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SELECTION OF THE WHEEL AND SUSPENSION SYSTEMS FOR
VEHICLES AND MACHINES OPERATING IN DIFFICULT WETLAN D CONDITIONS

Summary

Reliable estimation of mobility in harsh wetlands/ieonment and development of guidelines for fogrtime structure of
vehicles and machines running gear still remainsopen issue. This paper presents the basic metbfodstermining the
ability of overcoming ground of low bearing capadily wheeled and tracked vehicles and their thémakbasics. For the
evaluation of ability to overcome such ground tmalgtical methods were used — MMP method and VQGhade which
take into account the value of maximum pressuregmmetrical dimensions of running gear. Basedhenavailable data
their comparison, assessment of the credibility asdfulness during research on development of egrip operating in
harsh terrain were performed. Moreover, taking intmsideration the impact of running gear on theugrd the division on
technical, economic and ecological class of mgbiliis conducted.
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PROBLEMY DOBORU UKLADOW JEZDNYCH DLA POJAZDOW | MAS ZYN
PRACUJACYCH W TRUDNYCH WARUNKACH WODNO-BLOTNYCH

Streszczenie

Wiarygodne oszacowanie gfiovosci poruszania i w trudnych warunkach wodno-btotnych oraz opracaeavytycznych

do ksztattowania uktadéw jezdnych pojazdéw i masigmowi nadal otwarty problem. W referacie przedsono podsta-
wowe metody okskania zdolngci pokonywania terenu o niskiej frmsci przez pojazdy kotowe ggienicowe oraz ich pod-
stawy teoretyczne. Do oceny zdahigpokonywania takiego terenu wykorzystano metawlitgczne — metadsrednich
naciskow maksymalnych MMP i metddCl, ktére uwzgldniajg wartasé naciskdw maksymalnych i wymiary geometryczne
uktadu jezdnego. Na podstawie dqstych danych przeprowadzono ich poréwnanie, @sgiarygodndgci i przydatngci
podczas prac nad rozwojem sgitz pracugcego w trudnym terenie. Ponadto, uweelgiiajgc oddziatywanie uktadéw hie
nych pojazdéw i maszyn na pattalokonano podziatu na technigzekonomiczmi ekologiczi klase mobilngci.

Stowa kluczoweteren o niskiej ninasci, metoda VCI, metoda MMP, mobiido

1. Introduction tem, according to the relation:

For effective performance of agro-technical tagks S P¢:¢[W (2)
wetlands, equipment is necessary whose mobilitelléy
adequate to the ground’s bearing capacity, andatiper
conditions and methods. It requires a special coatsbn of
the wheel and suspension system. Definition of gjuids
for construction of wheel and suspension systemsdhi-
cles and machines to be operated on ground withbleav-
ing capacity is a complex problem, as vehicle patars,
ground properties and external loads need to bentako
account for reliable estimation of vehicle mobility diffi-
cult wetland conditions.

From the perspective of the vehicle kinematic®thea
prerequisite for ensuring vehicle mobility is megtseveral
conditions. In order to pass over a trail with |tearing
capacity, the driving forc®,, on wheels or tracks may not

where: ¢ — friction coefficient — its value depends on the
ground type and for typical wheel and suspensicitesys it
becomes lower as the ground’s bearing capacityedses;
W’ — load on driven wheels or tracks.

Also, a surplus friction force ,Pshould preferably be
available over rolling resistance Preferred to as the trac-
tion force R, — necessary for vehicle acceleration, overcom-
ing grade resistance, swivel resistance, towingstaasce
and process resistance due to operated tools a@achat
ments.

The traction force is characterised by the coigffic of
traction pu, which in case of an all-wheel or an all-track
drive, is expressed by the formula:

be lower than vehicle rolling resistariee . Py~ P _ W(¢ —f ) P "
P2 P =fIW @) W W
where: f — rolling resistance coefficient which rieases as It is assumed that availability of the tractiomde of ca.

the ground’s bearing capacity becomes lower andiépeh ~ 0-10% of active gravitational masg=0+0.1) allows for a

of the ruts formed increases; W - active gravitmiomass Single pass over the ground. On ground with lowribga
of the vehicle. capacity, ruts are formed with the depth of ca-@8m. It

The problem is, however, that the driving forcdiis- IS a technical mobility level for vehicleBor a vehicle to be
ited by the ground friction force,P- regardless of the mo- able to be effectively operated (with no continuois& of
tor power and transmission ratios applied in thigedsys- bogging down), availability of the traction forcé at least

Waldemar PLOCHARZ, Marian LOPATKA, Tomasz MUSZYNSKI, Agnieszka DABROWSKA 78 ,Journal of Research and Applications in Agricultural Engineering” 2016, Vol. 61(2)



ca. 30% of active gravitational mass=0.3) is required — it
specifies the so-called economic mobility level.eTiuts
formed during a single pass are 0.15-0.20 m. di@eguch
circumstances, many passes are possible over the Isa
cation [9].

An adequate traction force may be obtained byemsr
ing friction force or decreasing rolling resistaneiich de-
pends mainly on the depth of the ruts formed. Tasest
way for improving friction and decreasing rollingsistance
is to lower ground pressures by increasing theawrgur-
face of the wheel and suspension system with thergt. A
key to obtain an expected mobility level is ensgrénprop-

A problem lies in defining ground pressures exktig
vehicles. To this end, average or nominal pressanegen-
erally used, which for tracked vehicles may be egped by
the formula [14]:

_w
Nr l—_bT U_T ,

where: B — number of tracks;{b— track width (m); k —
length of track on the ground (m);

while for wheeled vehicles, assuming that the lergftthe
wheel's contact surface with the ground is equalthe

NGP= (4)

er relation between the ground’'s bearing capacitd a wheel’s radius — it takes the following form:

ground pressures.

For measurement of bearing capacity of drenchied; f
grained soils and determination of their ability sopport
moving vehicles, a special tester was designetiénUSA
as early back as in the 1930s (Fig. 1). The meawne
consists in determination of a force necessary ushpa

cone with the tip angle of 30° and the base area of

0.5 square inch (0.5i= 3.23 cm) at a rate of 1.2 inch per
second (1.2 in/s = 3 cm/s) down into the ground,c2b
deep (in these conditions resistance does notérejeand
referring it to the cone base area.

Sample Tube H

W

Hvorslev Sampler Remolding Equipment  Cone Penctrometer

Source: own work Zrodio: opracowanie wasne
Fig. 1. A set of tools used to determine the grémadility
to support loads exerted by vehicles
Rys. 1. Zestaw przyrdéw do okrélania zdolngci gruntu
do przenoszenia ohgier wywieranych przez pojazdy

Ground bearing capacity determined using this ogkth
is referred to as the Cone Index (CI) or, afteiirtgkinto
account the ground’s liquefaction ability under eaged
loads, the Rating Cone Index (RCI) [14]. Thesedediare
commonly used for determination of the ground’dighio
support loads generated by moving vehicles — Table

Table 1. Typical bearing capacities of various gisi
Tab. 1. Typowe noasci podicy

Ground type Cl, kPa
Snow 10 - 40
Mire, bog 5-15
Peat soil 30 - 60
Arable fields — friable and drenched 130 - 200
Wet clay soils 250 - 400
Humid clay soils 400 - 800
Dry clay soils 800 - 1500
Dry, compacted clay soils 1500 - 3000

Source: own work Zrodto: opracowanie washe
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where: n — number of axles;p— wheel width (m); y —
wheel radius (m); D — wheel diameter (m).

A French formula is alternatively used, whichdsak
tyre deflection into account [3]:

W
2H1Aw)\/\/\/I’\%\/‘(I’W_é_z)2 ’

where:$ — tyre deflection on hard ground (m); z — penetra-
tion depth of the wheel in the ground (m).

®)

NGP=

(6)

However, the pressures do not take into accoumtaro
tration and accumulation of stresses in the grawrder the
wheel and suspension system, which are decisivahfor
depth of the ruts and resistance; neither do th&g into
account the size of the elements of the wheel aisgen-
sion system, which also have a major influenceherpene-
tration depth of the system in soil, in line witkelker’s
theory [1]:

1/n

NGP

kc+
b Ko

where: b — lower value of the wheel'’s or track’ sitawt sur-
face with the ground;d- ground friction module; & soil
consistency module; n — exponent determined exgerm
tally.

Z=

As a result, NGP pressures are not a reliablerai
for assessment of trafficability of ground with Idaearing
capacity. Due to the above, several analytical exyukri-
mental methods were developed whose aim is to méater
minimum ground bearing capacity allowing its tredfility
on the basis of vehicle parameters.

2. VCI method

During World War 2, a basic problem for ensurirejd
mobility of armed forces in the European combatatie
was trafficability evaluation of fine-grained araldand af-
ter rainfall, friable in structure and highly dréwed — i.e.
ground with relatively low bearing capacity, limmig ma-
noeuvrability of resources. In order to resolve pheblem,
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the Waterway Experiment Station of US Army Corps ofis higher than VCI — the characteristics were desigas a
Engineers (WES) developed a “go/no go” method. &dou function of the surplus ground bearing capacityl Rithus
trafficability is determined based on measuringuakt VClgc (Fig. 2).

ground bearing capacity using the Cone Penetratest — Introduction of new tyre types (broad-profile, i}

Cone Index (CI) — and comparing it with the minimumand a poor correlation between actual tractiontasl(par-

ground bearing capacity necessary for a single phsise
selected vehicle over the ground, referred to asvihicle
Cone Index (VCI), which is determined experimemtall
Grounds with CI higher than VCI characteristic fowehi-
cle are trafficable (“go”), while if the measurentisrresult
is worse than VCI, there is a high probability o€ tvehicle
being bogged down (“no go”).

The minimum VCI characteristic for a given typevef
hicle and necessary to ensure trafficability watemeined
experimentally. The tests consisted in passing ok
forth over trails whose RCI was known, until thehiode
bogged down. On the basis of tests completed ciousr
grounds, a diagram was made of the obtained number
passes as
a function of RCI; next, using extrapolation (gL was
determined which was sufficient for a single pagsrdiq-
uefied ground. These diagrams allowed also forctlide-

termination of VClrc) necessary for passage of an entire

convoy with
a known number of vehicles “n”. With a view to era-
tion of the results, actual stresses in the gralurthg vehi-
cles’ passage were also registered during testsjirig a
basis for analytical works.

1A

0,80

Tracks with grousers . 3,8cm

0,60r
0,40
0.20 Jracks with grousers : 3 8 cm
L L ——
0 20 40 60 80 100 recrvel

Fig. 2. Characteristics of the traction force cmésht for
50 passes of wheeled and tracked vehicles as adoraf
the surplus ground bearing capacity — VCI methdd [2
Rys. 2. Charakterystyka wspétczynnika sityggaidla 50
przejazdéw pojazdéw kotowych orazgsgnicowych
w funkcji nadwyki nasnasci gruntu — metoda VCI [2]

Further development of the VCI method involved de-

termination of transport vehicles/ abilities wheasging
over difficult terrain. As their reference valuégttraction
force was utilised — a surplus friction force owewmentary
resistance — which is necessary to overcome swivel
sistance, trailer towing resistance, grade resistaacceler-
ation etc.

In order to make the results more general, thetitna
forces measured were referred to active gravitatiomass
of vehicles, and characteristics of tpefor wheeled and
tracked vehicles were determined. As the surpligiidn
force occurs only on those grounds whose bearipgaty
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ticularly on grounds with higher bearing capacignd
those determined using the VCI method, made therAme
can army and its research centre — Waterways Hrpaeti
Station of US Army Corps of Engineers (WES) devedop
analytical method allowing for a more precise eatenof
available traction forces of wheeled vehicles o ghound
with known CIl. The method was based on field tedts
traction forces of vehicles and stand tests ofifuar sizes
of) wheels with a tyre, operated with a 20% spirvarious
grounds [6].

Hao® i N2o
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Fig. 3. Characteristics of the coefficient of tiantand effi-
ciency of drive transmission to the ground for aeeled
vehicle, as a function of the MN (Mobility Number)the
WES method [14]

Rys. 3. Charakterystyka wspoétczynnika sity;gaii spraw-
nosci przeniesienia naggu na grunt dla pojazdu kotowego,
w funkcji wskanika mobilngci MN — metoda WES [14]

Consequently, new characteristics were determifed
the coefficient of tractiopl,g (for the spin s = 20%) and ef-
ficiency of drive transmission to the ground, (Fig. 3).
What differs them from the VCI method is that tteg not
a function of surplus bearing capacity (RClI minu€ly
but of the MN (Mobility Number), the latter expresisfor
clay soils by the following formula:

1+—

5\%
9
2d

where: W, — wheel load (kN); Cl — ground bearing capacity
determined with the VCI method (kP&)- tyre deflection
(m) on hard ground under load \\h — height of the tyre
profile (inflated, no load) — over the rim, withawméad (m);

d — external diameter of the tyre with tread —atdtl, no
load (m).

Development of the Mobility Number which standard-
izes wheel sizes and loads allowed for better tatiom be-
tween estimated and measured traction force vdarethe
examined group of vehicles.

1
b |’

_Cl b

M NWES W
k

(8)
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The Mobility Number for which the coefficient afat-
tion ppo = 0 (all the friction force is used up for overdom
resistance) determines the minimum,Callowing traffica-
bility (Fig. 3). Hence, after transformation of thelation
(14) — the VCjes breakpoint for clay soil may be ex-
pressed as:

kW

0,5 ’
2 b [édj (1 j )
h) 1+b/2d

where: k — MN breakpointpEQ); n — number of axles
(wheels on one side of the vehicle); W — activeviadion-
al mass of a vehicle (kN).

MN breakpoints |{,0 =0) for clay soils, determined on
the basis of tests and the adopted MN formulapegeent-
ed in Table 2. It shall be noted that highest valtesult
from trafficability tests, completed by actual wheskvehi-
cles — testers are distinctly underrating the gdobearing
capacity necessary for trafficability.

Similar tests were made for wheeled vehicles,tbeir
results are restricted and are included in the NAR&Der-
ence Mobility Model.

VCles =

Table 2. MN breakpoints [6]
Tab. 2. Wartéci graniczne wsk#ika mobilngci MN [6]

Test conditions k
Field tests — mobile tester — variable spin 1,85
Field tests — mobile tester — constant spin 1179
Field tests — multipass trials — radial tyres 2.08
Field tests — multipass trials — cross-ply tyres 252

Field tests — vehicle traction force measuremednBH
1.43

— drawbar pull tests)

Laboratory tests — single wheel (DBP — drawbartpsts) | 1.64

3. MMP method

In the beginning of the 1970s, Rowland (RARDE —
Royal Armament Research and Development Establish-

ment, UK) proposed an evaluation method for traffitity
of ground with low bearing capacity by tracked s,

based on an analysis of maximum pressures under the

wheels of a track. As a result of an analysis af ground
pressure (stress) traces and resistance of trackadles it
was found that a precondition for trafficability dhe
ground with low bearing capacity is that its begraapaci-
ty is not exceeded by an average of maximum stsgssst

pressures) under the wheels (Mean Maximum Pressure

MMP). Their value is determined with the followiegnpir-
ical relation [7, 8]:

Table 3. Coefficienk of the number of driving axles [5]

126[W
2 b {t[a)°° (10)

where: W — active gravitational mass (kN); b — kragdth
(m); d — wheel diameter (m); t — track pitch (m).

MMP =

It was defined on the basis of an analysis of qunes
traces (stresses in the ground) under the trackasumed
during field tests on the depth of 0.25 m — theppse was
to obtain maximum possible consistency with traiffiitity
test results. For vehicles equipped with tracksbelating
with pneumatic wheels, the MMP mobility number tske
the form [9, 14]:

05(W
2 b 5)* &
where:o — tyre deflection (m) on hard ground.

For wheeled vehicles, MMP is expressed by the¥sll
ing formula [5]:

MMP =

_ kW
T T T (12)

where: k — coefficient of the number of driving ex|(Ta-
ble 3); W — active gravitational mass (kN); b —etywidth
(inflated, no load) (m); d — outer diameter of aee@h(in-
flated, no load) (m)d — tyre deflection (m) on hard ground;
h — height of the tyre profile (inflated, no load)over the
rim, without tread (m).

The &h ratio depends mainly on tyre (carcass) rigidity
and pressure in tyres. For preliminary estimatess ias-
sumed to amount to:

- 0&/h = 0.18 — for nominal pressure (allowing for aad
travelling with a nominal speed at nominal load);

- 0/h =0.25 — for pressure reduced to ca. 70% of nami

pressure (for off-road travel with reduced speed);

o/h = 0.35 — for pressure maximally reduced to €863

of nominal pressure (for negotiating difficult 16i— at

such a low pressure, the tyre's transversal rigidi-

creases and the vehicle steerability becomes cenasid

bly reduced — at lower pressure the tyres may lbe- da

aged or even become detached from the rim.

The bearing capacity breakpoint defined by thenfda
(12) allows to express Rowland’s Mobility Numberr fo
wheeled vehicles as:

KMICI D @™ o
MN., = =.
R W i (13)

Tab. 3. Warté¢ wspotczynnika k liczby mostow rdpwych [5]

Number of Coefficient of the number of driving axles to themher of axles
axles 1 3/4 2/3 3/5 1/2 1/3 1/4
2 3.65 - - - 4.4 - -
3 3.9 - 4.35 - - 5.25 -
4 4.1 4.44 - - 4.95 - 6.05
5 4.32 - - 4.97 - - -
6 4.6 - 5.15 - 5.55 6.2 -
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Necessary multipass ground bearing capacity in thehile acceptable is typical of vehicles which destoate a
MMP method shall be determined according to thiofel  single pass ability (technical mobility).
ing formula [10]:

4. VLCI method
Cln :kn IMMP, (14)

As subsequent publications were released on wHak [
11, 13] or no correlation whatsoever [12] of trantforces
determined according to the WES model with those ob
tained in tests, the British Defence Evaluation Bedearch

where: k — coefficient of the number of passes (Table 4).

Table 4. Coefficient of the number of passgskhe MMP

method - :
. . . . . Agency (DERA) decided in the 1990s to develop aemor
;\I’/lall\l/lap 4. Wspotczynnik liczby przejazdow w metodzie precise analytical method of VCI determination isihow

referred to as the Vehicle Limiting Cone Index (MLC
Number of passes 1 1 3 S o 5 %o The method was based on the traction force tests ¢
Coofficient of the = . pleted using a single track mp_blle tester.(wheamdater,
number of passes, k 1 |1.20| 153 1.8% 235 2.80 track p|tch and load were moq|f_|ed) ora smglg elhtester
Source: own work Zradio: opracowanie whasne (tyre size and load were modified — only radiakt/mere
tested). In case of wheeled systems, the tyre oiedr4

Once the broad-profile tyres became more popther, times back and forth, simulating a passage of aiaxle
8/h ratio no longer provided a unique reflectionanf in- vehicle. Most measurements, both for wheels ancksta

creased tyre’s contact surface with the ground msiait of ~V€'® ta_ken at variable spin (20-100%), but f(_)r shie of
pressure decrease. In low- and broad-profiled haetual comparison, measurements as a constant spin ofva&e

. . also taken. Movement of wheels and tracks were &
tyre deflectiond and contact surface were considerably;

lower than that typical of normal-profile tyres withe ma;[:?te 3vaans1e dg,[(e);m?nggr}g't;?]nisﬁtggfsttg?eg(mﬁgd aggsgme-)

samed/h ratio. The calculations could be more precisa as Ssingythe cone penetration method — ClI Pl'heptesmgﬂ

result of the new form of the MMP formula with theodi- : y

fied value of the “k” coefficient (Table 5) [4, 9]: 'Ehie\t for the tested ground, RCI is lower by 30% €R0.7)
P 6].

k. [W At the first stage, the results were standard{sed way
MMP = o5 2 s o5 (15) similar to the WES and MMP method) and an individua
20 H™ d [ﬂé_/d) Mobility Number MN was developed [6]:
| [hO8 (g 8504
During further works, MMP models were also devel- MN gz, = Clib™[d "o (16)
oped for vehicles equipped with twin wheels, withegls W,

of different sizes, and models for passing overdgan
grounds [9].
On the basis of tests, three trafficability levigkwere

hence, after transformation (for N 1.85), the following
formula was obtained [6]:

defined, depending on the MMP value typical of aegi 185[W
vehicle (Table 6): very good, good and acceptaite. first  VLCI = e 0503 (17)
one corresponds to multipass or full operationalites, 20 °d °°0°

Table 5. Coefficienk, of the number of driving axles [9]
Tab. 5. Warté¢ wspotczynnika Kiczby mostow nagaowych [9]

Number of Coefficient of the number of driving axles to themher of axles
axles 1 3/4 2/3 3/5 1/2 1/3 1/4
2 1.83 - - - 2.20 - -
3 1.95 - 2.17 - - 2.62 -
4 2.05 2.22 - - 2.48 - 3.02
5 2.16 - - 2.48 - - -
6 2.30 - 2.57 - 2.77 3.10 -

Table 6. MMP breakpoints for skid-steer vehiclegreund bearing capacity measured using the CI mddtha®, 14]
Tab. 6. Graniczne warfoi MMP dla pojazdéw o skcie burtowym - pomiar nmosci gruntu metod Cl [5, 9, 14]

Ground Trafficability — allowable MMP value, kPa
very good (excellent) good (satisfactory) acceptable
wet, fine-grained — moderate climate 125 (150) [1203:9)] 250 (300)
wet, fine-grained — tropical climate 75 (90) 118@q) 200 (240)
peat soil 30 50 60
mire or bog 5 10 15
snow 10 25 40
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This relation is correct for 4x4 up to 8x8 [6]\d¥isys-
tems — differences due to different number of adesot
exceed 5%. Its notation is similar to the MMP fofayu
from which an ambiguous tyre heiglit” (measured with
or without tread, measured to the rim’s centredgeg was
removed, as was th&h ratio which prevented proper eval-
uation of tyre deflection impact on the ground emntsur-
face.

Following the same procedure, the following forenul
[6] was obtained for tracked vehicles:

156[W

VLCl=—— |
2(nlb t%d°%

(18)

5. Comparison of mobility evaluation methods

The Mobility Number formula assumed in the VLCI
method for wheeled vehicles allows to obtain goodeia-
tion of the estimated traction forces with valudégained
during tests using a mobile tester (Fig. 4) andl sha
viewed as a significant improvement when comparétd w
the WES model — Fig. 5. However, its reliabilitydasuita-
bility for estimation of vehicle traction forcesvenot yet
been verified experimentally. Taking into accouwtual
interactions between assemblies of the wheel asgesu
sion system and of the drive system may have afisigmnt
impact on the obtained traction force charactessti

Moo A
04

03-
02
0,1

R
" MNoers

0,0

-0,1 -

Fig. 4. Characteristics of the coefficient of trant of a
tyred wheelpyy, as a function of the mobility number
MNpera [6]

Rys. 4. Charakterystyka wspoétczynnika sityqgei kota
ogumionegot,y, W funkcji wskanika mobilngci MNpgga

[6]

ly underrating the necessary ground bearing capacite-
lation to bearing capacity necessary in case ofiahct
wheeled vehicles.

A
oo 4
0,6

0,5~
X

04

0,3-{----

0,2}

0,1

/

/ ;
/

2,0 3,0 4,0

>

6,0 MNyes

0,0
0,0

1,0 5,0
Fig. 5. Characteristics of the coefficient of tiant of a
tyred wheely as a function of the mobility number
IleWES [6]

Rys. 5. Charakterystyka wspoitczynnika sityqgoi kota

ogumionegqske W funkcji wskanika mobilngci MNwes[6]

The VLCI formula in its current form results in ofu
better results of wheeled vehicles, which can beddy
comparison of allowable weights of armoured wheeled
hicles with trafficability of ground with low beary capaci-
ty comparable to that of the ,Challenger 2" batdek and
of the ,Warrior” tracked IFV — determined using tlié&ClI
and MMP method — Table 7 [2]. Results obtained Hoy t
VLCI method are so much different from the MMP ntath
results that they are highly questionable. In otdaresolve
this issue, actual ground pressures were measoresef
lected wheeled vehicles [3] and it was found thaspures
determined using the MMP method are practically-con
sistent with measurement results, while the VLCthod is
distinctly underrating stresses in the ground. Refiection
of ground pressures does not mean, however, tloaingr
trafficability, dependent on the available tractifmnces, is
estimated incorrectly. In order to decide whichthe meth-
ods offers a better reflection of modern tyreslitibs, clas-
sical multipass trials shall be performed on claisswith
various bearing capacities.

It shall be noted that in spite of their differenimerical
values, results obtained using the VCI, MMP and Yhaf
characterised by a very good correlation — Fignd Rig. 7.
Evaluation criteria of the results are the keydbable cal-

What arises further doubts is the adopted MN breakculations and design recommendations. In the VQhot

point. In the light of experiments [9], for obtaigi a tech-
nical (single pass) mobility level, a certain minim sur-
plus traction force must be available (coefficiehtraction

an acceptable mobility level for heavy-duty vehi¢lg#Cl =
30 PSI (pound per square inch) = 206 kPa is assithed
M1 Abrams battle tank is characterised with VCI=218)

of ca.pu =0+ 0,1) due to ground heterogeneity. The adoptthe MMP method, the same mobility level correspotuls

ed value MN =1.85 does not meet this criterion eam
urement data (Fig. 4) indicate that the breakpshiould not
be lower than MRi-o.01) = 2.15. This conclusion is also
consistent with the WES test results (Table 2) whiddi-
cate that in case of wheeled vehicles, interactiaiking
place in the wheel and suspension system and idrtlie
system result in lowering trafficability. Testeng alistinct-
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MMP=300 kPa for vehicles with low swivel resistar{2é0
kPa for skid-steer vehicles). Therefore, theseutaiions
may be treated interchangeably, taking into accdhat
allowable MMP values are by ca. 50% higher than \AZi
advantage of the MMP method consists in easy adecess
the relations describing alternative, non-standedel and
suspension systems, and clear evaluation criteria..
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Table 7. Allowable weights of wheeled vehicles vilte 8x8 drive system, with 16.00 R20 size tyred aentral inflation

system [2]

Tab. 7. Dopuszczalne masy pojazdéw kotowych o ziktgelzdnym 8x8, wypasmych w ogumienie o rozmiarze 16.00 R20

i centralny uktad pompowania [2]

bearing capacity

Required mobility level on the ground with low Maximum weight of a wheeled vehicleMaximum weight of a wheeled vehic
determined using the MMP method, |t determined using the VLCI method,

—~ @

Comparable to the ,Challenger 2" battle tank
(weight: 62.5 1)

19 43

Comparable to the ,Warrior” IFV (weight: 25.7|t)

14 32
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Fig. 6. Comparison of the MMP mobility number wite
VCI one
Rys. 6. Poréwnanie zgodfod wskanika MMP ze wskani-
kiem VCI
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Fig. 7. Comparison of the VLCI mobility humber (MMP

acc. to Maclaurin) with the VCI one
Rys. 7. Por6éwnanie zgodfm wsk&nika VLCI (MMP Mac-
laurin‘a) ze wskénikiem VCI

6. Summary

Precise estimation of ground trafficability andasfila-
ble traction forces depends mainly on the qualitythe

ground with low bearing capacity includes two issue
evaluation of a single pass ability over groundhwlibw
bearing capacity;

evaluation of operation (multipass) abilities oe tjround
with low bearing capacity (estimation of the aviaitatrac-
tion force).

On the basis of the available data it can be twitithe
most comfortable method for estimation of availatobe-
tion forces (operational ability evaluation) onmirtked clay
soils is the VLCI method. The assumed Mobility Nwenb
MNg = 1.85 as the trafficability breakpoint seems ¢otdo
optimistic. It is recommended to verify it empirilga in
order to take into account interactions betweenelhad
suspension system assemblies and their influengecamd
trafficability.

It seems that the most comprehensive and an atddyua
reliable method to-date for evaluation of grouradficabil-
ity and construction of wheel and suspension systsrthe
MMP model. It is based on verified empirical datas-
thermore, its application scope was clearly defiaed lim-
ited to technical mobility evaluation already a¢ tthesign-
ing stage. In addition, this method offers many elsdor
various wheel and suspension systems and cleauagicai
criteria.

All the presented trafficability estimation metlsodre
based on an empirical relation. As a result, fer ¢hlcula-
tion and analysis results to be reliable, the feilg three
requirements must be met:

- all the quantities used are expressed in spédaiiits;

- design of the analysed vehicles and their whedlsus-
pension systems do not differ greatly from the sohs
used in tests;

- parameters of the ground to be passed over ddiffiet
greatly from the parameters of the ground on whizst
were conducted.

Ground bearing capacity tests undertaken in Eunepe
dicate that the least trafficable (highly drenchedable
land after rainfall has features ClI of ca. 130-RB@, while
bog — of ca. 15-60 kPa. The differences are quitesider-
able and the developed models are based mainlylor s
tions typical of military vehicles passing over nicbed ar-
able fields. Therefore, the results obtained calweotaken
for granted, as they may be burdened with a reltikigh
error. In the designing process of wheel and susparsys-

adopted Mobility Number model. Ground heterogeneittems for machines operated in difficult wetland ditions,

and a broad scope of its varying parameters rasaltlack
of a universal model. However, of vital importarare also
the following factors: location of the centre ofagity in
relation to the wheel and suspension system, dedigrive
systems and wheel and suspension systems, andyrdpid
veloping production technologies of tyres and téditrack
belts. Due to this progress, it is necessary tdafyvéhe
adopted formulae and assumptions on an ongoing.basi
In fact, evaluation of the vehicles’ trafficabjitof
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additional comparative research is therefore recented.
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