
MOtILItY PERFO

UNCLASSIFIED 
MAR 71 D D RANDOLPH 

Op THE NtiS L10411 RECOVERt VEHICLE AND

‘S iADA

U
066082

_ I .
~~~~~~~~~~~~~

END
OATh
FftflO

~ -79

S.. 
-

~~~~~~~
__  

A



- - -. -~~~~ ------- —~~-

I t  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r

MISCELLANEOUS PAPER GL 796

MOBILITY PERFORMANCE OF THE M578
LiGHT RECOVERY VEHICLE AND OTHER

SELECTED VEHICLES

LEVEII
I U. S. Army Enginisr atsiways Expsr$msi* Station

P.O. Box 63$, Vickabvrg, Miss. 39180 
D ~I . M~~ $979 j~2L I1J][21~j~

RnaI Riport APR 27 1919

LU 
Far ~~~~ RIMU.~~~ J1baI1I lTh*u~kd

~ .: 
. 

.. 
~~ T

-S.’ 
S

~ U. S. Army Tminlng end Dothien Command
• Foit Monvo , Vi. 23851

19 .04 •
~ 3 044 __

- 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L~~~

A



~~~ j’ 
__  

-

~ 
~~~~~~~~

Destroy this report when no Iongsr n.sdsd. Do not return
It to the originator.

The findings in thi s report ore riot to be construed os on official ______
Diportuent of the Army positi.r unl.ss so disign.t.d 

__________by other authorized docuisonts. _ _ _ _ _ _ _

,
~~
‘. 

..
.

~~

~~~~~~~~~~~~~~~~~~~~~ ~
j  

~



Unc1asai
~~~~~~~~~~~~~~~~~~~~~~~~~ 

M P-GL- ?j
4 SECuRITY CLAS5tF~CA HI 

____________________________

~ I REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
J~~~~~PORT NUNSER 2. GOVT ACCESSION NO I. RECIPIENT S CATALOG NUMSER

Miscellaneous Paper GL-79-.6

~~OBIUTYJERFORMANCE OF TEE~~~~~~~GHTrVERY
’
~ 

_ _ _ _ _ _ _ _

1. AUTNOri(~~ I. CONTRACT OR GRANT NUNSER(.)

L PERFORMING ORGANIZATION NAME AND ADDRESS ~~~ PROGRAM ELEMENT. PROJE~~r . TASK

~ i~~~/i~onaiti D./Randolph ~7 
________________________

U. S. As~~~ Ea~ine~r Waterways Experiment Station AREA S WORIC UNIT NUMSE

~Geotech~I~a]. I~~~ ratory
P. 0. Bbx 631, Vicksburg , Miss. 39180

II. CONTROLLING OFFICE NAME AND ADDRESS 
/

0’

U. S. Az~~ Training end Doctrine Command 1.1 “1 Mari T~7
Fort Monroe , Va. 23651 ~~

IS. MONITO RING AGENCY NAME S ADDREU(U S CanDSS IS. SECURITY CLASS. (of Ala .~~a.6)

,‘.a 9...Z.. • 
Unclassified

IS.. DEC~~ASSIFICATIONIDOWNORAOING

tS. DISTRISUTION STATEMENT (.f OS. R.pc,S)

Approved for public release ; distribution unlimited

17. OI5TRISUTION STATEMENT (.1 5. aS.Sr.cS ..t.e.d Sn OS..k 20. U mlkre,( ha. Manor s)

IS. SUPPLEM ENTARY NOTES

15. 6EV WORDS (Coofflui s on ,.a... .54. SI n.c..aay ,d Sd.ntSS~ ~~ Stock ni bs,)

Military vehicles
Mission performance
Off—road mobility
On—road mobility
Vehicle nerfarmaneri

£5. YnAC1 — ~~~~~~~~~~~~ — ..a. a. d4. — —_ ~~~ NI~~Sfr S~ Stock iia.S.i ~

The Arn~r Mobility Model (Alli) was used to establish for each study vehicle
the on- and off—road mobility performance for dry, wet, and snow surface con-
ditions in the HIMO West Germany and the dry, wet , and sand surface conditions
for the 111MG Mid— East study areas. The mobility performance was expressed in
terms of speed profiles for each surface condition of primary roads , secondary
roads, and off road. The mobility rating speed was also established for each

~~~~~ study vehicle at each surface condition tor the five tactical mobility levels
of tha study ~~~~~~~ 

((~nnt 4 nI1.SI ’~

DO I~~~~
’
~P~ 

103 ISSTIONOS$NOV I$ IIOSSDLETE Unclassified 
- - $L~~SNITV Ct.ASII F1CATPON OF TWIt PASS (~~~~~

I DeS• ~~sa..4

~~~~~~~ ~~i d H ~ - 
_ _ _ _ _ _ _—~~~~~



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

flns.lassj fjait
SECURITY CI..ASSFICAT1OM OF TWIt PASS~IIeon D~~. ~~~~~~~

20. ABSTRACT (Continued).

—~~~~ These data were then used to compare the mobility of the 14578 Light
Recovery Vehicle towing selected vehicles with the mobility of the 1488
Medium Recovery Vehicle towing the same vehicles.

IJneia.sstfied
IcIjnSty CLAMOFICATION OF THIS PA5((~~ i. bit ~~hai4



- r—” ———- -~~ t - - — - - ~~--—~~nt- - ‘ ~~~ — -— - 

‘1

-’

•

THE CONTENTS OF THIS RETORT ARE NO TO
BE USED FOR ADVERTISING, PUBLICATION , OR

PROMOTIONAL PURPOSES . CITATION OF TRADE
NAI4ES DOES NOT CONSTITUTE AN OFFICIAL
ENDORSF}~ENT OR APPROVAL OF THE USE OF

SUCH COMMERCIAL PRODUCTS .

•

ITO 5~fW IS~ ISU _~~
vet WT MOIm 0
RM’INIUNtIN 0

IT ._.... .-.
•t3TeveTfve/eVsI1&su.

~
TT ISSU

,Ist i$ !I ,v J’~II~IL

_ _ _ _ _ _ _ _ _ _  IL



— ~~~~~~~~~~~~~~ •~-~___~ -:,- t t--~C~~~ r~~~ - . ~~~~~~~~~~~~~~ - - - -r.

PREFACE

Personnel of the U. S. Army ~~gineer Waterways Experiment Station
( WES ) conducted the study described herein during the period December

U. S. Army ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
(TRADOC ) under Intra Ara~y Order for Reimbursable Services No. CD 17—79
dated 26 December 1978.

The study was conducted under the genera], supervision of Messrs. J .
P. Sale , Chief , Geotechnica]. Laboratory (GL); E. S. Rush , Chief , Mobility

Systems Division (MSD); and C. J .  Nuttall , Jr., Chief , Methodolog and
Modeling Research Group ( MMRG). Mr. D. D. Randolph ( MRMG ) directed the

overall study and prepared this report . Messrs . R. P. Smith (MMR G),

R. B. Ahivin , and B. R. Wright , Computations ax4 Analysis Group (CAG),

MSD, prepared the mobility predictions. Mr. R. G. Temple and Ms. E. P.

Roberts, MRMG, prepared the vehicle characteristics data. Mr. Lynii

Martin , Tank—Automotive Concepts Laboratory, Exploratory Development
Division, Analysis and Evaluation Function, TARADCOM, supported WES’s

efforts in collecting vehicle characteristics and performance data.

COL J. L. Cannon, CE, was Director of the WES during the conduct of
the study and preparation of this report. Mr. F. R. Brown was Technical
Director .
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CONVERSION FACTORS, U. S. CUSTOMARY TO MNTRIC (sI) UNITS OF MEASURPNENT

Units of measurement used in this report can be converted as follows :

Multiply BY - To obtain

degrees (angular) 0.01745329 radians
horsepower 745.6999 watts
horsepower per ton 82.82 watts per kilonewton
inches 0.0254 metres
miles (u. S. statute) 1.609344 ki].ometres
miles (U. S. statute) per hour 1.609344 kilometres per hour
pounds (force) per square inch 6.894757 kilopascals
pounds (mass ) 0.45359237 kilograms
tons (force ) 8896.444 newtons
tons (mass) 907.185 kilograms
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MOBILITY PERFORMANCE OF THE M578 LIGHT RECOVERY VEHICLE AND OTHER
- SELECTED VEHICLES

PART I: INTRODUCTION

Background

1. The U. S. Army Logistics Center (LOGC) is conducting a study

to determine if the M578 Light Recovery Vehicle is an adequate rQcovery

vehicle for the Infantry and Cavalry Fighting Vehicles ( IFV/CFV ) and the

Ground Support Rocket System (GSR S). The LOGC asked the U. S. Army

Engineer Watervays Experiment Station (WES ) to support the LOGC study of

the M578 by developing mobility performance data for selected study

vehicles.

Objective

2. The objective of the WES support of the M578 study was to

provide mobility performance data for the selected study vehicles in the

HIMO1 West Germany and Mid-East study areas and to compare the study

vehicles at the five tactical mobility levels.

Scope

3. Principal activities necessary to achieve the WES objective

were:

a. The AI4C—74X of the Army Mobility Model (A1414) (paragraph i8)
was used to establish for each study vehicle the on— and
off—road mobility performances for dry , wet, and snow
surface conditions in the HIMO West Germany and the dry,
wet , and sand surface conditions in the HIMO Mid—East study
areas. The mobility performance was expressed in terms
of speed profiles for each surface condition of primary
roads, secondary roads, and off-road; and in terms of
percent N000 for trails and off—road (Appendix B).

5
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b. The SWIMCRIT water—crossing model2 was umed to predict
water—crossing performance of the study vehicles.

c. The mobility rating speed was computed for each study
vehicle at five tactical mobility levels for each of the
three surface conditions and for all conditions combined
(Part III). The levels of mobility and corresponding
mobility rating speeds were those described In the HIMO

Study1 (paragraph 27). Three of these mobility levels
(tactical high, tactical standard, arid tactical support )

were first defined by the WHEELS Study3.
4. Some limitations of this mobility study were:

a. The mobility assessment for this study was limited to
comparison of study vehicles based on mobility performance
alone.

b. Vehicles were assumed to be in prime condition, operating
at rated payload , and. operated by fully competent drivers .

c. Vehicles towing other tracked vehicles were limited by a
maximum speed specified as maximum for towing with recov-
ery vehicles.

d. The off—road mobility predictions (speed profiles ) are
based on a single pass of a vehicle.

a. Mobility predictions, both on— and off—road, reflect
only the steering required to negotiate the road or terrain.

6
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PART II: STUDY VEHICLES, TERRAIN , AND SCENARIO CONDITIONS

Study Vehicles

5. Eight tracked vehicles and ten combinations of the M578 and M88
recovery vehicles towing tracked vehicles were selected as study vehicles .

A list of the si~~ y vehicles is given in Table 1. A list of some of the

important characteristics of the eight tracked vehicles is given in

Table 2. The complete list of vehicle characteristics and performance

data used by the AMM to make mobility predictions for the study vehicles

is given in Appendix A.

Brief Description of HIMO Road, Areal
Terrain, and Linear Data

Road and areal terrain data
6. The road and. areal terrain data for the HIMO West Germany and

Mid—East study areas were used in this study. The West Germany study

area is located between Fulda arid Giessen (Figure 1) and the Mid—East

study area is located around Amman in Jordan (Figure 2). Each of the

study areas contains about 3000 sq km and were selected by TRADOC during

the HIMO study.

7. The road and areal terrain data were prepared from maps at a

scale of 1:50,000. The resulting maps used to describe the areal terrain

units for the HIMO study were considered to be “study—quality” maps.

That is, spec~~ic values for many terrain factors involved were largely
inferred from available qualitative data sources interpreted in context

of local climate, cultural practices, etc., but no ground truth data

were used. As a result, it cannot be guaranteed that the specific set

of factor values assigned to a given point on a map will, in fact, be

found at that point on the ground. However, it is considered that the

area as mapped is generally representative of the levels, associations,

and area.). distribution of those factors that influence vehicle mobility

performance throughout the area as a whole.

7
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8. It is believed that the HIMO West Germany and Mid—East study
map data are acceptable for the vehicle comparisons that are involved in
this study. -

Linear feature data
9. The linear feature data that were developed in the area for

the WACROSS4 study were used to describe potential water—crossing fea-
tures for this study . These linear feature data are considered to be
more representative of the linear features in the HIMO West Germany and
Mid-East study areas than were the data available at the time the H1140
study was conducted. These WACROSS data , however , are also of study
quality only.

Surface Conditions

10. The surface conditions of areal terrain and road data for this
study were considered to be dry , wet , and covered with snow for the HIMO
West Germany study area and dry , vet , and covered with sand for the HIMO
Mid-East study area.
Wet condition

11. The wet condition is described as an excessively wet period
during rain . The wet condition is general ly the worst condition for ve-
hicle cross—country mobility because of the high soil—moisture content
and associated reduced soil strengths. The assumption of continuing
rain makes the situation still less favorable because of potential
slipperiness on soils whose strength would otherwise be adequate for

vehicle flotation and traction.

Dry condition

12. The dry condition is described as a long, dry period when the

surface is z. stly dry and firm. It is generally the most favorable con—
dition for vehicle cross—count ry mobility.
Snow condition

13. The snow condition assumes that the terrain and trails are
frozen and uniformly covered by 10 in. of dry snow , which is a rca—
sonable maximum average depth for the area. Differenrea in snow depth

10
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or characteristics in forested areas, or due to drifting snow, are not

considered.

Sand condition
i4. In the Mid—East area, predictions were made for a condition in

which the actual terrain was arbitrarily converted to an all—sand terrain

with sand dunes by (a) converting all actual soils to dry desert sands

with appropriately reduced strengths, and. (b) doubling all slopes to a

maximum of 60 percent (the approximate angle of repose of sand dunes,

frequently found on the lee side of desert dunes).

15. Characteristics of all roads for the sand condition were un-

changed, except that the soil—surfaced trails were assumed to be trails
on sand. These changes are considered reasonable in large expanses of

dune terrain, but the actual configuration of the terrain and roads

is, of course, entirely synthetic.

Study Scenarios

16. During the HIMO study, personnel from TRADOC schools and study

agencies designated movement routes at 1:50,000 scale for portions of

authorized TRADOC scenarios representing defense , attack , and delay

operations within the HIMO West Germany and Mid—East study areas. They

indicated. appropriate main supply routes (MSR’s) and secondary supply

roads between each combat unit and concurrent points of supply . Figure

3 shows an example of the supply routes for part of the West Germany

study area. Similar routes were designated for a number of typical runs

by combat, combat support , and combat service support units . Table 3

summarizes some of the characteristics of the composite network of

routes.

17. Because of the high density of secondary roads and trails in

West Germany, very little off—road operation was considered to be re—

quired except under the local impact of enemy action. The MidEast study
area required traversing a larger portion of trails arid off—road terrain.

- ii
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PART III: MOBILITY PREDICTIONS

On- and Off—Road Mobility Predictions

18. The AI4M1 was used to predict on— and off—road speed perform-

ances for each of the study vehicles for dry, vet, and snow surface
conditions in the HIMO West Germany study area and the dry, wet , and
sand surface conditions of the Mid—East study area. The version of the
AI4M (AM C_ TZ4X ) used in this study was the first—generation AMC—71 with a
number of significant improvements in the predictive algorithms. The

inputs to this model are vehicle characteristics and a quantitative

terrain description of the study area. The general content of the
terrain data base is indicated, and the detailed vehicle characteristics
and performance data for the study vehicles required for AMC—714X are
given in Appendix A.

19. The basic output data from PJ4M is the maximum feasible single

vehicle speed for a given vehicle in each road or terrain unit. The AMM

output data for the entire study area can be displayed directly as a

speed. map or statistically as a speed profile. The output selected for

use in this study is the speed profile.

20. The off—road speed profile for a given vehicle, terrain, and

surface condition shows the average speed the vehicle can sustain as a

function of the percentage of the total area under consideration that it
avoids , under the assumption that it avoids areas posing the greatest
impediment to its motion. An example of off—road speed profile is given
in Figure 14 • This sample speed profile shows , at point A , that the M758
Light Recovery Vehicle can average 15.6 mph while negotiating the best
80 percent of the terrain in the study area and avoiding the worst 20
percent of the terrain in the same area.

21. The on—road speed profile for a given vehicle , road (primary
or secondary road or trail), and surface condition shows the average
speed the vehicle can sustain as a function of the percentage of the
total distance under consideration that it avoids , under the assumption

13 
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that it avoids roads or trails posing the greatest impediment to its

motion . An example of an on— road speed profile is given in Figure 5.
22. The speed profiles for each study vehicle on the primary

roads , secondary roads , trails, and off— road terrain during the dry,
wet , and snow surface conditions in the HIMO West Germany study area are
given in Appendix B , Tables B1—B].8. Speed profiles for the dry , wet ,
and sand conditions of the HIMO Mid—East study area are given in Tables
B19—B36.

23. There were no N000s on the primary and secondary roads . The
percent of off—road terrain and trails that was NOGO and the reason for
NOGO for each study vehicle during the dry , wet , and snow surfbce con-
ditions in the HIMO West Germany study area are summarized in Tables
B37—B39 , and. for the dry , wet , and sand surface condition of the Rho
Mid—East study area are given in Tables B)4O—B142 .

Linear Feature Performance Predictions

24. The linear feature performance predictions were made using the
SWIMCRIT water—crossing model,

2 the WACROSS methodolo~ ’ a WES ~~gineer

F Assistance Model ,5 and terrain description of the linear features in the
HIMO West Germany study area. Due to the short time frame of this
study , linear feature performance predictions for some of the vehicles
were estimated from dat a for vehicles having similar characteristics and
performance. The characteristics of the study vehicles required for the

SWIM~RIT water-crossing model and the linear feature data required for
the SWIMCRIT are given in Appendix A.

25. The WACROSS methodo1o~~r was used to determine ( for each ve-
hicle , for three seasonal water stages , and for the area):

a. The mean number of stream crossings necessarily nego-
tiated per mile during cross—country travel.

b. The mean time required to effect a single crossing.

The methodolo~ r, as applied, examined the WACROSS digitized linear feature

data for the areas covered by eighteen 1— by 22—km sample strips across
the area depicted on the central HIMO quad sheet (L5322). Nine samples

15 
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were north—south transects; nine were east—vest transects. Moving from

one end of each transect to the other, the computerized process avoids
crossings where possible without going outside the transect bounds and,

where crossings are unavoidable, selects the optimum crossing site. A

site, when it exists , where the given vehicle can successfully cross
without assistance is chosen as the optimum site. Otherwise , the site
chosen is one that requires a minimum of critical engineer resources
(dozers , bridges , etc.) to prepare for crossing . The corresponding
construction time required is computed based upon site characteristics

and added to an arbitrary waiting time of one hour. The mean time
required per crossing is then given by: (total construction and waiting

time for all crossings)! (total number of crossings) . In the tactical
support role, vehicles are rarely used on single—vehicle missions . In

recognit ion of this, the crossing time assessed to a single vehicle was
taken to be 1/10 of the computed value, which is equivalent to spreading

the crossing “expense” amoi.g 10 vehicles. In Appendix B, Tables B)43 and
B4b suimiutrize the performance data for the study vehicles crossing

linear features (water—crossing). The product of the mean time per

crossing and the number of crossings per mile of off—road terrain tra-

versed gives a water—crossing coefficient having units of hours per

mile. This index provides a simple comparative measure of a vehicle ’s

water—crossing capabilities In a given area. Consequently, a vehicle’s

water—crossing coefficient can be expected to change from area to area.

Table B143 presents a listing of these coefficients for t ach vehicle for

each 01’ the three surface conditions for the HIMO West Germany study

area, and Table Bl4Ie presents these coeff1~ ient~. for each study vehicle

for the three surface conditions for the Rfl.~O Mid—East study area.

Tactical Mobility Levels

26. The mobility performance of a vehicle is a complex function of

the vehicle characteristics, the terrain in which it is operating, and
the task it is required to do. Expressing mobility performance in a

17



minimal reduced set of comprehensible numbers to aid. in making decisions
Is a formidable task.

27. The WHEELS study defined three levels of tactical mobility.

These are listed in Table Zs along with the definitions for two further

mobility levels (high-high and on-road mobility), which were added to

the HIMO study for completeness. In the HIMO study, each of the result-
ing five levels of mobility were also quantitatively described in terms

of the following statistical performance data:

a. Percentage of off—road travel expected of the vehicle.
b. The severity of expected off—road travel (in terms of

performance of the off—road terrain that should be
negotiable).

c. The severity of expected travel on trails (in terms of
the percentage of trails that should be negotiable).

In computing on—road speeds , separate predictions were made for primary
roads, for secondary roads, and for trails in accordance with constraint
c above . The percentage of on—road travel was subdivided into the same
categories according to the relative mileage of each found in the road
network for the area developed in the HIMO scenario play. Assignment

for each vehicle of proper percentages of total off—road travel, on
primary roads, on secondary roads , and on trails ( Table 5) , along with
the appropriate corresponding values for mean speeds in each travel
category level , permitted calculation of an average mobility rating
speed that the vehicle could be expected to maintain area—wide in the
stated weather condition while performing missions requiring a stated
level of mobility.

28. The mobility rating speed Integrates the on— and off—road
speed profiles and the linear performance values , the percentage of
traverse distance operating on different types of road and off—road , and
the severity of operation. The preceding was used to calculate mobility

rating speeds described in Appendix C.

29. The mobility rating speeds for each of the study vehicles

during the dry, wet , and snow conditions and for the “all” surface
condition, for each mobility level, are given in Table 6 for the HIMO

18



-~~~~~~~~~ - - - -- -~~ 
— 

West Germany study area and in Table 7 for the Mid—East study area. The

mobility rating speed for a vehicle for the “all” condition was deter-
mined by taking the simple mean of the rating speeds ~for dry , wet , and
snow or dry, wet , and sand conditions. This in effect gives equal
weight to performance in each condition. Because the three conditions
do not prevail for equal time periods during a normal year , this , in
ef fect , assigns special emphasis to performance in bad conditions (wet
and snow or vet and sand), which , subjectively, appears proper in the
military context .

1 
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PART IV: MOBILITY ASSESSMENT OF STUDY VEHICLES

30. The study vehicles were compared based on their mobility rating

speeds at the five tactical mobility levels and on the percent NOGO.
The speed profiles and linear performance data are reflected in the
mobility rating speed and help to explain why one vehicle may have a

higher mobility rating speed. For these comparisons the vehicles were

divided into two groups : (1) individual vehicles, and (2) M578 and M88
towing other vehicles.

Tactical Mobility Levels

31. Table 5 gives the percentages of on— and off—road traversed and

percent of roads and terrain challenged for the five levels of tactical
mobility. Since all the study vehicles are tracked vehicles , the tacti-
cal high and high—high mobility levels are suggested as the scenario

normally associated with these vehicles. On—road , tactical support , and

tactical standard values are included to permit evaluating these ve-
hicles in areas where more roads may be available for use. Tables 6 and

7 show the mobility rating speeds used in making these comparisons.
High-high

32. The M1O9A1 had the highest mobility rating speed of the indi-
vidual study vehicles for the dry, wet , snow , and “all” surface con-
di tions of the H IMO West Germany study area and for the dry , sand , and
“all” surface conditions of the Mid— East study area. The M88 had the
highest mobility rating speed of the individual study vehicles for the
wet surface condition of the Mid—East study area.

33. The Mll3Al had the lowest mobility rating of the individual
study vehicles for the dry, vet, snow , and “all ” surface conditions of

the HIMO West Germany study area, and the M578 had the lowest mobility
rating speed for the dry, wet , sand, and “all” surface conditions of the
H IMO Mid—East study area.

20
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3~ . The M88 towed the M11OE2, M107, IFV/CFV , and GSRS with higher

mobility rating speeds than the M578 towed these vehicles for all sur—
face conditions of the HIMO West Germany and Mid—East study areas.

Tactical high

35. The GSRS had the highest mobility rating speed of the individ-

ual study vehicles for dry, snow , and “all” surface conditions of the
West Germany study area and the dry and sand surface conditions of the
Mid—East study area. The GSRS and IFV/CFV had the highest mobility
rating speed of the individual study vehicles for the wet surface con-
dition of the lIMO West Germany study area. The IYV/CY’1 had the highest
mobility rating speed of the individual study vehicles for the wet and
“all” surface conditions of the Mi d—East study area. The M578 had the
lowest mobility rating speed of the individual study vehicles for all

surface conditions of the HIMO Mid-.East study area.

36. The M88 towed the M11OE2, M107, IPV/CFV , and GSRS with higher

mobility rating speeds than the M578 for all surface conditions of the

HIMO West Germany and Mid—East study areas .

Tactical standard

37. The GSRS had the hi ghest mobility rating speed of the indi-

vidual study vehicles for all surface conditions of the lIMO West
Germany study area and for the dry and sand surface conditions of the

lIMO Mid—East study area . The IFV/CFV had the highest mobility rating

speed of the individual study vehicles for the wet surface condition of

the HIMO Mi d—East study area.

38. The M88 had only slightly higher mobility rating speeds towing

the M11OE2, M107, IFV/CFV , and GSRS than the M 578 towing these vehicles

for all conditions of’ the HIMO West Germany and Mid—East study areas .

Tactical support

39. The GSRS had the highest mobility rating speed of the m di-

vidual study vehicles for all surface conditions of the HIMO West

Germany and Mid-East study areas. The M88 had only slightly higher

mobility rating sp eds when towing the MllOE2 , 14107, IFV/CFV , than the

14578 towing these vehicles for all conditions of the HIMO West Germany

and Mid—East study areas.

21
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On—road
40. The GSRS had the highest mobility rating speed of the individual

study vehicles for all surface conditions of the lIMO West Germany and

Mid-East study areas . The 1488 had slightly higher mobility rat~ng

speeds when towing the M11OE2, M107, IYV/CFV than the M578 for some of
the H IMO West Germany and Mid-East study areas.

Percent NOGO

41. A NOGO situation is predicted when a vehicle configuration is
immobilized under its own power and requires engineering effort , such as

winching and towing, to continue . The use of engineering effort to
retrieve a vehicle always requires time even when a winch or tow vehicle

is available .
1~2. Only the trails and off—road terrain contained NOGO situations .

Tables B37—B42 give the percent NOGO on trails and off—road for the

study vehicles in the HIMO West Germany and Mid—East study areas.

lIMO West Germany study area
143. Trails. None of the individual study vehicles were immobilized

on trails. Only the M578 towing the M11OE2 and M107 in the snow surface

condition resulted in NOGO situations (Table B39).

1414. Off—road. All the study vehicles had some NOGO situations

during the dry, wet , and snow condition (Tables B3 7— B3 9) .  The Mll3Al

had the largest percent NOGO of the individual study vehicles. The M578

towing the M11OE2 and MlO9Al had the largest percent NOGO of the towed

combinations. Obstacle influence and traction caused most of th c~

NOGO ’s.

lIMO Mid-East study area

145. Trails. None of the individual study vehicles were immobilized

on trails (Tables B 140—B 142). The M578 towing the 14107, M1O9A1, M11OE2,

and GSRS had 0.1 percent NOGO on trails during the vet condition (Table
1~14l ) .  Both the M578 and M88 had considerable percent 10GO trails for
the sand condition (Table B 142) . The M578 had a much larger percent NOGO
than the 1488 when towing the same vehicle .
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46. Off—road. All the study vehicles except the M1O9A1 during the

dry and sand surface conditions had some NOGO situations (Tables B140—

B42). The M578 had the largest percent NOGO ‘~f the individual study

vehicles. The M1O9A1 had the lowe&t percent NOGO of the study vehicles .

The percent NOGO for the 14578 towing the M11OE2 , 14107, IFV/CFV , and GSRS

was always larger than for the 1488 towIng the same vehicles.

Summary Assessment

Tactical mobility levels

47. The GSRS and IFV/CFV had the highest mobility rating speeds for

all of the surface conditions of the lIMO West Germany and Mid—East
study areas at all tactical mobility levels . The mobility rating speed

of the M578 towing the IFV/CFV , GSRS , MlOT , and M11OE2 for most condi-

tions of both study areas was generaly only slightly less than that of

the M88 towing these vehicles.

Percent NOGO
48. The percent NOGO in off—road terrain in the dry, wet , and sand

conditions of the Mid—East study area was generally much greater for the

M 7 8  than for the 1488 towing the IFV/CFV , GSRS , 14107, and M11OE2. The

percent NOGO in the off—road terrain in the dry , wet , and snow condition

of the West Germany study area was only slightly greater for the M578

towing the IFV/CFV , GSRS , 14107, and M11OE2 than for the M88 towing these

vehicles. Obstacle influence and traction were the principal reason for

NOGO in both the study areas.
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Table 1

Study Vehicles

M578 Light Recovery Vehicle

M113A1 Armored Personnel Carrier (P~Pc)
M1O9A1, 155mm, Self—Propelled Howitzer

14107, 175mm, Self—Propelled Howitzer

M11OE2, 8 in., Self—Propelled Howitzer
M88 , Medium Recovery Vehicle

IFV/CFV Infantry or Cavalry Fighting
Vehicle

GSRS, Ground Support Rocket System

M578 Towing M113A1

M578 Towing 14107

M578 Towing MlO9Al

M578 Towing M11OE2

M578 Towing IFV/CFV

M578 Towing GSRS

M88 Towing 14107

M88 Towi ng 14110E2

M88 Towing IFV/CFV
M88 Towing GSRS
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Tasle 3

Characteristics of Composite Route Networks

Study Area Features Mid—East West Germany

Total distance, miles 533 1678

Number of linka* 854 2184
Average link length, miles 0.62 ~,77

Composition of network , percent

Superhighways 0 3.1

Primary roads 7.3 21.1 - ‘

Secondary roads 29.7 C1.4

Tartiary roads and-
t rails 44.9 14.3

Off—road traverse 18.1 - 0 _ i

100.0 100.0

- -

‘

I 

~~ 

.

~~~~~~

* A link is the route joining two route intersections or route end
points .
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APPENDIX A: DATA USED TO CHABACTF~ IZE THE STUDY VEHICLES AND
A BRIEF DESCRIPTION OF FACTORS USED IN DESCRIBING HIMO

WEST GERMANY AND MID-EAST STUDY AR EAS

Vehicle Characteristics and Performance Data

1. Extensive data are required to characterize a vehicle to pre-

dict its performance with the PUMM and SWIMCRTT/WACROSS water—crossing

models . These data for the Individual study vehicles are given in

Tables Al—A5. The data in Tables Al-A5 are also sufficient to describe

the study vehicles when towed.

2. Tractive force—speed relations determined from test data con-

ducted at Aberdeen Proving Ground (APG) were used for all of the vehicles

except the IFV/CFV and GSRS. The tractive force-speed relations for the

IFV/CFV were obtained from Genera]. Electric and for the GSRS were

obtained from TARADCOM.

3. Ride dynamics data for the ?CO9A1, M11OE2, M107, and M113A1,

were obtained from WES test data6. The M578 has a suspension and,

therefore, was assigned the same ride data. Ride dynamics data for the

IFV/CFV were obtained by WES using suspension data and the AMM Dynamic

Submodel7. Ride dynamics data for the GSRS were obtained by TARADCOM

using suspension data and the AMM for use in another study . The M88

has a similar suspension to that of the M6OA1 anci, therefore, was

assigned measured ride dynamics data for the M6OAL

Terrain Data

1~. A detailed description of the procedures used to describe the
H IMO West Germany and Mid—East study areas for use with the AMM is

given In the RIMO study. The terrain and road factors required for
the ( AMc—7l~x) SWIMCRIT/WACROSS water—crossing prediction models are

given In Table A6 to show the content of the data required for these

models .

Al
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Table A6
Terrain -Data Re~~ired for A)IC-714X and 8D~ R~~

Water-crossing Prediction MOdels -

Terrain or Road Factor
0ff-Road

Surface material
~~vpe, USCS or other IA -

Mass strength, CI or RCI 0 — >280

Slope, percent 0 — >70

Obstacle
Approach angle, deg 90 - 270
Vertical ma~~itude, cm 0 — >85

Length, a 0- .: >150
Width , cm 0 - >1200

Spacing, a O~- >60
Spacing, type Ilk

Surface roughness, rms elevations 0 — 10
Stem diameter, cm 

~~ (8 “ ) 
C >25

Stem spacing, a f ~~rs o —

Visibility distance , a 0 — >~O

Water depth, a 0 — “5

Water velocity, mps 0 — >3.5 .
Water width, a 0 — >70

Linear feature top width, a 0 — >70
Left approach angle, deg 90 270
Right approach angle, deg 

- 
-90 - 270

Differential bank height or differential -
vertical magnitude, m - 0 — >~ê

Low bank height or least ‘vertical m agnitude, a 0 — >6

On—Road

Road type
Surface material NA

Type, USCS or other
Surface strength

Trails , CI or RCI 0 — >280
Other , traction coefficients 0.01 — >0.80

Slope, percent - - 0 — >70
Surface roughness, rms elevation 0 — >7.6
Curvature, deg - 0 - 90
Roadside visibility distance (trails oal.y), * 0 - ?‘50

- — - - - — - —~- - -~~ ~~~~~~~~~~~~~ =-~~~~— -~~~~~~
_ — —. —~~~

_
~~- — _ - -~~~— -
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APPENDIX B: DETAILED MOBILITY PERFORMANCE DATA

1. Appendix B contains the speed profiles, the percent NOGO and
reason for NOGO on trails and off—road, and the performance data crossing

linear features (‘hater crossings) for the study vehicles.

2. The speed profile data (paragraphs 20—22, main text ) for the
study vehicles over primary roads, secondary roads, trails, and off—road
terrain for the dry, wet , and snow surface conditions for the West
Germany study area are given in Tables Bl.-Bl8 and for the Mid-East study
area are given in Tables B19—B36.

Table Study Area. Speed Profile for Study Vehicle

Bi West Germany M578 Light Recovery Vehicle
B2 West Germany M113A1 Armored Personnel Carrier (APC )
B3 West Germany M1O9A1, 155mm , Self—Propelled Howitzer
BI~ West Germany M107, 175mm, Self—Propelled Howitzer
B5 West Germany M11OE2, 8 in., Self—Propelled Howitzer
B6 West Germany M88 , Medium Recovery Vehicle
BT West Germany IFIV/CFV Infantry or Cavalry Fighting

Vehicle
B8 West Germany GSRS, Ground Support Rocket System
B9 West Germ~~y M578 Towing M113A1

BiG West Germany M578 Towing M107
Bil West Germany M578 Towing M1O9A1
B12 West Germany M578 Towing M11OE1
B13 West Germany M578 Towing IFV/CFV

F B114 West Germany M578 Towing GSRS
B15 West Germany M88 Towing MlOt
B16 West Germany M88 Towing M11OE2
BiT West Germany M88 Towing IFV/CFV
Bl8 West Germany M88 Towing GSRS
B19 Mid—East M578 Light Recovery Vehicle
B20 Mid—East M1l3 Armored Personnel Carrier (APC )
B21 Mid—East M1O9A1, 155mm , Self—Propelled Howitzer
B22 Mid—East M107, 175mm , Self—Propelled Howitzer
B23 Mid—East M11OE2, 8 in, Self—Propelled Howitzer
B2b Mid—East M88 Medium Recovery Vehicle
B25 Mid-East IFV/CFV Infantry or Cavalry Fighting

VIshicle
B26 Mi d-East GSRS , Ground Support Rocket System
B27 Mid—East M578 Towing M113A1
B28 Mid—East M578 Towing M107
B29 Mid—East M578 Towing M1O9A1
B30 Mid—East M578 Towing M11OE2

Bl

- - ____ A
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Table Study Area Speed Profile for Study Vehicle

B3l Mid-East M78 Towing IFV/CFV
B32 Mi d—East M578 Towing GSRS
B33 Mid-East M88 Towing MW?
B314 Mi d-East M88 Towing MllO~2 4
835 Mid-East M88 Towing IFV /CFV
836 Mid-East M88 Towing GSRS

3. The percent NOGO on trails and off—road (paragraph 23, main

text ) for the dry, wet , and snow conditions of the HIMO West Germany
Study is given in Tables 537—839. The percent NOGO on trails and off—

road for the dry, wet , and sand conditions of the HIMO Mid—East study

area is given in Tables B140—B 142.

14• The performance data for the study vehicles crossing linear

features (water crossings), (paragraphs 214 and 25, main text), for the

HIMO West Germany and Mi d—East study area are given in Tables B143 and

B14l4 .

B2
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Table B37

Percent of Distance NOGO on Trails and Percen t of Area NOGO
Off—Road for Dry Condition in HIMO West Germany Study Area

Off-Road
4) a> t~)U ~~~~ - a >a> O .r4 C”~~~ P4a> .(-~~~a)o oC ) O  a > I .~ ~ + ) O 4 ) ~ .-l r-l 0
~~~~~~~~ r~l a >  0 a~~r-I r -14 )c /)  ~~c-( .p O~~ .4 .

~~4 ~~~r-~~ C)~~~
~~ 4) .‘,~~~~~~~~~~~~ 4) 1’

4 ) a >~~~~~ O
cQ~~~* ~~~~~~~~~~~~~~~~ ~~ ~~~~~~~~~~~~ .4.)

~ O~~4 0 W O f~v eLLl.c.Les 4-4 O H  E-4 0 0 0 ~~ W E’

Individual Vehicle Performance

M578 Light Recovery Vehicle 0 14 .9 0.2 5.1

M113AI Armored Personnel
Carrier (APC) 0 7.1 0 7.1
M1O9A1, 155 mm, Self—Propelled
HowItzer 0 0.3 0.2 0.5

Mb ?, 115 nun , Self—Propelled
Howitzer 0 2.1 0.2 2.3
M11OE2 , 8 in., Self—Propelled
Howitzer 0 1.3 0.2 1.5

M88 Medium Recovery Vehicle 0 2.2 0.6 2.8

IFV/CFV Infantry/Cavalry
Fighting Vehicle 0 2.1 0.2 2.3

GSRS,Groumd Sup-nort Rocket 0 2.8 0 2.8
System

M578/M88 Towing Performance

M578 Towing M113A1 0 6.3 0.2 6.5
M578 Towing M107 0 5.0 0.2 5.2

M578 Towing M1O9A1 0 5.6 0.2 5.8
M578 Towing M11OE2 0 5.7 0.2 5.9

M578 Towing IFV/CFV 0 5.2 0.2 5. 14

M578 Towing GSRS 0 5•5 0.2 5.7

M88 Towing M107 0 3. 14 o.6 14.0

M88 Towing M11OE2 0 3.9 o.6
M88 Towing IFV/CFV 0 2.9 0.6 3.5

M88 Towing GSRS 0 14.2 0.6 14.8

Note: No NOGO’s on trails.
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Table B38

Percent of Distance NOGO on Trails and Percent of Area NOGO
0ff—Road for Wet Condition in H IMO West Germany Study Area

Off-Road —

4’ 4)
0 ~~~~~~~ 0 4 )a> o .-i 5~~~~~~~~~4 0

.r4~~~~ 4) .r4~~~~ U ) 0 0  ~ )
( > 0  4 1 k  ~ 4 ) 0 W . r 4 H 0

~~~ ~.-f H 4) 0 ~ H H 4) Cl) Z
4-4 -P 0 4-4 ~.-I ~~~.—4 0~~~4-4 C) ~ k d .$.) “t4 0 ~ -P C’

-P 4) 0 O I SI4 ) Ø H  ~~

~~~~~ ~~~~~~~~~~~~~~~~ 
‘
~~Vehicles ~ o H El 0 0 0 ~~- Cl) El

Individual Vehicle Performance

M578 Light Recovery Vehicle 0 5.0 0.2 5.2

M113A.], Armored Personnel -

Carrier (APe) 0 7.3 0 7.3

M1O9A1, 155 mm , Self—Propelled
Howitzer 0 1.1 0.2 1.3

M b ? , 175 mm, Self—Propelled
Howitzer 0 2 .6 0.2 2.8
M11OE2, 8 in., Self—Propelled
Howitzer 0 1.7 0.2 1.9 -

M88 Medium Recovery Vehicle 0 2.2 0.6 2.8

IFV/CFV Infantry/Cavalry
Fighting VehIcle 0 5.3 0.2 5.5

GSRS,Ground Support Rocket 0 5.1 0.0 5.1
System

M578/M88 Towin& Performance

M578 Towing M113A1 0 6.3 0.2 6.5

~-5T8 Towing MiOT 
0 5.5 0.14 5.9

M578 Towing M1O9A1 0 5.8 0.2 6.0

M578 Towing M11OE2 0 6.3 0.14 6.7

M578 Towing IFV/CFV 0 5.8 0.2 6.0

M578 Towing GSRS 0 5.9 0.2 6.1

M88 Towing M107 0 3.9 0.6 14.5
M88 Towin g M11OE2 0 3.5 0.6 14.1

p168 Towing IFV/CFv 0 3.3 0.6 3.9

M8~ Towing GSRS 0 14.2 0.6 14.8

Note: No NOGO ’s on trails.

.4 -- --- - - P. ~~~~ -~~~~~ 0 - P. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ - - 



Table B39

Percent of Distance NOGO on Trails and Percent of Area NOGO
Off—Road for Snow Condition In HIMO West Germany Study Area

Trails Off—Road
4-’ 4.) 4) 4)

C) 
~~~~~~~a) Q a> ~~~~ O -.-4 ~~~O 0

•.-4 ~) --4 0 ) 0  •d~~~ - O H  (~)C)~~~~~ 0 U~~~~ 4)~~~~~~ -4 + ‘ O 4) . . - 4 C1) 0
• d O  ~~ 

.~. 4 Q  rH 4 ) 4 - )  ~~ HH+’  Z
H ~ 4 + ’  ~~~~~~~~ r 4 O ~~~ +’

~~~ O + ‘0) ~~~ .. + ‘ 4 ) H
4.’ tO~~~~~ ~~+ ‘El  ~ tn bO ..-4 -P

~~~~ 0 ~~~k ~~~~~~~~ 0 4-4 ,0 0 ) 0  0
Vehicles ~-1El El H E l  O H o ~ 0 0 O~~~~CJ) El

Individual Vehicle Performance

M578 Light Recovery 0 0 0 5.0 0.2 5.2
— Vehicle

M113A1 Armored 0 0 0 7.3 0 7.3
Personnel Carrier (APC)

M1O9A1, 155 mm , Self— 0 0 0 2.5 0.2 2.7
Propelled Howitzer

M .07, 175 mm , Self— 0 0 0 3.2 0.2 3.14
Propelled Howitzer

M11OE2, 8 in., Self— 0 0 0 2.6 0.2 2.8
Propelled Howitzer

M88 Medium Recovery 0 0 0 .2 0.6 2.R
Vehicle

IFV/CFV Infantry! 0 0 0 5.7 0.2 5.9
Cavalry Fighting
Vehicle

GSRS, Ground Support 0 0 0 6.1 0.14 6.~
Rocket System

M578/M88 Towing Performance

M578 Towing MJ 13A1 0 0 0 6.3 0.2 6.5

M578 Towing M107 0.5 0.5 2.1 5.5 2.14 10.0

M57 8 Towing M1O9A1 0 0 0 5.7 0.7 6.14

M578 Towi ng MilOE2 0.5 0.5 2.1 6.2 2.14 10.7

M578 Towing IFV/CFV 0 0 0 5.14 0.3 5.7

M578 Towing GSRS 0 0 0 5.8 0.7 6.5

M88 Towing M107 0 0 0 3.14 o.6 14.0

M88 Towing M].10E2 0 0 0 3.6 0.6 14.2

M88 Towing IFV/CFV 0 0 0 3.6 o.6 14.2

M88 Towing GSRS 0 0 0 14 .14 0.6 5.0 
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Table B140

Percent of Distance NOGO on Trails and Percent of Area NOGO
Off-Road for Dry Condition in HIMO Mid-East Study Area

Off-Road
4, 4)

C) ~~~~~~~ — 4 )
41 45 O ..-4 • 4 5 P 4  0

.r4~~~ 4) .r4~~~~~ U~~~O O  (~0 0  4) 4-4 45 - P O 4 ) . r l H 0

.rl .~-I H a >  0 a I H H 4 . ’ Ci) Z
4-4 4) 0 4-4 -~4 4 5 H 0~~~4-t o ~~ k d + )  ,-l O d + )
~~~~~ 4-’ 4) C) ~,O 1x4 4 4) H

~~~ ~~~~~~~~~~~~~~~~~ ~ 1~~~-z: ~Vehicles 1-4 0 ~—o E-4 0 0 0 ~~ Cl) El

Individual Vehicle Performance

M578 Light Recovery Vehicle 0 10.7 0 10.7
Mll3Al Armored Personnel
Carrier (APe) 0 9.4 0 9.4

M1O9A1, 155 mm , Self—Propelled
Howitzer 0 0 0 0

MbOT, 115 mm , Self—Propelled
Howitzer 0 1.3 0 1.3

M11OE2, 8 in., Self—Propelled
U Howitzer 0 0.5 0 0.5

M88 Medium Recovery Vehicle 0 0.5 0 0.5

IFV/ CP’ V Infantry/Cavalry
Fi ghting Vehicle 0 1.3 0 1.3

GSRS, Ground Support Rocket 0 1.3 0 1.3
System

M578/M88 Towing Performance

M578 Towing M113A1 0 11.1 0 11.1

M5T8 Towing Ml07 0 11.5 0 11.5

M578 Towing M1O9A1 0 11.5 0 11.5

M518 Towing MllOE2 0 11.5 0 11.5

M578 Towing IFV/CFV 0 11.3 0 11.3

M578 Towing GSRS 0 11.5 0 11.5

1488 Towing M107 0 5.9 0 5.9

M88 Towing M11OE2 0 5.9 0 5.9

1188 Towing IFV/CFV 0 5.1 0 5.7

M88 Towing GSRS 0 5.7 0 5.7

NOTZ : No UOGO ’s on trails.
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Table B14l

Percent of Distance NOGO on Trails and Percent of Area NOGO
0ff—Road for Wet Condition in HIMO Mi d—East Sttldy Are a

Trails Off—Road 
—

4) -P 4) 
~ ) 4)

45 45 0 4 5 4 54) 0 4) 4 5 4 5  O~~.1 4 5 0  0(
~ ..—4 4 1 0  .v4~~~ 0 H0 ( > 4 5  W k . .-4 .4-~~~O 4 ) ~~r# C1)

- r 4 0  H ø + ’  ~ -r1 H +’ ~~4- .,-4 (J 4-4C) 45 r-1 C) OI .~4-4 43 r-1 4-4 4.) ~~~~~~~ .r 4O ~~~~~ 4’
~~~0 W ~~~C 4-~~ a > 4 - i  .O~~~..+3 4 ) r — lcn~~~ -P cl)~~~ m+) E-4 ~ U2~~~~ ..4 43
4 5 k  0 4 5 k  P 4 5  0 4-4 ,0 4 )0  0

Vehicles - 
H E-i El t—~~-s 0 H O ~ C.) O 0 ~~~ CJ) El

Ind.ividua3. Vehicle Performance

M578 Light Recovery 0 0 0 10.7 0 10.7
Vehicle

M113A1 Armored 0 0 0 9.9 0 9.9
Personnel Carrier (APC )

M1O9A1, 155 mm, Self— 0 0 0 0.3 0 0.3
Propelled Howitzer

?-C07, 175 mm, Self— 0 0 0 1.3 0 1.3
Propelled Howitzer

M11OE2 , 8 in., Self— 0 0 0 0.5 0 0.5
Propelled Howitzer

M88 Medium Recovery 0 0 0 0.5 0 0.5
Vehicle

IFV/CFV Infantry! 0 0 0 6.5 0 6.5
Cavalry Fighting
Vehicle

GSRS, Ground Support 0 0 0 6.5 0 6.~Rocket System

14578/M88 Towlng Performance

M578 Towing M113A1 0 0 0 11.3 0 11.3

M578 Towing M107 0.1 ).l 0 114.9 0.2 15.1

N578 Towing M1O9A1 0.1 0.1 0 114.1 0 114.1

M578 Towing M11OE2 0.1 0.1 0 114.9 0.2 15.1

M578 Towing IFV/CFV 0 0 0 114.2 0 114.2

14578 Towing GSRS 0.1 0.1 0 13.9 0 13.9

M80 Towing M107 0 0 0 6.14 0 6. 4

~488 Towing l4l10E2 0 0 0 6.4 0 6.14

~.l88 Towing IFV/CFV 
0 0 0 6.14 0 6.14

14~8 Towing GS?S 
0 0 0 6.14 0 

- - 
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Table B142

Percent of Distance NOGO on Trails and Percent of Area NOGO
0ff—Road for Sand Condition in HIMO Mid—Eas t Study Area

Trails 0ff—Road
4) 4.) 4) ~

) 4)

Q ~~~45 ~~~ £~~~ 0
C~

) ..-4 4 ) 0  .r4~~~ 0H( > 4 5  0 0 4 5  4) k .,-4 4 . ’ O4 ) .
~4 U)Z ..-4 o HV - I -’  ~~ HH 4 )  Z4-~ .‘.~ 4-. .~~ C) 4-s C) 45 H C) ~4—s- +’ r-t 4-. -P ~~~$-I~~~ -.-0 O~~~~4)

~~~Q -P 4) 4-i .D~~~.4 - ’4 1 H
4’ co~~~~ e + E l  E m t ~) ..-i +‘

Vehicles ~~~~~ ~~~~~~~~~ CY~~~~~~~~~ C~ E~

Individual Vehicle Performance

14578 Light Recovery 0 0 0 10.7 0 10.7
Vehicle

M113A1 Armored 0 0 0 9 .14 0 9.14
Personnel Carrier (APC )

M1O9A1, 155 mm, -Self-- 0 0 0 0 0 0
Propelled Howitzer
Mb ?, 175 mm, Self— 0 0 0 1.3 0 1.3
Propelled Howitzer

MllOE2 , 8 in., Self— 0 0 0 0.5 0 0.5
Propelled Howitzer

M88 Medium Recovery 0 0 0 0.5 0 0.5
Vehicle

IFV/CFV Infantry/ 0 0 0 1.3 0 1.3
Cavalry Fighting
Vehicle

GSRS , Ground Support 0 0 0 1.3 0 1.3
Rocket System

M578/M88 Towing Performance

M578 Towing M113A1 0.1 0.1 0 114.9 0 110.9

M578 Towing MJ.07 12.6 12.6 11.6 13.1 0. 14 25.1

14578 Towing MlO9Al 10.6 10.6 10.2 12.14 0.9 23.5

16578 Towing M11OE2 12.6 12.6 11.6 13.1 0.14 25.1

14578 Towing IFV/CFV 8.2 8.2 7.3 ilo.14 2.5 214.2

14578 Towing GSRS 10.6 io.6 9.0 15.7 0.6 25.3

1488 TowIng 14107 8.2 8.2 6.9 6.2 1.9 15.0

1188 Towing MllOE2 8.2 8.2 6.9 6.2 1.9 15.0

1488 Towing IFV/CFV 1.8 1.8 0 5.9 2.3 8.2

M88 Towing GSRS 7.2 7.2 0.8 6.2 6.~ 13.7

S S_.~~~~t. j. — .~~~~~~~~~~~~



Table B43

Performance Data for Study Vehicles Crossing Linear Features (Water
- 

Crossing) in the HIMO West Germany Study Area

Hours Per Mile
Vehicles Dry Wet Snow

Individual Vehiale Performance

14578, Light Recovery Vehicle 0.04143 0.0109 0.0497

Mll3Al, Armored Personnel Carrier (APe ) 0 .0592 0 .0669 0 .0641

M1O9A1, 155 mm, Self—Propelled Howitzer 0.0 1404 0.0432 0.0 14 39
Mb ?, 175 mm, Self—Propelled Howitzer 0.0437 o.04814 0.0491

M11OE2, 8 in., Self—Propelled Howitzer 0.01437 o.04814 0.0491
M88, Medium Recovery Vehicle 0.0362 0.0393 0.0374

IFV/CFV Infantry/Calvary Fighting Vehicle 0.01407 o.014014 0.01413
GSRS, Ground Support Rocket System 0.0362 0 .0422 0.0380

M578JM88 Towing Performance

M578 Towing 1411 3A1 0.01459 0.05014 0.0516

M578 Towing M107 0.0507 0.05146 0.0571

M578 Towing M1O9A1 0.01491 0.0532 0.0553

M578 Towing M11OE2 0.0507 0.05146 0.0571

M578 Towing IFV/CFV 0.01491 0.0532 0.0553

M578 Towing GSRS 0.01491 0.0532 0.0553

1488 Towing 14107 0.01403 0.01427 0.01416

M88 Towing M11OE2 0.01403 0.01027 0.0416

M88 Towing IFV/CFV 0.0393 0.0419 0.0406

M88 Towing GSRS 0.0393 0.01419 0.01406



Table B414

Performance Data for Study Vehicles Crossing Linear Features (Water
Crossing) in the HIMO Mid—East Study Area

— Hours Per Mile
Vehicles Dry Wet Sand

Individual Vehicle Performace

M578 Light Recovery Vehicle 0.0328 0.0107 0.0328

14113A1 Armored Personnel Carrier (APC ) 0.0286 0.0296 0.0286

M1O9A1, 155 ma, Self—Propelled Howitzer 0.0202 0.0275 0.0202
M107, 175 mm, Self—Propelled Howitzer 0.03014 0.0376 0.0304

M11OE2, 8 in., Self—Propelled Howitzer 0.0291 0.0370 0.0291

M88 Medium Recovery Vehicle 0.0211 0.0206 0.0211

IFV/CFV Infantry/Cavalry Fighting Vehicle 0.0191 0.01914 0.0191

GSRS Ground Support Rocket System 0.0211 0.0308 0.0211

M578/M88 Towin& Performance

M578 Towing Mll3Al 0 .0334 0.01419 0.03314

M578 Towing 14107 0.0353 0.01455 0.0353

M578 Towing M1O9A1 0.03146 0.04143 0.03146

M578 Towing M11OE2 0.0353 0.0 1455 0.0353

M578 Towing IFV/CFV 0.0353 0.014143 0.03146

M578 Towing GSRS 0.0353 0.014143 0.0346

M88 Towing M107 0.0313 0.0306 0.0313

M88 Towing MllOE2 0.0313 0.0306 0.0313

M88 Towing IFV/CFV 0.0288 0.0256 0.0288
M88 Towing GSRS 0.0288 0.0256 0.0288
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APPENDIX C: COMPUTATION OF MOBILITY RATING SPEED
FOR TACTICAL MOBILITY LEVELS

1-. The eq.uation for computing mobility rating speed is given as

follows:

100
V = ~~ io~~-p  

Ci)
V~~~~

’
~ X~~ V~

where:

V
~ 

= mobility hating speed, mph, for a vehicle performing a mission
for a specific area and condition

P = the percentage of expected off—road operating distance

V~ = the speed from the off—road profile , mph, corresponding to C

C = the percentage of the off—road terrain that should be
negotiable

Tx = the time spent crossing linear features for each mile 
of off—

road terrain traversed, hr/mi

= the speed from the on—road speed profile, mph, corresponding
to H

R = the percentage of the road and trail network that should be
negotiable

2. The speed from the on—road profile, VR , 
is not directly avail-

able from this study, but can be computed using the speeds from the

profiles of the primary and secondary roads and trails as follows:

— 
100—? 2VR

_
p P P
— + —~~-- + —
VPP VSP VTP

where:

~ ~T 
= percentage of the composite on—road and off—road

network that are primary roads, secondary roads,
and trails, respectively

V~~ , VTP = the speeds from the primary road, secondary road ,
and trail speed profiles, respectively, mph , that —

correspond to R

Cl 
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3. Equations 1 and 2 can be combined to yield the following:

100VW
__

P ~P 
P
S ~T

ç 
+ PTx + + + ç

14. For this report , values for P , P~, , P~ ‘ 
and in the HIMO

West Germany study area can be found. for each tactical mobility level

in Table 5, main text • Values for V~ , ~~~ , ~~~ ~ and V~~ are

available from the speed profiles for the study vehicles given in Tables

B1—B36. Values for T
~ 

for each vehicle are available in Tables B143

and B1414.

C2 



r 

-

~~~~~ 

_ _

In accordance with letter from DAEN-ROC , DAEN-ASI dated
22 July 1977. Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

3
Randolph. Donal d D

Mobi l i ty  per f ormance of the M578 Light Recovery Vehicle
and other selected vehicles / by Donald D. Randolph. Vicks-
burg, Miss. : U. S. Waterways Experiment Station ; Spring-
field , Va. : available from National Technical Information
Service. 2979.

24 , [62] p. : ill. ; 27 cm. (Miscellaneous paper - U . S.
Army Engineer Waterways Experiment Station ; GL-79-6)
Prepared for U. S. Army Training and Doctrine Command.

Fort Monroe . Va.
References: p. 24.

1. Military vehicles . 2. Mission performance. 3. Off-road
mobility. 4. On-road mobility. 5. Vehicle performance.
I. United States. Army Training and Doctrine Command.
II. Series: United States. Waterways Experiment Station .
Vicksburg , Miss. Miscellaneous paper ; GL-79-6.
TA7.W34m no.GL-79-6

I


