of combat.
The 1-series organization, however, was ab le to serv ice the Red targets
more effectively than the H-series organization. The 1-series
organization killed an average of 12.2 more Red major weapon systems than
did the H—series organization. Figure 54 shows that throughout the
battle the H—series organization suffered more losses than the 1-series
tank organization . The H-series organization began losing its systems
during the second minute of combat, one minute earlier than the 1-series
organization. At the termination of the battle, the H-series tank
organization had lost 3.1 more major weapon systems than the 1-series
organization . As a result the T-serIes organizatIon was able to achieve
a higher LER than the H-series organization. The LERS for each
organization as functions of time are presented in figure 55. It Is
apparent from these plots that the 1-series force was more combat
effective by maintaining throughout the battle a substantially higher
LER . This is also apparent In the SMFRD plots of the two organizations
presented in figure 56. The SMFRD plots clearly show a significant

• difference in combat effectiveness. The 1—series organization was able
to maneuver its firepower such that during the first 7 minutes of combat,
It inflicted heavy losses on the Red force and then began falling back,
still managing to kill Red at a rate that kept IncreasIng the SMFRD. The
H—series tank organization , on the other hand, was not able to ga in much
superiority over the Red force. During the first 20 mInutes of the
battle, the H-series organization did manage to gain a slight advantage
over the Red force on two occasions; but at the end of the battle, as
indicated by the negative value of the SMFRD, the H—serIes organization
was losing Its weapons at a faster rate than the opposing Red force.
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(2) Individual weapon system effectiveness. As In the analysis
of the offensive scenarios, the measurement of effective firepower
percentage (EFP) was first examined In an attempt to explain the large
dispar ity between the combat effectiveness of the two tank
organizations. The statistical analysis in table 37 found that both tank
organizations maneuvered almost all their XM1s and a large percentage of
their TOW weapons into the battle. The 1-series organization fought with
an average of 96.4 percent (or 24.1) XM1s and 91.8 percent (or 25.7) TOW
vehicles , and the H-series organization fought the battle with an average
of 98.7 percent (or 31.6) XM1s and 84.8 percent (or 15.3) TOW vehicles.
Thus, the 1—series tank organization was able to fight the battle with. an
average of 49.8 major weapon systems, which was 2.9 more systems than the
H-series tank organization was able to maneuver Into combat. Time plots
of the EFPs for the XM1s of each tank organization are presented In
figure 57, and the EFPs for the TOW vehicles are presented in figure 58.
Figure 57 indicates that the XM1s were Involved in the battles in
relatively the same proportions during the same times except for brief
periods during the fourteenth and twenty-third minutes of the 1-series
battle. During these time periods small portions of the T—series XM1s
were involved in the battle, whereas no H—series XM1s were involved at
the corresponding times of their battle. Figure 58 shows similar
involvement of the TOW vehicles of each organization occurring during the
same time periods in their respective battles. The 1-series TOW vehicles
appeared to be more active in the early portion of their battle, and the
H—series TOWs were more active during the latter stages of the battle.
The loss exchange ratios for the XM1s and TOW vehicles of both tank
organizations are presented in figures 59 and 60, respectively. Al though
figures 57 and 58 showed that the XMh and TOW vehicles were employed
similarly, figures 59 and 60 Indicate that both of the T-serles weapon
systems were much more effective than the corresponding H-series weapons.

(a) Weapon system performance. Inspection of tables 37 and
41 from the statistical analysis revealed minor differences in the
performance measures between the weapon systems in the two alternative
organizations. Table 37 shows that the H—series XM1s accounted for a
slightl y higher percentage of the Red losses on a per weapon basis than
did the 1—series XM1s. Table 41 shows the same relationship existing
between the H and 1—series TOW vehicles. So, on a per weapon bas is, the
H-series weapon systems seemed to out-perform the 1—series weapons.
Thus, the reason the 1-series weapons were more effective, as was shown
in figure 59 and 60, was that they suffered fewer losses. Figures 61 and
62 are cumulative plots of the weapon loss ratios for XMl and TOW
vehi cles , respectively. It is evident from both of these figures that
the H-series XIlls and TOW vehicles did incur heavier losses. Since the
performances of the Individual types of weapon systems were virtually the
same, the observed difference in Blue losses was attributed to
differences in the deployment and/or tactics used during the gaming of
the two respective scenarios.
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(b) Initial deployment. The initIal positions of the
1-series tank and H—series tank organizations are presented In figures 63
and 64, respectively. Careful examination of these figures shows, that,
excluding the weapon systems that are masked by terrain and beyond the
maximum engagement ranges, the initial engagements of the 1-series
organization are made by two tank platoons (6 XM1s), three TOW sections(6 IFVs) , and a scout section (3 CFVs) for a total of 15 major weapon
systems. They are encircled in figure 63. The H-series weapon systems
involved in the initial engagements are encircled In figure 64. These
systems consist of two tank pl atoons (10 XM1s) and two scout sections (6
CFVs ), a total of 16 major weapon systems. Thus, during the initial
contact approx imately the same number of Blue weapon systems were
involved in the battle. The fact that the H—series organization, as
shown in figure 54, suffered more average losses dur ing inItial contact
can, at this point, only be attributed to mi nor differences in the battle
positions occupied by the individual weapon systems of the respective
alternative organizations.

(c) Organizational tactics. The tactics used by both
organizations were basically the same. A detailed discussion of these
tactics is presented in appendix B. Figures 57 and 58 nonetheless
indicate that there were some tactical differences. Peaks in the
1-series XMl effective firepower percentage during minute 14, and again
durIng minute 23, as shown in figure 57 indicate that some of the XM1s
maneuvered to a subsequent battle position and were again taking the
enemy under fire. The absence of these peaks from the H-series EFP curve
indicates that the H—series XM1s did not use as many fall-back positions
as did the 1-series XM1s. Figure 58 shows less difference In the
tactical employment of the TOW vehicle between the two organizations.
Bas ically, the TOWs were used throughout the battle except during minutes
10 through 12, when most of the TOW vehicles were moving to their
subsequent battle positions.

(3) Sumary. In the covering force scenario the 1—series tank
organization displayed a statistically significant difference and a
tactical advantage in combat effectiveness over the H—series tank
organization. Examination of the individual weapon system performance

• parameters found that, on a per weapon basis, the H-series XM1s and TOW
vehicles performed slightly better than the 1-series weapons. However,
the H—series weapon systems incurred heavier losses, which resulted In
the 1-series XM1s and TOW vehicles being more effective. The differences
in survivability appear to result from differences in the Initial
empl acements of the weapon systems and tactics used In the respective
battles.
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Figure 53. Red losses to tank organizations in covering force action.
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Figure 54. Blue losses incurred by tank organizations in covering
force action.
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Figure 55. Loss exchange ratios of tank organizations in covering
force action.
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Figure 56. Surviving maneuver force ratio differential of tank
organizations in covering force action.
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Figure 57. Effective firepower percentage of tank organization
XM15 in covering force action.
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Figure 58. Effective firepower percentage of tank organization
TOW vehicle in covering force action.
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Figure 59. Loss exchange ratios for tank organization XMl in
covering force action.
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Figure 60. Loss exchange ratios for tank organization TOW vehicles
in covering force action.
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Figure 61. Weapon loss ratio of tank organization XM1s tn covering
force actions.
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Figure 62. Weapon loss ratios of tank organization iow vehiclesin covering force action.
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Figure 64. H-serIes tank organization in initial positions in
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14. GAMER INSIGHTS AND OBSERVATIONS. This paragraph suninarizes the
subjective insights and observations developed by garners during the
CARMONETTE gaming. As Indicated, some modifications were made to the
tactical plan for the purpose of modeling. The scenarios, as modified ,
were examined and found acceptable by representatives of the Department
of Tactics, US Army Coninand and General Staff College. No attempt has
been made to rank these observations and Insights In order of importance.

a. Although planned for Inclusion in CARMONETTE, minefields and CLGP
could not be depicted in the existing model.

b. The representation of poor or limited visibility (smoke) on both
defenders and attackers was considered poor and impractical to use in
this gaming. Thus, Blue elements in the defense could not withdraw from
initial positIons, since any movement made them easier to detect and kill.

c. In the Blue defensive scenarios, Red force units lost an Inherent
advantage by the absence of smoke from their artillery preparations. All
Red attacking units could be easily identified during their movement down
the open slopes on the eastern side of the river.

d. Movement rates and extended exposure times of the attackers were
not reduced by mlnefields. Craters and bridge destruction were
artificially played when required by the situation .

e. Traveling or bounding overwatch tactics were planned for
extensive use in the offensive battles. However, the CARMONETTE orders
did not have the flexibility to allow “fire and maneuver” tactics to be
portrayed properly. Thus, units/weapon systems did not always react to
incoming fires as would be expected. Instead, the unit/weapon system
continued executing its orders. Since there is no interactive capability
in CARMONETTE, the ability to react to a change in the situation ; e.g.,
to maneuver a porti on of the force and engage a new threat, cannot be
realistically portrayed. For example, supporting maneuver units in
overwatch would fire on other targets they detected rather than engage
enemy units that were destroying an element the overwatch was supposed to
be supporting.

f. In all scenarios, the Red artillery had a very limited effect on
the outcome of a battle since few, if any, losses were recorded as a
result of Red indirect fire systems. The only effect of Red artillery
was suppression.

g. The 6 x 6.3km grid used in the CARMONETTE model required some
artificiality in the positioning of attacking forces and, in the case of
the Blue defensive and cover ing force scenar ios, made It impossIble to
emplace local security elements. When either Blue or Red was on the
offense the limi ted area available required the units to be “stacked” one
on top of another and then moved one at a time, phasing them into the
combat formation and the battle.
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h. The Blue artillery adjustment capability and FIST, with its rapid
reaction capability, could not be properly played in any scenario. The
model indirect fire order string could not be adjusted to fit all
contingent situations.

I. In the defense, Blue overwatch support could be conducted by
carefully positioned ITVs, although positioning was frequently closer to
the FEBA than would normally be considered desirable.

j. In the defense and also the offense, movement rates reflected
those developed from the results of the ICATA tests. In an intense 10 to
15—minute battle, using the 16 kph movement rates on Improved roads, the
time required to identify and then move forces to counter the Red main’
thrust was not avai lable. Stated simply, the battle was over before the
reinforcing elements could bring their weapons to bear. Therefore,
reinforcement of a portion of a battalion task force position by less
heavily engaged elements was not exercised.

k. CARMONETTE digitized terrain did not necessarily conform to the
terrain on the standard military maps. Within each 100—meter grid, the
eleva tion, soil , and vegetation character i stics are taken as an average
of each factor as It appears in the grid. Features such as small folds,
depressions, and trees were often absent, incorrectly positioned, or less
significant in any given grid. In built-up areas and forest, buildings
and trees were given an average height. When selecting weapons
positions, it was frequently Impossible to locate a firing position in a
desirable spot since the model data would not accept that position as
usable. The model always considered a given position to be in the center
of the grid. This frequently resulted In placing a weapons system 25
meters or more away from the location origi nally selected and required
“stacking” one system on top of another.

1. In the defense, the Blue ITV weapons systems, located to the rear
of the FEBA, were the only elements to maneuver during the course of a
defensive battle. Any weapons system located along the FEBA that
attempted to move during the battle was imediately destroyed by Red
direct fire. This was partially the result of the inability of the model
to play smoke as well as the effect of the open terrain.

m. Those units defending along the FEBA survived longer and fired
more effectively and rapidly if left in initial positions.

n. The key factor in a successful defense was to place the heaviest
possible fire from the maximitn number øf available direct fire systems on
the forces making the main attack. Highly survivable, rapid fire weapons
systems integrated with longer range, slower fir ing mi ss i le systems were
needed to engage enemy forces in the highly lethal , target rich environ-
ment depicted in the model. In the defense or in a covering force
operation, the greatly outnumbered defender must inflict, early on, the
max imum number of casual ties on the attacker or face annihi lation as his
losses mount out of all proportion to those losses suffered by the
attacker.
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o. In all the scenarios that were developed, the 1—series task
forces had an advantage since the configuration of the three maneuver
companies (as opposed to two companies in the H—series) could normally
bring more weapons systems to bear against the opposing forces either
directly or in a maneuver support role. This flexibility was not present
in the two company H—series task forces. V

p. In the attack or defense, the need to task organize below company
level was frequently highlighted in the scenarios. Mech infantry and
armor weapons systems complemented one another; neither was as effective
when employed alone. For example, In an attack conducted by a T—series
unit , pure infantry or tank companies mov ing any di stance encounter
widely varying types of terrain and a wide variety of natural or man—ntade
obstacles. To reduce or destroy an obstacle or an occupied strong point,
the need may well exist to dismount infantry or employ tank fires to
reduce enemy resistance. In the 1-series, moving on three axes of
advance, frequently separated by 1 kilometer or more and masked by
terrain features, the mutual support provided by a company level combined
arms team would be Impossible to attain. The combination of infantry and
tank units down to and including attachment at platoon level must be
continued if they are to achieve the necessary flexibility not possible
in “pure” company units .

15. FINDINGS.

a. Although the observed differences in the performances of the
individual weapon systems when grouped as either a 1-series or an
H-series organization were not consistently the same over all the
scenarios , a few general trends were observed. These trends were
discussed in the previous paragraphs and are sumarized below.

(1) The company team concept should be Incorporated Into the
1-series doctrine. In the defense, this concept provided the gamer the
flexibility to employ the most effective mix of rapid fire and long range
weapon systems as dictated by the situation. In the offense, a variety
of man-made and natural obstacles may need to be reduced or destroyed,
thus requiring infantry to dismount. Occasions also frequently arise
that require the rapid fire characteristics of tanks to reduce enemy
fires. Thus, the company team concept is best suited to cope with the
varieties of situations encountered on the battlefield.

(2) The scenarios in which the Blue force had to effectively
maneuver its weapon systems found that the 1-series organizations were
consistently able to maneuver more of their weapon systems Into the
battles. Thus, the 1-series consistently fought the battles with more
weapon systems than the H—series organizations. This difference In the
performance of the weapon systems is attributed to the fact that the
T-serIes weapon systems were organized Into three companies whereas the
H-series weapons were organized into only two companies. This difference
In configuration provided the 1—series organization with an additional
axis of advance in the offensive scenarios and better mutual support
during the fall back operations of the covering force actions.
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(3) The configuration of three companies also gave an advantage
to the 1—series organizations in the position defense. scenarios. The
three companies could be placed where they could provide mutual covering
support. Elements of the two companies under the H—series concept of
organization were emplaced too far apart to provide effective support
fires.

b. The 1-series organizations were found to be more combat effective
than the H—series organizations in four of the five comparIsons. In two
of these compar isons , those for the offensIve scenar ios, the 1—series
organizations were shown to be statistically more combat effective;
however , for all practical purposes, the combat effectiveness of the
alternative organizations was the same. In the remaining comparisons,
which found both a statistical and a practical difference In combat
effectiveness, the T-series organizations were found to be more effective
in two of the comparisons and the H—series organization was found to be
more effective in one comparison. Thus, although there were advantages
associated with both organizational concepts, neither seemed to display a
distinct advantage over the other.
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APPENDIX A
DEVELOPMENT OF THE CARMONETTE

MOBILITY DATA BASE

A—l. TCATA MOBILITY DATA. DurIng the DRE Battalion Test trials
conducted at TCATA, data on the positions of tanks (M6OA1s) and
TOW-carrying vehicles (M113s) were recorded 10 times a second. These
data were analyzed (reference 2) at CACDA in an effort to determine the
tactical mobility of these vehicles both on and off roads as a function
of mission , s lope class , and vegetation/trafficability.
A-2. STRUCTURE OF CARMONETTE MOBILITY DATA. The mobility data for
CARMONETTE ground units are organized by mobility class, road condition ,
slope of terrain, and trafficability. The extent of these data is
subject to the following limitations:

Five mobility classes

Two road conditi ons (on and off roads)
Five s lope c lasses
Three trafficabilities (good, aver age, poor).

Thus, up to 150 separate data entries may be used to define the maximum
movement rates for ground personnel and vehicles within any CARMONETTE
run.

A-3. CONSTRUCTION OF CARMONETTE MOBILITY DATA. The Blue vehicles gamed
for ORE were the XMl , IFV/CFV, and ITV/M113. Since the Battal ion Test was
conducted with M6OA1s and M113s, the CARMONETTE tactical mobility data
had to be extrapolated from the test results. The following steps were
used in this exercise.

a. A separate set of data indicating the maximum operational (i.e.,
ride l imiting) speeds of the XMl , IFV/CFV type vehicles, M6OA1, and M113
was obtained from TRASANA. These speeds are termed “ride limiting ”
speeds because they are based on the speed at which the driver of a
vehicle is subjected to 6 watts of energy (the maximum at which an
average driver can sustain operation of a vehicle). For both cross—
country and road movement, the ride l imiting speeds were provided as
functions of slope and three types of trafflcability.

b. The tactical mobility data for the XMl were extrapolated using
the following algorithm. A ratio, rM6OA1 was computed as:

_ _ _ _ _ _ _  _ _ _
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where:

i = the index on slope class (I

j = the i ndex on road condition (j = 1,2).

k = the index on trafflcability (k = 1,2,3).

~ijk= the average observed speed of the M60A1 from th? analysis of theORE Battalion Field Test results (reference 2) for the ijk-th
combination .

Yijk= the ride limiting speed for the M6OA1 for the ijk-th combination.

nljk the number of observations for the ijk—th combination .

The ride limiting speeds of the XMl were then multipl ied by this ratio to
produce the XMl tactical mobility entries for CARMONETTE.

c. Since the IFV/CFV5 are considered companion vehicles to the XMl ,
they were moved at the same tactical mobility rates as the XMl. In most
cases , the tactical mobility speeds for the XM1s were one-third to
one—half the ride limiting speeds of the ITV/M113. For this reason it
was cons idered reasonable that the ITVs and M113s coul d also move at the
same tactical mobility rates extrapolated for the XM1s. So, for the
purposes of the DRE battalion gaming, the XMl, IFV/CFV , and ITV/Mll3 were
all placed into a single mobility class.

A-4. RESULTING MOBILITY RATES. Tables A-4-l through A-4-8 display the
resulting mobility rates for the Blue offensive and defensive scenarios.
A simplifying assumption was that the mobility rates for corresponding
uphill and downhill slope classes were identical .

A-S. RED MOVEMENT RATES. Because the force opposing the Blue test
organizations did not strictly employ Red tactics for training reasons,
extrapolation of Red tactical mobility rate was deemed inappropriate.
Based on a sensitivity analysis and Red doctrine, the Red vehicles were
moved at 5 rn/sec (18 km/hr) except where terrain precluded this speed.
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Table A-i. 1—series tank offensive movement rates (meters/sec).

Slope Cross-Country Trafficability On Road Trafficability

_________________ 
Good Average Poor Good Average Poor

Negligible 4.358 3.341 2.231 5.800 5.424 5.O33

UphIll /Downhill 2.310 2.221 1.728 3.010 2.657 2.229

Uphi~l/Downhill 
•997 .952 .723 1.135 1.099 .967

Table A-4-2. H—series tank offensive movement rates (meters/sec).

Slope Cross-Country Trafficability On-Road Trafficability

Good Average Poor Good AveragE. Poor
Negligible 4.767 3.655 2.440 6.345 5.933 5.505

Uphill/Downhill 2.527 2.430 1.890 3.292 2.906 2.222

Uph1~l/Downhill 
~- 1.090 1.041 .791 1.242 1.202 1.058

A-3
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Table A-4-3. 1-series mech offensive movement rate (meters/sec).

Slope Cross-Country Trafficability On—Road Trafficability

_________________ 
Good Average Poor Good Average Poor

Negligible 4.886 3.746 2.501 6.503 6.435 5.64~

Uphill/Downhill 2.590 2.490 1.937 3.374 2.976 2.455

Uphi~1/Downhi1l 
1.117 1.068 .810 1.273 1.232 1.084

Table A-4—4. H-series mech offensive movement rates (meters/sec).

Slope 
Cross-Country Trafficability On-Road Trafficability

__________________ 
Good Average Poor Good Average Poor

Negligible 5.414 4.151 2.771 7.206 6.738 6.253

~~~c~Y~~~hll1 2.870 2.759 2.146 3.739 3.301 2.770

Uphi~1/Downhill 1.238 1.183 .898 1.410 1.365 1.201

A-4
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Table A-4-5. 1-series tank defensive mobility rates (meters/sec).

Cross-Country Trafficability On-Road Trafficability
Slope -_______ _______

_________________ 

Good Average Poor Good Average Poof~
Negligible 5.018 3.848 2.569 6.679 6.245 5.795

Uphill /Downhill 2.660 2.557 1.989 3.466 3.059 2.339

UphIll/Downhill 1.148 1.096 .832 1.307 1.265 1.113

Table 4-4-6. H-series tank defensive mobility rate (meters/sec).

Cross-Country Trafficabil I ty On-Road Trafficabili ty
Slope

_________________ 

Good Average Poor Good Average Poor

Negligible 5.037 3.863 2.579 6.705 6.270 5.818

UphIll/Downhill 
2.670 2.567 1.997 3.479 3.071 2.577

UPhIcl /DOWflhIll 1.152 1.101 .835 1.312 1.270 1.118

A-5
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Table A-4-7. 1-series mech defensive mobility rates (meters/sec).

Cross-Country Trafficability On-Road Trafficability
Slope

________________ 
Good Average Poor Good Average Poor

Negligi ble 5.322 4.080 2.724 7.083 6.623 6.146

Uphill/Downhill 2.821 2.712 2.110 3.675 3.244 2.722

(
Uphicl/Downhill 1.217 1.163 .883 1.386 1.342 1.181

Table A-4-8. H-series Vmech defensive mobility rates (meters/sec).

Slope J Cross-Country Trafficability On-Road Trafficability

— 
Good Average Poor Good Averag~f Poor

Negligible 5.454 4.182 2.792 7.258 6.788 6.298

~~~c~Y~ownhill 
2.891 2.779 2.162 3.767 3.325 2.790

Uphi~l/Downhill 
1.247 1.192 .904 1.421 1.375 1.210

A-6
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APPENDIX B
DESCRIPTION OF SCENARIOS

B-i. INTRODUCTION.

a. General. The development of offensive and defensive scenarios
for battalion sized mechanized Infantry and armor task forces (IF) (1985
tirneframe) required visualization of the course of the entire battle from
initial contact through to extensive destruction of either the Blue or.
Red force or both forces. Two 6 x 6.3 km areas were selected for the
sites of the battles. Area 1, located between the towns of NIEDERJOSSA
and NIEDERAULA on the FULDA RIVER, was used for the defensive scenario.
Area 2, located east of Area 1, was centered on the towns of ARZELL and
EITERFELD and was the site for the offensive and covering force battles.

b. Terrain Analysis.

(1) Area 1 (Defense, Blue forces). A detailed analysis of the
terrain was made over the 6 x 6.3 km grid selected for the conduct of the
defense in Area 1 as shown in figure 8-1. A sunmiary of the analysis
appears below.

(a) The open area between the towns of NIEDERAULA on the
north and NIEDERJOSSA on the south is approximately 3 1/2 km wide. This
area will support a regimental attack. An avenue of approach east of the
FULDA RIVER Is controlled by the wes t bank hi ll complex, lightly co.vered
with scattered trees, Hills 337 (NB 3926), 354 (NB 4036), 352 (NB 4027),
and 333 (NB 4127). The treeline on the east bank of the FULDA runs
generally along the crest of the hill complex from Hills 398 (NB 4223),
328 (NB 4325), and 330 (NB 4421). The eastern approaches down to the
FULDA RIVER are sparsely vegetated with broken gradual slopes except In
the center third of the area, where steep s lopes make vehicular movement
difficult. The FULDA RIVER is not considered a significant barrier to a
motorized rifle regiment.

(b) Within the regimental avenue of approach three separate
avenues were i dentif led. Those identified are shown in figure B-i and
discussed below.

1. Avenue of Approach A (northern): from NB 427247 to
NB 432274. This approach includes both bridge and crossing sites. It is
about 800 m wide and will support a battalion attack.

2. Avenue of Approach B (center): from NB 425253 to NB
426266. It contains no crossing sites or bridges. It Is about 1 km wide
and will support a battalion attack.
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3. Avenue of Approach C (south): from NB 414240 to NB
422253. This approach includes an autobahn crossing, a secondary bridge,
and crossing sites over the FULDA RIVER . It Is about 1 1/2 km wide and
will support an attack by a reinforced battalion, although approaches
down to the FULDA RIVER are restrictive.

(c) Although the FULDA RIVER Is not considered a significant
barrier, it does qualify as “disruptive terrain.” Mean water depth Is
over 1.8 m, whil e the river width between NIEDERJOSSA and NIEDERAULA Is
between 18 and 20 m. The river bottom Is rocky or gravel with a few sand
deposits. There are two fording sites (NB 421251 and NB 423275) just
north ENGELBACH (NB 4224). Each location has a mean water depth of 1 m,
and each is about 16 m wide with good approach roads.

Cd) The towns of NIEDERAULA (NB 4228), MENGSHAUSEN (NB
4327), NIEDERJOSSA (NB 4025), and SOLMS (NB 4124) serve to di srupt
movement of attacking forces.

(e) Likely enemy objectives were Identified as Hill 334 (NB
3726), BRIETENBACH (NB 3625), and Hill 300 (NB 373239). It should be
noted these were not included In the 6 x 6.3 km area In which all Area 1
battles were fought.

(f) The most likely avenue of approach for the enemy main
effort is Avenue C since access routes to, and maneuver space In the
vicinity of, the river are adequate for a battalion (+) force. After
crossing the river , NIEDERJOSSA, OBER3OSSA, and BREITENBACH constitute
obstacles to maneuver. The northern approach, Avenue A, could well
acconinodate a supporting attack Of the regiment. During an attack, units
from both Avenues A and C would probably “spill out” into Avenue B.

(2) Area 2 (Offense and Covering Force Operations, Blue
Forces). The terrain In Area 2 is depicted in figure 8-2 and could be
generally described as rolling, lightly forested, and well adapted for
movement of armored vehicles.

(a) The major avenue of approach encompasses the road
networks leading into the area from the northeast along the axis MENGERS

V (NB 5527), EITERFELD (NB 5623), STEINBACH (NB 5220), and BETZENROD (NB
5420) and on toward the southwest. This approach varies In width from 1
to 4 1/2 kms and can support an attack by a regimental sized force.

(b) In the north, between BUCHENAU (NB 5425) and ARZELL (NB
5524), vehicular movement is restricted by the steep slopes of the
ridgelines along either side of Hwy 27. These, and the approach to
ARZELL and EITERFELD, are dominated by the heavily forested Hill 400 (NB
5324).

B—3
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Figure B-2. Terrain area 2.
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(c) In the south, the avenue of approach is dominated by the
high ground in the vicinity of Hill 429 (NB 5519). This hill mass
controls the road network from the east and north.

• (d) The towns of ARZELL and EITERFELD serve to restrict and
disrupt movement of attacking forces. The avenue of approach at this
point narrows to less than 1 km.

(e) A ll streams In the area are fordable, with none
• considered a significant barrier. Roads and trails throughout the area

are in good condition and aid movement of both Blue and Red forces.

(f) Weather has been dry with visibility good to excellent
during daylight hours.

c. Organizations.

(1) Blue force battalion task force organizations are In the
main body of the report at figures 1 through 4.

(2) The Red force motorized rifle regiment (reinforced) played
in Area 1 (Defense) and Area 2 (Covering Force Operation) appears In
figure B—3.

(3) The Red force motorized rifle company defended in Area 2
against each of the four Blue battalion task force organizations. This
company organization was developed in coordination with CACDA Threats
personnel to depict a “typical” slice found in a forward echelon of a
motorized rifle regiment In a defensive posture. It is presented In
figure B-4.

d. General Situation, Area 1 and Covering Force Operation, Defense
and Offense.

(1) Relation s between NATO and the Cocirnunist powers have been
steadily deteriorating. The political consultive body of the Warsaw Pact
Treaty Organ ization met in a closed sess ion on 10 June 1985 and agreed
that military action against NATO should be initiated. This decision was
ratified at the highest political level by each participating Warsaw Pact
nation.

(2) On 14 June 1985 USSR/Warsaw Pact forces launched a
nonnuclear attack against NATO. The Initial phase of the attack has been
aimed at destroying the Allied defensive systems before adequate
reinforcement can arrive from Great Britian and CONUS.

B-5
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(3) NATo forces have offered much stronger resistance than had
been anticipated by the Warsaw Pact, and the attack in the North German
Plain was halted by the determined resistance of the NATO forces. Red
forces facing CENTAG units were withdrawn from the battle and moved north
to reinforce the main Red attack. This permitted US forces of the X
Corps (Notional) to re-establish defensive positions within 15 km of the
international border. Red forces are preparing to resume offensive
operations.

8-2. SPECIAL SITUATION, AREA 2 (BLUE COVERING FORCE OPERATION)
a. Blue Special Situation. It is now 10 July 1985 and the 5th

Armored Div ision (Notional) Is in defensive positions along the FULDA
RIVER. The battalion being exanined is a portion of the division
covering force located forward and east of the FULDA RIVER. The
battalion coninander has received instructions to fight a major battle In
the CFA, delaying enemy forces 4 hours east of the FIJLDA RIVER ,
destroying his recon screen and air defense network while forcing him to
deploy, expose his plan of operation and, ultimately, the axis of his
main attack.

b. Red Concept of Operation.

(1) 20th MRR (reinforced) Is the advance guard of the division .
Its mission is to secure the uninterrupted advance of its parent
organization. Movement across the international border will be executed
in tactical column of battali ons moving on a s ingle axes of advance
initially. This formation will expand to multiple axis of advance where
terrain and situation dictate. Axis of advance after crossing the
international border will be westward, then southwest from MENGERS to
STEINBACH, and then westward toward crossings over the FULDA RIVER in the
vicinity of NIEDERJOSSA.

(2) The 1/20th MRB(+) will act as the advance party of the
regiment preceded by the Regimental Recon Company (Notional). The
battalion will move with a minimum of two companies (+) abreast wherever
and whenever terrain permits.

(3) The 2/20th MRB (+) will follow lead elements and be prepared
to support 1/20th MRB by fire and maneuver, assume mission of 1/20th
and/or, when routes exist, on order, deploy abreast 1/20th MRB assuming
jointly, responsibility and the mission of advance guard with 1/20th ~~B.

(4) 3/20th MRB will follow 2/20th In zone with 2d echelon
mission and responsibility .
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(5) 4/20th 1k Bn (-) will act as reserve, be prepared to
resume canunand of subordi nate units, assume 1st or 2d echelon miss ion or
act as regimental exploitation force, on order.

c. Scenarios.

(1) Symbology. The graphic Illustrations of the battle used in
the following paragraphs were plotted from the CARMONETTE graphics
postprocessor , which was developed for this study. The symbols used in
the graphic Illustrations were taken directly from FM 21-30, Military
Symbols, Appendix E. The symbols used for this study and their meaning
are presented In table B—i.

(2) Area 2 Cover ing Force, 1—Tank Battalion IF.
(a) Dispositions of the T-Tank Battal ion IF are at figure

B-5. A tank company (pure) is located in the north in hasty positions
generally situated at the edge of the treeline. In the center is another
tank company (pure) dispersed in depth and supported by 10 ITVs under IF
control. On the right flank is the mech company (pure) located in depth
along the existing treelines. The Scout element is at the eastern edge
of a small town that provides good fields of vision over the most likely
avenue of approach through the towns of ARZELL and EITERFELD.

(b) Lead elements of the Red motorized rifle regiment are
located in the northeast corner of the grid. Red artillery units are
also dispersed along the northeastern edge of the grid.

(c) Red preplanned artillery fires supporting the regimental
advance began falling during the first minute of the action. At minute 2
Blue direct fire systems engaged the leading elements of the advancing
force. After firing one or two rounds, the Blue systems displaced to
their second delay position . By minute 5, the Blue forces had destroyed
between 15 and 18 Red vehicles (figure B-6). The center tank company had
inflicted the majority of these losses on Red and was in the process of
withdrawing to its second delay position. Covering fires were provided
primarily by TOW systems located to the rear and on the right flank of
the IF. By minute 9 between 36 and 40 Red systems, roughly the
equivalent of the lead MRB, had been destroyed. All Blue companies were
displacing to or had arrived at their second delay position. Blue had
lost six vehicles, all IFV5 or CFVs (figure 8-7).

(d) Eleven minutes l ater at minute 20, the Red coninander
conmi tted two reinforced MRBs, and the MRR had advanced about 1 1/2
kilometers. This force had been taken under fire by the northern and
center tank companies and the mech company in a “killing zone” located In
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Table B-i. CARMONETTE graphics postprocessor symbology.

SYMBOL DESCRIPTION

Tank (XMl, 172)

Heavy APC (IFV , BlIP)

Armored RECON Veh icle (CFV)
Light APC (M113)

Heavy AT Miss i le (ITY, BRDM-2)

>3 Dismounted Infantry

Mortars

.

~~~~.. Medium artillery

Heavy arti llery
Mul tiple rocket launcher

A A Forested area

o D Urban area
Dead unit/vehicle Indicator

- V V L B-b
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the center of the grid (figure B—8). Red losses had increased to about
50 vehicles. All Blue elements were in the process of withdrawing to
their third delay positions.

(e) By minute 25 (figure 8-9), Blue had disengaged all
elements from contact. With the loss of about 25 percent of their
elements, the Blue IF could still reasonably be considered a combat
effective force that had inflicted very heavy losses on a numerically
superior force.

(3) Area 2 Cover ing Force, H—Tank Battalion iT.

(a) The H-Tank Battalion IF positioned its two company teams
abreast and in depth west of the towns of ARZELL and EITERFELD. The
northernmost company was organized with three tank and one mech infantry
platoons (attached), while in the south the tank company con~~sted of twotank and one mech infantry platoons. The Scout platoon and both ITV
sections were placed in depth along the center of the IF sector. All
systems were in hasty, hull defilade positions. The Red MRR was arrayed
and maneuvered as in the previous battle. Figure B—1O shows the
dispositions of opposing forces as of minute 3.

(b) Red artillery fires began falling on suspected Blue
positions beginning at minute 1. At minute 2 the Blue forward units
engaged Red targets as they appeared ea!t of ARZEL.L/EITERFELD. By minute
5, the Red lead companies had lost between 10 and 12 vehicles while Blue
lost 3. Two minutes later, Red losses had increased to 20 while Blue had
lost one or two more vehicles (figure 8-11). With the exception of the
platoons located in depth to the rear, all Blue elements were in the
process of withdrawing to their second delay position .

(c) At minute 15, two Blue platoons, one from each company,
withdrew while the other two—thirds of the force formed an ambush on the
flanks. The Red force had deployed into combat formation and was
beginning to advance to the southwest (figure B—12). By minute 20, all
the direct fire elements of the center platoons were out of the battle.
This, in effect, reduced the combat power of the IF by one-third; that
one—third consisted of 10 tanks and 2 ITVs. The 10 tanks have a much
higher rate of fire than do the TOW-equipped ITVs and IFV5. Ten IFV/CFV5
were also included in the ambush forces. In addition to the lower rate
of fire, IFV/CFVs have a substantially lower probability of survival than
does the XMl. As a result of the factors noted in the preceding

V paragraph, the H-series TF lost more vehicles and destroyed fewer enemy
vehicles than did the T—series organization .

B-3. SPECIAL SITUATION, AREA 1 (BLUE DEFENSE).
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Figure B—12. H-tank covering force action 15 minutes into the battle.
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a. Blue Special Situation.

(1) It is now 11 July 1985, the battalion task force is
defending in its assigned sector as an interior unit in the 2d Brigade
sector. The 2d Brigade (Notional) is a major maneuver element of the 5th
Armored Divison (Notional). The battalion is now at 100 percent strength
in personnel and equipment.

(2) The covering force elements of the division , having
inflicted heavy losses on the enemy force, have passed through the
battalion and moved to previously selected positions in the brigade
rear. Local security elements have been withdrawn under light pressur~eby Red recon units. Based on the most recent intelligence reports, the
battalion will be facing elements of a reinforced motorized rifle
regiment, probably the 20th MRR.

(3) It should be noted that all task forces are in a position
defense. The low movement rates assigned vehicles (10 kph) and the
resulting inability to maneuver from one flank to another in time to
affect the outcome of the short duration battle, combined with the
exposed terrain to the rear of the FEBA, precluded maneuver within or
between company battle positions. In trial runs, It was observed that
any weapons system located on the FEBA that attempted to move during the
battle was easily detected and destroyed by Red direct fire systems.
Therefore, those systems on the FEBA remained and fired from initial
positions.

b. Concept of Red Force Attack in Area 1. The 20th Motorized Rifle
Regiment (Reinforced) of the 18th MRD (Notional) is conducting the

V division main attack. Its mission is to execute a hasty crossing over
the FULDA RIVER , secure crossing sites for the division , and continue the
attack west toward ALSFELD.

(1) The 20th MRR attacks with three battalions abreast In the
first echelon ; in the north a single MRB and two reinforced MRBs closely
followed by a tank battalion(-) in the south.

(2) The 1/20th I’~B will execute a supporting attack for theregiment along axis HOLZHEIM, MANGSHAUSEN, and HOTTENBACH to se ize
Objective 1 (NM 3828).

(3) The 2/20th P~B (+) and 3/20th MRS (+) lead the main attack
in the south supported by the 4/20 1k Bn (-) with the 2d echelon
mission. The axis of advance includes SCHLETZENROD, SOLMS, NIEDERJOSSA,
and BREITENBACH to seize Objective 2 (NB 3725).
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(4) 4/20 1k Bn (-) follows as the regimental 2d echelon. It
will be prepared to resume control of organic companies, reinforce
leading echelons, destroy by-passed enemy centers of resistance, and
repulse counterattacks.

(5) Artillery from the RAG and DAG assets will fire a 40-minute
preparation.

(6) Air defense artillery will not be arrayed or played. —

c. Scenarios.

(1) Area 1 Defense Scenar io, T-Tank Battalion TF.

(a) Figure B—13 shows the positions of Blue and Red units as
of mi nute 16 on the CARMONETTE grid. A tank company (pure) is located in
the north, a tank company (pure) in the center, and a mechanized infantry
company (pure) in the south. In both the north and the south, Blue
defenses are anchored on the towns of NIEDERAULA (north) and NIEDERJOSSA
(south). IFVs, ITVs , and XMl tanks are camouflaged in hull defilade
firing positions. IFV rifle squads, equipped with Dragons, are
positioned within 100 meters of their parent vehicles. All weapon
systems with an antitank capability have additional aniuunltion located at
each firing position .

(b) The Red attack opened with heavy preparatory artillery
fires designed to destroy the continuity of the defensive compiex at the
FEBA. As Red units appeared, moving out of the treeline east of the
FULDA RIVER, they were taken under fire by all AT weapons systems within
range. Concurrently, on-call Blue artillery fires fell on the advancing
Red un its.

(c) The first 16 minutes of the battle were devoted to
movement and deployment of Red units to their line of departure. At
mInute 16.5 Blue units identified Red moving out of the treeline and
opened fire. The southernmost defending company initiated the action as
TOW and tank guns opened fire simultaneously.

(d) One minute after the first round was fired, 15 Red
armored vehicles had been destroyed and two Blue vehicles had been lost.
The first echelon of the Red regiment continued to press the attack along
preselected routes supported by very heavy artillery fire that fell on
the Blue firing positions. Blue artillery, employed on an on-call basis,
fired HE and ICM—DP on the enemy formation. (Figure 8-14)

(e) The vast majority of the Red losses were inflicted by
Blue direct fire systems. Both Blue and Red artillery were of l imi ted
usefulness , although , due to the use of ICM—DP , Blue artillery did
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Figure B—13. I-tank battle positions at initiation of contact In
position defense.
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Figure B—14. I-tank battle after the initial exchange of fire in
position defense.
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contribute a few vehicle kills in each battle. Red artillery accounted
for few, If any, vehicle kills and was effective only in a suppression
role.

(f) By mInute 19.5, 4 minutes after Blue opened fire, the
Red first echelon was no longer an effective force, with over 60 percent
of their vehicles destroyed between 500 and 700 meters from the treeline
(figure B-15). At that time, units of the Red second echelon began to

V 

appear through the treeline and were. taken under fire by Blue . During
the entire battle, the center tank company of the Blue task force placed
heavy, accurate flankIng fires on enemy units who were attacking along.
both the southern and northern axes of advance. Heavy, accurate Blue V

direct fire systems also destroyed the Red overwatch support early In the
battle.

(g) By minute 21.5, 18 Blue systems had been destroyed by
Red fire. The Blue forces facing the Red main attack; i.e., the southern
mech company, suffered the heaviest losses In the task force, having lost
12 systems to enemy fire. Eight of the systems lost in that company were
IFVs; the remainder were ITVs (figure B—16).

(h) After 7 minutes of combat, the Red force had lost 100
armored vehicles. Since coninand and control may be assumed to have
broken down, the regiment was no longer considered an effective force.

(2) Area 1 Defense Scenar io, H-Tank Battalion IF.
(a) The initial dispositions of the Red and Blue forces are

shown at figure B-17 as of minute 16. The disposition of the Red
elements was exactly the same as in the T-Tank scenario.

(b) The Blue battal ion TV consisted of two tank companies
reinforced by two mech infantry platoons. The TV was positioned well
forward in the battle area in a positon defense anchored on the towns of
NIEDERJOSSA and NIEDERAULA. Both infantry platoons were located in these
town s, taking advantage of the good cover and concealment provided by the
buildings. The majority of the TOW systems, to Inc l ude CFVs , were

F disposed in depth In the south, astr ide the most dangerous avenue of
approach into the battalion battle area. The tank platoons were located
In mutually—supporting positions , well forward along the FEBA. The two
company teams ’ battle positions were mutually supporting and sited so as
to permit engagement of Red force armor vehicles with flanking fires.
One tank platoon in the northern position was earmarked to reinforce the
southern team upon order of the battalion comander.

(c) Red forces emerged from the treeline east of the Fulda
river at 16.5 minutes and were Imedlately engaged by Blue TOW and tank
systems. By minute 17.6, 35 Red armored vehicles had been destroyed in

B-24 

-—- --~~~~~~~~~ -——- - V- V - -- - 



~~~~~~~~~~V_ ~~~VV - - - - - ~~~~~ - - —~~~~
-V- - V - - — - --

19 55

_  _  _ _  _  — ~~~~~~~

~~~~~ 
-
~~~~ 7” ~ 1~

) )T

_ _  _  

~~~~~~~ -~ >~~~
_ _  _ _  _ _  _ _  _ _  _ _  _ _  

: j~~
~~~ 1. \~ S,. — - I ‘

• ~~~~~~~ 
) 
,

—
~ 
_ _  _ _  _ _  _ _  _ _  _ _~~ 1 L 1 I ~~~~_ ~~~~~~~~~~~~ 
_ _  _ _  _ _  _ _  _ _  ~ r

Figure 8-15. I-tank in position defense after 4 mInutes of battle.
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the areas of both the main and supporting attacks (figure B—18). Blue
had lost three tanks during that same period of time.

(d) Three and one—half mi nutes later, Blue losses had
increased to 15 armored vehicles while Red had suffered 70 losses of
armored vehicles. Again , a “wall” of destroyed Red equipment can be
distinguished easily just forward of the treelines in the south (figure
B-19).

(e) By minute 23.4 the attacking Red force had been halted
after suffering 100 vehicle kills in 7 minutes of battle (figure B—2O)~.

(3) Area 1 Defense Scenar io, T—Mech Battalion TV.
(a) Figure B—21 shows the initial positions of the mech

infantry TV as of minute 16. The organization of the main battle area is
~ ry nearly the same as the T-Tank MBA to include location of the weapons
system sites. A mech infantry company (pure) is In the north, a tank
company (pure) in the center and a mech infantry company (pure) in the
south. The defenses of the flank companies are anchored on the towns of
NIEDERJOSSA and NIEDERAULA .

(b) IFV rifle squads were dismounted and located in
camouflaged positions with overhead cover near their IFVs. Each squad
was equipped with a Dragon. All IFVs, ITVs , and XMl tanks were In
camouflaged, hull defi lade positions. As in the previous scenarios, B lue
TOW and tank antiarmor systems opened fire at approximately 16 minutes as
the Red un its appeared through the treeline. The vast majority of the
Blue fires came from the southernmost mech company and the tank company.

(c) After 1 minute (figure B—22), 14 Red armored vehicles
had been destroyed versus the loss of three Blue vehicles. The battie

V continued , closely paralleling those conducted by the T- and H-Tank
organizations. The T—Mech organization serviced targets rapidly and
effectively. Figure B—23 shows the effects of the battle in the main Red
attack In the south as well as the losses of Blue vehicles in their
defending positions at the conclusion of the battle. Figure 8-24 shows
the losses incurred by both sides in the northern portion of the MBA.

(4) Area 1 Defense Scenar io, H-Mech Battal ion TV

(a) The H—Mech IF was positioned as the H—Tank TV. The
defense was organized with two mech company teams positioned along the
FEBA. Both teams anchored their defenses In the towns of NEIDER JOSSA and
NIEDERAULA . Each company team had a tank platoon attached to It. The
northern team was organized with two mech infantry and one tank platoons,
while In the south, the company was organized with three mech Infantry
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Figure B-18. H-tank in position defense after the initial exchange
of fire.

B-29

• -- 

L _ _ _  

-~ - —_-~ ~~~~~-~ ---. - - - -_,-~~~~~~~~~~ - —~~~~~~~~~--—- - -•-— --•_ -
~~~~~~



21 5Q

I

- ‘
• ii,~F

__  I __  _ ___

_ 4

I
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Figure B-20. Disposition of H-tank it end of position defense battle.
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and one tank platoons, and the Scout platoon was six CFVs (see Figure
B—25 for intlial dispositions).

(b) The battle was conducted in the same sequence as were
those fought by the other organizations. However, the degree of
effectiveness demonstrated by the H-Mech was substantially lower than the
previous organizations. This was due to the location of the northernmost
attached tank platoon. This unit was not positioned to place the optimum
amount of fire on the flank of the southern main attack. This factor, in
turn, permitted the Red forces conducting the main attack to place
substantially heavier fire on the Blue defenders, causing a greater
degree of suppression and destroying more of the defenders direct fire
systems. As the battle progressed, the initial effect of heavy losses
became more and more pronounced and resulted in an unsuccessful defense.
Repositioning the tank platoon to a location farther south on the right
flank of the company would probably have resulted in an LER simi lar to
that of the T-Mech IF (see figure B-26).

B—4. SPECIAL SITUATION, AREA 2 (BLUE ATTACK).

a. Blue Special Situation.

(1) On 14 July, after conducting a successful defense of the
FULDA RIVER, the 5th Armored Division (Notional) received orders to
attack the decimated Red forces and restore the international border.
The 2d Brigade (Notional), complying with instructions received from the
division , has crossed the FULDA and then the HAUNE RIVERS and is in the
process of continuing the attack eastward against light resistance.

(2) The battalion task force is attacking as an interior unit of
the brigade.

b. Red Special Situation. The company (a reinforced motorized rifle
unit) will defend, as an interior unit of a first echelon MRB, the area
of ARZELL-EITERFELD. No withdrawal from positions will be permitted
without the express permission of the battalion coninander.

c. Scenarios.

(1) Area 2 Offense Scenario, 1—Tank Battalion IF. The Initial
dispositions of the Blue 1-Tank IF and the Red defensive unit are at
figure B—27.

(a) The IF attacked with three companies abreast; a pure
tank company on the left flank, a pure tank company In the center, and a
pure mech infantry company on the right flank. A TOW section was
attached to each company, and two TOW sections were held as if reserve.
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The IF Scout platoon was given the mission of screening the IF right
flank and maintaining contact with the adjacent battalion . FIST elements
moved with each company team.

(b) Blue forces opened the action with an artillery
preparation on suspected enemy locations. As the preparation started,
leading elements of each company team moved out from the covering
terrain. The Scout platoon was detected early, began to receive heavy
artillery fire, and was engaged by Red local security elements.

(c) As the company teams advanced, elements of each were
taken under fire by Red artillery and direct fire systems. In turn, Red
elements were engaged by the advancing units. The forward movement of
platoons was covered by TOW weapons in an overwatch role or by supporti~ng
maneuver units of the parent organization . Although fire and maneuver at
company level and below was desired, it was not adequately portrayed in
the CARMONETTE model.

(d) Blue/Red direct fire engagements began about 10 minutes
after the game started. By minute 15 Blue had sustained three losses
while Red had lost only two combat vehicles (figure B-28). As more Blue
vehicles i dentified Red positions, losses for both sides rose rapidly,
until minute 17, when the vast majority of Red armored vehicles had been
destroyed. The Red company did not withdraw during the course of the
battles but defended its position to the end of the battle (figure 8—29).

(2) Area 2 Offense Scenar io, H-Tank Battalion IF.
(a) The H—Tank IF attacked with two company teams abreast on

two routes of attack, supported by attached TOW sections. A tank platoon
was held by the IF coninander as his reserve. The Scout platoon was given
a screening mission of the IF right flank. This platoon, with six CFVs,
operated as both a maneuver and a long range direct fire support element
(figure B-30).

(b) Due to the increased vehicular mobility used in the
model for the H-series IF, the H-Tank unit had completed initial
deplo~nent and moved into the attack earlier than its 1-series
counterpart. This in turn resulted In earlier detection and engagement of -

the Blue IF by the local security elements of the Red defenders.

(c) Blue initiated the attack with 15—minute artillery
preparation on suspected Red locations. By minute 8, each of the
opposing forces had engaged and destroyed two enemy vehicles (figure
B— 31). Those engagements occurred about 2 minutes earlier than did the
T-Tank IF battles. Throughout the series, these early Blue losses
remained constant and resulted in the less favorable LERs for the
H-series IF.
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Figure B-30. H-tank initial positions for deliberate attack.
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(d) The Blue units pressed their attack, engaging enemy weapons
systems whenever identif led. Blue artillery fires were adjusted by FIST
elements on Red positi ons, which Red artillery engaged the advancing Blue
un its. By minute 17, the Red force was judged to be ineffective and the
remaining Blue attackers were moving Into and through the Red positions
(figure B-32).

(3) Area 2 Offense Scenar io, T-Mech Battalion TF.

(a) The IF was organized for combat similarly to the T-Tapk
iT. Two pure mech infantry companies, reinforced by two TOW sections,
were assigned responsibility for the left and right flanks of the TV
zone. The tank company (pure) was given responsibility for the center.
Again, the battalion Scout section was ordered to screen the right flank
and maintain contact with the adjacent battalion. Two TOW sections were
earmarked as the TV reserve. The IF advanced along three avenues of
attack. (See figure 8-33 for dispositions.)

(b) The 15-minute Blue artillery preparation opened the
battle, covering the deployment of the TV into combat formation. At
minute 15, the Blue attackers were detected and engaged by Red outposts
employing tank fires and Sagger missiles. Losses to Red fires were on a
ratio of approximately 2 to 1. Initially, the majority of these losses
occurred along the more exposed avenue on the left flank of the IF zone
(figure B-34).

(c) By minute 17 (figure 8—35), the Red defenders had been
destroyed by the Blue attackers. At that time, Blue elements were
advancing into the Red defensive positions.

(4) Area 2 Offense Scenar io, H-Mech Battalion TF.
(a) Figure 8-36 shows the dispositions of the H—Mech

Battalion IF as they move into their attack positions. The two mech
infantry company teams have each rece ived attachments of a tank platoon
and a TOW section. As in the H-Tank battle, the Scout platoon was
screening the right flank and a mach platoon had been designated as the
battalion reserve. A 15-minute artillery preparation had been arranged
for the TV.

(b) By minute 7 the lead elements of the Blue IF had been
identified by the Red outposts. Direct fire systems from both Red and
Blue had engaged the enemy forces. The Red outposts withdrew, having
fired two rounds each at the Blue attackers. During the withdrawal of
the Red outposts, half of the combat vehicles were lost to Blue fires.
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(c) By minute 15, 60 percent to 75 percent of the Red combat
vehicles were destroyed, the majority by Blue direct fire systems. At
the same time, B lue has lost about one—third of their force. The Blue
losses were evenly distributed among the attacking company teams (figure

(d) As of minute 16.5 (fIgure 6-38), only two Red combat
vehicles rema ined, and the left flank Blue company was entering the Red
battle position. The Blue forces had suffered approximately 50 percentlosses but was still considered to be combat effective and capable ofcontinuing the attack.

B-Si

_ _ _  5- -- -_—--------~~~~~~- -- - - - - - —~~~~~ -- •~~~~~ - - - -- — -5- - -  — --•~~~ 



-5- 

~5 A L A  A A L A  A A A A  A A A A  
— 

A
A L L  A L L A  L A L A  L A LL
A L L  A A L A  L A A L  A A A A  DODØ 

~ oA A A L A  L A L L  L A L A  L A A L  DDD OD
_____ _____ _____ _____ ____ _____ PLAn — _____ _____ _____ _____

A L L A  L A L A  A L m A  A A L A  L A L L  ODD
A A A A  A A L A  A L L A  A L A A  L A  ADD
A L A A  A L A L  L A a L  L A L A  L A L  A A AL A L A  L A L A  * L A A  L A A L  A A A A  L L A  * A A— — — ~~ _____ _____ _____ - - - -  — _____ - 

~~P A  ~~A L A A  - L A L A  A A L A  A L A A  L A L A  L A  C OA L  S A A 05L A L L  L A L A  A L L L  L A L A  A A A A  A L  A LA  000 A A A AA A A A  A L L A  A A A A  L A L L  A A L  L A  D L  A L A
- A L A L  A L A L  A L A L  - A L A A  L A L A  A A A A L A  A L  A A f t A
_ _  — - -~~p p p .  

_ _  _ _  _ _  _ _  _ _

L A A L  L L A A  L A L L  L A L A  L A L L  A L  A L  L A  
~~ •A A L  A

A L A L  A L A L  L A L L  A L L A  L A L A  A L L  L A
L A L A  A L L A  A L A L  L A L A  L A L L  A L L  A L L  S A A

A L
L A L A  L A L L  A L A  A L L A  A A A A L A L A  A L A  A

L A L A  A * A A  A L A  A L  A A L  A L L A  A A A A
A A A A  A A A A  A A L A  A L A  L A L L  - A A A A
L A A A  A A L A  A 00 A L A  L A L A  A A A A  D ~~ 

• $L A L A  L A A A  L A  A A A A  A L A  DOD
s a s s  s a s s  _____ _____ 5 5  S A S s s q  

_____ P A P A  
_____ t a rn  ~fl,a _____

L A A A  A L L A  A L  A A A L  00 000 .~ 0 D 0 0  ODD
A A A A  L A A L  A L A L L  DO D ODD

0 D DOD
A L L A  L A  A A
L A L A L A A  A A A A A  

~~~~~
~~~ -.0A L A  A A A

A L A  A 0
L A  - A  OD D

L A  0
— -5 ___  ft ___  ___  P ___  ___  ___  ___

A 0 L a  

- 
L A

0 A L A L
A A L A
A A A A

A L A  A A L  S f  * 1  00 A L L AA A A A A A  5 00 L A L A
A A L A

A A • A L

A5 A A A  
A A L LA L  A A

A L A  5 A A L L  L A  A A L L
A A A L A  A * A A L

_____ _____ 5 _____ _____ p _ p  p p p

A a A A L  A A L A
A L  A A A L  A L L
A L A  A L A
A L  A L A

____  ____  5- 
— ____  5-  ____  5- ____  -~~~~~

A L  A A L A
S a A L L  L A

0 D A  L A
L A  D O L L  A L  A

• D~~g~~g
-
L 

- 5-A-’-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
p 

_ _ _  _ _ _

A L  L A  L A L A  A L  A
• DO DD 00 A A L L A  A
• O D D S  0 A L  A L  A L L  DO

S L A A L A  L A  A L
_____ pp  p p —

Figure B-37. H-mech situation after 15 minutes into the deliberate
attack.
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Figure B-38. H-mach disposition at termination of deliberate attack.
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