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- Vehicle Studies Section. Special acknowle dsgment is made to

t’“\’,‘

Volume I: ILateral Oostpc
d Volume II: Longitudingl Obstaclcs
C. Vehicle Performance in Vertical Obstacles (Surface Geometry)
5 D. Performance of Ampriticus Vpkicles in the Water-Land Inter-

. face (Hydrolcgic Geometry)

-

E. Quantification of the Sereening Eppncts of JVegetaticn on

'G. Application of Analytical Mcodel o Unite: States and Theilan
Terrains

The study was conducted by personnel of the Mobility and Environmen-

tal M&E) Division, under the general supervisior of Mr. W. J. Turrbull,

Technical Assistarnt for Soils and Engineering (ret4r°’ : Mr. W. G. Shockley

and Mr. S. J. Knight, Chief and Assistant Chief, reszp pectively, M&E Divi-
siony Mr. A.’A. Rula, Chief, Vehicle Studies Branchj Mr. W. E. Grabau,
Chief, Terrain Analysis Bragch; and Mr. J. %. Stoll, Chief, Obstecle-
Chlef, Soil Vﬁbicle Studies Section, ard Mr. . E. Murphy, Ingineer, Veni-
cle Dynamics Sectlon, who provided giidance for porticns of the anaiysis.
The tests reported herein were supervised by Mr. B. G. Stinzon, Major
assistance in the preparation of plates and tables was pr vided by ¥Mr. J.
Lee. This report was written by Hr. C. A. Blackmon.
Directors of WES during this study and the pr-paration of this re=
port were COL Alex G. Sutton, Jr., CE, COL John R. Oswalit, Jr., CE,
COL Levi A. Brown, CE, and COL Ernest D. Pelxot*o CE. Technic

Directors were Messrs. J. B. Tiffany and F. R. Brow
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d SUMMARY

ix accelerationeicceleration tests were conducted with three
4o tracsei vehicles at five sites in Thailand. The principal

-~ these tests was that vehicle ileceleration in soft clay

correlatei with soil strength expressed as the average O- to
iex. The analysis iniicatei that acceleration increased with

soil strength, tut no iefinitive correlation could be estab-
srpirical ani empirical relations were used in a first-

analytical moiel to predict average speed over the test courses.

measured and prediictei speeis led to recommendations for

:tional stuiies to improve the reliability of the WES analyti-
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AN ANALYTICAL MODEL FOR PREDICTING
CROSS-COUNTRY VEHICLE PERFORMANCE

APPENDIX F: SOIL-VEHICLE RELATIONS ON
SOFT CIAY son.s (SU’-?FACE coz:Posrrlon)

PART I: INTRODUCTION

Background _ L

1. The main text of thi:.renort deséribﬂs the development of an ana-
lytlcal model for predlctlng the Cross= country Dezpov"anﬂe cf a vehicle.
The rodel was based on'an energy concept w1th1n the framework of elassical
mechanics that requires cause-and-effect relations be established between
discrete terrain factors and vehicle response. ihé terrain factors con-
sidered in the analyticel model are (a) surface gecmetry, (b) surface con-
position, (c) vegetation, and (d) hydrbiogic gecmetry. This zppendix deals
with limited aspects of the surface composition factor--the effects of soil
strength on the acceleration and deceleration of the vehicle.

2. Previous and concurrent studies in the field and lebcratcry have
yielded empirical and semiempirical correlations of soil strength and ve-
hicle performance in terms of minimum strength negotiazble, motion resist-
ance, and drawbar pull. A method of predicting vehicle performance while
accelerating and deceleratlng has been presented in a recent report,l how-
ever, no actual vehicle performance tests were included in that study.

>
\

Purpose and Scope . i

3. This apbendix describes acceleration-deceleration tests con-
ducted by the U. S. Arﬁy Engineer Waterways Experiment Station (WES) in
Thailand during the period 12-30 October 1§65. The general purpose of
these tests was to obtain data relating characteristics of soft clay soil
to vehicle performance in terms suitable forjuse in déveioping that portioﬁ
of the analytical model for predicting cross-country performance. The spe-

cific purpose was to determine if vehicle perfcrmance in terms of

'

Fl



-acceleration and deneleratlon could be related to scil strength. An addi-
ticnal purpose of this veport was to compare the average speeds predicted
by the WES analytica1 model using both empirical and semiempirical corre~
1ations of scil strength and vehicle performance with the average speeds
measured in field tests. A ) - B
L, Six*y-é}x.tésts were conducted with three ;heeled and two tracked
vehicles at five/sites in Thai land. Surface compcsition of all sites in
. terms of tne Unified Scil Classification System (uscs) was a fat clay (cH);

+he average soll strengths in the 0- to 6-in.* layer ranged from 16 to 71

3 [ -
cone index, ) J

¥ 4 table of factors for converting British units of measurement to metric
units is presented cn page ix. 2

F2
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PART II: TEST PROGRAM .

= /
. 3

Location and Description of Test Areas

- /.‘ g
5. The tests reported herem were conducted ¢t three general loca-
tions in Thailand: Pran Buri, Phet “Buri, and Samut Prakan (fgg. F1).

Descriptlons of the test sites at the time .the tests were condunted are

—
.

given in the following paragraphs.

oo

+ ; SCALE M MLLS 2

Fig. Fl. Viéinity map; Samut Prukan, Phe,téari,
" and Pran Buri test sites /-‘
//
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Pran Buri
6. Test site LV-S-3 was located about 14 miles south of Pran Buri

near the ﬁillage of lia Wan Priang (fig. F2) in a grass=-covered, low=-1lying
area dissected by drainage canals. ‘The site was approximately 300 ft
long and 200 £t wide and very nearly level (1less than 0.5 percent slope).
As stated previously,_y%e scil at the site (and also at the four other
test sites) was c}assified as CH according to the USCS. The average cone
index of the O- to 6-in. layer ranged from 54 to 71. The site was free :

of surface irregularities (fig. F3a).
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a. Grass-ccvered surface
/ at site LV-5-3
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i
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i
|
¢, Small-scale sur-
face irregularities
at site MRDC-Xh
%
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Fig. F3. Surface cpnditicns,at three test sites
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Phet Buri

7. Test site MRDC-XIO was located about 11 miles southeast of Phet
Buri (fig. F4) in a low-lying area containing no vegetation. The site
was apprcximately 300 ft long and 200 ft wide and very nearly level (1less
than 0.5 percent slope). The average cone index of the O0- to 6-in. layer
ranged from 41 to 64, The site was free of surface irregularites.

L

LESEND
@ o ses SCALE N WLES
) - e ——— A—

Fig. F4. Location of Phet Buri test site
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Samut Prakan

8. Three test sites were located in the Samut Prakan test area

(fig. F5). Test site MRDC-X,, was about 6 miles southeast of Samut Prakan;
test sites MRDC-X& and MRDC-X6 were near the village of Tambon Khlong Dan.
All were in low-lying areas containing no vegetation. Each was approxi-
mately 300 ft long and 100 ft wide. They were oriented so that the slope
of each test lane was less than 1.0 percent. At the time of testing, site
MRDC-X,, was covered with 3 to 6 in. of water, site MRDC-X, with 4 to 8 in.
of water (fig. F3b), and site M?DC-Xh was very wet but nearly free of sur-
face water. The average cone irdex of the O- to 6-in. layer ranged from
29 to 43 at site MRDC-X,, from 27 to L2 at site MRDC-X), and from 16 to 20
at site MRDC-X6. The small-scale surface irregularities that were present
at all the sites in the Samut Prakan area were judged insignificant from
the standpoint of vehicle performance (fig. F3c).

- 3 e —— T = L

{
2}
3,

g S

LEGEND
- TesT sves

SCALE iN WL ES
2

5 . N .
> - ows ee—— —

Fig. F5. Location of Samut Prakan test sites
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Vehicles Used

9., -Three wheeled vehicles--the M151 l/u-ton utility truck, the M37
3/h ton cargo truck, and the M35A1 2- 1/2 ton cargo truck--and two tracked
vehicles=-the ¥29C amph¢b10us cargo carrier and the M113 armored personnel

carrier--were used in these tests (flg. F6). Pertinent physical

g

a. M151 1/kL-%on utility truck b.

. M35A1 2-1/2-ton
cargo truck

A
A

.....

F8
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characteristics of’tbg vehicles are given in tabie F1§ _
10. All test vehieles were equipped with faigly elaborate measuring
and recording systems. This instrumentation is digeusseg in detz2il in

reference 2, -

Tests Ccnducted

11. The acceleration-deceleration tests conductzd in thile study were
censidered as being of two types on the basis of the munner in which the
deceleration in each test was accomplished., Wrer the —vehricle was dbrought
to a stop by free;rolling, i.e. with the clutch disengaged, the test was
considered to Pe an agceleration-rclling test ( identified by the letter R
following“the test nu%ber); when the vehicle was brocught tcla stco by ap-

plication of ‘the brakes, the test was ccnsidered toc be an zcceleraticrn-,

braking test (identified by the letter B following the test number). &
Tests employing both methods of deceleration were cconducted with ezch ve- )
hicle, although not at eéch site. The following tabulation shows Lhe
nunter and type of tests conducted with each vehicle at each test site.
Vehicle and Type of Teét Totel
M151 M37 M35A1 M29C 11113 Tests
TestSite R B R 3 R BR 3 R B R B
ky-s-3 21 3’28 2 21321 8 A
MRDC-XlO 2 “2 g3 2.2 g L. ¢ 22 8
MRDC-Xé e g2 -0 o0 D@ & &
MRDC-XL o vz @l F ol C@Nk
MRDC-XE @ 0. © O 10 0, 3,0 99 35 O =
S B TN b -

Test Procedures and Performance Data Obtained

12. The.vehicle was positioned at the beginning of the 300-ft-lon
test lane and the driver was instructed to accelerate the vehicle as
' J ¢
quickly as possible to a point that would allow ample rccx{fcf'deceleraticn

3 - 3 . H - . - -
without overrunning the test course, and then tc dlsengag% the clutenr (in-

9
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the acceleration-rolling tests) and allow the vehicle to roll to a stop or
to apply the brakes (in the acceleration-braking tests) and bring the ve-
hicle to a stop. The wheeled vehicles and the M29C, a1l having manual
trénsmissions, were usually started in second gear, loﬁ range, and shifted
to third gear, low range. The M113, the only vehicle with automatic trans-
missioﬂ in the test program, was operated in gear range 3-4 in six tests '
and in gear range 1-2 in cne test. Poles were placed at 50-ft intervals
along the edge of'the test lane to serve as reference points and to assigt

the driver iﬁ'folluwing a straight-line course {fig. F7). Since it was

. S

Fig. F7. Site MRDC-Xj30. Poles at edge of test lane

assisted driver in following course and served as '

reference points

believed that variation in driviﬁé ability, for instance in the time re-
_gquired to effect a gear change, might affect the test results, the same
driver was used throughout the te:% Program.
| 13. By means of electronic instrumentation installed on the test
vehiéles, continuous measurements of time, distance traveled, drive-shaft
revclutions, and wheel or track rotational speed were made and recorded
on cscillegrams. In addition, for some tests drive-line torque and 10néi-
+:dinal acceleration were measured and recorded. A surveyor's chain'was,

used to validate total distance traveled and a stopwatch was used to obtain

o]

check on total time. Appropriate data from the tests are summarized in
+able T2, Voluminous data were obtained in reducing the oscillograms to a
more convenient-to-use form. For example, distance traveled, vehicle
N\
F10 v
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speed, wheel or track speed, percen% wheel or track slip, and average
acceleration or deceleration of the vehicle were deter:ined and tabulated
1for each second of each test. In the interests of economy, these data are

"not reproduced in this appendix but are filed at WES for future reference.

Soil Data Obtained

Soil samples )
1&. Samples for classification cf the soil according to the USCS

were obtained from the O- to 6-in. and 6- to 12-in. scil layers from each.
test site. A summary of the laboratory data is included in table F3.
Grain-size distribution curves are shcwn in figs. F8 and 19. '
Cone index =

15. Cone indexes.were measured at the surface and at depths of 1, 2,
3, 4, 5, 6, 9, and 12 in, at 6-ft intervals along each side of the test
lane prior to testing. In some tests, the vehicle straddled'ﬂne of the
ruts of a preceding test and the previously collected soil dgfg\were
deemed'adequate. Following each test, the portion of the lane in which
the vehicle was accelerating and the portion in which the vehicle was de-
celerating were determined. A summary of the cone index data is given in
table Fb.

’

Qther Data Obtained

!

. 16. Other data obtained included photographs, miscellaneous measure-
ments, notes, and observations. Data not included in this appendix are '
fiied at WES for future reference. '

{
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. 'PART III: ANALYSIS OF DATA
s The data cc}lected in-this test prograr were analyzed t. deter~-
mine if accelera%tion and deceleration of vehicles could be related to soil
strength and to evaluate tle accu"acy of current prediction techniques for

vehicles avcelerat ng and dece‘eratlng over short dlstances.

%

Basis of Analysis

18. Acceleration is, by definition, the time rate of change of ve-

locity. Matnematically, this may be exprecssed by the equation

e : : : .
A N = S v -V )
L Rt | (1)
" where = - , . ‘
Vys Vg = speed at the beginning and end, respectively,

of an increment of time, fps

»*i"e,4ncre"ent, sec

TR TR

2
acneWeratlon, ft/sec

. When the sneﬂdlat the end of the 1ncrement (V ) is less than the speed at
‘the be51nn‘ng of the 1nc*er9"t (V ), the acceleration 1s negative and is
sermed deceleratich ( a) Equation 1 in various forms is used throughout
the analysis; ééher special considerations and equathns peculiar to a

particular part ¢f the analysis-are discussed as they are introduced.

”

Acé@leration Relations
£y
19, The acce eration a given veticle can achieve depends on that

i

venicle's charac*evlst*cs (weight, engine performance, transm1551on effi-
ciency, etc .), the slel cf the driver (1n steering, feeding erl to the
erglne, shi ﬂng ge»ra, etc.), and the condiﬁ&qp of the surface on which
the ‘eh;--e ove"ates. In these:tests, changes in the characteristics of a
given venicle +hat cccurred between tests or within a test were not con-
-liqr d tc be 51gn1”1cant and driver effects were minimized (but not
e71ﬁ‘nated) by us1ng the, same drlver 1n all tests. Thus, even though the

~ests lacked consistency (dlstance or time in which acceleration occurred

F1k

3
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was not. the same in all tests) and no atteémpt was made to attain a maximum

—

velc:ity because of the pfohibitive length cf the test course that would

have been required, it was felt that some quantitative estimate of the

effect of soil strength on acceleration could be made. Fig. F10 shows the

&

/

I
=CLUTCH DISENGAGED

20 = P
ko
-
["J
a
"8 i
a GEAR SHIFT
§
a W
5 ; N ~
P
A
0
] L] a LF ] 18 20
TIME, SEC . ‘
Fig. FlO. $peed-time curve for test 269 R. (Data from which this //

| plot was constructed are given in table F10)

speed-time curve for a typical test.

°

Tt is to be noted that accelgraticn

(slope of the curve) was constantly changing; dashed portiogg"bf‘ﬂhe'curve

represent the abrupt change when the gears were shifted.

acceleration and/br velocity versus soil strength were made as/follows:

/ .
Parameter !

Soil Strength

Several plots of

Maximum acceleration (usually occurred Average O- to 6-in.
during first l-sec time increment of the ccrrespending
test) test lane

Average acceleration un%il time clutch
was disengaged

Agerage O- to 6-in.
the correspcnding
test lane

Average O- to 6-in.
the correspcnding
» °  test lane

Averaée acceleration during first
5 sec z

Average O- to 6-in.
the ccrresponding
test-lane

Average velocity for first 100 ft
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cone index
fortion of

cone index
portion of
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cone index
portion of

of
the
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these plots shcweﬁ'a fairly general effect of cone index on

accelerat The plots that appeared most informative were those of maxi-

Geleraticn versus the average O- to 6-in. cone index for that portion
£ the test lane where the maximum acceleration occurred. These plots are
discussed in the folleowing paragraphs. v

wneeled vehicles:

25 AR IetEN e maximum(acceleréticn.versus the average 0- to 6-in.
cone index are shown in plate Fl. Results from tests conducted on barel
surfaces are indicated by open symbols; results from tests on grasé-
covered surfaces are indicated by clcsed symbols. While the limited range’
of strengths in each surface-covef‘grcup and the obvicus scatter of‘data
for M151 tests (fig. a, plate F1) seem tc preclﬁde drawing a definitive
curve through the data points, ébxe trends are evident. The increase in
acceleration with an increase in scil strength fcr the M37 and M35A1 tests
(figs. b and ¢, plate F1) is impressive, and it may be noted, especially
in fig. b, that the closed symbols appear as a lcgical extension of the
oren symbols, suggesting to some extent that the soil.strength has a
greater influence upon accelercticn than dces the sw'face cover.

R

racked vehicles

22. Plots of maximum accelerdtion versus the average 0- to 6-in.
cone index are shown in‘plate F2 for the two trackéd vehicles. Again,
#hilé no curves are pregented, it may be seen that there is a trend toward
an increase in acceleration with an increase in soil strenzih,

Decelerztion Relaticns J

23. The deceleration of a vehicle dependc upon that vehicle's char-
atseristies (weight, traction element ccntact area, internal resistance

when rolling, and how guickly the wheels or tracks can be locked when ad-
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r braking), the skill of the driver (in steering, application

of brakes, etc.), and the condition of the surface on which the vehicle
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olling tests, changes in the characteristics of a given
ere not ccnsidered to be significant, and the driver

b
cTTects were rinimized (but not eliminated) by using the same driver in all

r16




tests. In the braking tests changes in;;he vehicle's characteristics were
deered significant., For example, it was hot always possible to lock the
brakes, particularly wher. the brake drums became wet (fig. ¥11). Addition-
ally, during the braking tests.at some of the grass-covered sites, the
grass sheared irregularly (fig. F12). It is believed that these factcrs
were, in part, responsible for tne\highly variable results of the braking
tests. Since an investigation of these factcrs was not within the sccpe
of this program, only th% tests in which deceleratiocn was accomplished by
disengaging the power train and allowing the vehicle to rcll freely to &
stop are considered in this part of the analysis.

2L, For most of the tests considered, the deceleration fcr each
l-sec time inter&al from the t;me{the pover train was disengaged until the
vehicle stopped rollihg was féirly constant (see fig. F10). In a few cases
(one M151 test, six M37 tests, and one M113 test) malfunction of the dis-
tance play-out line prevented a second-by-second determination for the en-
tire period of deceleration; therefore, the value of deceleration expressed
as -a/g ’given in taﬁiz F2 was determined over less than the full period

of deceleration. ,

*VWheeled vehicles

25. Plots of average deceleration versus ‘the average 0- to 6-in.
cone index are shown in plate F3 for the three wheeled vehicles tested.
The curves drawn in figs. a, b,‘;nd ¢, plate F3, represent the lines of
visual best fit. The minimum soil strength required fér one pass (VCIl)
is shown for each vehicle. ' It was computed by a1semiempirical method now
being developed at WES.* It may be noted that the deceleration for the
M151 is higher than that for the cther two vehicles at approximately the
same soil strength. This may be explained in part by realizing that decel-
eration represents the result of all forces resisting motion of the vehicle,
including the surface condition, and it would be expected.that water or a

* Work in progress and curves relating a computed mobility index to the
vehicle cone index required for one pass and fifty passes of a vehicle on
level soil are described in "Quarterly Progress Report on Waterways Ex-
periment Station Research and Development Projects" for the first
quarter of 1969

F17




5 il

llcte grass shear during deceleration by
braking at site LV-S-3

vay
(=
(6¢]

ot v A g -~
o




.

slushy surface condition (suech as that encountered in these tests) would
have a greater retarding effect, percentagewise, on the smaller and lighter
M151 than on the heavier and larger M37 and M35A1. For this reason, in
fig. d, plate F3 (where the deceleration values for all three wheeled ve-

~ hicles were plotted against soil strength expressed as cone index points
above VCIl to establish a single relgﬁion), the location of the curve was
influenced to a greater extent by the M37 and M35A1 data points than by
the M151 data points. The location and curvature of the line in fig. d are
admittedly arbitrary and somewhat provisory; The extrapolation as indi-
cated by the dashed line is based on results of other studies in the field
and laboratory that indicate that the towed force-soii strength relation
becomes asymptotic at a force/weight ratio of approximately 0.30. Data

in this region are extremely scarce, and it is emphasized that the relation
expressed by the curve in fig. d, plate F3, may be changed when additicnal
data become available. Nevertheless, the curve in fig. d does define a re-
lation between deceleration and soil strength that appears reasonable.

Tracked vehicles

26. Plots of deceleration versus soil strength expressed as the
average O- to 6-in. cone index are shown in figs. a and b, plate F4, for
the M29C and the M113, respectively. The summary plot (fig. ¢) indicates
that the data correlate quite well when soii strength is expressed as cone

{ index points above VCIl. The curves drawn through the data points repre-

| sent lines of visual best fit. The extrapolation of the curve on the sum-
mary plot follows the same reasoning as that for the summary plot (fig. d,
plate F3) given in the preceding peragraph. Examination of the data pre-

i sented in plate F4 indicates that while the decrease in deceleration with

a2n increase in soil strength is very small, the correlation is good and

et

I the curves adequately define the relation of deceleration and soil strength
within the limits encountered in this program. Q\K
k 1

\\ " Prediction of Vehicle Performance

AN

27. Although the tests were not typical of normal vehicle operation,
they did furnish some data in terms of average speed of real vehicles over

F19




sections (albeit short) of natural terrain that could be used for compari-
son with ayerage speeds predicted by current modeling techniques, and, in
a sense, serve to validate the relations established in this and concurrent
test programs. To this end, predictions were made of the average speed and
compared with the mqpsured average speed in 52 tests. Of the 66 tests,
data for 14 tests were incomplete and are not used in this portion of the
analysis. The prediction techniques are described and illustrated by ex-
‘ample in the following paragraphs. ‘ |
Pavement-vehicle relations '

28. The WES analytical model for predicting cross- country perform-

ance of mllitary vehicles begins with a basic relatlon peculiar to each
vehicle that expresses the maximum tractive force that can be developed at
any speed on a firm, level surface (e.g. pavement) The relation for a !
particular vehicle may be obtained emp1r1cally by drawbar pull-spee and
motion resistance-speed tests on a firm, level surface or may be computed
from engine performance data, taking into account propulsion system osses.,
The parement data used in these predictions are shown graphically in plate
F5 and in tabular form in table F5. The data sources are indicated in
table-F5.
Soil-vehicle relations

29. The next step in the ﬁES analyt%cal model is to establish the
effects of soil strength by using the maximum drawbar pull and motion re-

sistance values for the vehicle and particular soil condition. Ideally,
these values would be determined by actual field tests on the same soil
condition for which the speed prediction is bzing made. Since this is not
always practicable, a part of the overall Mobility Environmemtal Research
Study (MERS) program was concerned with developing methods of predicting
maximum drawbar pull and motion resistance and with exploring methods pre-
viously developed. In this study, for the soil condition in each area, the
maximun drawbar pull and the motion resistance for each wheeled vehicle
were predicted by two methods--identified herein as the WES numeric and the
WES curves. Predictions for the tracked vehicle utilized only the latter
method since the WES numeric at ghis time is applicable only to wheeled

vehicles.

F20
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30. WES numeric. The development and use cf the WES numeric have

; 1 L 1
been described in several reports"3" and cnly the equaticns are repeated

here: ]
m= 82, (g Ve (2)
,P;_ - = 35023‘3 - 0.0206 (3)
20 s Ees ON
W T 2.2 +0.550 '
where |

7

I = WES numeric
’ g

C = average cone index of C- to 6-in. scil layer

= width of tire, in. e

d = diameter of tire, in. ; [

W = weight, 1b; in using the equations in this repcrt, W w=s cb-
tained by dividing the gross weignt of each venic
ot

8§ = tire deflecticn, in,
h = secticn height of tire, in.

P, = towed force, 1b
(%]

v

o
D
1]

- drawbar pull at 20 percent slip, lb

|
Equations 2, 3, and L refer tc a single wheel., Where the computed

of Peo/w and Pt/w are-used in this repoft in reference tc é specificg
vehicle, they are considered as being equivalent to 4drawbar puli coeffi-
cient (EBP/W)/and'motion resistance coefficient (}2/W), respectivelr. The
relations e&pressed by the WES numeric were developed Tror tests on lsbe
oratory prepared soils of uniform strength and moisture centent. lore

(3

recently, tests have been conducted at WES to cetermine the effects on

5

performance when the soil is flooded. Results” have indicated that a Lo
percent decrease in pull may be expected when the surface of a clav Sehsdk

is wet or flooded. Since the surfaces of the test Fsals e el EoEs YSt Ul

—
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were predominantly wet or flooded, the Pao/w values determined by equa-
tion 4 were reduced by 4O percent and are identified as 60 percent drawbar
pull coefficient in table F6. The same reference indicated no reason to
alter the }t/w values as cumputed by equation 3. fhese are identified
as motion resistance coefficients in table F6.

31. WES curves. The alternate set of soil-vehicle relations used ~
to predirt maximum drawbar pull and motion resisfance is identified as the
WES curves. Values of maximum drawbar pull, expressed as DBP/W , were

ottained from curves (fig. F13) developed in reference 6. These curves

s NOTE: WCI ;= COME NGEE FOR OnL PASS OF VEHICLE

-f” . e .. .L‘LrL rL

cOME (NOIR POINTE ABDVE VECI,

(
E

(FRtw mES TECowTaL SGRORT WO J-TB3, amegupix 89)

Fig. F13. Performance of tracked and wheeled vehicles in the water-
land interface,‘fine-grained soils

were derived from drawbar pull and slope-climbing tests ‘of wheq}?d and
tracked vehicleg on flooded and wet surface soils, which is essentially
the same surface condition that existed in the tests reported herein.
Values of motion resistance, expressed as MR/W , were obtained from the
deceleration relations given in plates F3 and Fih. (An explanation of the
raticnale is given in paragraph 35). Values of both maximum drawbar pull
and moticn resistance as determined by the WES curves for use in these
predictions are given in table F6. ‘

3

32, Adjustment of pavement performance curve. The DBP/W ‘and MR/W

values determined by each method and a tractive force-slip relation were
used to adjust the pavement curves for effects of soil strength and wheel
or track slip to determine tractive coefficient-speed and drawbar pull

coefficient-speed curves on soil. An example of this procedure is given

Faz
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: Flg Flk. Deteruinatlon of soil performa"ce curve and drawbar
' pull coefficient-speed relations for M35Al =2t site 4V-S-3 _.
) . using the WES curves

3
IN 4

for the WES curves method in fig. F14 and table F7. In this example the
maximum drawbar pull and motion resistance value= used to adjust the pave-
ment eurve in plot a, fig. Flk, were determined from the WES curves as
follows: Ll 0N

/ a. The VCI, for the M35Al (table F1) was suotracted from the

average 0- to 6-in. soil strength for the M35Al tests at

( , \ site LV-S-3 (from table F4) to yield the cone index points
% ) above VCI,; that is, 61 = 31 = 30.

’

] b. The maximum drawbar pull, expressed as DBRAI , was read
at 30 CI > VCI from the curves in fig. F13 (.
DBP/W = 0.280 when soil strength is 30 CI > vcrl)

¢. The motion resistance coefficient was determired from the

Fa3




curve in fig. d, plate F3, to be 0.100 for a soil strength
of 30 CI >VCI, (see paragraph 35).

d. Maximum drawbar pull coefficient and motion resistance
were summed to give maximum tractive coefficient on soil
(0.280 + C.100 = 0.380). The values thus obtained were
entered on the tractive coefficient axis as shown in plot
a\, fig. Flk, to limit the traction and speed indicated

. by\the pavement curve. ' : :

33. To account for the loss of speed as a result of wheel slip,
the speeds indicated or the pavemert curve (withirn the limits established
by soil strength) were reduced by the percent slip as indicated in plot b,
fig. Fl1L, to yield the soil performance curve as shown in plot c, fig.
Fll. These computations are detailed in table F7. It may be seen that
the relation expressed in plot b, fig. Flk, Shows a 20 percent slip at
the maximum tractive coeff1c1ent for the M35Al operating on a soil ‘_
strength of 61 CI with a linear decay to zero slip at the point where
the tractive coefficient equals the motion resistance on pavement as
indicated in-table F7.

34. The drawbar pull coeffic1e.t-wne%d curve (plot d, fig. Flh)
was determined by subtractlng the motion resistance coefficient
(MR/W = 0.100) from the tractive coeff1c1ent of the soil performance
curve (plot ¢, fig. F14). The drawbar pull coefficient-speed curve is
the basis for the acceleration'predictions“described in the follgwing
naragraphs.

Acceleration prcd ctions

,35. In reference ?,’Knight demonstrates the use of maximum draw-
bar bull to deterrine the’capability of a.vehiéle to climb a slope and to
. tow arother vehicle. The predictions herein are based on the considera-
tion of drawbar pull as the force available to accelerate the vehicle.

rom this basis the procedures for determining time, distance, and speed

)

tfor an accelerating vehicle were developed. The following example illus=-
trates the procedure for determining the first increment of velocity
cr.ange on.the drawbar pull coefficient-speed curve (fig. FlSj} The other

‘irerements were handled in a similar manner (table F8).

Fa2L
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0.30

"~ .0.20k

Fig. F15. Drawbar pull
coefficient-speed curve
for the M35A1 at site 0.10
Lv-s-3 with the first in-
crement of velocity change

DBP/W

1nd1cated
0.0 T
o 5 10 s 20 28
SPEED, MPH
L L i i L i
0 10 20 J 30
SPEED, FPS
a. The acceleration a from Vi to V equals the chiange in ve-

loecity d1v1ded by the time reqairea to effect the chan ‘zad '

may be ﬂyDressed by equation 1 from varagrapn 18:
B pos et s

T T T v S

[N

(Vl and V2.are given in feet per second in table 78 fcr
1

each increment.)

b. The force F required to produce this acceleration is equal

to the mass (W/g) of the vehicle tirmes the acceleraticn,

s o ol
~_uf2- N\ w/(s.75 il
| . L e e gy = SR h (5)
\ . . - .

¢. The fqorge available to produce the velocity change “rer v
g ‘e : ) : g€ = i

==

f from V to V
}

/
[ to Vﬁﬁis the average drawbar pull .that can be developed

A= < 1 Chr
DBP ‘DBPE

2

/ | 2
\i

o]

A%}

\1
L 3

N\

/,—' + J N
ro 2 O A P (° TR 283) W= 0.2600 (6



bsp'l DBP, c:
T and 'w are given iy table F8 for each increment.

4! Tue tire %l required for the force available DBP. to ef-

m———— | . .
availsble D3P for force required F in equation 5 and

rearranging:
Vo 5
‘ — [z 1 o
DBP = -é ( 3 ) (")
—— | 3 =
o P |
W | % .
T e R -
g g o WS .2__ - g gg = 0. 6’4 Se" T
R i » .I&-P g
.~ - ¢ . E W )

e. The distance d the ﬁehicle travels in effecting the ve-
locity change fror Vl to V is found by multiplying the

time by the average #elocity Vo

v, A

= +
‘ T2 £ 22212 . 5,68 ps o (8)
1 ] : / I/I L |
, i=7 esaxosu_lauft (9)
’ .
—— | . -
v/ | - = i - ks —
j ;alues of V, ,'V, , V, DBP,/W , DBP,/W , DBP/W , DBP/W X
’ 3 g, %,d, cunulative time, and cumulative distance for '
t the example ( fig. F15) are given in table F8 The compu-

'+at10n of the effects of a gear change while the vehicle is
accelerating is given in plate F6.

... Deceleration predicticns

\ 36, As stated in paragraph 18, when the acceleration is a negative

value (as when the vehicle is slowing down), it is termed deceleration.

The rationale and the method of predicting the speed and distance traveled

for g decelerating vehigele are as follows: B

¥ = Y .
T e : " . ' i '
= sing tre basic equation -—4—= = -a , the change in .«
T (%] o G
veltzity from Tl to V2 divided by the time.required to . .
i
, Feb
W e
i) "2 -
1 :
2 | _(/;
: >
& -
& / -

Tect the velccity change is found by substituting the forcer




effect that change is the deceleration when Vl > V2 .
b. The force required to produce this dec:zleration is eaual to
. the mass W/g of the vehicle times the deceleration:

1 V 'J 3 s
Wi 2 1
== g (—__‘b ) (10)

/

c. The force available “o produce this deceleration in the
rolling tes%s (braking force is discussed in paragraph 37)
is the motion resistance MR . Substituting into equa-

tion 10

= =

1 3 A | V. = V . ) |
\ wi{'2 3l 1

;_ MR = €‘,( -y ) . (11)

, : vV, =V
d. Again, from the basic equation _t——l
substi%uted, into equation 11 and the equation rearranged:

= -a , =a may be

m e
a1 . vx‘ g = -a i "/J (12)
1 e. Or ‘\ \
MR -8 !
y / w7 (13)

" f. Speed at'the end oif any increment of velocity change may be -
determined by the equation

v, = (14)

(a may be either posi t/lve or negative)
g Vhen V. is equal to/zero, equation 14 becomes:

3 -(Fxe)e (15)
E ,
] Or for any time ihcrement from V
. W
( =r X g) t ' (16)
For7 , -
[} ; i
|
\ v
;a i} s !_
L \

2
“
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An example of the computations for the prediction herein is
given in table FC

The distance d traveied during deceleration was predicted

Fe3

by the general equation for distance while accelerating from

zero velocity:

= 1/2 at;? o (%’3 x g) % (17)

An example of the computations is shown in table F9.
37. The computations made to determine the speed and distance trav-

eled when the vehicle is:decelerating by braking are identical fo those for !
whém'the vehicle is rolling except that a braking force is used in lieu of
motion resistance as the force available to decelerate the vehlqhg. In the
predictions herein, braking force was assumed to be equal. to tﬂe maximum = \
tractive force the vehicle could develop on the “soil conditions being
tested. This is admittedly a fairly gross assumptlon, however, the fesults
(paragraptis 40 and folloW1ng) were reasonable, and the inwestigation of
braking force-vehicle-soil strength relations was beyond the scope 6f this
study. } ) | .
Average speed predictions ” ' ' L )
38. When a secticn of terrain-is of sufficient length for the ve-
hicle under considerat}on to accelerate to its maximum speed (for instance;
22.39 mph for the M35A1 at site 4V-S-3, from table F7 or fig. F15), the
average speed is predicted by dividing the length of the terrain section
by the sum of the time required for acceleration to maximum speed, ;he time

O

traveled at the maximum speed, and the time required to decelerate from the
maximum speed to the desired speed at the end of the terrain sgction. 1In
the tests reported herein, the test courses were not of sufficient length,
for the vehicles to accelerate to maxfmum sﬁeed; therefore, the average : }
ifeed was predlcted by dividing the length of the test course by the sum
of the time required to accelerate and the time required to decelerate. . )
The time required to acceleraée-and the time required to decelerate are de-
termined by establishing the point of intersection\et which the speed-

distance curves for acceleration ard deceleration span a distance equal to
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the test length. The point of intersection is established by the simul-

taneous solution of the equations of the lines representing the increments

~ of acceleration and develeratlon wherein the pcint of intersection oceurs,

An example of the computations made t» predict the speed, distance, and

time at the point of intersection ‘.of the ac¢celeration and deceleraticn

curves and the determination of the avei'age rredicted séeed for M35A1 in

test 269 R are given in plate F7. Predicted average speeds for the tests ,—

.cpr}sidered ih this port_ion of the analysis are given in table F2. As &

previously stated, it was not poscible to maxe a prediction for all tests.
.Note | ema.rks column of table F2.)

‘ 39, An example of* the measured and predicted pPerformances for M35A1
test 269 R is shown graphically in plate F8. It rmay be roted in plate F8
that the driver executéd the upward gear Shlfts at speeds very close to

‘those predicted as optimum for gear change. The dashed lines.representing

the increments wherein gear shifts oc"urred in the actual tests are used in ,
the plate because the test data did not permit an exact representaticn of
speed during the l-sec time interval in which She gear shift occurred., It
also appears that the 0.4 sec allowed for deceleration during gear change
my be too small a time increment. The measured average speed for this

test was 9.7 mph and the predicted average speed (using the WES curves)

was 10.1 mph. A summary of M35A1 performance data taken during test 269 R
is presented in table F10.

\ : COmpgi‘ison of Measured and Predicted Average Speeds ' B

Wheeled vehicles rraret

Lo, A comperison of the average speeds predicted using the :IES nu-
meric and uaing the WES curves with the average spded ]measured for the _
wheeled vehicle tests is shown in plate FO., From the plate it may pe seen
that the predicted speeds were generally higher thau the measured speeds; .
although in many cases they were only slightly higher. Several reasons
may be advanced to account for the predicted speeds exceediﬂg the rmeasured
speeds: . : 3 :

a. The hard-surface perform;mce curves (plate F5) were ob-
tained wi“th vehicles in near-iberfect mechanical condition.

F29
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~mum traction ¢

V)

There is no assurance that the vehicles used in the tests
reported herein were operating at peak efficiency, and any
logs in efficiency within the vePicle itself would result

a lower acceleration capability, hence a lowecr average

£

pos

1]

peed under the conditions tested..

=]

ne time allcwed (O.L4 sec) for deceleration during the gear

ler
5

chance may be insufficient, and any increase in time allowed
- for deceleration during the gear change would result in a

lower predicted speed." ;
T+ would seer decirable that the scope of future test programs cf this
nature should include tests tc determine the mechanical ccndition and maxif
apebility of the vehicle on paverent and that tests be con-
ucted to better defire ;hanges in velocity that occur during gear changes.

B2 ;- The-deviation of measured average speed from predicted average
speed for each prediction is shown in table ¥2. r"he average absclute de-
viations for the predlctlonq made with the WES numerlc and the WES curves

are shown in the following tabulation:

-
¢

AveragegAbsolute Deviation, mph

Tumber of Tests WS umeric WES Curves
Zoll- Brak- Roll- Brakx- ¥ Roll- Brak-
Vehial ing ing Total ing ing “Total ing ing Total
M151 Q. NI L 2.6 3.3 2,0 0.7 2¢l 1.3
3] z e L 2.0 2.0 2,0 1gh ok | 1.1
M3541 L £ 1 2.5 1s7 157 2.7 2.1
13 31 e ) 201 2.9 2.)4’ l.l 2.1 105

All 18

~
|

T+ ~an be seen from the tabulation above and from plate 0 that the pre-
dicticns made using the WEE urves were somewhat be tter than those made

ising the WES numeric for th ‘35‘ and.’B?, ajg that the predlct4ons using

"y

e

+ne WES ::%;.ev' c were sli G"t.l.j better&for tne xBSAl. It can be seen, tco,
thét tre deviaticns in predictions for the 51 and IB5A1 tests that in-
-slved braking were greater than those fcr the tests 1n which the vehlcle
rolled %c 2 stcp.' The average dev*a,ion for all wheeled vehicle speed '

crédistions was 1.5 mph using the WES-curves and 2.4 mph using the WE

i e s e e
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numeric, Of fhe 31 wheeled vehicle tests for which speed predictions could
be made, in 20 tests the average speed predicted by using the WES curves
was closer to the measured speed than the prediction made using the WES
numeric; in O tests the averaée speed predicted using the WES numeric was
closer; and in 2 tests deviation was the same. In brief, from plate F9
and from the tabulation above, it would appear that while both the WES nu-
meric and the WES curves are acceptable for a first-generation model, the
empirically derived WES curves yield slisghtly better predictions.

Tracked vehicles

L2, A comparison of the average speeds predicted using the WES
curves with the speeds measured in the tests with tie tracred vehicles is
shown in plate F10. (It will be recalled that the WES numeric has not at
this time been extended to inelude %racked vehicles.) Freom plate 710 it
can be seen thaé all of the predicted speeds were higher than those nmeas-
ured in the test§, and there is appreciable scatter in the M29C data. The
factors mentioned in paragraph 40 in regard to the wheeled vehicles are
equally applicable to the tracked vehicle tests and predicticns., The
average absolute deviations in predicted speeds for the tracked vehicles
are shown in the following tabulation:

Average Absolute Deviation

Number of Tests mph |
Vehicle Rolling Braking Total Rolling Braking . Overall
M29C S 4 b 2t " 3.8 3.0
M113 ‘ 5 2 7 s b a7
Both 15 6 21 23 A 2.6

It can be seen that the average deviation for the !M113 predictions was much
smaller than the average deviation for the M29C predictions. When it is
considered that the M29Cdpsed in these tests was approximaéely 20 years
older than the M113, these data do seem to emphasize the need to establish
the maximum traction capability of the test vehicles on a firm surface.,

)
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PART IV: CONCLUSIONS AND RECOMMENDATIONS

s

Conclusions

43, Based on the analysis of the data presented herein and subject
to the limitations imposed by these data, the following conclusions are

offered:
EI
| b.
c.
|
bl /
a.
2.

Performance of wheeled and tracked vehicles in soft clay
soils in terms of acceleration can be related to soil
strength expressed as the average O- to 6-in. cone index;
however, the data secured in this program do not permit -
deTining the relation (paragraphs 2£Tgpd 22).

Performance of wheeled and tracked vehicles in soft clay
soils in terms of]deceleration can be torrelated empirically
with soil strength expressed as the a&erage 0- to 6-in. cone
index. Waile the data collected in this program do not per-
nit a compléte development of the relation, logical extrapo-
lations can be made (paragraphs 25 and 26).

while both the empirical WES curves and the semiempirical
WES numeric appear to adequately define the drawbar pull
coefficient-soil strength and motionlresistance-soil
strength relatioﬁs for use in a first-generation model the
WES curves permitted a'sligﬁtly more accurate prediction of
average speed for the tests reported herein (paragraph b41).

Recommendations

] ~

r

It is recommended that:

Additional studies be conducted to improve and extend the
relations presented in this report. l
Additional studies be conducted to establish other relations
and/or input parameters needed for the WES analytical model
such as are posed by the following questions:

(l? what is the peak performance of the vehicle?

F32
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Does vime required to shift gears vary with trans-
mission type and vehicle, and if so, to what magnitude?

Does braking force vary with speed, with soil strength,
or with surface condition, and to what magnitude?

At what limiting slip can the driver still maintain
adequate control of the vehicle, and does this vary
with speed? N i
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Summary of Soil Classifj.ca_.tion Data

Table F"3
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Table F7

>

N

Determination of Soil Performance Curve for‘ﬁ35Al at Site 4V-S-3

Tractive

Coefficient*®

\ 0.278 . 7

0.649

0.649 ' .
0.888 @ . *
Osiigs -
0.380+
0,365
Q2SS
0.319
0227,

0.221

- Gaddlr

, GlEe

0.141 ° -

L 0,132

0.100*+

0.093
0.072
0,066

© 0.05

0.0L
0.0L7T
0.0k1
0.036
0.032%

Hard Surface

Speed,* mph %

T

SLipt

Sﬁeed 09
Soil, mph

Drawbar
Coefficient

"o,

FwWwho

* [ ]
AARVIE @

. 19.1k
Lp G .-18-56

PEC T S )

VU OO

" 1h.14

R

. 10.86
8.33
s .47

v
5 v
(“m

e st

- »* [ ]
O FOWVMVOoOONho o W\ DO o
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e

20,00 °

16050.~ :

52

6.26

0.280.
-0.265
0.255
0.219
1 0.178
0.127

‘0.121
0.077
0.062
0.041 - .

- 0.032 :
0.000 _ .

%

+4

from table

trd
o
g
Lo
p—
(]

TC -~ 0,032

slip = =5517

1 table F6.

F6.

on pavement from table F5.
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' Table F3

Computation of Predicted sicceleration Data for M35A1 at 3ite Lv-5-3

r

" w \
Cumu- Cunu- ;
hi Time Distance lative lative
= = 12 = ——1 —— g
T Vs v DL BNy DET f DEF )é_, (t) (a) Time Distance Vo
‘ fps  _fps  fps 4 i 8 A\ X /* :izac £t sec £t mgh
0.00 5.75 2.88 0.280 0,280 0.280  2.00 0.6k 1.8 0.6 . 1.8k 2.
/ 5.75  5.93 5.8 0.2%0 0,285 0.272  B8.75 0.07 0.12 0.4 1.9 h,ob
5,03 GB7T  Buz5 0,28 0.255 0580 8.3 0.3 850 0.7k ol pila
1 o 3
" £.57 7. i26 10.05% . OUIe OuEgT | 7ike 0,15 TGl 3 kil 5,43
1
7.96 £.%51 8,38 Os2ly- 0478 G190 ey 5.1 W) A=l R “,00
. . ‘
. 8.81 10.l1 .61 0.178 0.127 0.152, k.5&. o5 Sy 1 3503 g
t N I 3 -
10.k1 9,17 977 -- --  0.190 .22 2.40 %91 g Aras
©,12 10,41 T e 0.127 0.127  %.08 0.%2 . el 2] 5. 04 7.10 |
| 20 '
10.51 12.l1 11.51) 0.127 0.121 0.12h 3.9 9,50 70 ) 20,74, —B4&
?
,
1241 17.47 1k, 9% 0.121 0.077 0.0%% .15 . 1.5% 23,75 La1o 3 S 1 - |
-85 s 17.57 18.99 18,22 0,077 0.062 G070  2.25 S W 12.40 L 87 P91 10,4
: 7 .
18,96 17.70*¢ 18,34 -+ - 0.100  2.22 Q.40 h 5 47 £hi3% 11.41
3 ' :
J17.70 18,99 18.3k  -- (0,062, 0.062 1.9 0,63 11.88% ¥ P67 12485
. ’ o
' 18,99 19.52 19,26 0,062 0.0k1 0.052 1.7 C.3e G 1 G 22:23 134
i i y . A ‘. (
© 19,52 24.18  21.85 0.041 0.032 5,03 Aol LGP 87.3% | 1026 10RA7 ¢ | A kdE
& o4.18 22.84  28.51° 0,032 0.000.0.01/ _ 0,51  17.98 LA4,10  27. Fab 0,294+
T I
* -
) :
] f
j |
‘ 0
. 4 - . o —
,‘ Hote: Vl = speed at beginning of increment Converted to et per czoeond from
. | e :
| v, = speed at end of incdrement E.'r‘,'—p-:;(‘-ed e, TR Blde wnd S&hie Rl
"
! ¥ = average speed for increment ! 5
W DBE, . el
i '—w— = maximum drawbar pull/weicht at speed '\.’1 i
‘ DBE From é—',—'_’f-sp‘-m} curse, fics
4 = == maximum dravtar pull/weight at speed Vel and taple 7. "
¢ -
‘ Equations: :
| = ' DEP, = DSF, ‘
* s ik 5
¥o Lt i T = AVLa =
Vv = 3 = ‘ 5 = d =%t
7 = |
¢ Gear change, see plate F6. = = )
*% Gear change, = :
t Point A, plate F7. !
=.ff Point B, plate F7..
Py i - . 4
1 o
i i )
-y , o 4
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Table F9

Computation of Predicted Decelérat'ion Data .
Bl for~M35AL at Site LV-S-3

YR : N Distance
(w - : Test from
Time MR 5 Speed Distance Length Beginning
sec W £t /sec fps_ . _mph ft ft of Test, ft
i o 0 0.000° ©0.00 0.00 0.0 270.3 570.30
1 0.100 3.216 3.22 2.19 1.61 270.3 268.69
2 0.100 3,216 6.43 L.39 6.43 270.3 263.87
3 0.100 \516 9.65 6.59 - 1h.L7 270.3 255.83
L 0.100 3.216 12.86 8.77 25.73 . 270.3 oLk, 57
5 . 0,100 3.216 16.08 10. 96 L0.20 270.3 230.10
6 0.100 3.216 19.30 13. 16 57.89 270.3 212.41
0 0.100 3,216 22.51 15.35 78.79 270.3 191.51*
8 - 0.100 3.216 2573 17.54 102.91 270.3 - 167.39%*
9 0.100 3.216 28. gk  19.73 130.25 270.3 140.05
10 0.100 / 3.216 32. 16 21.93 160.80 270.3 . 109.50
Exampie:
| For‘Speed at 5 Sec - For Distance at 5 Sec
e 1 a2
z V = d = -5 at
1 i A
v - ( Xg)e -3 (= x
M0 BRI T Tt 216)(5) :
v 916,08 " . a =,ﬂo.2o'ft,

s X .
4

.~ 16:08 fps = 11.0 mph  270.3 - 40.20 = 230.10 ft from beginning. of- test

b

\a$

* Eoint c, plate F7. : , T e g
e Eomt D, plate F‘7. g : i




Table F10

Summary of M35A1 Performance Data for Test 269 R

Distance, ft

Time, sec
Start of End of
- Increment Increment
o) 1
1 2
2 3
L
4 , 5
> 6
6 ~T
7 8
8 9
9 10
10 u
1 12
12 13
13 1
| 14 5
AP 16 *
16 A7
17 18
i | 19

- 2&-7

Start or End of
Increment Increment
0.0 3.6
3.6 13.3
13.3 23.8
23.8 36.7
36.7 52.8
52.8 71.1
TL.1 91.1
91.1 - 110.7
110.7 131.k4
ff31.ﬂ 152.4
152.L 174.6
174.6 197.1
197.1 217.6
217.6 - 234.6
23k.6 247.3 e
_ 27,3 _257.é/’
"?é57.2 264.3
- 264.3 268.7
270.3:¢

Average Speed

fps
3.6

9.7
10.5

12.9

16.1
18.3
20.0
19.6
20.4
21.3
22.2 ‘

22.5

. 205

17.0
12.7

9.9

=N 7.1

B

C 1.6

5

mph

2.5
6.6

Tas

8.8

11.0

12,5
. 13.6

. 13.0

13.9
4.5
N5l

15.3

1k.0

1.6

8.7

: i

4.8
3.0

1.1

R T i e il L

f T S ——)
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