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ABSTRACT

This report investigates the analysis of vehicle coast-down results,
Two analytical models are investigated, and one is chosen as the basis
for a derivative based correction technique to acccunt for changes in
" the ambient conditions. A vehicle ccefficient extraction algorithm,
based on}aparameter optimization technique, is developed. A FORTRAN
program is developed to implement the correction and coefficient
extraction algorithms, and also to carry out a statisﬁical analysis on
the extracted vehicle coefficients, The statistical analysis utilizes
weights' (based on RNMS curve fittiﬁg error) in order to account for
random error in the input coast-down data. An investigation into the
effect of measurement error on the expracted values of the coefficients
was carried out, and it was reéomended that the vehicle speed and wind
velocity measurements should be improved. A large number of actual test
‘ were obtained and analyzed, but the results were inconclusive, except
that it was clear that the measurement accuracy must be improved.
Finally, recomendations for future work were made based on experience

gained during the course of this work.
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HOTATION

" " " (shape + attitude)

Symbol Mearning Units
ag drag force equation constant N
ay " " " coefficient in v N(s/m)
ap " " " ' " nooy2 N(s/w)?
a, " n " "’ UL N(s/m)"
fs rolling resistance versus side force coefficient -
g gravitational acceleration n/s?
h abberation

i track gradient -
m cobserved vehicle mass kg
Mg - standard vehicle mass kg
n arbitary power of velocity -
re rolling radius of tyre/wheel combination m
t time
t, observed time interval s
ty standard time interval s
th normalized time (t =t /tJ) 5
v vehicle velocity n/s
v, air velocity relative to vehicle w/s
Vhw head wind component of absolute wind velocity n/s
v head wind component of relative .wind velocity m/s
vy absolute wind velocity m/s
Viw cross wind component of absolute wind veloelity n/s
Xq observed value of ambient paranmeter
Xg standard " M " n
Wij staﬁistical weight for ith jtem in jth colunn -
A. projected frontal area of vehicle m2
Ap noninal static rolling resistance coefficient -
ADo observed static rolling resistance coefficient -
BD‘ nominal rolling resistance coefficient in v s/m
BDo observed rolling resistance coefficient in v s/m
¢p aerodynamic drag coefficient (shape only) -
Cho " " " (shape + attitude) -
c, n lift n (shape only) -



Symbol léaning Units
Cso aerodynanic side force coefficient (shape+attitude) -
Dp nominal rolling resistance coefficient in v? (s/m)?
DDo cbserved rolling resistance coefficiené in v? (s/m)?
Fa aerodynamic contribution to total drag force N
Fp total drag force N
Fr rolling resistance contribution to total drag force N
Iw total rotating inertia of éll wheels and tyres kg.m?
Kp constant describing variation of Cp, with yaw angle (1/rad)?
Ky " " oon O P " n (1/rad)?
Kg " " " " Cgo " " " (1/rad)
Ky " Cow "W Ap, " temp,
Ky factor for correcting from Cp, to CD -
"L aerodynanic lift force N
He cbserved effective mass of vehicle kg
Me standard effective mass of vehicle kg
Np nominal rolling resistance coefficient in vP (s/m)
Ny observed rolling resistance coefficient in v (s/m)t
P observed ambient atmospheric pressure kPa
P; standard ambient atmospheric pressure kPa
R gas constant for air kd/kg K
S aerodynamic side force N
T observed ambient atmospheric temperature K
TS standard ambient atmospheric temperature K
W observed vehicle weight N
Wy standard vehicle weight N
a constant used in coast-down function
B H n n L1 n
Y . " " " " "
A time interval additive correction s
v number of degrees of freedom -
p ‘observed air density kg/m?
Py standard air density kg/m?
] wind direction rel. to head-on direction of track rad
o standard deviation
2 statistical quantity
aerodynamic yaw angle rad



CHAPTER 1

INTRODUCTIOR



The coast-down {(or deceleration) test is a well known procedure for
determining the aerodynamic drag coefficient (CD) and the atatic rolling
resistance coefficient (Ap) for a wheeled road vehicle., This test is
also used widely to provide performance rankings for modifications %o a
vehicle such as; the use of different tyres, changes in suspension
geometry, and the addition of aerodynamic devices such as spoliers and
air dams. In recent years, this test has also become the standard
method for providing calibration data for road-lozd-simulation chassis

dynamometers.

The basic principle of the coast-down test is very simple. The vehicle
is accelerated on a smooth, level, straight test track, until it attains
a speed above the upper limit prescribed for the test. The &rive line
of the vehicle is then isolated from the engine so as to alléw the
vehicle to freely coast (For mahual transmissions the clutch is simply
disengaged and the transmission placed in "neutral®. For transmissions
with fluid couplings or torque converters, a special clutch, fitied
between the drive shaft and the transmission, is released.). When the
speed reaches the uppeir limit bf the test a timer is started, and a
record of the speed versus time history is taken until the lower speed

limit of the test is reachad.

The shape of the speed/time characteristic (Fig 1.1} is related to the
vehicle's drag force versus speed characteristic (Fig 1.2) and the
effective mass of the vehicle. The relationship is a straight foward

"application of Newton's first law:
Fp = My x |- EXI (1.1)

The vehicle's drag-force/speed characteristic is always taken as some
function of speed plus a constant. The usual form of the characteristin

is s below[1]:

Fp = meg(Ap + Bpev) + 0.5xpxAxCpxv? (1.2



Chapter two discusses two models for the drag-force/specd
characteristic. The main difference between the two models is that the
second one is more comprehensive and takes aerodynamic 1lift and side

forces intec account.

Apart from the vehicle characteristics, the total drag force is alsc
affected by the anbient conditions prevailing., Listed below are the
main ambient parameters and their effect on the total drag force:

a) track gradient affects the constant term

b) wind speed - affects the constant and "v" terms

¢) atmospheric pressure

affectsrthe air density

d) atmospheric temperature - affects the air density and the rolling

resistance

The wind direction is also important since it may affect the apparent
value of Cp via a change in the aerodynamic yaw angle, but since it is
not really independant of the wind speed it should not really be con-

sidered separately,

If a performance ranking only is required. then the effects of changes
in the ambient conditions can be negated by adopting a 'ecentrol vehicle!
test program. The results for the 'test vehicle' are then qucted rela-
tive to the results for the 'econtrol vehicle', If this method was
adoptedi it would nct even be necessary to extract the vehicle
coefficients from the data, since the total elapsed times would give

adequate ranking.
If the actual values of the coefficients are required, or if a 'contrel
vehiele' is not available, then the coast-down data must be‘corrected to

some standard set of ambient conditions.

This thesis sets out to design an algorithm for coast-down analysis, in

order to provide the following information for automotive engineers:

1) Accurate values of the rolling resistance coefficients for corre-



lation with results from tyre test rigs.

'2) Accurate values of the aerodynamic drag coefficient for correlation

with results from wind tunnels,

‘3) Accﬁrate values of 311 the vehicle coefficients for the calibration

of chassis dynamometers used for road-lcad simulation.

4) A striect specification of the coast-down test procedure in terms of

data acquisition accuracy.

In view of the above, this thesis inéestigates the coast-down test with
respect to the correction for ambient conditions, the extraction .of the
vehicle coefficients from the corrected data, and the specification of

the test procedure,

Emtagetz] laid the foundation for the current work by investigating
briefly, several correction algorithms to account for ambient con-
ditions, and the concept of numerical optimization for extraction of the

vehicle coefficients.

At the start of this investigation it was discovered that the supposedly
'raw! data supplied to Emtage[2]. had in.fact been 'doctored'. In fact
it was discovered that the data had been averaged for runs in the sanme
‘direction. This discovery places in question many of the conclusions

made by Emtage[zj, but the basie apprcach is still Jjustified.

In the followirg sections, the literature concerning the coast-down test
is reviewed with emphasis on correction for ambient conditions,
extraction of vehicle coefficients, and specification of the coast-down

" test procedure.

1.1 Correcticen For Ambient Conditions

The most promising correction algorithm investigated by Emtagetz]

consisted of a technique for correcting the length of each time
interval of the recorded coast-down characteristie., The correction

was in the form of a summation to the uncorrected time interval,
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The error Lerm (ie the difference in time between the uncorrected
and corrected time intervals) was calculated by means of a partial
differentiai error. analysis, and the derivatives needed were calcu-
lated from initial estimates of the vehicle coefficients., Chapter
three of this thesis investigates this algorithm further. This
technique 2llows the correction of the data before the coefficient
extraction process, and the performance of the technique may be
assesed by comparing the spreads of the uncorrected and corrected

data éets.

Il

The authors of most of the literaturel3~15] correct for ambient
conditions by Simply inéluding the appropriate terms, from the
drag-force/speed equation, into the coefficient extraction process,
The main advantage with this approach, as apposed to the method
described above, is in its simplicity and the ease with which 1t is
implemented and modified. There are ﬁwo disadvantages with this
method however, and these are as follows:- Firstly, the extra
"complexity of the model at the coefficient extraction stage may
significantly increase the computational time, eSpecially if an
iterative scheme is implemented.' Secondly, it is difficult to
assess how well the tﬁe correction technique has worked, The only
possible method of assessment would be to study the correlations
between the extracted coefficients and the ambient conditions, but
chapter four shows that it is possible for one coefficient to be
traded off against another, and this type of error may mask any

correlations.

For the above reasons, chapter three investigates further the

partial differential correction technique as described by Emtagefz].

In most of the literature account is only taken of ambient
temperature and pressure, as they affect air density, and of a
slight wind parallel to the test track. Four re?erences[2'6'15'15]
also take account of the effect of ambient temperature on tyre
rolling resistance, while five references[z'u'6'15'16] take account
of moderate cross-winds, Five other references[3'u'6'12'15] take
~account of aerodynamic lift as it lessens the normal load at the
tyre/ground interface, but only Yasin[JSJ takés account of aero-

dynamic =ide force as it affects the rolling resistance. Finally,



nine references[3ﬁ“6‘12] also take account of track gradient.

The comprehensive model deseribed in chapter two takes account of
all the ambient parameters mentioned above, but because of the
complexity involved, chapter three investigates a correction zlgo-

rithm which ignores the effects of 1ift and side force,

1.2 Extraction Of Vehiecle Coefficients

In this section the various methods, described by the literzture,

for extracting the vehicle coefficients are discussed briefly.

Lucas[1] suggests fitting a least squares, power series polynomial
of about 6th or Tth order, to the coast-down data. The polynomial
is then differentiated {a trivial analytical process) and multi-
plied by the effective mass of the vehicle in order to obtain the
-drag~force/speed characteristic. A second order, least squares,
power series pélynomial iz then fitted to this characteristic in
order to obtain the vehicle coefficients, This method ab first
appears to be very convienent, and it is certainly very efficient
in terms of computational time, howevek, it poses some seriocus
difficulties. Fiprstly, it is very difficult to cbtain a good curve
fit for the coast-down data, even with high order polynomials, and
it will be shown in chapter four that the zccuracy of the extracted
coefficients is very sensitive to the curve fitting error.
Secondly, any error in the data to begin with, and also any errcr
inﬁroduced by the curve fitting process, will be magnified by the

differentiation process,

Emtagetz] proposes a parameter optimization procedure to fit the
analytical form of the coast-down speed/time characteristic
directly to the test data (or corrected test data). This method is
an improvement on the previous one since, provided that there is
confidence in the model being used, the only source of error is the
data. If the model is correct, then the curve fitting error may be
used as an indicator of the random error in the data, and this may
be used in a sensitivity analysis of the 'extracted vehizsle

coefficients., As described by Emtagel2] this procedure still



requires development in terms of the model uUsed, and in the scaling

of the optimization problem.

Dayman[3'u] descﬁibes what is perhaps the most interesting algo--
rithm. It allows the development of a model of any complexity for
the drag-force/speed characteristic. This is then integrated
numerically, within a parameter optmization process, to give a
speed/time coast-down curve. This cecast-down curve is then com-
pared:-with the test data and a value of curve fitting error calcu-
lated, The optimization process then optimizes the various
parameters of the model until the best fit is achisved. The
obvious advantage of this scheme is that the the drag-force/speed
characteristic, assumed by the model, is not limited to a second
order polynomial, in fact any function may be used, The main
disadvantage of the scheme is that it is extremely expensive in

ferms of computaticnal time,

_ Five papers[7'8'13'1”'15] describe the use of parameter optmization
to fit a normalized coast-down curve to the test data. ‘The idea of
the normalized coast-down curve+is 'so that the performance of

similar cars can be correlated onto a single coast-down curve.

Roussillon et a1[9'12] describe a method of extracting the aero~
dynamic drag coefficient from coast-down tests performed in a light
head wind., With the presence of the wind, and by writing the drag
equation in terms of the square of the relative head wind velocity,
the true aerodynamic drag coefficiént may beigeparated fromn the
rolling resistance. With good instrumentation this technique has
proved very successfull, even on tracks with a slight, known

gradient.

Cne reference[16] suggests the numerical differentiation of the
coast-down data, and then a second order, least squares, power
series polynomial fit to the resulting drag-force/speed data in
order to obtain the vehicle ccefficients. Once again, the differ-

ential process greatly magnifies any error in the observed data.

For the purposes of this thesis it was decided to continue the

development of the algorithm described by Emtagetz] for three’
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reasons., - Firstly, this method avoided the differentiation process,
Secondly, no special test conditions were required (such as a
necessary, light head wind). Thirdly, the process is not too
costly in terms of computational time, In view of these points,
chapter four investigates further this method of vehicle

coefficient extraction.

1.3 Specification Of The Coast-Down Test Procedure

o

In the literature surveyed, there is very little information given
eonderning the relationship between the procedure for the coast-
down test, and the expected accuracy of the extracted vehicle
coefficients, Most of the literature simply states that that the
venicle must be warmed up to operating temperatures before the

testing begins, and only two papefs[16'17J

give a definitive cri-
terion for accepting test data. +this criterion is simply based on‘
the statistical accuracy of the average total elapsed times for
pairs of tests in opposite directions. The most stringent eriteria
insists that the statistical accuracy be better than two pefcent
error, This may appear to be a reasonable abproach, but no
relationship is given between this criteria and the necessary
accuracy of the instrumentation. Even more importantly, it is
possible for data séts with identical total elapsed times to yield
quite different values for the vehicle coefficienﬁs. To be quite
fair, these two references[16'17] do give figures for the required
accuracy of the speed and time measurements, but no basis is given

for them,

Korst and.Funfsinn[SI did carry -out an error analysis based on
'numerically simulated test runs with controlled data randomization

levels. From the results of this analysis the authors concluded
that "...at least three digit accuracy is required to acheive clear
definition of the individual drag contributions.". This type of
approach is used in chapter five of this thesis to study tﬁe prob-

lem even further,



CHAPTER 2

ANALYTICAL WNODEL



In this chapter it is propesed to discuss the anélytical model for the
coast~down test, but in order to do this one nmust first look at the
model for the drag-force/speed characteristic of the vehicle. In its

most general form this is given as:

Here the aerodynamic contribution (Fp) to the total drag force is taken
as some function of speed, and all other contributions are lumped

together as the rolling resistance (Fg), as some function of speed.

In the following two sections the models for these two Separate contri-
butions are discussed, while the third section deals with the complete
drag-force/speed equation and its transformation into the coasé~down
characteristic. In each of these sections there are sub-sections
dealing with the basic nodel (used for the majority of this investi-
gation), and the comprehensive modéi (this is developed with a view to

future work).

2.1 The Aerodynamic Contribution

At first thought, one might consider the aerodynamics of ground
vehicles to be very straight foward compared with today's aerospace
vehicles. 1In one sense this is true because, at the relatively low
.speeds of ground vehicles, the assumption of incompressible flow is
valid. However, in the words of Waters[183,“The simplification
afforded by the incompressible flow equation is however more than
counterbalanced by the problems arising from (i) ground proximity,
(ii) the 'bluff' shapes used, that lead to strong viscous flow
seperation effects, and (iii) the cfoss—flow, velceity gradient

and unsteady effects associated with the natural wind."

For the purposes of ground vehicles, the aerodynamic drag is made
up of skin friction drag and dynamic pressure drag. For long
vehicles, such as trains, the skin frietion drag may predominate,

but for ears the pressure drag is by far the mcst important.

It is conventional (MIRA convention) that all aerodynamic forces



are defined as the products of tﬁe axial colponent of the dynamic
pressure of the air stream (relative to the vehicle), a reference
area, and a-coefficient. For cars, the reference area 1is usually
taken as the projected frontal area. The coefficient for the
longitudinal aerodynamic force is the now familiar Cp, (Cx in some
texts because the force acts along the "' axis of the vehicle

according to the MIRA convention),

The aerodynamic contribution to the total drag may then be written

as.
Fy = {O.Sxvaf.) x A x Cho' {2.2)

The other aerodynamic forces are the 1ift force (L) and the side
force (S) which have the same form as egquation 2.2, and

coefficients ¢y, and Cso respectively,

.So far the picture is fairly simple, héwever, these three
coefficients (CDO, CLo and Cso) are all functions of Reynolds
Number, Froude Number, Mach Number, vehicle shape, vehicle attitude
and the surface roughness. For the purposes of these relatively
slow ground vehicles, the Froude Number and Mach Number effects nay

be completely ignored.

The Reynolds Number effect for cars is measurable, but is usually
ignored for the speed range of the coast-down test, and is usually
only considered for very high performance c¢ars such as Formula 1

racing cars.

As has already been mentioned, the pressure drag predominates in
‘the case of cars, and so surface roughness may in general be
ignored. (In some cases the effect of surface roughness, at criti-
cal places on the car's surface, may have significant consequences
for the overall flow patern, and hence the pressure drag. An
example of such a critical area might be the point of flow

seperation at the back of the car.)

It may be obvious that these coefficients (especialiy Cpo) are

functions cof shape, but wvhat may not be so obvious is that ground
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clearance, rotaztion of wheels, and the velccity/height profile of
the ambient wind, all are effectively shape parameters. It is
mainly due to these shape parameters, that the wind tunnel derived
and test track derived values of the coeffidiehts differ. It is
gquite difficult to account for these differences when carrying out
wind tunnel tests, but it may be argued that the resulting errors

are small (< 5%) except for special ground effect cars.

Vehicle attitude is also very important as it can dramatically
alter the flow pat%ern around the vehicle. The changes in attitude
are described by the yaw, pitch and roll angles as defined by the
MIRA convention. Roll may be ignored and pitch has little effect
over the speed range of the coast-down test, The effect of yaw
angle, however, is of vital importance if cross-winds are to be

considered.

For our purposes, we are only interested in the coefficients which
reflect only the shape of the vehicle, For this reason we nmust
introduce another term into the force equation to account for the
change in the observed coefficient (coefficient which reflects the

shape and attitude of the car) due to the yaw angle.

In the following sub-seétions the methed of introducing the yaw
angle term is discussed with respect to a basic model, which only
takes account of the aerodynamic drag force, and with respect to a

comprehensive model which also takes account of the lift and side

forces,

2.1.1 . The Basic Hodel

This is the same model as that used by Emtage[a]. and simply
consists of equation 2.2 with the addition of a factor (Ky)
which is a function of yaw angle. For the purposes of compu-

tation this function must be stored.

From Fig 2.1, the relative head-wind speed (v.) may be
replaced by the sum of the vehicle speed (v} and the head-wind

component of the absolute wind velocity (vhw). Hence equation



2.2 becones:
FA = O.SxprxCDxKY(w)x(v+Vhw)z (2.3

Figure 2.2 describes the funecticon Ky for a typical 'previous
generation' passerger car. This figure describes the function
for yaw angles far beyond those which are to be expected -
during coast-down tests. In reality, yaw zngles above 10 or

15 degrees are not to be expected.

2.1.2 The Comprehensive HModel

The first difference between the two models is that this one
includes the 1lift and side-force terms. The second difference
is in the method by which the aerodynamic yaw angle is taken

into account.

Yasin[15] claims that, for most cars, plotting the actual
value of Cp, versus the square of the yaw angle (in radians),
over the range 0-15 degrees, yields a linear relationship.
The intercept is the nominal or shape dependent only
coefficient, Cp, and the slope is a constant (Kp). This
obviously gives'us a method of taking account of the yaw angle
effect by an analytical method, rather than an empirical
method. The yaw effect is then built into the analysis as

follows:

FA = O:Sxpxﬂx(CD+KDx¢z)x(V+Vhw)2 ' (2.4)
From Fig 2.1 we see that:

b = Tan™ vy /(vevp, ) (2.5

If we approximate equation 2.5 by assuming that the yaw'angles

under consideration are small, then:

Y = Vgl (Vavy) (2.6)
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Substituting equation 2.6 into equation 2.4 yields:
Fp = O.SxprxCDx(\HVhw)z + 0.5xprxKva;w {2.7)

With reference to Fig 2.1, and writing equation 2.7 in terms
of the absolute wind speed and direction, and expanding the

air density in terms of temperature and pressure, wWe have:

PxA

Fp =
A 2xRxT

XCDXV"

PxA
2xRxT

xCDxEwaxCOS(e)xV

Pxa
2xRxT

xCDxVaxCOSZ(e)

PxA
2xRxT

xKva;xSinz(e) . {2.8)

" Sinee the yaw angle characteristic of CI;o is similar to that
of Cp,, the 1lift force may be derived by a similar process to
give: '

1

L = PXA
2xRBxT

xCr xv?

PxA
2xRxT

xCLx2waxCOS(6}xV

PxA
2xRxT

xCva;xCos’(e)

PxA
2xRxT

xKvaaxSinz(B) {2.9)
Over the yaw angle range being considered, the side force
coefficient characteristic is linear with yaw angle (in
radians) and passes through zero. The side force equation is
therefore:

S = 0.5xprxKSx¢x(V+Vhw)2 (2.10)

Substituting equation 2.6 into equation 2.10 gives:

S = 0.5xprxKSxwax(V+Vhw) : {(2.11)



Re-writing equation 2.11 in the form of equations 2.8 and 2.9

yields:

S = PxA
2xRxT

xKSxﬁwain(B)xV

* Z-EEiTxKva;xSin(e)xCos(e) (2.12)
In order to confirm that the constants Kps KL and Kg can he
found, Fig 2.3 gives a graph 6f CDO and CLo versus the square
of yaw angle for a ;mall saloon car. As can be seen, the
graphs indicate good linearity. Fig 2.4 gives the equivalent
information for Cg,. The fact that the curve does not pass
through the origin is not relevant since only the slope is

important.

2.2 The Rolling Resistance Contribution

The term 'reolling resistance' is usually only associated with the
energy losses due to the flexing .of the tyres, however for the
purposes of this work, we shall define the term to include all

energy losses other than the aerodynamic ones mentioned ia section

2.1. These other losses include bearing friction, final drive

losses, energy dissipated in the suspension, and possibly brake
bind., The extra losses are usually ail excluded during rig tests
{(except for some bearing losses), and it is common practice to
remove or slacken the brakes before conducting coast-down tests.
One reference[ﬁ} takes account of these extra losses by evaluating

them in independent experiments.

From this point on we shall assume, for the purposes of analysis,

that the rolling resistance contribution is purely from the tyres,
while at the same time remembering that the extra losses will be

included in the results of the coast-down experiments.

-_At this point it is appropriate to define what is strictly meant by

rolling resistance. The most common definition is in terms of
energy dissipated per unit distance rolled by the tyre[19].- The

units are therefore Nm per m, or N,



2.2.1 ‘Rolling Resistance As A Function Of Hcrmal Load

It is well known that tyre rolling resistance is proportional.
to its normal loading. For this reason the rolling resistance
coefficient is defined as the ratio of the rolling resistance
. to the n&rmél load. This is a useful measure because, as well
as being non-dimensional, it provides a quick method of com-
paring tyre sizes and inflation pressures for a particular'

;;ﬁiéie épplication. A1l other things remaining constant, the

rolling resistance may then be written as:

Fp = mxgx(rolling resistance coefficient) (2.13)

2.2.2 Rolling Resistance As A Function Of Speed

It is well known that the rolling resistance varies. with speed
from some constant value at rest.  What is not clear, however,
is the mathematical representation of the speed dependent

characteristic.

Lucas[1] and others have suggested that the rolling resistance

function be written as follows:

Fp = mxgx(Apy + Bpoxv) | (2.1%)
For many yecars the automotive industry used the zbove formu-
lation for rolling resistance, and in many cases (for vehicle
performance calculations) the 'v! term was neglected.

There is some analytical evidence[20] to.indicate that the
rolling resistance should be proportional to the square of
veloeity, so equation 2,14 becomes:

FR = mXEX<PxD° + BDOXV + DDOXVz) ‘ (2.15)

This function is already quite complicated but may still be



inadequate, in fact Dayman[3’q] suggests that the following

funetion be used:
Fp = mxgx(ADo- + NDOan) | _ (2.16) _

Dayman[3'u] found that a value of n=4 was about optimum for
his work. Fig 2.5 shows values of correlation coefficient
versus 'n' for a tyre which was used for the coast-down tests

eseribed elsewhere in this thesis (tyre type AA). From this
graph it can be seen that a value of about n=3.5 is appro-
priate (Please note that this value of 'n' only applies to the
normal speed range .of the coast-down test.). Fig 2.6 gives
the original rolling fesistance versus speed characteristic of

this tyre,

It should be noted that the rolling resistance versus speed
characteristic described above assumes equilibrium at each
point. Of course, during the coast—down'test, equilibrium is

never attained, and this is obviously a source of error.

2.2.3 Rolling Resistance As A Function Of Temperature

Two references[16'19] suggest that rolling resistance
decreases as ambient temperature increases, The most up-to-
date figure is 1.3% per deg C. The effect of temperature is
usuzlly written as a correction factor from an observed vzlue
of rolling resistance to a standard value at a standard

temperature:
correction factor = 1/(1-Kq(T-Tg)) (2.17)

where Kyx100 is in % per deg C.

2.2.4 Other Factors Affecting Rolling Resistance

It has been shown[19] that rolling resistance is also affected

by the camber and slip angles of the tyre, and also the torque

an



applied to the wheel. For the purposes of the coast-down test
the torque effect is non-existant, and the effect of suspen-
sion geometry may be important as a development variable. For
these reasons it has been decided not to delve into the

effects of these parameteré.

'Yasin[15] suggests that the aerodynamic side force affects the

rolling resistance in the following way:

side force rolling resistance factor = (1 + £ x35) (2.18)

2.2.5 The Basic MHodel

The basic model assumes constant and 'v' terms, accounts for
vehicle weight, and partially accounts for ambient

temperature:
Fp = mxgx(Apx(1<Kpx(T-T ) + Bpxv + 1) | (2.19)

The temperature effect on By was neglected because it would
have made the complete drag-force/speed equation too compli—

cated, and because Bp is small.

The gradient term is simply included by assuming that the
gradient induced force is mg times the Sine of the gradient
angle, which for small gradients is taken as being the

gradient term (i) itself.

2.2.6 The Comprehensive Model

This model combines equations 2.13, 2.16, 2.17 and 2.18 to
give:

F.R = (mxg)x{(T—KTX(T—TS))x(1+fsx5)x(ﬁ.D+NDan) + i} (2.20)



2.3 Combining Aerodynamic And Rolling Resistance Contributions

2.3.1 The Basic Model

The basic model combines eqﬁations 2.3 and 2,19 to give:

'FD = mg(AD(1—KT(T—TS))+BDv+i) + O.SpACDKY(V-thw)2 (2.21)

2.3.2 The Comprehensive Hodel

The comprehensive model combines equations 2.8, 2.9, 2.12 and

2.20 to give:
FD = (mg-L){(1+fSS)(1—KT(T“TS))(AD+NDVn) + i} + FA (2-22)

* When expanded out this givés an eguation of the form:

_FD = ag + av + a2v2 + a3y3 + anvn + an+1vn+1 + an+2v“+2

+ ap,avit3 (2.23)

2.3.3 The Coast-Down Speed/Time Model

'Equation 1.1 may be integrated to give:

v dt

v2 Fp{v) 1

]Vl Me !tE

n

t2 - t1
and if t150 then:

. v 1 .

b= M| S | (2.24)
vz Fp(¥) -

Bearing in mind the complexity of equation 2,23, it should be

clear that it would be impossible to carry out analytically

the integration in equation 2.24%. The only possibility is to

carry out the integration numeriecally as described by



Dayman[3].

For the basic model, the form of the drag-force/speed
characteristic is simply a quadratic funection, and there is a
standard analytical solution to the integral in equation 2.24, .
The solution is described in some detail by Emtage[z], but
‘essentially it is as follows:

if,

Fp = ag + aqxv + ayxv? _ (2.25)

then from equation 2.24:

21 Vi~ V2 : o
L (2.26)
B a? + (V1+Y)(V2+Y) .
where,
a at : :
a? = 0 _ __1_5_ ' (2.27)
. as 4a2
and,
a
B =2 (2.26)
Mo
and,
aj _
Y 2 —— {2.29)
2a2

Now the effective mass of the vehicle is the actual mass, plus
the ratio of the total rotating inertia to the square of the
tyre rolling radius. ie: '

1 : '

r; :

M,

Substituting equations 2.27, 2.28, 2.29 and 2.30 into equation
2.26 yields:

K1 .
t = ] (2.31)
K2 . ‘



where,
K1 = (m + Iw/r;)(vi - VZ) ‘ (2:32)
and,

Ko = mghAp — MEAnK(T=To) + mgi + LA CoKovv

2 = Méap = MEApATii-is Bl + SorDhYVIv2

PA PA '
+ 22 CrKyvi 2 CpKy(vy+vs)
SRT P Yvhw * 4RT DY 1+ 2

PA ‘

This is the form of the coast-down function which is the most
Iusef‘ul for déveloping the correction algorithm, and also for
comparing coast-down curves which start at the =same initial
velocity and have identical speed intervals., This is because

velocity is the independent variable.

For the curve fitting process used during the vehicle
‘°°effiqienﬁ}éitraétibh’proééss, it was found useful to have,
elapsed {ime as the independent variable. In view of this,

equation 2.26 may be re-arranged to give:

vy = a[ const - Tan(aBt)_l -y (2.34)
1 + constxTan(wBt)
where,
Vi+
const = 1Y (2.35)
o

It should be noted that there are really three possible
solutions to the integral of a quadratic equation, but
Emtage[z] has shown that the one deseribed above is alweys
valid for ordinary cars under the conditions of the coast-dowun
test. Appendix A gives a full derivation of equations 2.26

and 2.34, along with any assumptions made.



CHAPTER 3

CORRECTION FOR AMBIENT CONDITIONS
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This chapter deals with the design, implementation and testing of a

correction algo?ithm to account for the effects of ambient conditions on

the coast-down test. Ideally, this algorithm would be capable of

correcting data for one particular vehicle, measured under differing

ambient conditiens, and arrive at one standard coast-down curve,

3-1'

Algorithm Design

3.1.1 Ambient Conditions Under Consideration’

Atmospheric temperature and pressure are perhaps the most
obvious parameters since they affect the air density, and
hence the dynamic pressure of the air stream. As waé men-
tioned in section 2.2.3, the ambient temperature also affects
the rolling resistance of the tyres. The standards for these
two ambient parameters is usually taken as 20 degrees ceniti-

grade and 101.3 kPa for the temperature and pressure

respectively,

The head-wind component of the ambient wind velocity, and the
yaw angle correction factor (Ky), must also be accounted for.
It may seem odd that both of these parameters have tq be
corrected for, since they are not really independent. The

problem is that the basic model {see section 2.1.1) does not

"give an analytical relationship between these two parameters,

and for this reason they must he treated as beirg independent
of each other. The comprehensive model (see section 2.1.2),
on the other hand, gives the yaw effect as an analytical
function of the absolute wind velocity, and because of this,
it is only necessary to correct for the ambient wind speed.
The basic model could be extended to incorporate this feature,
but this must now be left for some future development of
coast-down analysis. The sfandard wind speed is of course

zero, as is the standard yaw angle.

The track gradient is often overlooked in coast-down analysis,
but it could be quite important. The fact is that a gradient

of only 1 in 10,000 is equivalent to an error of 1% in the



extracted value of the static rolling resistance coefficient
(Ap). Of course some test facilities even claim that their
test tracks follow the curvature of the earth, A problen
which might ocecur on some test tracks is that, while the
overall gradient may be zero, the local value of the gradient.
along the test track may be unacceptable, If this is the
case, one solution may be to accurately survey the track, and
set up markers at intervals between which the gradient is
constant and known. In this way the local gradient may be
incorporated into the coast-down analysis. This type of
analysis was carried out by Dayman[u]. Naturally, the stan-

dard gradient is taken as zero.

The vehicle mass was chosen to be the final ‘ambient!'
parameter because of its effect on the effective mass and the
rolling resistance, This parameter could be ignored il the

vehicle mass were strictly controlled during testing.

3.1.2 Correction Methed .

The correction method used is a differential approach, which
corrects the time interval between two consecutive points on
the coast-down curve. This method uses the derivativeé of the
time versus ambient parameter function (calculated by assuming
standard ambient conditions), fto predict the difference
between the values of the function (ie time) at standard, and
actual ambient conditions. The time difference thus calcu-~
lated is then summed to the recorded time interval in order to

effect the correction.

For one parameter the correction equation would be:

£(xQ) = f{xq+h) = hxf'{xg) = Befm(x,) - et | (3.1
xg) = Xg+h) = hx Xg —-Ex Xg) - ete .

where,

1]
ot

f{xg)

T



and, . '
f(xs+h) =ty
and,

X, = datum (or standard) value of parameter

Xg + h = Xg = cbserved value of parameter
and,

h = the abberation in the ambient parameter

In this particular case time is a function of six variables

(T, P, vy, Ky, i, m), and so the corrected time is given by:
=ty - 4 . (3.2)

where,

A = [EExGT + ﬁExaP + 3t x§ Vit 3t xGKY + ﬁgxsi + ﬂzxami
aT R Vhy 3Ky 31 am

1132t 3t 3t 32t .1 3%t .. 3%t
+ )& x T2 & _“x§P24 xEVE, + x6KE + x6i24+ 2 xém?
2(3T? ap2 avi hw™ Sz ¢ 3i? 3m2
hw Y
2 2 2
* I 8L 6T.6P + —2 B 8T, vy ¢ ——Cx8T. 8Ky
aT.aP 2T, avy,,, aT. oKy
2 2 2
+ 3t x8T.61 + 't x8T.6m + -—a-—t-'——xGP'GVhw
aT.ai 5T.am aP.avy,,
2 2 2
+ 2 6PLoKy + 2B xgPisi + 2 E xP.om
3P. 3Ky aP.ai aP.sm
3%¢ . 3t . 'azt
+ —————XGVhwc Gl\Y + —-——-—-—-—:—XGVhwosl + KGVhwon
thw.aKY thw.al thw.am
2%t a2y 32
+ ol 6Ky 1 4 et X8 S Lt x85 6, (3.3)
3Ky, 33 1 y.0m Y EE ™

The first bracketed group represents the first order deriva-

tives, the second group represents the second order deriva-
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tives, and the third group represents the cecond order cross-
derivatives., It .is, of course, an approximation to ignore the
higher order derivatives and cross-derivatives, but it will be
demonstrated that, in most cases, the first order terms are

adequate,

The six first order derivatives, six second order derivalives,
and the fifteen second order cross-derivatives, based on the
basic analytical model deseribed by equation 2.31, are given

in appendix ﬁ:

3.2 Algorithm Implementation

A FORTRAN computer program was developed to analyse the results of
Lhe coast-down test. This program is called 'CSTDWN', and is

described, in some detail, in appendix c.

The implementation of the correction algorithm in program CSTDWN is
A very straight foward., The speed/time data for one coast-down test
is read in and stored. The various derivatives are then calculated
for each speed interval, and the corresponding recorded time inter-
val is corrected accordiﬁg to the algorithm described by equations
3.2 and 3.3, The dorrected coast-down data is then stored in

| readiness for the vehicle coefficient extraction process.

In the initial stages of the development of the correction algb—
rithm, the program was written so as to allow the printing of
'normalized time' and a chosen ambient parameter. The normalized

time (t,) is given by:

ctr

1]
cr|c+
v {0

(3.1)

The program printed out the normalized time for the last speed
interval. The program gave the cholce of using either the first
order derivatives only, or first and second order derivatives (but
nct the second order cross-derivatives). In conjunction with this,
the complete énalytical coast-down function (see chapter two) was

used to caiculate 'sinulated! vzlues of normalized timé for



different values of the chosen ambient paranmeter.

3.3 Alporithm Testing

3.3.1 Derivative Correction Versus Simuiated Correction

Figs 3.1 - 3.6 give values of normalized time versus the six
ambient parameters. On each grabh there is a curve derived
from the complete analytical coast-down function, and is
basically the result of the ratio of observed elapsed time to
standard elapsed time, based on simulations for observed con-
ditions and standard conditions respectively. The other twe
curves are for corrections based on first order derivatives
only, and first and second order derivatives (but not second

order cross—derivatives),

In most cases, except for pressure and mass, the error associ-
ated with the use of'only the first order derivatives is
‘noticeable (but possibly acceptable). This is especially true
in the case of wind speed. The use of both first and second
order derivatives, however, results in negligible error in all

cases.

At this point the question will be raised, as to the reason
for not using a correction method based on two simulations
(based on the complete analytical coast-down function), one
for observed ambient conditions, and the other for standard
conditions, This would of course eliminate any errors due to
the second order approximation used in the derivative algo-
rithm, The answer to this question is debatable, but it is
preobabally more efficient to use the derivative method if a'
first order approximation is adequate. On the other hand, it
would be far easier to accomédate any changes in the analyti-
cal coast-down function if the simulation approach were used.
In view of the last point, any future work might well 6enefi£r
by adopting a correction algorithm based on the simulation

approach,
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3.3.2 Performance Of Algorithm By Correlations

"One method of testing the performance of the correction algo-é
rithm is to plot extracted values of the vehicle coeffiéiéhis
against the ambient parameters., Fig 3.7, for example, gives
the extracted values of Ap, for a large number of coast-—down
experiments, versus ambienf temperzture, If this type of
graph were tg indicate a correlation between the coefficient
and the ambient parameter, then the algorithm wou;d have
‘failed. 1In this case there is no significant correlation,

(The line drawn is a least squares straight line.)

Fig 3.8 attempts to find a correlation between test direction
and Ap. There appears to be a slight increase in Ap for the
positive direction, and this might indicate that there was a

slight upward gradient in this direction,

The main difficulty in using these graphs is that the vertical
scatter is very large compared with the correlation which is
being measured, and this therefore puts a question mark over
the validity of the exercise. The problem is highlighted
again by Figs 3.9 - 3.14, These figures give the probability
density bar cﬁarts for the extracted vehicle coefficients,
which were obtained from both un-corrected and corrected data.
As can be seen, the standard deviations do not decrease when

the data is corrected,

The explanation for the above problem is that the vertical
scattef arises from two possible sources., Firstly, scatter is
introduced because of changes in the ambient conditions for
which proper correction has not been made (either because of a
bad correction algorithm or because of incorrect ambient
data). Secondly, scatter is introduced by the coefficient
extraction process itself. The second scurce of error is
discussed in detail in chapter four, but briefly, given some
random error in the input coast-down data, it is possible for
one coefficient to be traded off against another one and yet

give almost the same value of curve fitting error. The more
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the error in the data, the less.confidenx one can be in thel
resulting coefficients., The large scatter in the values of
the coefficients i3 thus mainly due Lo randon error in the
data, and must be reduced before correlation tecbniques can be

usefuly used to test correction algorithms. .

3.3.3 Performance Of Algorithm By Comparison Of Data

Due to the problems mentioned in the previous section, we need
a better method of testing the correction algorithm. The
‘method described here is based on a comparison of all

corrected data sets.,

For this method, it is necessary to have the data sets in a
form so that speed is the independent variable, and that all

the data sets have the same initial speed and speed intervals,

The data sets are then compared by calculating the standard
deviations of each time interval, along the curves, as a
percentage of the mean times. These percentage standard devi-
- ations are then plotted against speed as in Fig 3.15. This
provides a c¢lear indication of the performance of the
correction algorithh when the regults for éorrected and un-

corrected data are compared.

Another useful measure is the average percentage standard

deviatién; and these vélﬁes are alsc included on Fig 3.15.

"3.4 Correction Of Recorded Wind Speed

The coast-dowh data obtained from one particular test facility was
affected by bad wind velocity measurement., The wind velocity was
measured at the top of an eight metre high tower, which was at some
distance from the test track in use, The real wind velocities
associated with the test vehicle were therefore likely to be quite
different from those recorded. The method for comparing the

corrected coast-down curves, as described in section 3.3.3, pro-
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vides a useful method for correcting the recorded wind speeds.

The method is based on the following assumptions. Firstly, it is
assumed that the data consists of pairs of runs in opposite
directions. 3Secondly, it is assumed that the track gradient is
zero, Thirdly, it is assumed that by varying the correction factor
for wind speed (WFACT as it is used in program CSTDWN), it should
be possible to minimize the average percentage standard deviation
for the corrected (ie corrected in every other respect) data sets.

This correction methed would be used for groups of data sets for
which the recorded- ambient conditions were constant (ie the tests
were carried out together). Fig 3.16 gives'a typical result for
this correction technique., The wind factor in this case would be
about 3.4, The recorded wind speeds were then ccrrected as

required.
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CHAPTER 4

VEHICLE COEFFICIENT EXTRACTIOR
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This chapter deals specifically with the extraction of the vehicle
coefficients by the parameter optimization technique. This technique is
based on a very simple concept. A function is defined which evaluates,

from the relevant variables (parameters), the difference between the
current status and the desired status. This difference. for instance,

could be the RMS curve fitting error between the analytical coast-down

function and actual coast-down data.

Once the error (difference) function has been defined, the heart of the
technique utilizes an 'intelligent' trial-and-error algorithm to find
lthe optimum combination of input variables (parameters), which result in
the.least error (difference). For our purposes, these variables would
be the vehicle coefficients {(or possibly the coefficients of the drag-
force/speed quadratic equation). The final values of the variables
would therefore be taken as the best estimate of the actual vehicle
coefficients (or coefficients of the drag-force/speed quadratic

function).

4.1 Choice Of Optimization Routine

Although the general concept of parameter optimization is very
simple, the actual trial-and-error algorithm can be quite sophisti-
cated if the routine is to be efficient in terms of computatiénal
time, In view of this, it was decided to mgke use of one of the

commercially available routines.

The only routines available at Loughborough University, at the
present time, are those contained in the Numerical Algorithms Group
"(MAG) FORTRAN library (Mark 10), which is available on the three

" 'PRIME and one HONEYWELL (MULTICS) computers at the university, In'
the NAG documentation, the optimization subroutines are described
in chapter EO4,

Chapter EO4 of the NAG documentation describes routines for solving
many types of optimization problem, however, Prof Storey[21] reco-
mmends that a least squares;'non-iiheaf, unconstraiﬁédigigdrithm be
_ chosen., For this particular problem, no derivatives are available

for the error function, so the selection chart for unconstrained
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problems indicates the use of either the E04FCF routine, or the
EQUFDF routine. EOUFCF is a comprehensive routine which should
~only be selected when the user has considerable experience with
cptimization techniques, and so it has been left as a future
development prospect. EOLFDF is an easy to use routine, and was

" therefore used for the work in this thesis.

The choice of NAG routine EOHEDF was the first major development of
the original coefficient extraction meﬁhod, which is described by
Emtage[ZJ. in which the NAG routine EOUJAF was used. This routine
was not least squares, and required the definition ofbsimple con-

straints.

4.2 Implementation Of Optimization Routine

The NAG routine EOMFDF was implemented in program CSTDWN as des-
cribed in appendix C. The main point to note is that EO4FDF
requires a user-defined subroutine which must evaluate the desired

least squares function.

When EOHFDF calls the user-defined subroutine (which must be named
TLSFUN1"), it supplies some combination of the variables wbich
define the function. LSFUN1 then uses these values of the vari-
ables to calculate the error at each data point aleong the coast-
down curve. These values of error are then returned via the sub-
routine argument list. It should be noted that LSFUN1 does not
actually calculate the squares of the errors. This iz in fact
carried out in NAG routine EOQUFDF itself,

In program C3TDWN, three variables are used and these are defined
as being the coefficients of the drag-force/speed quadratic
function. LSFUN1 is called many times during program execution, by
NAG routine EOYFDF, and must theréfore be as efficient, in terms of
computational time, as possible. This is one of the main reasons
for correcting for ambient conditions before entering the
coefficient extraction process., It should be noted that the final

version of CS?DWN allows any one or two of the vehicle coefficients

‘to be treated as constants. This is useful when one or two ofmthe‘
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coefficients are known.

The error terms are calculated in LSFUN1 by calculating the theo~
retical speed at every recorded time, via equation 2.34, and then
finding the difference betweén these values and the reccorded
" (corrected) data at every pbint along the coast-down curve, In the
latest version of program CSTDWN the conditions governing the
integral solution (see appendix A) are checked and the appropriate

analytical function used.

It is important for parameter coptimization that the problem is
'scaled"correctly. To quote from NAG documentation, chapter
ECQ4FDF, section 11 (Further Comments); "Ideally the pcblem should
be scaled so that the minimum value of the sum of squares is‘in the
range (0,+1) and so that at points a unit distance away from the
solution the sum of squares is approximately a unit value greater
than at the minimum,” The prbblem of scaling was mostly ignored by
Emtage[2] and this is another reason why this development was
regquired. For the above reésons, program CSTDWN was written so as

to ihcorporate appropriate scale factors.

Most, if not all, of the NAG routines heve an argument called
'IFAIL' which serves as an error severity indicator. (In_the
output from program CSTDWN, IFAIL is abbreviated as IFL.). Reutine
EQOYFDF is called with IFAIL=1, and the most common resulting values
of IFAIL are listed below with explanations:

JFAIL=0 . - the optimization process has been conpletely
successful
" IFAIL=3 ~ none of the conditions for a minimum have been

satisfied but no lower value could be found
IFAIL=5 to 8 -~ progressively (from 5 to 8) fewer of the con-
ditions for a minimum have been satisfied but

no lower point could be found

From experience it has been found that values of IFAIL other than

zero are usually the result of poor scaling.
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4.3 Choice Of Scale Factors

As has been indicated above, tﬁe choice of scale factors is very
' important in terms of combutational time, and in the accuracy of

finding the true minimum of the error function,

The problem was tackled by writing a FORTRAN program called
'SCALE'. For reference purposes, appendix D contdins a listing of

program SCALE,

Program SCALE reads in one coast-down data set, and then allqws the
user to choose a set of scale factors. The actual coordinates of
the minimum (vehicle coefficients) must be known for the data set
being used, and these are requested by the program. Program SCALE
then calculates and displays fﬁe change in the sum of squares for a
unit change in each of the three scaled vehicle coefficients,.

Correct scaling is achieved when the results are all unity.

4.4 The Minimization Problem

With most problems it is usually useful , if not essential, fto be
able to visualize the problem., With this in mind, it was decided
to investigate the 'surfaces' representing the curve fitting error,

which is to be minimized.

In order to produce an error surface, an arbitary coast-down data
set was chosen, whose optimized coefficients were known (ie
" coefficients for true minimum). A small FORTRAN program was
written, which called subroutine LSFUN1 (see appendix C) in order
to evaluate the RMS curve fitting error. The value of RMS3 curve
fitting error could therefore be evaluated for any set of values
for the coefficients, By Keeping onhe coefficient constant at its
optimized value, a rectangular grid of RMS curve fitting error
values could be produced by varying the other two coefficients
about their optimized values. Since there is a choice of three

coefficients to be held constant, there are three grids of RMS
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curve fitting error to be produced. Isometric projections and

contour maps may then be produced from these grids.

Figs 4.1 - 4,3 give isometiric projections of typical RMS3 error
grids, with the coefficients Ab, BD and Cp being held constant in
" turn. These figures at once show that the RMS error surfaces are
valleys with steep sides, but with quite flat valley floors (along
the length of the valley). Figs 4.4 -~ 4,6 give contour maps for
the same RMS error grids, and are just'another way of presenting
the same information, Figs 4.7 -~ 4,10 define and display sections

taken across and along the valley for one of the grids.

From this initial study of the RMS error surfaces it is possible to

come to a few conclusions:

1) It wold be relatively easy for the optimization algorithm to

find the bottom of the valley since the sides are steep.

2) It is considerably more'difficult for the optimization
algorithm to continue on and find the real minimum once the
valley floor has been reached, This is because the valley

floor is so flat.

3) In view of the above it is clear as to why correct scaling

is necessary.

5.5 95% Confidence Limits On Extracted Coefficients

Providing that the input coast-down data is absolutely accurate,

""and assuming that the analytical coast-down function is appro-

priate, then the coordinates of the minimum RMS error will be
exactly those of the coefficients for the vehicle in question. If,
on the other hand, the input déta should contain some level of
random system error (such as might be caused by instrumentation
error, road roughness, wind fluctuations ete.), then it is no
longer certain that the minimum of the RHS error function will
coincide w;th the position defined by the actual vehicle

coefficients,
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It should also be clear that if the optimization process does not
quite reach the true minimum (because of poor scaling for example),
then, because of the long flat valley floor, the resulting values

of the vehicle coefficients could be very much in error,

In view of the above comments, it is necessary to investigate the
relationship between the possible error in the extracted
coefficients and the amount of random error in the input data. For
the purposes of this work, it is now assumed that the analytical
model being used is apprbpriate. and that the scaling is optimum,
Therefore the RMS curve fitting error may be assumed to be entirely

due to random error in the input data.

Dr Pettittrza] suggested the following method for determining the

95% confidence limits of the extracted vehicle coefficients:

Let SS(AD.BD,CD) be the sum-of-squares curve fitting error for a
trial point (Ap,Bp,Cp), and let SS(Ap,Bp,Cp) be the minimum sum-of-
squares curve fitting error which.oceurs at the 'best-fit' point

(AD,ED.ED). Then it may be stated, with 95% confidence, that the

frve values of the coordinates lie within the limits defined by:
"~ ~ ~ xz . : ’
SS(Ap,Bp,Cp) € SS(Ap,Bp.Cplx(1 + ﬁ2.3.) (4.1)

where,

N = the number of error-squared values making up the sum-of-squares

value (ie the number of data points)
"and,

v = the number of degrees of freedom (ie the number of variables

involved, which would normally be three)
and,

x* = statistical quantity for 95% confidence limits
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The zctual confidence limits, in terms of RMS curve fitting error,
are therefore obtained by replacing the inequality in expression
4.1 with an equality, and by taking the square-root of both sides
of the resulting equation. This gives:

2

. ~ ~ A . ¥ . '
RMSggq = v (RMS(Ap,Bp,Cp)® x (1 + 1423)) . (4.2)

Therefore, once the minimum RHS curve fitting error is known, then
. the RMS curve fitting error defining the 95% confidence limits of

the coefficients can be calculated.

-4,5.1 One Degree Of Freedom System

For one degree of freedom systems (ie where two of the three
coefficients are known), the confidence limits for the vari-
able coefficient may be found by plotting RMS error versus the
value of that coefficient, in the region of the minimum RHS
error. If the horizonﬁal line representing the 95% RMS error
is superimposed on this graph, then the intersections of the
two lines define the 95% confidence limits for that
coefficient, Figs 4,11 - 4,13 give typical examples of such
graphs.

" 4.5.2 Two Degrees Of Freedom System

For two degrees of freedom (ie where only one ccefficient is
known), the 95% RMS confidence limits are represented by a
contour on a plane defined by the two variable coefficients,
Examples of these contour maps are given in Figs 4.14 - 4.16.
The projéctions of these eontours, onto the axes, define the
actual 95% confidence limits of the coefficients.

4.5.3 Three Degrees Of Freedom System

As a natural progression from one and two degrees of freedom,
it is clear that, for three degrees of freedom, the 95% RMS
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error limit will be represented by a three dimensional closed
shell, The following scheme was developed in order to afford
a visualization of this shell of constant RMS error. Contour
maps, similar to those for the two degrees of freedom systemn,
were drawn for different values of By (Ap and Cp being treated
as variables for each contour), The values of By were chosen
"about the point representing the true minimum of the RHS3 error
function. The resulting contours were then plotted in a thrée
dimensional axes system in order‘to represent the RMS error
shell. Figs U.17 - U.21 give different views of the shell,

An interesting point to note is that AD and CD decrease as Bp
increases, and it will be worthwhile to watch out for this
type of trade—off between the extracted coefficients frém real
test data, because it would indicate that errors in the

coefficients were likely to be related to the RMS error only.

Another point to note is that the confidence limits of the
coefficients are more—br—less indicated by the two end peoints
" of the error shell. This provides an easier way of finding
the 95% confidence limits for the three degree of freedom

system. The methed is as follows:

1) Choose a value of By and, treating Ap and Cp as variables,
use the coefficient extraction algorithm to find the
minimum RM3 error, and the corresponding values of Ap ard
Cp- |

2) Repeat (1) for different values of Bp about its true value
for the test data in question, and plot the values of
minimum BRMS error against the valuss of the three

coefficients.

3) Plot the line representing the 95% RMS3 confidence limits
onto the three graphs thus produced, and the intersections
between the two lines will define the 95% confidence

limits fof the three coefficients.

Figs 4.22 - 4.24 give typical examples of such graphs.
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4.5.4 Maximum Error In Coefficients Versus RMS Error

So far all of the work has been concerned with one particular
data set, which has one particular minimum RMS error value.
It would be interesting to see how the confidehce limits
varied with the RMS error, In fact, although it was a very
tedious business, an investigation was carried out, for vari-
ous values of RMS error between 0.00 and 0.08, and the results
~are given in Figs 4.25 —= 4.33. The vertical axis for each of
the three graphs is in terms of the range, between the 95%

confidence limits, for the particular coefficient in question.

As can be seen from the figures, the characteristic of the
maximum coefficient error, in relation to the RMS error, is a
linear one. This means that, given the slope of the
characteristic (given on each graph), the value of-maximum
coefficient error may be calculated for any value of RHUS

error.,

Figs 4.25 ~ 4,33 clearly indicate that the maximum error in a
particular coefficient increases with RMS error. Therefore,
if it is possible to find the value of one or two of the
coefficients by some other means, then it would be possible to-

substantially reduce the error in the other coefficient(s).

4,6 Statistical Weights For Extracted Coefficients

Fig 4,34 gives a typical probability density bar chart for RMS
error, which was obtained for a large number of test sets. This
figure clearly shows' the sort of range of RMS values.that might be
ekpected. As was indicated in the previous section, we have more
confidence in the coefficients corresponding to low RMS error
values, and therefore a suitable weighting scheme must bé_intro-
duced in order to calculate a sensible overall average for each

coefficient.
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At this point it should be pointed out that the test data falls
into natural groups, in which all tests were carried out within a
short space of time. This ensured that the ambient conditions were
more-or-less conétant within a group. The tests within a group
shall be designated by subscript 'i' and the groups by subseript
'j'. The following scheme was suggested by Dr Pettitt[223:'

The statistical weight for the ith coefficient in the jth group is
given 'by:
Wes = i (4.3)
i) 7 e, : *
1]}
where,
0jj = standard deviation = 1/4 length of 95% confidence interval
The average for the jth group 1is given by:
IXs Wy .
1j71j
(av), = 1~ "% ‘ . (4.4)
J IW; ;
i J . '
And the standard error in this average is given by:
S.E.(av)j = /(1/§Wij) | - (H.5)
The average for all groups is given by:
LIX; sWs s
ij"ij
av = _J_i.z____ (4.6)
5119 |
And the standard error for this average is given by:
8.E.(av) = /(1/ggwij) (4.7
Ji

The abo#e scheme was implemented in program CSTDWN, and the slopes
from Figs 4.25 - 4.33 were stored so that the 95% confidence inter-
vals {and hence the statistical weights) of the coefficients could

be calculated for any value of RMS error.

The stored values of the slopes for Figs 4.25 - 4,33 are of course

only relevant to one particular vehicle, and it would be very
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tedious to have to do this wofk éll over again for ancther vehicle.
In view of this, it should be noted that NAG optimization routine
EO4FCF permits the user to calculate the standard errors for the
extracted variableé directly. If this were to be implemented as a
future development, it would provide a very versatile coefficient

extraction algorithm.

Figs H.35 - 4.37 show how the statistical weights, for the three

vehicle coefficients, vary with RMS error.

al



CHAPTER 5

SPECIFICATION OF THE CCAST-DOWN TEST PROCEDURE



As was mentioned in section 1.3, there is very little information avail-~

able

concerning the relationship between the coast-down test procedure,

and the expected accuracy of the extracted vehicle coefficients. In

view

of this it is hoped that this chapter will provide the foundatiocn

for a more detailed study in the futﬁre.

5.1 Effect Of RMS Error On Coefficient Accurszcy

Section 4.5.4 pointed out that the accuracy of thée coefficients is
directly proportional fo the RMS curve fitting error. Section
3.3.3 also suggests that the majority of the error arises fromn
random sources in the system such as wind fluctuations, uneven road
surface, instrumentation error, ete. In view of these two points
it would be sensible to design the coast-down test procedure so as
to minimize the RHMS error, and this in turn would mean minimizing

the random error in the system;

It is not sufficient to minimize the RMS error because we also need
to know what its maximum allowable value is in terms of the random

system error.

The largest data set available for this work resulted in an average
BMS error of about 0.056 (see Fig 4,34). Referring to Figs 4.31 =

4,33, this value of RMS error corresponds to 95% confidence inter-

_‘vals of 0.00245, 0.000318 and 0.091 for Ap, BD and CD‘respectiVely.

Assuming typical values for Ap, By and Cp to be 0.01, 0.000% and
0.35 respectively, results in errors of *12.3%, +39.8% and +13.0%
for AD. By and CD respectively,.

The above errors are unacceptably high, so assuming an error of

£1.0% for Cp, which gives a 95% confidence interval of 0.007035,
would require an RMS error of 0.Q043. Assuming this value of RMS3
error, the 95% confidence intervals for Ap and Bp would be
0.0001894 and 0.00002450 respectively, which would result in errors
of +0,95% and %#3,1% for Ap and Bp respectively. These errors are
more acceptable, and therefore the design of the coast-down test

procedure should aim at keeping the RIS error below 0,004,

46



5.2 FORTRAN Program CSTSIHM

The next step in this study was to investigate the relatibnship
between the random system error and the RMS error; Because of
" this, it was necessary to develop a computef program which could
generate simulated coast-dewn data with varying degrees of random
system error. The FORTRAN program CSTSIM was devéloped for this
purpose, and a listing of CSTSIM is inciuded in appendix E. '

Program CSTSIM utilizes the full analytical coast-down function
(described in section 2.3.3) te produce a simulated. coast-down
curve, with speed as the independent variable, and with equal speed

intervals.

Program CSTSIM introduces 'normally' distributed randem error into
the vehicle speed, track gradient. wind speed and wind direction.
The standard deviations for these four parameters are chosen by the
user (values of zero would fesult in no error)., NAG routine GO5CCF
was used to initialize the random number generator with a 'seed!
based on'feal-time‘,énd NAG routine GOSDDF was used to actually

generate the random error.
It should be noted that introducing error into the vehicle speed

measurement is equivalent to introducing it into the elapsed time

measurement,

5.3 Effect Of Random System Error

" Program CSTSIM was used to broduce a large number of test sets for
each of nine values of standard deviation in each of the four
parameters. The data sets were then analysed by program CSTDWN and
the means and standard deviations.of the resulting RMS errors were

calculated, The results of this work are given in Figs 5.2 - 5.9.
Fig 5.2 indicates that the standard deviation in the vehicle speed

measurement would have to be less than 0.0045 m/s in order to

maintain a maximum RMS error of 0.004, Similarly, Figs 5.4, 5.5
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and 5.8 indicate that values of 0.00015, 0.15 m/s and 3 deg would
be applicable for the standard deviations of track gradient, wind
speed and wind direction respectively. Of course, these values are
calculated with the assumption that only one source of error is
active at any oné time, and siﬂce this clearly cannot be the case,
then the allowable standara deviations in these parameters must be

even smaller.

The standard deviations in the wind meaéurement could probabally be
reduced substantially by adopting 'on-beoard' anemometry. The stan-
dard deviation in the track gradient could be reduced by under-
taking a detailed survey of the test track and setting up markers
at appropriate stations along the test track. It should bg noted
in passing, that bumps in the road surface will induce energy
losses in the suspension, which will probably appear as a gradient
induced error, The vehicle speed measurement is perhaps the most
critical parameter, and at tﬁe-same time the most difficult to deal
with, One problem is that it would be rare for instrumentation
manufacturers to gquote standard deviations for measurenents, It
wouid therefore be necessary to conduct a detailed investigation
into the accuracy of the instrumentation., Special care should be
taken with 'fith-wheel' type speed indicators, as their mountings
may introduce dynamic problems such as bounce. Also, it i3 no
point in measuring accurately without also recording the results

with enough precision.

5.4 Other Considerations

Other considerations concerning the coast-down test procedure are;
| proper recording of ambient conditiohs. test vehicle weight, static

attitude, road surface meisture, vehicle warm-up and tyre break-in.
The vehicle warm-up period is essential in order for the tyres and
the final drive unit to warm up to equilibrium temperatures. One
tyre manufacturer[19] suggests a break-in period of about 100 miles

be used for new tyres.

Care must be taken to ensure that the specification for the vehicle
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is rigidly adhered to, except where something is being varied
intentionally in order to study its effect on the vehicle
coefficients. An exception to this rule concerns the vehicle
brakes., In order to eliminate the inconsistencies of brake drag,
it is good practice, where safety is not sacrificed, to physically

remove {or loosen) the brakes.

h9



CHAPTER 6

RESULTS FRCM REAL COAST-DOWN TESTS
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This chapter gives the results of coast-down analysis (by FORTRAN pro-A
gram CSTDWHN) on test data which was kindly supplied by Ford Motor
Compény. The total number of individual coast-down tests amounts to a
figure of about 550. These consist of results for three different

vehicles, and two different test facilities.

Vehicle 'A' was a medium size sports car, and the tests, which involved
tjre comparisons, were carried out at a test facility in Europe.
Results for nine different tyres ('BB', 'CC', 'DY', 'D2', 'EE', 'FF',
'GG', '"HH' and 'II') weré recorded in three groups of approximately ten
test sets each. Tyre type 'AA' was used as a 'eontrol' tyre, and
involved approximately 200 individual test sets. It should be noted
that all of the recorded wind speeds recorded at this test facility were
found to be in error and were duly corrected by the method described in

section 3.4,

Vehicles 'B' and 'C' were both small family cars, and the tests, which
involved comparisons of toe-in settings for the driven front wheels,
were carried out at a test facility in the USA, It should be noted that
there was also some doubt about the accuracy of the recorded wind speed
measurements, but the fact that time was used as the independent
variable meant that the correction method described in section 3.4 could
not be used. For this reaﬁon a wind speed corrgction factor of
approximately 0.6 was suggested by Ford, and this figure was taken

account of in the analysis,

Three tables are given below to describe the results for all three

vehicles.

Table 6.1 gives the #1 results file for vehicle 'A' with tyre type 'AA’

_being used. This analysis was carried out for three degrees of freedom.

'Table 6.2 gives the summaries of analyses for vehicle 'A' and all tyre.
types, for both three and two degrees of freedon, BD=0.0 for the two

degrees of freedom system.
.Table 6.3 gives the summaries of”anamiysers for vehicles 'B' and 'C!, for

both three and two degrees of freedom, BD=O.0 for the two deérées of ~

freedom system.
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TABLE 6.1

¥ X X X X X OE R X X K XK K X OE K X ¥ K ¥ X N ¥

* RESULTS FROM PROGRAM CSTDWN BY A EMTAGE *
R OE X OE K K KX K K K K K K KR K XX E X K

Vehicle: VEHICLE 'A' TYRE TEST DATA SET AA (WIND SPEED CORRECTED)
Track Gradient For +'ve Direction = 0.000000

Factor For Wind Speed = 1.000

Temperature Correction Factor For Ad = 0.0130

m—— T Nl

Data has been corrected to the following conditions:-

Standard Atmospheric Pressure = 101.3 kPa
Standard Atmospheric Temperature = 20.0 deg C
Wind Speed = 0.0 m/s
Track Gradient = 0.0
Standard Vehicle Mass = 1146.0 kg

Description Of Optimization Problem:-

Ad = Variable
Bd = Variable
Cd = Variable
Dd = 0.000D+00
!:::::::::::::::::::::::::::::::::::::========::::::::::::::::::::::::::::::!
! Ad Bd cd RMS IFL VWs VWd  Temp Press Dir Hass !
! {s/m) ERROR (m/s) (deg) (deg C) (kPa) (kg) ¢
':::::::::‘.‘.::::::'—':::2====::.':::::::::::::::::===::::::::::::::::::2:::::::::!
1 ,0120 0.298D-03 .395 .0uU58 0 0.20 180, 11. 101.7 + 1145, !}
! L0116 0.U46D-03 .333 .0495 o 0.20 0. 11, 101.7 - 1146, !
! .0108 0.452D-03 .337 .0533 O 0.20 180, 11. 101.7 + 1156, )
1 .0115 0.447D-03 .329 .0418 0 0.20 0. 11. 101.7 - 1146, 1
! .0079 0,835D-03 .225 ,0609 3 o0.20 180. 11. 101.7 + 1146, 1
! L0111 0.485D-03 .326 .0402 © 0.20 0. 11. 10t.7 = 1146, 1
! .0109 0.491D-03 .323 .0504 0 0.20 180, 1t. 101.7 + 1146. 1
! .,0101 0.603D-03 .289 .0816 0 0.20- 0. 11. 101.7 - 1185, 1
v L,0110 0.437D-023 .352 .0567 0 0.20 180, 11, 101.7 + 1146. !
! .0100 0.598D-03 .289 .0512 O 0.20 0. 11, 101.7 - 1146, !
! 2!
! ,0097 0.614D-03 .289 .0511 0 1.15 180. 11. 101.7  + 1147, ¢
! .0120 0.310D~03 .385 .0472 O 1.15 0. 11. 101.7 - 1147, !
t L0102 0.525D-03 .319 .0510 5 1.15 180, 11, 101.7  + 1147, !
! .0124% 0.299D-03 .376 .0U436 O 1.15 0. 11. 1017 = 1147, !
! .,0103 0.638D-03 .276 .0556 5 1.15 180, 11, 101.7  + 1147, 1
! .0112 0.557D-03 .282 .0460 O 1.15 0. 11. i01.7 - 1147. ¢
I 0097 0.727D-03 .239 .0593 O 1.15 180, 1t. 101.7 + 1147, !
i .0102 0.676D—03_ .261  .0385 0 1.15 0. i1. 101.7 - 1147. 1
! .0110 0.522D-03 .314 .05%25 O 1.15 180. 11l. 101.7 + 1147, !
! 0111 0.558b-03 .284 .0842 O 1.15 0. 11. 101.7 - 1147, 1
! 1




! Ad Bd - Cd RIS IFL VWs VWd Temp Press Dir Hess !

t (s/m) - - ERROR (m/s) (deg) (deg C) (kPa) (kg) !
':::::::::::::::ﬁ::::::::::‘.:::::::::::::::::::::::::::::::::::::::::::::::::::!
! ,0113 0.327D-03 .403 .,0601 0 2,15 180. 16 101.6 + 1146, !
! ,0108 0.434D-03 .350 .0503 O 2.15 0. 16. 101.6 =~ 1146, !
t ,0112 0.484D-03 .329 .0563 5 2,15 180, 16, 101.6 + 1146. !
! .0112 0.386D-03 .370 .0590 5 2.15 0. 16 101.6 - 1146, !
! .0114 0.427D-03 .345 ,0448 © 2,15 180, 16 101.6  + 1146, !
! ..0112 0.416D-03 .353 .04#90 5 2,15 0, 16 101.6 - 1146, !
! .0102 0.491D-03 .330 .0824 .0 2.15 180. 16. 101.6 + 1146, !
! .0118 0.345D~03 .377 .04 0 2,15 /o0, 16 101.6 - 1146, 1§
! .0105 0.525D-03 .312 .,0514 O 2.15 -180. 16 101.6  + 1146, !
! ,0096 0.732D-03 ,247 ,0532 5 2.15 0. 16 101.6 - 1146, !
! — ‘ — - — yt
1 ,0103 0.395D-03 .332 .,0642 © 2.60 180. 17 101.5 + 1146, !
! 0085 0.548D-03 .305 .0620 5 2,60 0. 17. 101.5 - 1146, !
! ,0096 0.495D-03 .311 .0680 O 2.60 180. 17 101.5 + 1146,
Y ,0114 0.274D-03 .369 ,0568 0 2.60 0. 17. 101.5 - 1146. !
! ,0098 0.451D-03 .333 .0723 O 2.60 180. 17. 101.5 + 1146, !
! L0106 0.336D-03 .352 ,0554 &5 2,60 0, 17 101.5 - 1146, !
t ,0081 0.801D-03 .204 .0739 3 2.60 180. 17 101.5 + 1146, !
¢ ,0097 0,486D-03 .317 .0507 O 2.60 0. 17. 101.5 -  1146. !
! ,0128 0,164D-03 .807 .0627 O ~ 2,60 180. 17 101.5 + 1146, !
t ,0111 0.278D-03 .378 .0433 0 2.60 0. . 17. 101.5 - 1146. !
! e e e e 51
{°.0076 0.777D-03 .203 .0979 3 0.90 135. 17. 101.3 + 1146, !
{ .0094 0,533D-03 .292 .0633 5  0.90 45 17.  107T.3 - 1146, !
¢ ,0083 0,777D-03 .213 .0600 O 0.90 - 135, 17. - 101.3 + 1146, !
! ,0085 0.,607D-03 .274 ,0575 0 0.90 45, 17,  101.3 - 1146, ¢
t ,0101 0.431D-03 .330 .0830 0 0.90 135. 17. 101.3 + 1146, !
! ,0078 0,783D-03 .219 .0633 O 0,90 45, 17,  101.3 - 1146, ¢
! .0099 0.412D-03 .336 .0699 5 0,90 135. 17. 101.3 + 1146, 1!
! L0084 0.698D-03 .246 ,0782 5 0.90 5, 17.  101.3 .~ 1146, !
t ,0096 0.501D-03 .,303 .0638 O 0,90 135. 17. 101.3 ~+ 1146. 1
! 0119 0.110D-03 ,409 ,0675 O  0.90 45,  17.  101.3 - 1146, !
! - 61
! ,0100 0.456D-03 .319 .,0528 ©0 0,20 180, 13. 101,2 +  1147. 1
I .0098 0.420D-03 .336 .0572 0 0.20 0. 13. 101.2 - 1147. %
t ,0088 0.620D-03 .280 .0465 O 0,20 180, 13. 101.2 + 1147, 1
!t ,0092 0.609D-03 .278 .0558 O 0.20 0. 13. 101.2 - 1147, !
! ,0087 0.607D-03 .288 .0445 O 0,20 180. 13. 101.2 +  1147.1
t ,0091 0.556D-03 .302 .0456 O 0.20 0. 13. 101.2 - 1147. !
t ,0105 0.399D-03 .352 .0503 O 0.20 180. 13. 101.2 + 1147, !
! ,0100 0.476D-03 .326 .,0493 O 0.20 0.  13. 101.2 - 1147.!
! .0079 0.754D-03 .248 ,0469 0 0,20 180. 13. 101.2 + 1147, !
t .0103 0.434D-03 .3%1 ,083% O 0,20 0. 13. 101.2 - 1147. !
! : 71
t ,0118 0.216D-03 .408 ,0278 O 0.80 180, 13. 102.1 -+ 1145, 1
t 0127 0.115D-03 .430 .0409 0O 0.80 0. 13. 102.1 - 1145. !
1 ,0102 0.390D-03 .363 .0393 0 0.80 180. 13. 102.1 + 1145, !
t ,0111 0,307D-03 .379 .0405 O 0.80 0. 13. 102.1 - 1145, !}
!t ,0112 0.288D-03 .395 .0397 O 0.80 180. 13. 102.1 + 1145, !
1t .0108 0.350D-C3 .364 ,038 O 0.80 0. 13. 102.1 - 1145, !
! .0107 0.391D-03 ,353 .04%09 O 0.80 180. 13, 102.1 + 1145, !
t ,0118 0,241D-03 .402 .0367 & 0.80 0. 13, 102.1. - 1145, 1
! .0103 0.407D-03 .3%9 ,0381 5 0.80 180. 13. 102,1t + 1145, 1
! .0107 0.377D-03 .359 .0316 O 0.80 0. 13. 102.1 - 1145, !
1 1
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-----------------------------------------------------------------------------

Ad Bd Cd _RMS IFL VWs ¥Wwd Temp  Press Dir Hass !
(s/m) ERROR (m/s) (deg) (deg C) (kPa) (kg) !
__________________________________________________________________________ 1
0113 0.177b-03 .,433 ,0375 0 0,95 180. 9. 102.2  + 1744, ¢
.0093 0.439D-03 .357 .0425 0 0.95 0. 9. 102.2 - 1144, !
0111 0.172D-03 .428 .0375 0 0.95 180. 9. 102.2 + 11448, 1
.0093 0.,514D-03 .328 .0383 5 0.9% 0. 9. 102.2 -~ 1144, !
06103 0.392D-03 .354 .0392 O 0.95 180. 9. 102.2 + 1144, !
.0108 0.299D-03 .379 .0323 0 0.95 0. 9. 102.2 - 1144, 1
0099 0.433D-03 .348 .ou24 0 0.95 180, g. 102.2  + 1144, !
0106 0.316D-03 .382 .0342 0 0.95 0. 9. 102.2 - 1144, 1
.0105 0,365D-03 .372 .0362 0 0.95 180. 9. 102.2 + 1144, !
.0108 0.293D-03 .388 .0405 5 0.95 0. 9, 102.2 - 1144, 1t
o o e e ittt e — —— —— 91
.0091 0.535D-03 .317 .0719 5 3.50 180. 15. 102.3 + 1146, 1
L0101 0.392D-03 .314 .0926 5  3.50 0. 15, 102.3 - 1146, ¢
L0076 0.79%9D-03 .215 ,1012 3 3.50 180. 15, 102.3 + 1146, !
,0156 =-,285D-03 .518 .0577 0 3.50 0. 15, 102.3 - 1146, !
L0087 0.741D~-03 .202 .,0721 0 3.50 180. 15, 102.3 + 1146, !
0077 0.802D-03 .213 .0431 3 3.50 0. 15. 102.3 = 1146, ¥
0139 ~,127D-03 .487 .0478 O 3.50 180. 15. 102.3 + 1146, !
.0083 0.750D-03 .218 .0428 0 3.50 0. 15, 102.3 - 1146. ¢
0107 0.369D-03 .325 0471 0 3.50 180. 15. 102.3 + 1146. 1
L0097 0,403D-03 .361 ,0351 0 3.50 0. 15. i02.3 - 1146, !
8 e i . ot i o —— —_— 10!
0116 0.112D-03 .450 .0473 0O 2.10 180. 17. 102.3 + 1147. !
.0108 0.332D-03 .366 .0363 0 2.10 0. 17, 102.3 - ALY
0126 0.447D~04 L U48 .0Q3U47 0 2.10 180. 17. 102.3 + 1147, !
.0105 0,405D-03 .337 .0408 5 2.10 0. 17. 102.3 -~ 1147, !
.0102 0.411D-03 .329 .0440 O 2.10 180, 17. 102.3 + 1147. !
L0114 0.238D-03 .390 .0386 0 2.10 0. 17. 102.3 - 1147, !
L0114 0.219D-03 401 .0408 ¢ 2.10 180. 17. 102.3 + 1147, 1
L0110 0.275D-03  .377 0249 0 2.10 0. 17. 102.3. - 1147, 1
L0114 0.2u8D-03 .398- .0419 0 2.i0 180. 17. 102.3  + 1147, !
,0102 0.393D-03 .34 .0313 ©0 2.10 °~ 0. 17. 102.3 -~ 1147.!
e o 3 e e e 11!

.0096 0.336D-03 .368 .0644 O 3.30 158. 18. 103.0  + 1146, ¢
0120 0.175D-03 .389 .0702 0 3.30 23. 18. 103.0 - 1146, !
0100 0.428D-03 .315 .0514 O 3.30 ° 158. 18. i03.0  + 1146, 1
,0098 0.327D-03 .398 .0432 0 3.30 23. 18. 103.0 - 1146, !
.0089 0.424D-03 .347 .0514 5 3.30 158, 18. 103.0  + 1146,
.0110 0.241D-03 .374 ,0813 0 3.30 23. 18. 103.0 - 1146. !
.0118 0.953D-04 .446 .0829 0 3.30 158. 18. 103.0 + 1146, !
0099 0.360D-03 .354 .0867 0 3.30 23. 18, 103.0 - 1146, !
L0144 -,395D-03 .613 .0721 0 3.30 158. 18. 103.0 + 1146, !
0112 0.284D-03 .354 .0611 0 3.30 23. 18. 103.0 - 1146. !
121

0160 -.467D-03 .573 -.0634 0 4.10 135. 21. 103.0 + 1147. !
0119 0.630D-04 442 ,0510 O 5.10 us5, 21. 103.0 - 1147, !
.0122 0,427D-04 .408 ,0658 o 4,10 135. 21. 103.0 + 1147, !
.0092 0,232D-03 .13 .0326 O 4,10 45, 21. 103.0 = 1147. ¢
0152 -,592D-03 .65T7 .0567 ¢ 4.10 135. 21, 103.0  + 11487, Y
0086 0.308D-03 .392 .0497 O 4,10 u5. 21. 103.0 - 1147, !
0129 ~,103D-03 . .501 0434 0 4,10 135. 21. 103.0 + 1147, !
0098 0.226D-03 .38% .04 O 4.10 i5. 21. 103.0 = 1147. !
.0135 -,207D-03 .535 .0692 0 4.10 135. 21. 103.0  + 1147. 1t
L0100 0.329D-03 .350 .0u21 0 4.10 45, 21. 103.0 - 1147, !
]

13!




—————————————————————————————————————————————————————————————————————————————

(2.

SUE SER GuE PR N GuB MDA SR D A GEE GEN NS GuN MR AN SR UM SEE SUF HES GEE U AN SRR SRR MR SHE AN (NP SNE Jan aN Sam A% FEP fEE Gam AR Gmb v MW sam fum amm amm 4am

Ad Bd cd RMS IFL VWs Vid Temp Press Dir Mass

(s/m) ERROR (m/s) (deg) (deg C) (kPa) (kg)
,0104 0.417D-03 .386 .0567 0 2.70 180. 16. 101.6 + 1146,
L0097 0.468D-03 .284 0486 0 2.70 0. 16. 101.6 - 1146
.0079 0.813D-03 215 0845 3 2.70 180. 16. 101.6 + 1146.
.0085 0.812D-03 .199 .0714° 3 2.70 0. 16. 101.6 - 1146,
.0104 0.809D-03 .281 .,0766 O 2.70 180, 16. 101.6 + 1146
L0094  0.M67D-03 .378 .0631 0 2.70 0. 16, 101.6 - 1146,

---------------------------- - - 14

0094  0.461D-03 314 0589 0 0.85 “180. 16. 101.3 + 1146,
0107 0.320D-03 .363 0604 ¢ 0.85 0. 16. 101.3 - 1146
.0086 0.,599D-03 .280 0532 0 0.85 180, 16.- 101.3 + 1146
0079 ©,707D-03 .245 ,0589 0 0.85 0. 16, 101.3 - 1146,
0102 0,401D-03 .338 .0600 0 0.85 180. 16. 101.3 + 1146,
.0083 0.461D-03 .325 0663 0 0.85 0. 16, 101.3 - 1146
L0106 0.346D-03 .359 .0407 5 0.85 180. 16. 101.3 + 1146
0094 0.492D-03 .313 .0596 5 0.85 0. 16. 101.3 - 146
L0084 0.555D-03 .292 .00M49 0 0.20 180. 13. 101.1 + 1146
0087 O.704D-03 .2U4b on24 0 0.20 0. 13. 101.1 - 1146
0085 0.574D-03 .308 .0481 ¢ 0.20 180, 13. 101.1 + 1146,
0100 0.473D-03 .323 .0472 5. 0.20 0. 13. 101.1 - 1146,
L0094 D.487D-03 .327 .0511 0 0.20 180. 13. 101.1 + 1146,
0094 0.532D-03 .304 .ousd ¢ .20 0. 13. 101.1 - 1146.
0080 0,726D-03 .234 .0518 " O 0.20 180. 13. 101.1 + 1146,
0173 -.684D-03 .749 .,2302 0 0.20 180. 13. 101.1 + 1146,
0103 0.390D-03 .347 .0797 0 1.50 180. 10, 101.0 + 1146,
0162 -.362D-03 .474 .1902 0 1.50 0, 10. 101.0 - 1146.
L0111 0.268D-03 .386 .0610 0 1.50 180. 10. 101.0 + 1146,
0094 0,611D-03 .283 .,0U57 0 1.50 0. 10. 101.0 - 1146,
.01482 -,181D-03 .,511 .1068 0 1.50 180. 10. 101.0 + 1146,
0106 0.439D-03 .349 .05148 0 1.50 0. 10. 101.0 - 1146,
0143 -.116D-03 .533 .0743 0 1.50 0. 10. 101.0 - 1146,
.0107 0.350D-03 .349 ,08%51 0 5.05 180, 17. 101.3 + 1145,
0077 0.,753D-03 .227 .0617 5 5.05 0. 17. 101.3 - 1145,
0124 0,131D-03 .424 ,0927 5 5.05  180. 17. 101.3  + 1145,
L0101 - 0,302D-03 .381 o440 0 5.05 0. i7. 101.3 - 1145,
L0084 0.681D-03 .259 ,0836 ©0 5.05 180, 17. 101.3 4+ 1145,
0076 0.809D-03 .222 .0765 3 5.05 0. 17. 101.3 - 1145
o148 -,138D-~03 UG8 .0724 0 5.05 180. 17. 101.3 + 1145
.0080 0.650D-03 .301 .0863 O 3.25 180. 16. 101.6  + 1148
.0069 0.792D-03  .233 .0581 3 3.25 0. 16. 101.6 - 1143.
.0099 0.373D-03 .347 .0721 0 3.25 180. 16. 101.6 + 1148,
.0096 0.332D-03 .388 .0526 5 3.25 0. 16. 101.6 - 1148.
.0091 0.353D-03 .343 .,0616 5 3.25 180. 16. 101.6 + 1148,
.0098 0.346D-03 .,365 .0498 5 3.25 0. 16. 101.6 - 1148,
.0123 -.157D-0% 467 .0682 0 3.25 180. 16. 101.6  + 1148,
.0118 0.786D-04 458 .0538 0 3.25 0. 16, 101,6 - 1148,
0263 -,159D-02 .875 .1976 0 - 3.90 180. 19. 101.4 + 1146
.0094 0.552D-03 .286 .0627 5  3.90 0. 19. 101.4 - 1146
L0134  .~,135D-03 .498 .1137 0 3.90 180. 19. 101.4 + 1146.
.0085 0.575D-03 .302 0ugh 0 3.90 0. 19. 101.4 - 1146
.0165 ~,365D-03 .502 .1186 5 3.60 180. 19. 101.4 + 1146,



P e e S G o o om e o D o M e B B A5 B s S WA ey o or e e e A o e T e e mn i i e e e e i e Lk e e e e e o = 4

! Ad Bd cd RMS  IFL VWs VWwd Temp Press Dir Hass

! : (s/m) ERROR (m/s) (deg) (deg C) (kFa) (kg) !
Ye=z=zzczzss=z=ssssssszcz-soosoosssssssssssssssoooozsssmssssoszosszcoss=ssssooszox!)
! ,0076 0.782D-03 .205 .,1203 3  3.90 0. 19. 101.4 - 1146, !
! .0104 0.289D-03 ,386 .0702 O 3.90 180 19, 101.4  + 1146, !
! .0087 0.465D-03 ,299 .0454 0 3.90 0. 19. 101.4 - 1146, !
! ,0197 -.956D-03 .739 .0799 O 3.90 180 19, 101.4  + 1146, !
e e e e - 20!
! ..0108 0.371D-03 .342 .0407 0 0.95 180, 11, 102.2 + 1147, !
! .0098 0.489D-03 .320 .0306 O 0.95 0, 11. 102.2 - 1147, !
! ,0106 0.365D-03 .366 ..0410 0 0.95 180. 11, 102.2 + 1147, !
! .0106 0.409D-03 .328 ,0366 0 0.95 0. 11. 102.2 - 1147, !
! L0116 0.224D-03 .403 .,0409 0 0.95 180. 11. 102.2 +. 1147. !
! .0114 0,267D-03 .389 .0361 O 0.95 0. 11. 102.2 - 1147, !
! .0095 0.513D-03 .317 .0390 0 0.95 180. 11. 102.2 + 1147, !
! .0107 0.343D-03 .367 .0309 5 0.95 0. 1. 102.2 - 1147, ¢
! .0109 0.338D-03 .364 ,0385 0 0.95 0. 11 102.2 - 1147. !
! - - 21!
! .0121 0.836D-04 456 .0613 5 3,25 180. 18, 102.3 +  1147. !
! .0099 0.475D-03 .359 .0527 O 3.25 0. 18. 102.3 - 1147, !
! .0098 0.508D-03 .300 .0459 0 3.25 180, 18. 102.3 +  1147. !
! .0098 0.480D-03 .325 .0506 5 3.25 0. 18. 102.3 - 147, !
! .0132 -.110D-03 .533 ,0792 0 " 3.25 180. 18. 102.3 + 1147, !
! ,0080 0.,589D-03 .307 .0588 O 3.25 0. 18, 102.3 - 1. !
! .0106 0.443D-03 .304 .0739 0 3.25 180. 18. 102.3 + 1147, !
17,0139 -.139D-04 429 ,0434% 0 3.25 0. 18. 102.3 - 1147, !
! ,0084 0,542D-03 .306 .,0685 0 3.25 0 18. 102.3 -~ 1147, !
Bt e LR : 22!
! ,0106 0.223D-03 .397 .0457 O 3,40  180. 7. 103.0 + 1143,
! .0098 0.357D-03 .358 .0336 0 3.40 0. 7 103.0 - 1143. !
! .0107 0.202D-03 .391 ,0371 0 3.430  180. 7 103.0  +  1143. !
! .0108 0.,216D~03 .405 ,0438 5  3.40 0. 7. 103.0 =~ 1143.!
! .0110 0,149D-03 .425 ,0399 O 3,40  180. 7.  103.0 -+ 1143, !
! .0090 0.475D-03 .318 .0397 O 3.40 0. 7. 103.0 - 1143, !
! .0097 0.406D-03 .353 .0400 0 3.40 180, 7 103.0  + 1143, !
! .0112 0,122D-03 ,427 ,03%1 0 3.40 0. 7. 103.0 - 1143, !
! .0088 0.462D-03 .,332 ,0320 0 3.%0 0. 7. 103.0 - 1143, !
! , - 23!
! .0112 0.253D-03 .383 .03%6 O 0.25 180 21, 102.9  + 1147, !
! .0087 0.583D-03 .297 -.0340 0 0.25 0. 21. 102.9 - 1147, !
! .0110 0.281p-03 .389 .0482 0 0.25 180, 21, 102.9 + 1147,
! .0107 0.304D-03 .386 .0508 0 0.25 0. 21. 102.9 - 1147.!
! .0106 0.375D-03 .351 .0379 5 0.25 180. . 21. 102.9 + 1147.¢
! .0111 0.283D-03 .379 .0308 0 0.25 0 21,  102.9 - 1147, ¢
! .0109 0.315D-03 .377 .0373 O 0.25 180. 21. 102.9 + 1147, 1
! .0072 0.707D-03 .273 .0628 O 0.25 0. 21. 102.9 - 1W47.1
! .0100 0.443D-03 .338 .0330 5 0.25 180 21, 102.9 + 1147, !

g iaipe- e e, S s —§

! Ad ! 0.01084 ! 0.167D~03 !
! ! ! !
! Bd (s/m) ! O.4976D-03 ! 0,216D-04 !
! ! ! !
! Cd ! 0.3228 ! 0.619D-02 !
! : ! !




PO O ———— !
GROUP 2 ! WGTD. AVG. ! S.E. AVG. !

1 Ad ! 0.01085 ! 0.166D-03 !
' —-1. P s
1 Bd (s/m) ! 0.5354D-03 ! 0.215D-04 '
J— ! -1 ——
1 cd ! 0.3040 ! 0.618D-02 !
f=m ! ! !

1
.GROUP 3 ! WGTD. AVG. ! S.E., AVG, !
1

__________________________

! Ad ! 0.01094 ! 0.173D-03 !

- ' P '

t Bd (s/m) ! 0.4540D-03 ! 0.223D-04 !’

' ' ! !

! Cd 10,3419 ! 0.642D-02 !
]

! !

O e ——— !

GROUP 4 ! WGTD., AVG. ! S.E. AVG, !
------------ {zzzzsazzz==!

le——mmwe————ls=zzzzssss==lzszzzzzzzzcs)

I Ad ! 0.01032 ! 0,204D-03 !

1 1 SN P

i Bd (s/m) i 0.3987D-03 ! 0.264D-04 !

Y FUVVRON PV

! Cd ! 0.3393 ! 0.75%D-02
! ! !

rm e e

] ] !
GROUP 5 ! WGTD. AVG. ! S.E. AVG,

!e—m—meee——t=zzczzzzzssczlzszsszszzzos

1 Ad ! 0.00916 ! 0.237D-03 E
NN [P ! !
! Bd (s/m) ! 0,5629D-03 ! 0,306D-04 !
1- ! - ! !
! Cd ! .0,2831 ! 0.879D-02 !
! ! ' !

! !
GROUP 6 ! WGTD. AVG. ! S.E. AVG,
!

1 Ad ! 0.00938 ! 0.169D-03 !

1 1 1 ]

! Bd (s/m) ; 0.5383D-03 ! 0.219D-04 !
! ! ! !
! Cd ! 0.3059 ! 0.629D-02 !
! ! ! H




! - '

GROUP 7 ! WGTD. AVG., ! S.E. AVG, |

' Ad ! 0.,01116 ! 0,127D-03 ;
! ! ! !
1 Bd (s/m) ! 0.3051D-03 | 0.165D-04 I
! LI ! t
1 ¢d 10,3813t 0.473D-02 !
! -1 - 1

! [ !
GROUP 8 ! WGTD. AVG., ! S.E. AVG, !

el zzzzzsz=zzzzl zzzzz2zz=zz=

! Ad 0.0t045 ! 0.131p-03 1

P ! 1

L]

! ! '
! Bd (s/m) ! 0.3337D-03 ! 0,170D-04 !-

]

1

]

1.
1 Cd

! -1

- - 1

0.3783 ! 0,487D-n2 i
! !

P — P — !
GROUP 9 ! WGTD. AVG. ! S.E. AVG: .!

0.01020 ! 0.181D-03 !

)

! e ————— !
! Bd (s/m) ! 0.4242D-03 ! 0.235D-04 !

!

'

1

- ; ————1

0.3254 t 0.673D-02 !

P ! _—1

! ! !
GROUP 10 ! WGTD. AVG. 1 3.E. AVG. !

| oy B3 ¥ 3 3 3 FEETL AR P PN |

1 Ad 1 0.01109 ! 0,126D-03 !
! ! - !
! Bd (s/m) ! 0.2717D-03 ! 0.163D-04 !
1 ! ! !

! cd 1 0.3820 ! 0.468D-02 !
' ! e !

GROUP 11 ! WGTD. AVG, ! S.E. AVG. !

| R e B R A R

! Ad ! 0.01051 ! 0.215D-03 !

1
0.3856 ! 0.798D-02 !
'

! Cd !
s - !




feiommrem ! !
GROUP 12 ! WGTD. AVG. ! S.E. AVG. !

| e - e St )
1 Ad ! 0,01122 ! 0.167D-03 !
- SR ——  J—— '
f Bd (s/m) ! 0.6422D-04% ! 0.217D-0U !
! ! -— e —t
1 cd 10,8456 ! 0.622D-02 !
] '

SO DN

! — '
GROUP 13 ! WGTD. AVG. ! S.E., AVG, !

0.00956 ! 0.280D-03 !

—
[
i
i
I
I
1
]
]
]
I
-
'
]
1
]
]
]
)
[}
]
)
t
1
]
1
]
]
1
i
]
!
]
1
1
-

fem

!
1
4 Bd (s/m) ! 0.5261D-03-1 0.362D-04 !
1 - !
!
]

! Cd

!
0.3023 ! 0.104D-01 !
A !

! ' '
GROUP 14 ! WGTD. AVG. ! S.E. AVG, !

0.00964 ! 0.216D-03 !

!
! !
! Bd (s/m) ! 0,4624D-03 ! 0.280D-~04 !
: !
1
'

1 t

0.3208 1 0.803D-02 !
1 !

! ! !
GROUP 15 ! WGTD. AVG, ! S.E. AVG. !

1t 0.00900 ! 0.205D-03 !
! ! 1
1.0.5752D-03 ! 0,266D-04 !
' ! 1
! _0.2923 ! 0-763D—02 !
1 1 !

1
1

1

' Bd (s/m)
1

1 Cd

]

X [  J—— :
GROUP 16 ! WGTD. AVG, ! S.E., AVG. !

1 Ad ! 0.01102 ! 0.277D-03 !
! ! —t !
! Bd (s/m) ! 0,3450D-03 ! 0.358D-04 !
1 —1 ! !
! cd !  0.3672 t 0,103D-01 V~
1 ! 1 -l




e ! !
GROUP 17 ! WGTD. AVG. ! S.E. AVG. !

! Ad ! 0.01005 ! 0.280D-03 !

1 S, D e im s mim t

!t Bd (s/m) ! 0.4072D-03 ! 0.363D-04 !

P P -1

0.3355 ! 0.104D-01 !

! 1. !
GROUP 18 ! WGTD. AVG. ! S.E. AVG. !

1 Ad ! 0.00974 ! 0.234D-03 !
§ ' 1

‘1 Bd (s/m) ! 0.3603D-03°! 0,303D-04 ‘
1 v y 1

! Cd ! 0.3675 ! 0,870D-02 !

A | Jo— 1 !

‘ ! ! !
GROUP 19 ! WGTD. AVG, ! S.E. AVG. !

R

! Ad 1 0.01067 ! 0.263D-03 !
| ' _____ | ___________ l

! Bd (s/m) ! 0.2778D-03 ! 0.341D-04 !

P B ! '

! od 0.3691 ! 0,978D-02 !
! !

oo ! !

! Ad ! 0.01058 ! 0.134D-03 !

S P— I !

! Bd {s/m) ! 0.3748D-03 ! 0,173D-04 !
A ! 1oem

' cd ! 0.3535 ! 0.498D-02 !
! ! ! 1

e  JRN 1
GROUP 21 Y WGTD. AVG I S.E. AVG. !

! Ad ! 0.01075 ! 0,206D-03 !

1 ! (. S

1 Bd (s/m) ¢ 0,3362D-03 ! 0,266D-04 !

! 1 ! 1

! Cd 10,3636 ! 0.764D-02 !
1




I Ad ' 0.01011 ! 0.138D-03 !

- R —— PR !

t Bd (s/m) ! 0.2977D-03 ! 0,179D-04 I

] ! —l -1

1 ¢d ! 0.3762 ! 0,514D-02 !
' !

[}
i
{
I
1
i
1
1
1
]
1

-

! !
GROUP 23 ! WGTD. AVG. ! S.E. AVG. !
------------ !z==z=z==z=z==x!

! 0.141D-03

i Bd (s/m)
1

i Cd 0.3550

'
!

0.3787D-03 ! 0.182D-04
- 1
!
Y

! 0,523D-02

! —tem -1

OVERALL ! WGTD. AVG., ! S.E. AVG,.!
el zzz2s2=zzs=== =2z z2z2=z2 )

! Ad 0.010u6 ! 0,365D-04 1
| ! ' '

t

! ! '
! Bd (s/m) ! 0.3743D-03 ! 0.472D-05 !
! '

1

[

. 1

0.3504 1 0.136D-02 !
: :

! Cd

* % E OE X X X Xk X ¥ X%

¥ [END OF RESULTS ¥
T2 IR K 2R K B 2 3 3 2



TABLE 6.2

THREE DEGREES OF FREEDQOM TWO DEGREES OF FREEDOH (Bgy = 0.0)

TYRE TYPE AA TYRE TYPE AA
1 ! { 1 ! el

OVERALL ! WGTD. AVG. ! S.E. AVG. ! OVERALL ! WGTD. AVG. ! 3.E. AVG.

———e—ee——ml=2=m=szzzezz lzzzz=zzsz==== lewemwanew—l zszzz=sssss=lzazzzzz====

0.01046 1 0.365D-04 1 1 Ad ! 0.,01252 ! 0.813D-05 !

| P SN PO, 1 !

! 0.3735D~03 ! 0.472D-05 ! ! Bd (s/m) ! 0,0000D+00 ! 0.692D-16 !
f '

T ——1 ! !

=
o,
~~
4]

Sy
=]

~—

cd 0.3547 "1 0.136D-02 ! ! Cd ! 0.4501 ! 0.232D-03 5

! 1o ! | SO !

TYRE TYPE'B? : TYRE TYPE BB ‘ .

‘ OVERALL E_WGTD. AVG. : S.E. AVG. i OVERALL i WGTD. AVG. ! S.E. AVG. g

__________________________________ P P

a1 o.o0aTe 10003 1 1 Aat 0.01131 1 0.2310-0k !

: Bd (s/m) ! 0.4198D-03 i 0.131D-0k 1 1 Bd (s/m) i 0.0000D+00 : 0.183D-15 !

: cd E 0.3463 ; 0.377D-02 i i Cd i__—ajusuu .i 0.658D-03 i

! ! ! | - !  JO— !
TYRE TYPE CC TYRE TYPE CC

! 1 ! ! ! !
OVERALL ! WGTD. AVG, ! S.E. AVG, !  OVERALL ! WGTD. AVG. ! S.E. AVG. !

0.01262 ! 0.231D-04 !

!
1 Ad ! 0.01013 ! 0,101D-03 ! ! Ad !
1. t ! : 1! ! ! !
! Bd (8/m) ! 0.4291D-03 ! 0.131D-04 ! ! Bd (s/m) ! 0.0000D+00 ! 0,189D-15 !
1 ! r ! ! !  J— !
1 Cd ! 0.327% t 0.376D-02 ! ! Cd ! 0,4377 ! 0.658D-03 !
! ! ! | S pu— ! 1 ¢
TYRE TYPE D1 | TYRE TYPE D1
! ! 1 1 ! !
OVERALL ! WGTD, AVG. ! S.E. AVG, ! OVERALL ! WGTD. AVG. ! S.E. AVG. !

emmemmm——mdZzzzzzzaznns tz=sz=zz===z= ! e l=====z==zzs==l==zzczazzz==l

Ad ! 0,00837 ¢ 0.118D-03 ! ! Ad ! 0.01081 ! 0.244D-0H 1
' <
t

J— ! 1 - ! !

! 0.3131D-03 ! 0.153D-04 ! 1t Bd (s/m) ! 0.0000D+00 ! 0.189D-15 !

! ' ] 1 ] - !

1 Ccd 1 0.3687 1 0.438D-02 ! ! Cd ' 0.4490 ! 0,697D-03 !
]

! LI ! ! !

-

TYRE TYPE D2 _ TYRE TYPE D2
! ! 1 '

b '
OVERALL ! WGTD, AVG. ! S.E. AVG. !  OVERALL ! WGTD. AVG. ! S.E. AVG. !
1

e A e T T T

| R - e Y AR T T LT

0.01147 ! 0.270D-04 !

!
! Ad 1 0.00850 ! 0.113D-03 ! ! Ad !
g ] ‘ ! S JU ! —l '
t Bd (s/m) ! 0.4372D-03 ! 0,146D-04 ! ! Bd (s/m) ! 0.0000D+00 ! 0.189D-15 !
1 ! ! . ! ! !
! cd ! 0.3368 1 0.418D-02 ! ! Cd ! 0,4545 ! 0.769D-03 !
1 ! P — 1 ' ! -1




TYRE TYFE EE .
1 1 !

OVERALL ! WGTD. AVG, ! S.E, AVG, !

Yo —mww]zzzzzzssmzsalssazzozazaz

TYRE TYPE EE

OVERALL ! WGTD. AVG. I S.E. AVG. !

| J—— P AN S Y L i

! 0.,245D-04 !

1
! Ad 1 0.01090 ! Ad 1 0,01321
S ! t to ——t e ! weunm |
t Bd (s/m) ! 0.4143D=03 ! 0.,136D~04 ' I Bd (s/m) ! 0.0000D+00 ! 0,196D~15 !
| R ! ! {1 ! R e !
! Cd H 0.3398 ! 0.390D=02 ! t Cd ! 0.4470 ! 0,698D-03 1
! - ! 1 —— f !
TYRE TYPE FF TYRE TYPE FF
! =1 ! | - ! 1

OVERALL ! WGTD. AVG. ! S.E. AVG. ! OVERALL ! WGTD. AVG., ! S.E. AVG, !
| FE— A I L LT | pronye— T T T PSR T PP LTS
t Ad 1 0,00991 ! 0.106D-03 ¢t ' Ad 1 0,01167 1 0,228D-04 1!
! ! e LI ! ! -1
f Bd (s/m) ! 0.3287D-03 ! 0.138D-04 ¢ ! Bd (s/m) ! 0.0000D+00 ! 0.,200D=-15 !
! - ! LI ! ! t
! Cd ! 0.3588 ! 0,395D-02 t | Cd ! 0.4410 1 0.650D-03 !
! ! ! I P ! ! !
TYRE TYPE GG TYRE TYPE GG

! ! ! : : ! lm !
OVERALL ! WGTD. AVG. ! S.E. AVG. ! OVERALL ' WGTD. AVG. ! S.E. AVG, !

1
! ! !
1 0,3583D-03 ! 0.126D-04 !
! ! !
!
!

0.3596 ! 0.362D-02 !
! !

e lzzzzzzzzzzzzfzzoszzezass!

! Ad ' 0.01210 ! 0,230D-04 !
- ! !
! Bd (s/m) ! 0.0000D+00 ! 0.192D=15 !
- ' ! !
! Cd ' I 0,657D-03 !
1 ] ! '

e

0.4542

TYRE TYPE EH .
' ! ! !
OVERALL ! WGTD. AVG., ! S.E. AVG. !

e LR PP PR R

TYRE TYPE HH

! 1— !
OVERALL ! WGID. AVG. ! S.E. AVG. !

! Ad ! 0,01000 ! 0.938Db-04 ! ! Ad ! 0.01146 ! 0.197Db-04 !
! ! LI : ! -1 !
! Bd (s/m) ! 0.2731D-03 ! 0.121D-04 ! ! Bd (s/m) ! 0.0000D+00 ! 0,183D~15 !
P t to | J. Y -t
Ccd ! ! 0.349D-02 ' ! Cd ! 0.4538
{

et pub pum

! 0.563D-03 !
! ! !

0f3877

- TYRE TYPE II
! ! !
OVERALL ! WGTD. AVG, ! S.E. AVG, !

! 0.105D-03 !

! Ad ! 0.00909

- ! ! -t

! Bd (s/m) ! 0.3841D-03 ! 0.135D-04 !

tem ' '- !

! Cd 10,3544 { 0.388D-02 !
'

! ! !

TYRE TYPE II
! ' !

OVERALL ! WGTD. AVG, ! S.E. AVG, !

ke e el g P S |

Ad t 0.01127 ! 0.236D-04 ¢
' —— ]

Bd (s/m) ! 0,0000D+00 ! 0.192D-15 !
! ! !
cd ! 0.4500 ! 0,674D-03 !
! ! !

= g SEE 4em S Sk S




TABLE 6.3

THREE DEGREES OF FREEDOM

VEHICLE 'B' TOE~IN = 3 MM

! ! !
OVERALL ! WGTD. AVG. ! S.E. AVG. !

1

1 !

! 1- ' ]
! Bd {s/m) ! 0.3343D-03 ! 0.623D-05 !
] ]

] !

1 ]

1 1

0.4432 1 0.179D-02 !
!

VEHICLE 'B' TOE-IN = 8 MM
[} 1 t

! WGTD. AVG. ! S.E. AVG. !

OVERALL

1
! ! !
! «,1253D-04 ! 0.934D-05 !
! t t
!
'

0.5282 1 0.268D-02 !
' '

'B' TOE-IN = 13 I'M
! ! !

! WGTD. AVG, ! S.E. AVG. !

VEHICLE

QVERALL

wmmmrmm——— 2=z zsszzoocs sz sse szt

Ad ! 0.01267 ! 0.770D-04 !
! | : 1

!

!

!- ! ! !
! Bd (s/m) ! 0,2824D-03 ! 0.996D-05 !
' .

1

1

1 1

1 0.286D-02 !
! '

!
cd H 0.4555
!

TWO DEGREES OF FREEDOM (Bp = 0.0)

VEHICLE 'B*' TOE-IN = 3 MM
U PO,
! WGTD. AVG., ! S.E. AVG. !

! 0.902D-05 !

N —— t

! 0.267D-15 !

| 0.258D-03 !
[]

!

OVERALL

!
! Cd

-

VEHICLE 'B' TOE-IN = 8 MM

 J— ! 1

OVERALL ! WGTD. AVG. ! S.E. AVG. !

! 0.128D-04 !
1

!

! ! !
! 0.0000D+00 ! 0.267D-15 !
R 1 '
1 0.5098 ! 0.367D-03 !
! ! !

VEHICLE 'B' TOE-IN = 13 MM
! !

OVERALL ! WGTD. AVG., ! S.E. AVG, !

U |

0.01418 ! 0.161D-0% !

!
!
! ! ! !
! Bd (s/m) ! 0,0000D+00 ¢ 0.267D-15 !
1
!
1

0.5003 ! 0.459D-03 !
'

1 Cd !

[

* VEHICLE 'C' TOE-IN = -5 MM
! ! 1

OVERALL ! WGTD. AVG. ! S.E. AVG. !

0,01019 ! 0.620D-04 1}
. 1 1

VEHICLE 'C' TOE-IN = -5 MM
! 1 !

OVERALL ! WGTD. AVG, ! S.E. AVG. !

....—----——..! =355 ! ::::::::::‘-‘-!

Ad ! 0.01155 ! 0.,129D-04 1
1 1 i

0.2459D-03 | 0.802D-05 1

Bd (s/m) ! 0.0000D+00 ! 0.267D-15 !
! 1

y
1
!
1 | 1
!
1

i 00367D—03 ;

L e o )

cd 0.4274 1 0.230D-02 } cd 5 0.4647 !

! ! ! !

VEHICLE 'C* TOE-IN = O MM | VEHICLE 'C' TOE-IN = 0 Hi '
OVERALL ot AVG. i S.E. AVG., I'  OVERALL i WGTD. AVG. ! S.E. AVG. g
;’EE""'"E“3?3?73?“:=Sf§§§EiSZ=E i'KE“'""i"3?3??3?“j:zéf??ESiSZ:%
é Bd (s/m) % 0.9203D-04 : 0.819D-05 E ; Bd (s/m) ; 0..0000D+00 % 0.267D-15 é
' cd E 02675 1 5.3350-02 1 3 cd ! 0.4801 ! 0.336D-03 !

! !

' !



VEHICLE ‘C"TOE-IH = 5 HM VEHICLE 'C' TOE-IN = 5 MT '
OVERALL i“WGTD.“;VG. :“S.E. AVG. i OVERALL ; WGTD. AVG. é S.E. AVG g
a1t o090 1 o.gsamon t 1 Aa i”SfS??EZ"zg?T?SSBiSZ“%
t 1 1t 1
Bd (s/m) i 0.3002D-03 ; 0.716D-05 i i Bd (s/m) ; 0.0000D+00,é 0.267D-15 é
) -
Cd é 0.4108 : 0.206D-02 E i Cd i 0.4703 g é
! ! ‘ ! !

0.312D-03
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7.1

Results For Vehicle 'A!

7.1.1 Results For Tyre Type 'AA!

Table 6.1 presents a large mass of information for a large
number of individual test sets, and this can become very
confusing, It was for this reason that program CSTDUWN was

written to produce a second results file, which contains no

-annotation (ie headings ete). This second results file con='

tains the same information as the first one, except that it

‘also includes the statistical weights for each individual

extracted coefficient,

During the work on this thesis, the author developed a compre-
hensive computer graphics package, called TUFTY.PLOT, which
was used to produce all of the graphs presented in this
thesis. The entire second results file may be read by

TUFTY.PLOT, and then graphs of any data column versus any data

i column may be plotted. This facility greatly'simplifies the

mass of data which is produced by program CSTDWHN.

Figs 7.1 - 7.3 give graphs of the extracted values of the
three coefficients versus RMS curve fitting error. These
graphs clearly-indicate the amount of scatter that exists in
the results, and the fact that the scatter increases with RHS

error.

Looking through table 6.1, it can be seen that a significant
percentage of the test sets resulted in values of IFL other
than zero. There is a case for completely excluding these
results from the statistical analysis since the best.curve

fits have probably not been achieved.

‘The results summaries for each group of test sets are intended

to give an insight into the problem of correéting for ambient
conditions. Any variaticns between the group averages will be
nost likely due to errors when accounting for ambient con-
ditions. The 95% confidence limits for these weighted

averages are given by two standard deviations (standard



T

errors) on eillher side of the average. Figs 7.t - 7.6 give-
thes2 confidence 1imits for all the test groups, and for all
three coefficients, It is clear that the 95% confidence
limits do not all overlap, and this therefore suggests that
all of the ambient conditions have not been corrected for

completely,

It should be borne in mind that ambient parameters such as
humidity and track surface mcisture have not been accounted
for, and that the ambient conditions may not all have been
accurately recorded (eg wind speed). Problems such as these
"ean usually only be clarified by carrying out one's own care-
fully conducted test program, and that must now be left to

some future work,

7.1.2 Summary Of Results For All Tyre Types

The results given in table 6.2 fall into two columns. The
first column is for the three degrees of freedom system, while
the second column is for the two degrees of frezdom system
with Bp=0.0.

The error assot¢iated with the three degrees of freedom systew
is significantly greater than that for the two degrees of
freedom system. Alsc the wind tunnel value of Cp for vehicle
'A' is about 0.385, which is significantly higher than the
typical values for the three degrees of freedom system. The
values of Cp for the two degrees of freedom system are too
high,nbut it is possible that they also include a rolling
resistance term, In any case, the values of Cp, for the two
degrees of freedom system, are more consistent for all the
tyre types. This is to be expected since the aerodynamic

characteristics had not been altered.

Figs 7.7 and 7.8 describe the 95% confidence limits for Ap and
CD respectively, for the overall resulits of each.tyre type.
These twé graphs are for the three degrees of freedom system,
while Figs 7.9 and 7.10 give the same information for the two
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degrees of freedom system. From these figures it is clear
that the two degrees of freedom system provides a better

method of determining the ranking for the values of Ajp.

T.2 Results For Vehicles 'B! And C'

There is not much to discuss conéerning the results for vehicles
‘B! and 'C! (see table 6.3), except that the change in Ap with toe-
in is not as expeeied. It would be logical if the value of Ap had
a 'minimum' as toe-in varied, but the results consistently indicate
that a 'maximum' oceurs instead. One must remember, however, that
there was some doubt és to the accuracy of the wind speed measure-
ment, and the changes in AD (for the two degrees of freedom systen)

with toe=-in are small,

A



CHAPTER 8 .

CONCLUSIONS



1

2)

3)

4)

5)

6)

Two anhalytical coast-down models have been postulated, but only the
"basic' model was implemented. This 'basic' model appears to be
satisfactory, but more carefully recorded data is required in order
to establish the model's validity.

Thrée.correction techniques were considered for accounting for
changes in ambient conditions The derivative method was used, and
appeérs to be satisfactory, but inhibits any modifications o the

analytical model. The simulation method is more accurate tﬁan the
derivative approach, but may be more expensive (in.terms of compu-
tational time) if first derivatives provide an adequate correction.
The simulation method does ha%e more flexibility in terms of
allowing modifications to the analytical model. The third methed of
correction involves the inclusion of the appropriate terms into the
analytical function during coeffiéient extraction, and would there-
fore be very expensive in terms of computatibnal time. The deriva-

tive correction algorithm was tested and proved to be useful.,

It was found that the scaling of the optimization preblem was very
important in order for the process to be efficient in finding, or

even finding at all, the true minimum RMS curve fitting error,

It was found that the error in the extracted coefficients was pro-
portional to the RHS curve fitting error, and a method was developed

to calculate the statistical weights for the coefficients.

A large number of coast-down test results, for three different
vehicles, wWere analysed, but the results were inconclusive as to the
efficiency of the analysis. The reason for this is thought to be
.the level of error in the input data, especially with regards to the
vehicle speed and wind velocity measurements, It was recommended
‘that on-board anemometry be used in the future,

Beczuse of the level of error in the data, it was feound that the two
degrees of freedom system (Bp=0.0) provided a better ranking for the

values of AD than did the three degrees of freedom system.



CHAPTER 9

RECOMMENDATIONS FOR FUTURE WORK



1)

2)

3)

5)

5)

'6)

If pre-correction of the coast-down data is required, then it is

recommended that the simulation based correction method be used.

If the comprehensive model is used, then the ambient conditions will
have to be accounted for by including the appropriate terms into the

analytical function used in the optimization algorithm.

It is recommended that more work be done on the basic model before
attempting to implement the comprehensive model. This is because
the comprehensive model will require numerical integration in order
to obtain the coast-down form, The first modifications to the basie
model might be to implemeht the analytical correction for yaw angle
effect. |

It is suggested that the NAG optimization rcutine EOQYFCF be imple-
mented, since this would facilitate the éutomatic calculation ¢f the

standard errors in the extracted coefficients, .

It is imperative that a careful’”. error analysis be carried cut for
existing measurement systems associated with the coast—down test.
This would be with a view to reducing the RMS curve fitting error.

It is strongly recommended that on-~board anémometry be implemented.

Extracted values of the coeficients should only be accepted when

there is no doubt that a true minimum has been achieved (ie IFL=0}.
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APPEHDIX A

THE ANALYTICAL COAST-DOWN FUHCTION



Assuming that the drag-force/speed characteristic'may be represented by

a quadratic equation of the form,

FD = ao + a-le + azxvz

and also assuming that the drag-force is also given by,

- dw.
FD = —HeXE’
then,
dv . -8t
ag + axv + asxv? Me

Integrating equation A3 (assuming initial time of zero) gives,

. v‘

1 M .
S S A
. V2 ao + a-lXV + a2XV

We may write,

ag + agxv + a2xv2

=B{(v + )2 + a?}
X |

where,
a al
uzz._o.-._l_z-
as Haz
and,
a
S:_._a.
Me
and,
a4
Y—.——.—

2a2
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Substituting,

Z=V+y | | (A9)

and therefore,

dv :

Equation AY4 may then be written as,

21

t = .4z - _ : (A11)

1 .
E (z2 + a?)
22

This is a standard integral which has three possible solutions depending
" on the value of o?. The three possible solutions (in terms of v) are as

follows:

If a? > 0 then,

v v
AL ITan"[ 1t VI - Tan"‘[_g_:.lil (A12)
axf o a

If a? = 0 then,

t:lI 1 .. I (A13)
B (V2 + v) (vqi + ¥

If @2 < 0 then,

v v '
t = 1 1Tanh"[_l_:ull - Tanh“'I_auj;ziI (a14)
- axf o a

Equations A12, A13 and A14 may be rearranged to give.v2 as a function of

elapsed time:
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If 9% > 0 then,

Iv1 M Y] ~ Tan(aft)
«

V2 = o - ¥ (415)
V-I + ¥
1+ I m ITan(uBt)
If @2 = 0 then ;
Vo = 1 : {A16)
2 - 1 -y
) iBt + _———-——{ '
(Vul + Y)
If a? < 0 then,
Vi +
I L Y] - Tanh(apt)
V2 =0 a -y (A1'f)
V] + Y
_ 1 - I 5 1Tanh(u8t)

For the purposes of the derivative correction technique equation A12 is
appropriate because, in the author's experience, a? is always greater

than zero for a passenger car. Equation A12 may be rearranged to give:|

V1~ V2

Tan(apt) = af ] (a18)
a2 + (vy + y)(vs + ¥) .

: 1 2

It has been shown[ZJ. provided the time interval under consideration is

less than seven seconds, that the 'Tan' function in equation A18 may be

replaced by its argument., This then gives the function of time as:

v = 1 M | (a19)
Bla? + (vi + Y)(vy + 1)

[a ¥y



APPENDIX B

DERIVATIVES FOR THE CORRECTION ALGORITEH



L)
w
"

(g
o
no

Vi- V2

Ky x M

P.A
3 5
: ]

P_ACLv.V
s*¥DY1Y2
Tz Fimsth
: s
ACDV1V2

2RT

PSACDV1V2

2RTg

PSACD(VT"VE)

(vq+vy)
2 .

the first derivatives are,

K,C1
Ky

K2C2
Ky

KsC3
Ky



3Vhu Ky
at _ K2l
21 Ky
at o X1 _ Kb
am K3‘ Ky

And the second order derivatives are,

32% _ EKac% _ K2ACDV1V2PS

217 Kg KyRTZ
a2t _ 2KoCh

P Kg

a2t _ 2KpC3

Ky Ko

2ty _ 2KpCh  KpACHPs
Vi Ks KyRTg
a2t _ 2KoC8

217 Kg

ot - 2KxCy  2KqC
M2 K5 Ky

The second order cross-derivatives will not be given here since they are
given in the listing of program CSTDWH (Appendix C) in the same format.



APPEKDIX C

DESCRIPTION OF FORTRAN PROGRAM CSTDWH

[a B 1]



Program CSTDWN was originally written to conform to the ansi-77 stan-
dard, but no guarantee is made that the current version complies totally
to the standard. In fact, the current version of CSTDWN was written to
run on the HONEYWELL (MULTICS) system at Loughbofough University, and

the compiler does not quite conform to the standard either.

The following sections give a general flow chart, a source listing, a
description of variable names, a deécription of the input data file

format, and source listings of some miscellaneous subroutines which are

required.
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General Flow Chart For CSTDWHN

&

PROGRAM
INITIALIZATIONS

INPUT KNOWN OR
APPROKXIMATE
VALUES.OF
COEFFICIENTS

DEFINE
OPTIMIZATION
TASK

r

INPUT TRACK
GRADIENT

3

INPUT WIND
SPEED FACTOR

i

INPUT STANDARD
VEHICLE iASS

1

INPUT TEMPERATURE
CORRECTION FACTOR
FOR A

SET VARIABLE
'CHCOR' TO "YES®
IF TO CORRECT
FOR AMBIENT
CONDITIONS

]

OPEN INPUT
DATA FILE

1

A




l

INFUT VEHICLE
DETAILS AND
AIIBIENT
CONDITIONS
AND TEST DATA

<G>
YES3

l

CORRECT FOR
AMBIENT
CONDITIONS

| )

EXTRACT VEHICLE
COEFFICIENTS

3

CLOSE INPUT
DATA FILE

CARRY OUT
STATICTICAL
ANALYSIS ON
COEFFICIENTS

‘F

CPEN TWO OUTPUT
DATA FILES

i

WRITE #1 AND #2
RESULTS FILES
AND TO TERMINAL

!

CLOSE TWO OUTPUT
DATA FILES

Y

(ETOP PROGRA&:)
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aAaaan

- TSSCWC

Listing Of CSTDWH

AAA L EEEEE M ¥ TTTIT AAA GGG EEEEE
A AL E MM T A AG GE
ARARA L EEEE MMM T AARARA G EEEE
A AL E M % T A AG GE
A A% LLLLL * EEEEEM W T A& A GGG EEEEE

***k***k********ﬁ{****§***ﬁ**************ﬁ****ﬂ*****************ﬁi

PROGRAM DECLARATIONS
***i********ﬁ*******}¥Y******************?*ﬁ****ﬁ******%******x**l
PROGRAM CSTDWYN ~
IMPLICIT DOUBLE PRECISION (A-H, 0-2)

DOUBLE PRECISION M

PARAMETER (NTERM=0, NDATA=5, NRES1=6, NRES2=T)

CHARACTER *70 FILIN, FILOU1, VEHICL, ANSWER, ANSAD, ANSBD, ANSCD
* , FILOU2, CHAD, CHBD, CHCD, CHDD

CHARACTER *8 DATE(500), STRING, CHCOR

CHARACTER ¥5 SPUNIT, TEUNIT

CHARACTER *1 DIRECT(500)

COMMON /BLCK1/ OTIME(500}, SPEED(50C), M(500), WINDV(500)

%, WINDD(500), PRESS{500), TEMP(500), CTIME(500), NTESTC(500)

% ADi{500), BD1(500), CD1{500), RMSER1(500), IFAIL1(500}, H2A(500)
%, SSWA(500), SSWB(500), SSWC(500), SSAWA(500), SSLWB(500)

¥ 8SCWC(500), AVGA(500), AVGB(500), AVGC(500), SAVGA(500)

% SAVGB{(500), SAVGC(500), SWA(500), SWB(500), SWC(500)

AD
BD

0.010
0.0004
Ch 0.350
DD 0.0
R = 0.288

TSSWA
TSSWB
TSSWC

0.0
0.0
0.0

o n

TSSAWA
TSSBWB

0'
g.
0

[« e No

u n 1

- ot —— o

R SR RS A R R AN E R I R N E RN EX R R RN RN RN SRR E XA R A RN A LRI ERRERRLR

INPUT APPROXIMATE OR KNOWN VALUES OF COEFFICIENTS

KRR R R R AR RN R RN RN R TR R AR RN AR RN AR NN R R R RN SRR RNERL TR RS
WRITE (UNIT=NTERM, FMT=%¥) :

CALL COU{'Please enter approximate or known values for the')

CALL COU{'vehicle coefficients, or simply press RETURN to select')
CALL COU('the default values; Ad=0.01, Bd=0.0004 (s/m}, €d=0.35,'}
CALL COU('Dd=0.0 (sgq s/m}")

WRITE (UNIT=NTERM, FMT=¥)

CALL COUA('Ad = ")
READ (UNIT=NTERM, FHT='(A)') ANSWER
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10

20

- 25

x

w OO0

CALL LFfJST(ANSWER,HCHRR)
IF (NCHAR.EQ.0) GOTO 10
DECCDE (ANSWER, 8888) AD

WRITE (UNIT=NTERM, FMT:=¥)

CALL COUA('Bd = ')

READ (UNIT=NTERM, FMT='(A)') ANSWER
CALL LFTJST(ANSWER,NCHAR)

IF (NCHAR.EQ.0) GOTO 20

DECODE (ANSWER, 8888) BD

WRITE (UNIT=NTERM, FMT=%)
CALL COUA('Cd = ')

READ (UNIT=NTERM, FMT='{A)') ANSWER ‘
CALL LFTJST({ANSWER,NCHAR)

IF (NCHAR.EQ.0) GOTO 25

DECODE (ANSWER, 8888) CD

WRITE (UNIT=NTERM, FMT=#)

CALL COUA('Dd = ')

READ (UNIT=NTERM, FMT='(A)') ANSWER
CALL LFTJST(ANSWER,NCHAR)

IF (NCHAR.EQ.0) GOTO 30

DECODE (ANSWER, 8888) DD

.l

e s

ERRNRLK AL EREEERLRXNR RN RN AR R RR DR RSN BRA RN N AN X R R RSN RERLRARENRERE

DEFINE PROBLEM TO BE SOLVED
RN R R R RN R RN RS RN R RN R R RN R RN R R N R R RN R NN AR R R R RN NN R RN KR
WRITE (UNIT=NTERM, FMT:z#) '
CALL COUA('Let Ad be a variable? ')
READ (UNIT=NTERM, FMT='(A)') ANSAD
CALL UPCASE(ANSAD)
CALL LFTJ3T(ANSAD,NCHAR)
IF (ANSAD.EQ.'Y'.OR.ANSAD.EQ.'YES!,OR.NCHAR. EQ 0) THEN
ANSAD = Y
CHAD = '"Variable!
ELSE
WRITE (UNIT=CHAD, FMT= '(F5 E)') AD-
END IF

WRITE (UNIT=NTERM, FMT=z%)
CALL COUA{'Let Bd be a variable? ')
READ (UNIT=NTERM, FMT='(A)') ANSBD
CALL UPCASE(ANSBD)
CALL LFTJST(ANSBD,NCHAR)
IF (ANSBD.EQ.'Y'.OR.ANSBD.EQ.'YES',OR.NCHAR.EQ.0) THEN
ANSBD = 'Y!
CHBD = 'Varlable'
ELSE
WRITE (UNIT=CHBD, FHT-'(EQ 3)') BD
END IF

WRITE {(UNIT=NTERM, FNT:=%)

CALL COUA('Let Cd be a variable? ')

READ (UNIT=NTERM, FMT='{(A)') ANSCD

CALL UPCASE(ANSCD)

CALL LFTJST(ANSCD,NCHAR)

IF (ANSCD.EQ.'Y'.OR.ANSCD.EQ.'YES',OR.NCHAR.EQ.0) THEN
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ANSCD = 'Y!
" CHCD = 'Variable"
ELSE
WRITE (UNIT=CHCD, FMT='{(F5.3)') BD
END IF

WRITE (UNIT=CHPD, FMT='(E9,3)') DD

IF (ANSAD.EQ.'Y'.AND,ANSBD.EQ.'Y'.AND,ANSCD.EQ.'Y') THEN
IA
IB
IC
HCOF = 3
CUERAD

1
2
3

y 404E-2 / 4,0
CUERBD 5.697E-3 / 4.0
CUERCD 1.636E+0 / 4.0
ELSE IF (ANSAD.NE.,'Y',AND,ANSBD,NE.'Y'. AND ANSCD.NE.'Y') THEN
WRITE (UNIT=NTERM, FMT=z*¥)
CALL COU('***ERROR*** At least one ccefficient?')
CALL COU{'must be variable.')

"GOTO 30
ELSE IF (ANSBD.EQ.'Y'.AND.ANSCD.EQ.'Y') THEN

IA = 3

IB = 1

IC = 2

NCOF = 2

CUERAD = 0.000E+0 / 4,0

CUERBD = 9.275E-U4 / 4,0

CUERCD = 4.608E=1 / 4.0
ELSE IF (ANSAD.EQ.'Y'.AND.ANSCD.EQ.'Y') THEN

IA =1

IB = 3

IC = 2

NCOF = 2 .

CUERAD = T7.253E-3 / 4.0

CUERBD = 0.000E+0 / 4.0

CUERCD = 2.07CE-1 / 4.0
ELSE IF (ANSAD.EQ.'Y'.AND.ANSBD.EQ. 'Y') THEN

IA = 1

IB =2

IC = 3

NCOF = 2

CUERAD = 1.256E-2 / 4.0

CUERBD = T7.126E-4 / 4.0

CUERCD = 0,000E+D / 4.0
ELSE IF (ANSAD.EQ.'Y') THEN

IA = 1

IB =2

IC = 3

NCOF = 1

CUERAD = 3.043E-3 / 4.0

CUERBD = 0.000E+0Q / 4.0

CUERCD = 0.000E+0 / 4.0
ELSE IF (ANSBD EQ.'Y') THEN

IA = 2

IB = 1

IC = 3

NCOF = 1

CUERAD = 0.000E+C / 4.0

90



a0

CUERBD = 1.735E-4 / 4.0

"

CUERCD = 0.000E+0Q / 4.0
ELSE IF (ANSCD.EQ.'Y') THEN

IA=2 :

IB = 3

IC =1

NCOF = 1

CUERAD = 0.000E+0 / 4.0

CUERBD = 0.000E+0 / 4.0

CUERCD = 8.672E-2 / 4.0
END IF

EENER R AR LE RN R AR IR A X R RN FE R A RN AR RAE IR RL A AR T AL AR RERNNRRR R EX L AT R

INPUT TRACK GRADIENT
(2222222323233 2RSSR SRS SE RS ES SRS SIS SRS SR
WRITE (UNIT=NTERM, FlNT=%)

CALL COUA('Please enter track gradient for +''ve direction. ')
READ (UNIT=NTERM, FMT=#) GRADEP

R RN R R RN S A RN R R R AR R LR RN R EL N AR R RN A AR TR IR AR AN AT

INPUT WIND SPEED FACTOR
R R R RN RN AR R RN R RN R IR RN RN R RN RN R AR AN NN AR AR RN RERR AR EN
WRITE (UNIT=NTERM, FMT=¥) :

CALL COUA('Please enter factor for wind speed. ')

READ{UNIT=NTERM, FMT=%) WFACT

.

1322332222222 323232 F 2222222222223 32 R R RS A LSRR L LS S

INPUT STANDARD VEHICLE MASS

EXEREERUEEER AR LR R R AR RN AR AR AR R AR FRRL RN LR R RN X IR FRRNRRRNRY
WRITE (UNIT=NTERM, FMT=%)

CALL COUA('Please enter standard vehicle mass (kg). ")

READ (UNIT=NTERM, FMT=%¥) SH

SW = SM * §,871

EERE R EFE R R LR R LA SRR SR AR SRR AR A LR RN IR R LRI RA AR LR EXF AR R R RRERN

INPUT TEMPERATURE CORRECTION FACTOR FOR Ad

RN AR N R R R R AR R AR RN A N R SRR AR R R RN AR SRR NG RN RAA B X
WRITE (UNIT=NTERM, FMT=%¥)

CALL COUA('Pleasa enter temperature correction factor for Ad. ')
READ (UNIT=NTERM, FMT=%) ADCORF

X X222 FETEEI SR SRS ES RS R RIS LSS ESISSIS RIS R R A E 223 3

CHOOSE WHETHER OR NOT TO CORRECT FOR AMBIENT CONDITIONS

R EE R E RN R S R R AR A RN R R E R E R S LN LR E N R LR L E SRR T AR LRI ERRRAERNEE
WRITE (UNIT=NTERM, FMT=¥)

CALL COUA('Correct for ambient conditions? ')

READ (UNIT=NTERM, FMT='(A)') CHCOR

CALL UPCASE(CHCOR)

CALL LFTJST(CHCOR,NCHAR)

IF (CHCOR.EQ.'Y'.OR.CHCCOR.EQ.'YES'.CK.NCHAR.EQ.0) CHCOR = 'Y?!
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1333333323222 3222222222222 R RSS2SR RSSR RSS2SR RS RS R

OPEN DATA FILE
L X 2 R R332 3223232223 k323 2232222333232 22223 3333335220 2]
WRITE (UNIT=NTERM, FHT=%) .

CALL COUA{'Please enter name of data fils. ')

READ (UNIT=NTERM, FMTz='(A)') FILIN

OPEN (UNIT=NDATA, FILE=FILIN, FORM='FORMATTED', CARRIAGE=.FALSE.)

ERELEEXREFXRAE X R R LR XX XN LR R LA RS A KRR BN R AR EAREERFERNELREL AR XXX RN RN AR

INPUT VEHICLE NAME
R RN RN RS RN NN R RN RN R AN R R NI R AR NN RN RAARK RN RN RE RN RA R ERSF

READ (UNIT=NDATA,-FMT='(A)') VEHICL

AR RN AR R R L NN RN RN R R RN RN NN RS IR SRR N AR RN ERE AT AR SRR ERRERA R

INPUT VEHICLE CONSTANTS

B E R RN R AR R R AR AR R RN R R RN R RN R RN R R R AR R R RN RR R TR R B RN RN AR AT
READ (UNIT=NDATA, FMT=%) AREA, CAL1

READ (UNIT=NDATA, FMT=%*) RR, CAL2

READ (UNIT=NDATA, FMT=¥) WI, CAL3

AREA = AREA * CAL1

RR = RR ¥ CAL2

WI = WI * CAL3

SEM = SM + WI / RR¥¥2

LR R R R R AR R E SRR R AR L R R A AR R R TR TR R T I AR AR AR EL UL NN ERERRAR

INPUT UNITS FOR VEHICLE SPEED AND SET SPEED FACTOR

KRR RN R R R R RN RN R NN RN AR RN R RN R AN R RN TN RN AN AL ARREIRER
READ (UNIT=NDATA, FMT='(4)') SPUNIT

CALL UPCASE(SPUNIT)
IF(SPUNIT,EQ.'KM/H') VCONST
IF(SPUHIT.EQ.'M/S' ) VCONST
IF(SPUNIT.EQ.'MPH' ) VCONST

1.0 / 3.6
1.0 :
1.609344 / 3.6

EX R R R R AR R R R LR R R AR RN A R AR RN LN L LR RN B LR LR AANARRRNERRRL XX

INPUT NUMBER CF TEST GROUPS
R AR R R R R R RN N R AR R R R RN R RN AN TR LR R AR RRRANRRR

READ (UNIT=NDATA, FMT=#) N3

EREEE XX EX AR ARSI R EREER AR RN R R RN RN RS REX RN RRRE RN REX RN ARREE

INPUT NUMBER OF TEST SETS IN GROUP
EEEEE RN ERRANR R R R RN R KRR AR EE RN KRN EE R TR AR RN RN R AR

K=20

DO 60, I3 = 1, N3
READ (UNIT=NDATA, FMT=%*) N2
N2A(I3) = N2

SSWA(I3) = 0.0
SSWB(I3) ='0.0
SSWC(I3) = 0.0
SSAWA(I3) = 0.0
SSBWB(I3) = 0.0
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aOaa

SO O

aoao0

SSCWC(I3) =

AR AEREER IR R R R LR AR K AR R L E AR A R R AR XA RE RN L RRACRRRRERIRDE

- INPUT NUMBER OF DATA POINTS IN TEST SET

KRN RN R R R R RN RN AR R RS RN RN R NN E RS R RN RN RRRER RN
DO 50 I2 = 1, N2

=K+ 1
READ (UNIT=NDATA, FMT=%) N

.*****************************************************i******

INPUT DATE OF TEST
RN R AR AR RN RN RN RN AN RN R RN NN RN ER AR RRAARRARRERE

READ (UNIT=NDATA, FMT='(A)') DATE(K)

- —————

AL EER SRR AR R R R RN LR R E XX AR RN E AR R RLL RN RN FFXREARXXXRRRN KRN

INPUT AMBIENT CONDITIONS
BRRERR IR RN RH R R KRR R AR AR AR R AR R R RN LR R DR AR RN R AT RER R RN RS

READ (UNIT=NDATA, FMT='(A)') DIRECT(K)

READ (UNIT=NDATA, FUT=¥) M(K), CALY
READ (UNIT=NDATA, FHT=%¥)} .  WINDV(X), CALS
READ (UNIT=NDATA, FMT=¥) WINDD(K)

READ (UNIT=NDATA, FMT=%) PRESS(K), CAL6
READ (UNIT=NDATA, FNT:=¥%) TEMP(K)

READ (UNIT=NDATA, FMT='(A)') TEUNIT
M(K) = M(K) * CALA '
DY = SM - M(K)

= M(K) * 9.81
EM = M(K) + WI / RR¥¥2
WINDV(K) = WINDV(K) * CALS
PRESS(K) = PRESS{K) ¥ CAL6
WINDD(K) = WINDD(K) * 0,01745

CALL UPCASE(TEUNIT)
IF(TEUNIT.EQ.'F') THEN
TEMP(K) = (TEMP(K) -~ 32.0) / 1.8 + 273.0
ELSE IF(TEUNIT.EQ.'C') THEN
TEMP(K) = TEMP(K) + 273.0
END IF

R R R R AR AR E R A R LR R AL RN LA ER R R AR LK AR R LEXARRRHERE

INPUT TEST DATA
R E R R RN R R AR AR R R RN R R AL R TR R AT R AR RN RN RN AR RRARNREL.
PO 40 I=1, N )
READ (UNIT NDATA, FMT=z=%*) OTIME(I). SPEED(I)
SPEED(I) = SPEED(I) * VCONST
CONTINUE

(323223222 S R332SR SRS SRR SEESZSSRES3SI RSS2

CORRECT FOR AMBIENT CONDITIONS
AR AR R R AR RN RN R AR RN N RN E RN B AR NN R AR RN R RNEN
IF (CHCOR.EQ.'Y') THEN
CALL CORECT(AD,BD,CD,SM,M(K),SEM,AREA,R TEMP(K) PRESS(K)
JWINDV(K) ,WINDD(K) ,WFACT ,GRADEP, DTRECT(h) ADCORF N, OTIME
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50

60

O aAO0N

OO

,CTIME, SPEED)
ELSE
DO 45, I =1, N
CTIME(I) = OTIME(I)
CONTINUE
END IF

EXRRUREREF AR EX R AR EARERLRA R AR RS RLERR R X EARX A RREXERNRR R RAR

CALCULATE DRAG COEFFICIENTS

FREE R R E AR AR AR R RN E R RN R R R R AR RN R AT RN RURNERRRAAAR
, CALL DRGCOF(CTIME,SPEED,N,SW,AREA,SEM,AD1(K),BD1(K),CD1(K)
- ,RMSER1(K),IFAIL1(X),AD,BD,CD,DD,IA,IB,IC,NCOF)

DUM = (CUERAD * RMSER1(K))¥¥2.0
IF (DUM.GE.1.0E-30) THEN
: SWA(K) = 1.0 / DUM '
ELSE
SWA(K) = 1.0E+30
" END IF

DUM = (CUERBD * RMSER1(K))¥*2,0
IF (DUM,GE,1,0E-30) THEN.
SWB(K) = 1.0 / DUM
ELSE
SWB(K) = 1.0E+30
END IF

DUM = (CUERCD * RMSER1(K))%**2.0
IF (DUM.GE.1,CE-30) THEN
SWC(XK) = 1.0 / DUM

ELSE

: SWC(K) = 1.0E+30
END IF

- SSWA(I3) = SSWA(I3) + SWA(K)
SSWB(I3) = SSWB(I3) + SWB(K)
SSWC(I3)} = SSWC(I3) + SWC(K)
SSAWA(I3) = SSAWA(I3) + (AD1(K) ¥* SWA(K))
SSBWB(I3) = SSBWB(I3) + (BD1(K) * SWB(K))
S3CHWC(I3) = SSCWC(I3) + (CD1(K) * SWC(K))

CONTINUE
- CONTINUE

(3333332322333 3232322233122 22 2232322222222 XL bR 2SR T L L

CLOSE DATA FILE i
BRI RN RN RN RN NN RN RN RN RN N RN RN R RN RN RN AR RN NRENAR

CLOSE (UNIT=NDATA)

FELRERAEARRAXAL SRR R AE AR RAXLNEX AR LN S XN R L ERL R AN ERRRRRE R AU RS RANRNRERLY

CALCULATE WEIGHTED AVERAGES AND STANDARD ERRORS OF THESE AVERAGES
FOR BOTH INDIVIDUAL GROUPS AND THE ENTIRE DATA SET
R R R R R R NN KRR AR E RN RN RN R R RN N R AR AU A AN KRR T A ARA SRR E N
PO 70, I3 = 1, N3

AVGA(I3) = SSAWA(I3) / SSWA(I3)

AVGB(I3) SSBWB(I3) / SSWB(I3)
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70

Qo

AVGC(I3) = SSCWC(I3) / SSYC(I3)
SAVGA(I3) = SQRT(1.0 / SSWA(I3))
SAVGB(I3) = SQRT(1.0 / SSWB(I3))
SAVGC(I3) = SQRT(1.0 / SSWC(I3))
TSSWA = TSSWA + SSWA(I3)
TSSWB = TSSWB + SSWB(I3)

TSSWC = TSSWC + SSWC(I3)
TSSAWA = TSSAWA + SSAWA(I3)
TSSBWB = TSSBW3 + SSBWB(I3)
TSSCWC = TSSCWC + SSCWC(I3)
CONTINUE
TAVGA = TSSAWA / TSSWA

TAVGB = TSSBWB / TSSWB

TAVGC = TSSCWC / TSSWC

TSAVGA = SQRT(1.0 / TSSWA)
TSAVGB = SQRT(1.0 / TS3WB)
TSAVGC = SQRT(1.0 / TSSWC)

e -

BN RN RN AN LR AR LN AR R RN AR LR EL AR N AR RERRXR RN LR RRLAR AR REE RN SRR R UL

OPEN RESULTS FILES _
I T Ty
WRITE (UNIT=NTERM, FMT=%) .

CALL COUA('Please enter name of #1 results file, ')

READ (UNIT=NTERHM, FMT='(A)') FILOU1

OPEN (UNIT=NRES1, FILE=FILOUY{, FORM='FORMATTED', CARRIAGE=.FALSE.)
WRITE (UNIT=NTERM, FMT=z=¥)

CALL COUA('Please enter name of #2 results file, ')

READ {UNIT=NTERM, FMT='{(A)'} FILOU2

OPEN (UNIT=NRES2, FILE=-FILOUZ2, FORM='FORMATTED', CARRIAGE=.FALSE.)

EERLEER AR TR LA R RN E R AR LR A R LA AR R AR R DAUXRR ARSI RN REXRLAANRRRIRE X RAERE

OUTPUT RESULTS TO TERMINAL AND RESULTS FILES
T r r y E T T P T L TS I3
WRITE (UNIT=NTERM, FMT=¥) '

WRITE (UNIT=NTERM, FMT=¥)

WRITE (UNIT=NTERM, FMT=1001) VEHICL, GRADEP, WFACT, ADCORF
WRITE (UNIT=NRES1, FMT=1001) VEHICL, GRADEP, WFACT, ADCORF

* IF (CHCOR.EQ.'Y') THEN

WRITE {(UNIT=NTERM, FMT=1002) SM

WRITE (UNIT=NRESt, FliT=1002) SM
ELSE

WRITE (UNIT=NTERM, FHT=1003)

WRITE (UNIT=NRES1, FMT=1003)
END IF

WRITE (UNIT=NTERM, FMT=1004) CHAD, CHBD, CHCD, CHDD
WRITE (UNIT=NRES1, FMT=1004) CHAD, CHBD, CHCD, CHDD

WRITE (UNIT=NTERM, FMT=1100)
WRITE (UNIT=NRES1, FMT=1100)

K=20
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90

100

B0 90, I3 = 1, N3
N2 = N2a{1I3)
DO 80, I2 = 1, N2
K=K+ 1
WINDD{K) = WINDD(K) / 0.01745
TEMP(K) = TEMP(K) - 273.0
WRITE (UNIT=NTERM, FLiT=1200) AD1(K), EBED1{(K), CD1({(K),

% RMSER1{X), IFAIL1(K), WINDV(K), WINDD(K), TEMP(K), PRESS(X),
* DIRECT(K), M(K)

WRITE (UNIT=NRES1, FMT=1200) AD1(K), BD1(K), CD1(K),
* RMSER1(X), IFAIL1(K), WINDV(K), WINDD(K), TEMP(X), PRES3(K),
i DIRECT(X), M(K)

WRITE (UNIT=NRES2, FMT=1800) AD1(K), SWA(K), BD1(X),
* SWB(K), CD1(K), SWC(K), RMSER1(K), IFAIL1(K), WINDV(K),
¥ WINDD(K), TEMP(K), PRESS(K), DIRECT(K), M(X)

CONTINUE

IF (I3.NE.N3)THEN ‘
WRITE (UNIT=NTERM, FlT=1300) (I3 + 1)
WRITE (UNIT=NRES1, FMT=1300) (I3 + 1)

END IF

CONTINUE

WRITE (UNIT=NTER#, FMT=1400)
WRITE (UNIT=NRES1, FHT=1400)

DO 100, I3 = 1, N3
WRITE (UNIT=STRING, FMT='(''GROUP'',I3)') I3
WRITE (UNIT=NTERM, FHMT=1500) STRING,

¥ AVGACI3), SAVGA(I3),
& AVGB(I3), SAVGB(I3),
% AVGC(I3), SAVGC(IZ3)
WRITE (UNIT=NRES1, FMT=1500) STRING,
x AVGA(I3), SAVGA(I3),
x i AVGB{I3), SAVGB(I3),
* AVGC(I3), SAVGC(I3)
CONTINUE
WRITE (UNIT=NTERM, FMT=1600) TAVGA, TSAVGA,
¥ TAVGB, TSAVGB,
* TAVGC, TSAVGC
WRITE (UNIT=NRES1, FNT=1600) TAVGA, TSAVGA,
* TAVGB, TSAVGB,

¥ . TAVGC, TSAVGC

WRITE (UNIT=NTERM, FMT=1700)
WRITE (UNIT=NRES1, FMT=1700)

T T Ty N P I T2

CLOSE RESULTS FILES
R KRR R AR R R AR AR RN RN NN NN R AR RN IR R AR KRR RN ERERNAR RN RARNS

CLOSE (UNIT=NRES1)
CLOSE (UNIT=NRES2)

AR R R R R NN RN N AR AR R R AR RN AR AN RN KRR RN RN EREARRRLRRER

TERMINATE PROGRAM
R R R R R R AT RN AR RN AN NN RN NN N AR AR NN E R R AR ARRIRRN AR AR ARYE

STOP
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1002

1003

1004

1100

1200

1300

LR RN E R R RN R R AN N RN R AR R RN RN S A RN RL RN REN RN LRI HENRRRRERRREN

PROGRAM QUTPUT FORMATS
B R R R R R R R RN RN XA R R R R AN AR R RN R R AN R LR RARAI R RS

FORMAT( :
IR OE R X F KK KX R R KN R E X E X KK K K

¥/1%# DRESULTS FROM PROGRAM CSTDWN BY A EMTAGE *!
E/UH B B R X XK K K X K R K E K R X K K X K & B ¥
#/

¥/'Wehicle: ',A

%¥/VTrack Gradient For +''ve Direction = ',F8.6
¥/'Factor For Wind Speed = ',F5.3

‘#/VTemperature Correction Factor For Ad = ',F6.4)

FORMAT(

€/

%/

*¥/tData has been corrected to the following conditions:-'
%/

#/'Standard Atmospheric Pressure = 101.3 kPa!
¥/'Standard Atmospheriec Temperature = 20.0 deg C°
%¥/'Wind Speed = 0.0 m/s!
%¥/1Track Gradient = 0,0

¥/'3tandard Vehicle Mass 'LF6.1,! kg')
FORMAT(

x/

*/ .

%¥/tData has NOT been corrected.')

FORMAT(

X/

74

*¥/'Description Of Optimization Problem:-!
¥/
X/'Ad
*/1'Bd
¥/'Cd
¥/tDd

FORMAT(

S TAS Ad Bd Cd RMS  IFL VWs VWd Temp  Press'

LTAN! (s/m) ERROR (m/s) (deg) (deg C) (kPa)!'

=gl §

FORMAT('! ',F5.4,2X,E9.3,2X,F4.3,2X,F5.4,3X,11,2X,F5.2,
b 3X,F4,0,3X,F3.0,3%X,F5.1,3%,4,3X,F5.0," ")

FORMAT(
¥ 1y 1

L JP VLIZ,0Y)
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1400 FORMAT(

________________________________________________________________

1500 FORMAT( _ ]
® 1 - - it
R/ OYOOAB ' ) WGTD., AVG, ! S.E. AVG, !
¥/t emeeeV=zzzz2znzzzzlozzzczzenzc )
¥/11 Ad 1 r, E9.3,' 1!
*/1y ! ! X
¥/'¢ Bd (s/m) ¥ ', E10.4,' } *, E9.3,' !
{
1
1

1
1
1
B 72 P | -1
'
1

£/11 Cd ', E9.3,' 1!

/01 a1V /7)

1600 FORMAT(

¥ 1 1 1 ' 11

¥/' QOVERALL ! WGTD. AVG, ! S.E, AVG. !

LI LI S i P AL LTI
¥/ Ad ! V,F8.5," ! f, E9.3," 1
/1 ! ! !
£/11 Bd (s/m) ¢ ', E10.4,' ¥ ', EQ.3,' 1!
/11 S - - '
¥/'1 Cd ! YLFB.4,! t T, E9.3,' 1
"/t : ST ')

1700 FORMAT(//
R EEENY

k¥/'% END OF RESULTS  *!
K/1E R XK K R R X R R % M)

1800 FORMAT(7(E10.4,1X),I1,1X,4{(E10.4,1X),A,"1',1X,E10.4)

8888 FORMAT(v)

END
C HEFE RS AR RSB ER PR B R AR R R R 2GR AR R R LR ARG HHHY

. C R ERERERRE RN RN RN RN RN RN R AR R AR AR AR R AT R RARNBRE LR
c SUBROUTINE TO DETERMINE THE COEFFICIENTS OF THE DRAG EQUATICN
c R RN R R R AR R R RN SRR RN RN NN R RN SRR RN R LU RN RN RN LR

SUBROUTINE DRGCOF(TIME,SPEED ,NPT3,W,AREA,EMZ,AD1,BD1,CD1,RMSER1
% IFAIL1,ADS,BDS,CDS,DDS,IAZ,IBZ,ICZ,NCOFZ)

IMPLICIT DOUBLE PRECISION (A-H, 0-Z)

COMMON /TUFTY1/ T(500), V{(500), COFZ(3)

comMoN /TUFTY2/ EM, AC, BC, CC, FC, IA, IB, IC
DIMENSION TIME(NPTS), SPEED(NPTS)

DIMENSION COF(3), IW(5), WORK(5000)

IA = JAZ
IB = IBZ
IC = ICZ
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“+ BD1

HCOF = NCOFZ

EM = EMZ

R = 0.288

PRESS = 101.3

TEMP = 293.0

RHO = PRESS / R / TEMP

ADS * W
BDS * W
(CDS * 0.5 *® RHO * AREA) + (DDS * W)

AS
BS
c3

nuan

AC
BC
cc
FC

0.23
4.2
85.0
1.414

U n mn

AS ¥ AC
BS ¥ BC
CsS ¥ CC

COF(IA)
COF(IB)
COF(1C)

n o u

COF(1)
COF(2)
COF(3)

COFZ(1)
CoFz(2)
COFZ(3)

u n1u

Do 10, I = 1, NPTS
T(I) = TIME(I)
V(I) = SPEED(I)

CONTINUE

ISUM = 0

IFAIL = 1

OPTIMIZATION ROUTINE

CALL EO4FDF(NPTS,NCOF,COF,FX, IW,5,WORK,5000, IFAIL)
ISUM = ISUM + 1

IF (ISUM.EQ.3) GOTO 30

IF (IFAIL.EQ.2) GOTO 20

COF(IA) /7 AC
COF(IB) / BC

A
B
C = Cor(IC) / CC

W
W
C - (DDS * W)) / (0.5 * RHO * AREA)

AD1 = A/
B/
(

CD1

SQRT(FX / NPTS) / FC
IFAIL

RMSER1
IFAILA

RETURN
END
FRBFEREHERABERARERBBIRVALESERCRRABAFHBHARARIRGELA DA ERERRARIFOEHE

(o]0}



10

20

e e Ne)

- GAMA

'
(12223232 22222 R XSRS R RR RS2 228X 2222222222 RS

FUNCTION TO BE MINIMIZED
RN R R R R R RN R A R RN AR NN N K AR AR RN NN AR RO R KA ST

SUBROUTINE LSFUN1(NPTS,NV,COF,ERR)

IMPLICIT DOUBLE PRECISION (A-H, 0-Z)

DIMENSION COF(NV), ERR(NPTS)

COMMON /TUFTY1/ T(500), V{(500), COFZ(3)

COMMON /TUFTY2/ EM, AC, BC, CC, FC, IA, IB, IC
COMIMON /TUFTY3/ V1, ALFA, BETA, GAMA, CNST1

V1 = V(1)
ERR(1) = 0.0
DO 10, I =
COFZ(I)
CONTINUE

v

1, N
= COF(I)

COFZ(IA) / AC
COFZ(IB) / BC

A
B
C = COFZ(IC) / CC

(A / C) -~ (B¥¥2 7 L4 / C*%2)
SQRT(ABS(TEST))

C / EM

B/2.0/C

TEST
ALFA
BETA

IF (TEST.NE.0,0) CNST%1 = (V1 + GAMQ) / ALFA

po 20, I = 2, NPTS
IF (TEST.GT.0.0) THEN
VF = FALFAP(T(I))
ELSE IF (TEST.EQ.0.0) THEN
VF = FALFAO(T(I))
ELSE IF (TEST.LT.0.0) THEHN
VF = FALFAM(T(I))
END IF
ERR(I) = (V(I) - VF) * FC
CONTINUE

RETURN

END
HREHEHHE AR A AR R R R SRS FLHER B HFRAR AR RIS HEH S G R R LR EBERSREHEE

AR E R X R R R TR R AR R AR AR E A X R R L XA RN RS RN T RDERR AL RS RRLEERL AR

FUNCTION TO EVALUATE VELOCITY WHEN ALFA¥¥2 3 0.0
R R R RN R NN RN RN RN R AR RN R RN RN RE R R RN E RN RE SRR

FUNCTION FALFAP(T)

"IMPLICIT DOUBLE PRECISION (A-H, 0-2)

coMMON /TUFTY3/ V1, ALFA, BETA, GAMA, CNST1

CNST2 = BETA ¥ ALFA * T
CNST3 = TAN(CNST2)
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QOO

aaon

FALFAP = ALFA * ((CNST?1 - CNST3) / (1.0 + CNST1 ¥ CNST3)) - GANA

RETURN
END . ’
HRERESRERBURES NS EREEHEHRA PR GHFEHERBRAB0ELNERERARRERRBR ARG RBHEH

(3222330233222 EE 2223222322222 3232222222222 bR R Ll ]

FUNCTION TO EVALUATE VELOCITY WHEN ALFA*¥2 =z 0.0

R EE R R F LR RN RN SRR RN RN R AR AR L X RN R R AR AR RN ER R I RN NI LN RARLRRERRXTHN
FUNCTION FALFAO(T)

IMPLICIT DOUBLE PRECISION (A-H, 0-Z)

COMMON /TUFTY3/ V1, ALFA, BETA, GAMA, CNST1

FALFAO = 1.0 / ((BETA * T) + (1.0 / (V1 + GAMA))) -~ GAMA

RETURN
END . '
FERRH R AR BRHHIRELRI BB EFABS B RN FRBLHRRLHABBRBFRBFHLRI BV FBEBLELT

RN R R R R R R RN R RN R AR R NN R RN AN ERR T RN RN R R R RN S H AR RRSRRERER

FUNCTION TO EVALUATE VELOCITY WHEN ALFA®¥2 < 0.0 _ _
1223233232232 23222222 R332 2223223222232 32322222 22222222 3
FUNCTION FALFAM(T)

IMPLICIT DOUBLE PRECISION (A-H, 0-Z)

COMMON /TUFTY3/ V1, ALFA, BETA, GAMA, CNST1

CNST2 = BETA ¥ ALFA * T

CNST3 = TANH(CNST2)

FALFAM = ALFA * ((CNST1 - CNST3) / (1.0 - CNST1 * CNST3)) - GAHMA
RETURN

END

FREFBERB AL FREERAFRFSHEAS R AR A E RSB EBAERAEHHEL B R ED AR B EEHH L

R AR LR RN AR RN AR R R AR EREA RN AR RN AR RN AR R REXEXELXR AR ERRELLN

SUBROUTINE TO CORRECT COAST-DOWN DATA FOR AMBIENT CONDITIONS
EREREREFERRERRERI RN RX MR LR RR AR RE AR KRR RREEERRRERRRAIRHRARER X

SUBROUTINE CORECT(AD,BD,CD,SM,M,SEM,AREA,R,TEMP,PRESS,WINDV ,WINDD
% WFACT,GRADEP,DIRECT,ADCORF,N,OTIME,CTIME,SPEED)

IMPLICIT DOUBLE PRECISION (A-H, O-2)
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s ReNy

QO

10

«Q

s EeNeNe]

DCUBLE FRECISION M
CHARACTER *(*) DIRECT
DIMENSION 2(9), .TIME(N). CTIME(N), SPEED(N)

DATA Z(1), 2(2), Z(3), Z(W), Z(5), Z(6), Z(T7), Z(8), Z(9)/
¥ 0,1651178002D 01, ~0,5768188453D 00, -0.4510661003D 00,

¥ 0.9379718523D-01, 0,1207860561D 00, ~0.2477960124D-01,

¥ 0.1212739029D-01, 0.1230558182D-01, ~0.1184442607D~01/

EEE R R F R R RN R E RN R AR A F NN AL N R RN R AR RN RN RN RN AR AL EXRRRRRRERNRE

CALCULATE DATA FOR CORRECTION METHOD
****ﬁ******i**************!***************************!******ﬁ****
CTIME(1) = OTIME(1)

GRADE = GRADEP .

IF (DIRECT.EQ.'-') GRADE = -GRADEP

WNDV = WINDY * WFACT :

HWIND = WNDV * COS(WINDD)

XWIND = ABS(WNDV * SIN(WINDD))

Do 20, I =2, N
T0 = OTIME(I) - OTIME(I-1).
VO = (SPEED(I-1) + SPEED(I)) / 2.0
VHR = VO + HWIND
Vi1V2 = SPEED(I-1) * SPEED(I)

***************************************************{********%**

CALCULATE YAW FACTOR FOR CD _
FEEEE R IR EE A R R R R R N RN R AR RN LR RN R LR SRR TR EARLEL R R EREAE
IF((VHR.LT.0.000001) .AND, {VHR.GT.~0.000001)} PSI = 90.0
IF({PSI.EQ.90,0).AND.(XWIND.LT.0.001)) PSI = 0.0
IF{(VHR.LT.0.000001) .AND.{(VHR.GT.~0.000001)) GOTO 10
PSI = ATAN(XWIND / VHR)
PSI = PSI * 180.0 / 3.1416
XBARZ = ((PSI - (-2.0)) - (92.0 - PSI))

% / (92.0 - (=2.0))
IFAIL = 0
CALL EO2AEF(9, Z, XBARZ, YK, IFAIL)
YK = YK - 0.0033867702458 '

——

BEFANAAARER R RN RN A R LN AR R RN RN R AR LR AN RN R AR EERENXRESR

CALCULATE FIRST AND SECOND ORDER DERIVATIVES

INCLUDING THE SECCND ORDER CROSS~-DERIVATIVES
BERAA R R E R RN AR AR RN R RN R AR AR R AR RN AR AR ARASRRRARRRRARNE

PT1 = SPEED(I-1) - SPEED(I)
PT2 = PT1 * SEM
PT3 = (SM * 9,81 * AD) + (SM * 9.81 *¥ BD * VQ)
x + (AREA * CD * V1V2 * 101.3 / (2.0 ¥ R * 293,0))
PTH = PT3*¥2
PT5 = PT3%#3
PTTH = ~(AREA % CD * V1V2 % 101.3
® / (2.0 ®# R *® 293,0%%¥2)) -~ (ADCORF * SM ¥ g,81 ¥ AD)
PTPR = (AREA * CD * V1V2 7 (2.0 # R ¥ 293,0))
PTCC = (AREA * CD * V1v2 ¥ 101.3 / (2.0 ¥ R-* 2G3.0))
PTWN = (AREA * CD % VO * 101.3 / (R * 293,0))
PTGR = (SM ¥ 9,81)
PTMA = (9.81 ¥ AD) + (9.81 * BD * V0)
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T1TM = -(PT2 * PTTM / PTH4)
T1PR = -(PT2 * PTPR / PT4)
T1CC = —(PT2 * PTCC / PTh)
TIWN = ~(PT2 * PTWN / PT4)
TIGR = ~(PT2 * PTGR / PTH)
TIMA = (PT1 / PT3) - (PT2 * PTMA / PTY4)
T2TH2 = (2.0 * PT2 * PTTM*¥2 / PT5)
~ (PT2 * AREA ¥ CD * ViV2 ¥ 101,3
/ (PTY ¥ R ¥ 293,0%%3})
T2TMPR = (2.0 * PT2 * PTTM * PTPR / PT5)
+ (PT2 ®* AREA * CD * V1V2
: / (PT4 % 2.0 ¥ R ¥ 293,0%%2))
T2TMCC = (2.0 ¥ PT2 *¥ PTTM * PTCC / PTS)
+ (PT2 * AREA * CD *ViV2 ¥ 101.3
/ (PTY4 * 2,0 ¥ R * 2G3,0%%2))
T2TMWN = (2.0 * PT2 ¥ PTTM ¥ PTWN / PTS)
- (PT2 * AREA * CD * VO * 101.3
/ (PTY % R * 293,.0%%2))
T2THMGR = (2.0 * PT2 * PTTM * PTGR / PTS)
T2TMMA = ({(2.0 * PT2 * PTMA / PT5) = (PT1 / PT4)}) ¥ PTIM)
+ (PT2 % ADCORF * 9,81 ¥ AD / PTH) -
T2PR2 = (2.0 * PT2 * PTPR**¥2 / PTS)
T2PRCC = (2.0 * PT2 * PTPR ¥ PTCC / PTS)
- (PT2 * AREA * CD * V1iV2
/ (PTH ¥ 2,0 ¥ R ¥ 293,0))
T2PRWN = (2.0 % PT2 * PTPR * PTWN / PT5)
— (PT2 * AREA * CD * VO '
/ (PT4 ¥ R ¥ 293,0))
T2PRGR = (2.0 * PT2 * PTPR * PTGR / PT5)
T2PRMA = (((2.0 ¥ PT2 * PTMA / PT5) - (PT1 / PTH4)) ¥ PTPR)
T2CC2 = (2.0 * PT2 * PTCC¥¥2 / PT5)
T2CCWN = (2.0 * PT2 * PTCC * PTWN / PTS)
- (PT2 * AREA * CD * VO * 101.3
/ (PTYU * R * 293,0))
T2CCGR = (2.0 * PT2 * PICC * PTGR / PTS)
T2CCMA = ({((2.0 * PT2 ¥ PTMA / PT5) - (PT1 / PTH)) ¥ PTCC)
T2WN2 = (2.0 * PT2 * PTWN¥*2 / PT5)
~ (PT2 ¥ AREA * CD ¥ 101.3
/ (PT4 ¥ R ¥ 293,0))
T2KWNGR = (2.0 * PT2 * PTWN * PTGR / PTS)
T2WNMA = ({((2.0 * PT2 * PTMA / PTS) -~ (PT1 /.PTU)) * PTWN)
T2GR2 = (2.0 ¥ PT2 * PTGR**2 / PT5)
T2GRMA = (({(2.0 * PT2 ¥ PTMA / PT5) -~ (PT1 / PT4)) ¥ PTGR)
TaMA2 = ((2.0 ¥ PT2 * PTMA / PT5) - (2.0 * PT1 / PT4)) * PTMA
CGTH = TEMP - 293.0
CGPR = PRESS - 101.3
CGCC = YK - 1.0
CGWN = HWIND
CGGR = GRADE
CGMA = M - SM

R RN R NN E R RN R RN AR RN R R X R AR L ERE RN KIS FN L RN R R XTRRRLEE

APPLY CORRECTION METHOD
EEERE RN RR AR RN R AR R R AR R ERR R UKL RRRRRETRRERRANERRR

= TO - (T1TM * CGTM) = (T1PR ¥ CGPR) - (T1CC ¥ CGCC)
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- (T1WN * CGWN) - (T1GR ®# CGGR) - (T1MA ¥ CGMA)
- (0.5 * T2TM2 * CGTNM**2) - (T2TNHPR * CGTH ¥ CGFR)
- (T2THCC ¥ CGTM ¥ CGCC) — (T2THWM * CGTH * COWN)
- (T2TMGR * CGTM * CGGR) -~ (T2TMMA * CGTM ¥ CGMA)
-~ (0.5 * T2PR2 * CGPR¥*2) - (T2PRCC * CGPR * CGCC)
—~ {(T2PRWN * CGPR * CGWN) - (T2PRGR * CGPR * CGGR)
(T2PRMA ® CGPR ¥ CGMA) - (0.5 * T2CC2 * CGCC®¥2)
- (T2CCWN * CGCC * CGWN) - (T2CCGR * CGCC * CGGR)
- (T2CCHA * CGCC * CCMA) - (0.5 % T2WN2 ¥ CGWN*¥2)
- (T2WHGR * CGWN * CGGR) - (T2WNMA * CGWN * CGMA)
- (0.5 * T2GR2 * CGGR**2) -~ (T2GRMA * CGGR * CGMA)
- (0.5 * T2MA2 * CGMA%¥2)

[}

oM W e M o K o s ok Wk
]

CTIME(I) = CTIME(I-1) + TS
20 CONTINUE

c
RETURN
END
c HEHEAEREGRERERHARLHGRREFARABERRR TR BB FLAE RGBT HREER LSRR A §
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Description Of Variable Names Used In CSTDWi

NAKES USED IN MAIN SEGMENT OF C3TDWN

NAME

AD

AD1
ADCORF
ANSAD
ANSBD
ANSCD
ANSWER
AREA
AVGA
AVGB
AVGC
BD

+ BD1

CAL1
CALZ2
CaL3
CAL4
CALS
CAL6
cDh

e
CHAD
CHBD
CHCD
CHCOR
CHDD
CTIME
CUERAD
CUERED
CUERCD
DATE
pD
DIRECT
DUM
FILIN
FILOU1
FILOU2
GRADEP
T -
12

I3

IA

IB

IC
IFAILN
K

M

N

N2
N2A
N3
NCHAR
NCOF

TYPE OF NAME

DOUBLE PRECISION
DOUBLE PRECISICN
DOUBLE PRECISIOHN
CHARACTER STRING
CHARACTER STRING
CHARACTER STRING
CHARACTER STRING
DOUBLE PRECISION
DOUBLE PRECISION

. DCUBLE PRECISION

DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISIOl
DOUBLE PRECISION
DOUBLE PRECISION
DCUBLE PRECISION
CHARACTER STRING
CHARACTER STRING
CHARACTER STRING
CHARACTER STRING
CHARACTER STRING
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
CHARACTER STRING
DOUBLE PRECISION
CHARACTER STRING
DOUBLE PRECISION
CHARACTER STRING
CHARACTER STRING
CHARACTER STRING
DOUBLE PRECISION
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
DOUBLE PRECISION
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

MEANING

INITIAL VALUE OF Ad

EXTRACTED VALUE OF Ad

TEMP CORR FACTOR (Kt)

(PROGRAM FLOW COWTROL)

(PROGRAM FLOW CONTROL)

(PROGRAM FLOW CONTROL)

GENERAL PURPOSE CHARACTER STRING
PROJECTED FRONTAL AREA (sq m)
GROUP AVERAGE FOR Ad

GROUP AVERAGE FOR Bd (s/m)

GROUP AVERAGE FOR Cd

INITIAL VALUE OF Bd (s/m)
EXTRACTED VALUE OF Bd {(s/m)
UNITS CORRECTION FACTOR FOR AREA
UNITS CORRECTICN FACTOR FOR RR
UNITS CORRECTION FACTOR FOR WI
UNITS CORRECTION FACTOR FOR M
UNITS CORRECTION FACTOR FOR WINDV
UNITS CORRECTIOM FACTOR FOR PRESS
INITIAL VALUE OF Cd

EXTRACTED VALUE OF Cd

PROBLEM DESCRIPTION

PROBLEM DESCRIPTION

PROBLEM DESCRIPTION

PROGRAM FLOW CONTROL

PROBLEM DESCRIPTION .

CORRECTED TIME (s)

STD ERR IN Ad PER UNIT RMS ERR
STD ERR IN Bd PER UNIT RMS ERR
STD ERR IN Cd PER UNIT RMS ERR
TEST DATE

INITIAL VALUE OF Dd (sq (s/m))
DIRECTION OF TEST

DUMMY VARIABLE

INPUT FILE NAME

#1 OUTPUT FILE NAME

#2 OUTPUT FILE NAME

TRACK GRADIENT FOR +'VE DIR
(DO LOOP COWTROL VARIABLE)

(DO LOOP CONTROL VARIABLE)

(DO LOOP CONTROL VARIABLE)
(PROGRAM CONTROL)

(PROGRAM CONTROL)

(PROGRAM CONTROL)

VALUE RETURNED FROM EQ4FDF

(DO LOOP CONTROL
RECORDED VEHICLE
NO, OF POINTS IN
NO. OF TEST SETS
NO., OF TEST SET3
NUMBER OF GROUPS
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VARIABLE)
MASS (kg)
TEST SET
IN GROUP
IN GROQUP

IN DATA SET
NO. OF LAST NON-BLANK CHARACTER
NO. OF VARIABLE COEFFICIENTS



NDATA
NRES1
NRES?2
HTERM
OTIME
PRESS
R
RMSER1
RR
SAVGA
SAVGB
SAVGC
SEM

sM
SPEED
SPUNIT
SSAWA
. SSBWB
SSCHC
SSHA
SSWB
SSWC
STRING
sW

SWA
SWB.
SWC
TAVGA
TAVGB
TAVGC
TEMP
TEUNIT
TSAVGA
TSAVGB
TSAVGC
TSSAWA
TSSBWB
TSSCWC
TSSWA
TSSWB
TSSWC
VCONST
VEHICL
W
- WFACT
WI
WINDD
WINDV

NAMES USED
NAME

A
AC
AD1
ADS

NAMED CONSTANT

HAMED CONSTANT

NAMED CONSTANT

NAMED CONSTANT

DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISICN

" CHARACTER STRING

DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
CHARACTER STRING
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
CHARACTER STRING
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
CHARACTER STRING
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION

IN SUBROUTINE DRGCOF

TYPE OF NAME

POUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION

UNIT KO. OF INPUT DATA FILE

UNIT NO. OF #1 RESULTS FILE

UNIT NO. OF #2 RESULTS FILE

UNIT 4NO. OF TERMINAL

OBSERVED TIME (s)

RECORDED ANMBIENT PRESSURE {kPa)
GAS CONSTANT FOR AIR (kJ/kg.K)
RMS CURVE FITTING ERROR

ROLLING RADIUS OF TYRES (m)

SUM OF AVGA'S

SUM OF AVGB'S (s/m)

SUM OF AVGC'S

STD EFFECTIVE MASS OF VEHICLE (kg)
STD MASS OF VEHICLE (kg)

RECORDED VEHICLE SPEED (m/s)
UNITS FOR VEHICLE SPEED

SUM OF (Ad * WGTS) FOR GROUP

SUM OF (Bd * WGTS) FOR GROUP (s/m)
SUM OF (Cd *# WGTS) FOR GROUP

SUM OF WGTS FOR GROUP

SUM OF WGTS FOR GROUP

SUM OF WGTS FOR GROUP

GENERAL PURPOSE CHARACTER STRING
STANDARD VEHICLE WEIGHT (})
STATISTICAL WEIGHT FOR Ad
STATISTICAL WEIGHT FOR Bd
STATISTICAL WEIGHT FOR Cd

TOTAL AVG FOR Ad

TOTAL AVG FOR Bd (s/m)

TOTAL AVG FOR Cd

RECORDED TEMPERATURE (deg K)
RECORDED TEMPERATURE UNITS

STD ERR IN TOTAL AVG FOR Ad

STD ERR IN TOTAL AVG FOR Bd (s/m)
STD ERR IN TOTAL AVG FOR Cd

SUM OF SSAWA'S

SU OF SSBWB'S (s/m)

SUM OF SSCHC'S

SUM OF SSWA'S

SUM OF SSWB'S

SUM OF SSWC'S

UNITS CORRECTION FACTOR FCR SPEED
VEHICLE DESCRIPTION

RECORDED WEIGHT OF VEHICLE (N)
WIND CORRECTION FACTOR

TOTAL ROTATING WHEEL INERTIA (kg.sq m)
WIND DIR REL TO HEAD ON (deg)
WIND VELOCITY (m/s)

MEANING

COEF OF DRAG/SPEED EQN(N)
SCALE FACTOR FOR 'A?
EXTRACTED VALUE OF Ad
INITIAL VALUE OF Ad
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AREA
AS

B

BC
BD1
BDS
BS

C

ce
cD1
CDS
COF
COF2
€3
DDS
EM
EMZ
FC

FX

I

IA
IAZ.
IB
1BZ
IC
1CZ
IFAIL
IFAILY
ISUM
w
NCOF
NCOFZ
NPTS
PRESS
R

RHO
RMSER1
SPEED
T
TEMP
TIME
v

W
WORK

NAMES USED
NAME

A

AC
ALFA
B

BC
BETA
C

cC

DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUEBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE

IN SUBROUTINE LSFUN1

TYPE OF

DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE

PRECISION -

PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
FRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION

PRECISION
PRECISION
PRECISIGON
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISICN

NAME

PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION

PROJECTED FRONTAL AREA (sq m)
INITIAL VALUE OF ‘A

COEF OF DRAG/SPEED EQN (N.s/m)
SCALL FACTOR FOR 'B!

EXTRACTED VALUE OF Bd (s/m)
INITIAL VALUE OF Bd {s/m)
INITIAL VALUE OF 'B'

COEFF OF DRAG/SPEED EQN (N.sq(s/m))
SCALE FACTCR FOR 'C!

EXTRACTED VALUE OF Cd

INITTAL VALUE OF Cd
COEFFICIENTS OF DRG/SPEED EQN
COEFFICIENTS O DRG/SPEED EQN

" INITIAL VALUE OF 'C!

INITIAL VALUE OF Dd (sq(s/m))
EFFECTIVE MASS OF VEHICLE (kg)
EFFECTIVE MASS OF VEHICLE (kg)
SCALE FACTOR FOR CURVE FITTING ERROR
SUM OF SQUARES CURV FIT ERR
(PO LOOP CONTROL VARIABLE)

( PROGRAM
( PROGRAM
( PROGRAM
( PROGRAM
{ PROGRAM
{ PROGRAH

CONTROL)
CONTROL)
CONTROL)
CONTROL)
CONTROL)
CONTROL)

ERROR CODE INDICATOR FOR EOU4FDF
ERROR CODE INDICATOR FOR EOU4FDF
NUM OF TINES EOMFDF CALLED

WORK SPACE ARRAY

NUMBER OF VARIABLE COEFFICIENTS
NUMBER OF VARIABLE COEFFICIENTS
NUM OF PTS IN TEST SET

PRESSURE (kPa)

GAS CONSTANT FOR AIR (kJ/kg.K)
AIR DENSITY (kg/(cu m))

RMS CURVE FITTING ERROR

VEHICLE SPEED (m/s)

ELAPSED TIME (s)

TEMPERATURE (deg K)

ELAPSED TIME (s)

VEHICLE SPEED (m/s)

VEHICLE WEIGHT (N)

WORK SPACE ARRAY

MEANING

COEF OF DRG/SPEED EQN (N)

SCALE FACTOR FOR 'A!

COEF OF ANALYTICAL CST-DWN FUNCY
COEF OF DRG/SPEED EQN (N.s/m)
SCALE FACTOR FOR 'B!

COEF OF ANALYTICAL CST-DWN FUNCT
COEF OF DRG/SPEED EQN (N.sq(s/m)
SCALE FACTOR FOR 'C!
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CNST1
COF
COFZ
El
GAMA

IA
IB
IC
NPTS
NV
ERR

TEST

V1
VF

NAMES USED
NAME

_ ALFA
BETA
CNST1
CNST2
CNST3
GAMA

T

NAMES USED
NAME

BETA
GAMA
T

Vi

NAMES USED
NAME

ALFA
BETA
CNST1
CN3T2
CNST3
GAMA
T

DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
DQUBLE

"DOUBLE

DOUBLE
DOUBLE
DOUBLE
DOUBLE

IN SUBROUTINE FALFAP

TYFE OF

DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE

IN SUBROUTINE FALFAD

TYPE OF

DOUBLE
DOUBLE
DOUBLE
DOUBLE

IN SUBRCUTINE FALFAM

TYPE OF

DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE
DOUBLE

-DOUBLE

PRECISION
PRECISICH
PRECISION
PRECISICH
PRECISION

PRECISION
PRECISION
PRECISICH
PRECISION
PRECISION
PRECISION

NAME

PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION

NAME

PRECISION
PRECISION
PRECISION
PRECISION

NAME

PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION

CONST FOR TEST SET

COEFFICIENTS OF DRG/SPEED EQN
COEFFICIENTS OF DRG/SPEED EQN
EFFECTIVE MASS OF VEHICLE (kg)
COEF OF ANALYTICAL CST-DWN FUNCT
(DO LOOP CONTROL VARIABLE)
(PROGRAM CONTROL)

{ PROGRAY CONTROL)

(PROGRAM CONTROL)

NUM PTS IN TEST SET

NUM OF VARIABLE COEFS

CURVE FITTING ERROR

ELAPSED TIME (s)

(PROGRAM CONTROL VARIABLE)
ANALYTICAL VEHICLE SPEED (m/s)
INITIAL VEHICLE SPEED (m/s)
THEORETICAL VEHICLE SPEED (m/s)

MEANING

COEF OF ANALYTICAL CST-DWN FURNCT
COEF OF ANALYTICAL CST-DWN FUNCT
CONST

CONST

CONST

COEF CF ANALYTICAL CST-DWN FUNCT
ELAPSED TIME (s)

MEANING

COEF OF ANALYTICAL CST-DWN FUNCT
COEF OF ANALYTICAL CST-DWN FUNCT
ELAPSED TIME (s)

INITIAL VEHICLE SPEED (m/s)

MEANING

COEF OF ANALYTICAL CST-DWN FUNCT
COEF OF ANALYTICAL CST-DWN FUNCT
CONST

CONST

CONST

COEF OF ANALYTICAL CST-DWN FUNCT
ELAPSED TIME (s)
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NAMES USED IN SUBROUTINE CORECT

NAME TYPE OF NAME MEANING
AD DOUBLE PRECISION INITIAL VALUE OF Ad
ADCORF DOUBLE PRECISICHN TEMP CORR FACT FOR RR
AREA DOUBLE PRECISION PROJECTED FRONTAL AREA (sq.m)
BD DOUBLE PRECISION INITIAL VALUE OF Bd (s/m)
cD DOUBLE PRECISION INITIAL VALUE OF Cd
CGec DOUBLE PRECISION CHANGE IN YK
CGGR DOUBLE FRECISION CHANGE IN TRACK GRADIENT
CGMA DOUBLE PRECISION CHANGE IN VEHICLE MASS (kg)
CGPR DOUBLE PRECISION CHANGE IN PRESSURE (kPa)
CGTH DOUBLE PRECISION CHANGE IN TEMPERATURE (deg K)
CGWHN DOUBLE PRECISIOHN CHANGE IN HEAD WIBD SPEED (m/s)
CTIME DOUBLE PRECISION CORRECTED ELAPSED TIME (s)
DIRECT CHARACTER STRING TEST DIRECTION
GRADE DOUBLE PRECISION TRACK GRADIENT REL TO VEH DIR
GRADEP DOUBLE PRECISION TRACK GRADIENT FOR +'VE DIR
HWIND DOUBLE PRECISICN HEAD WIND SPEED (m/s)
I INTEGER (DO LOOP CONTROL VARIABLE)
IFAIL INTEGER ERROR INDICATOR FOR EO2AEF
M DOUBLE PRECISION RECORDED VEHICLE MASS (kg)
N INTEGER NUM OF .PTS IN TEST DATA
OTIME DOUBLE PRECTSION RECORDED ELAPSED TIME (s)
PRESS DOUBLE PRECISION PRESSURE (kPa)
P3I DOUBLE PRECISION AERODYNAMIC YAW ANGLE
PT] DOUBLE PRECISION CONSTANT
PT2 DOUBLE PRECISION CONSTANT
PT3 DOUBLE PRECISION CONSTANT
PTH DOUBLE PRECISION CONSTANT
PT5 DOUBLE PRECISION CONSTANT
PTCC DOUBLE PRECISION CONSTANT
PTGR DOUBLE PRECISION CONSTANT
PTMA DOUBLE PRECISION CONSTANT
PTPR DOUBLE PRECISION CONSTANT
PTTH DOUBLE PRECISION CONSTANT
PTWN DOUBLE PRECISION CONSTANT :
R DOUBLE PRECISION GAS CONSTANT FOR AIR (kd/kg.K)
SEM DOUBLE PRECISION STANDARD VEHICLE EFFECTIVE MASS (kg)
SM DOUBLE PRECISION STANDARD VEHICLE MASS {(kg)
SPEED DOUBLE PRECISION VEHICLE SPEED (m/s)
TO DOUBLE PRECISION RECORDED ELAPSED TIME (s)
TiCC DOUBLE PRECISICN FIRST ORDER DERIVATIVE
. T1GR DOUBLE PRECISION FIRST CRDER DERIVATIVE
T1MA DOUBLE PRECISION FIRST ORDER DERIVATIVE
TI1PR DOUBLE PRECISION FIRST ORDER DERIVATIVE
T1TM DOUBLE PRECISION FIRST ORDER DERIVATIVE
TTWN DOUBLE PRECISION FIRST CRDER DERIVATIVE
T2CC2 DOUBLE PRECISION SECOND ORDER DERIVATIVE
T2CCGR DOUBLE PRECISION SECOND ORDER CROSS DERIVATIVE
T2CCHMA DOUBLE PRECISION SECOND ORDER CROSS DERIVATIVE
T2CCWN DOUBLE PRECISION SECOND ORDER CROSS DERIVATIVE
T2GR2 DOUBLE PRECISION SECOND ORDER DERIVATIVE
T2GRMA DOUBLE PRECISION SECOND ORDER CRO33 DERIVATIVE
T2MA2 DOUBLE PRECISION. SECOND ORDER DERIVATIVE
T2PR2 DOUBLE PRECISION SECOND ORDER DERIVATIVE
T2PRCC DOUBLE PRECISION SECOND ORDER CROSS DERIVATIVE
T2PRGR DOUBLE PRECISION SECOND ORDER CROSS DERIVATIVE

109



T2PRMA DOUBLE PRECISION. SECOND ORDER CRO3S DERIVATIVE

T2PRWN DOUBLE PRECISION SECOND ORDER CROSS DERIVATIVE
T2TM2 DOUBLE PRECISION SECOND ORDER DERIVATIVE
T2THCC DOUBLE PRECISION SECOND ORDER CROSS DERIVATIVE
T2TUGR DOUBLE PRECISIOHN SECOND ORDER CROSS DERIVATIVE
T2TIMMA DOUBLE PRECISION SECOND ORDER CROSS DERIVATIVE
T2TMPR DOUBLE PRECISION . SECOND ORDER CRO33 DERIVATIVE
‘T2TMWN DOUBLE PRECISION SECOND ORDER CROSS DERIVATIVE.
T2WN2 - DOUBLE PRECISION SECOND CORDER DERIVATIVE
T2WNGR DOUBLE PRECISION SECOND ORDER CROSS DERIVATIVE
T2WNMA - DOUBLE PRECISION SECOND ORDER CROSS DERIVATIVE
TEMP DOUBLE PRECISION TEMPERATURE (deg K)

TS DOUBLE PRECISION STANDARD ELAPSED TIME (s)

Yo DOUBLE PRECISION AVG VEHICLE SPEED (m/s)

vivz DOUBLE PRECISION INIT VEL TIMES FIN VEL {sq{(m/s))
VHR DOUBLE PRECISION RELATIVE HEAD WIND SPEED (m/s)
WEACT DOUBLE PRECISION WIND SPEED CORR FACT

WINDD DOUBLE PRECISION WIND DIR REL TO HEAD-ON (deg)
WINDV. DOUBLE PRECISION RECORDED WIND SPEED (m/s)
WNDV DOUBLE PRECISION CORRECTED WIND SPEED (m/s)
XBARZ DOUBLE PRECISION NORMALIZED YAW ANGLE

JWIND DOUBLE PRECISICN CROSS-WIND SPEED (m/s)

K DOUBLE PRECISION YAW ANG COR FACT Ky

Z DOUBLE PRECISION CHEBYCHEF COEFS FOR YK
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LINE
LINE
LINE
LINE
LINE
LINE
LIKE
LINE
LINE
LINE
LINE
LINE
LIKNE
LINE
LINE
LINE
LINE

01:
02:
03:
ol:
05:
06
07:
08:
09:
103
11:
12
13:
ILH
152
16
17

REPEAT
REPEAT
REPEAT

Description Of Input Data File Format For CSTDWHN

Vehicle/Test Title (up to 70 characters long)

AREA CAL1 (AREA*CAL1 = square metres) (free format)

RR CAL2 (RR*CAL2 = metres) (free format)

WI CAL3 (WI*CAL3 = kilogram metres squared) (free format)
Vehicle Speed Units ('KM/H','M/S','MPH') (start col 1)
Humber Of Test Groups {(free format integer)

Number Of Test Sets In Group (free format integer)

Number Of Data Points In Test Set (free format integer)
Date Of Test (8 characters start col 1)

Direction Of Test ('+','-') (col 1)

3| CALY (M*CALY = kilogram) (free format)

WINDV CAL5 (WINDVXCALS5 = metres per second) (free format)
WINDD (degrees rel to head on) (free format)

PRESS CAL6 (PRESS*CAL6 = kilo-Pascals) (free format)

TEMP (in Centigrade of Fahrenheit) (free format)
Temperature Units ('C','F') (col 1)

OTIME SPEED (seconds and speed units) (free format)

(17) FOR ALL DATA POINTS IN TEST SET
FRO!M (08) FOR ALL TEST SETS .IN GROUP
FROM (OT7) FOR ALL TEST GROUPS
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Listing Of Supplementary Subroutines For'CSTDWH

SUBROUTINE TO PRINT OUT STRING AT
TERMINAL WITH CARRIAGE RETURN

SUBROUTINE COU(A)
CHARACTER*{%) A

WRITE (UNIT=%, FMT='(A)') A

RETURN
END

SUBROQUTINE TO PRINT QUT STRING AT
TERMINAL WITHOUT CARRIAGE RETURN

SUBROUTINE COUA(A)
CHARACTER*(*) A

WRITE (UNIT=%, FMT='(A,$)') A

RETURN
END

vt

FUNCTION TO RETURN LENGTH OF STRING
MINUS TRAILING BLAHKS

INTEGER FUNCTION LENG(A)
INTRINSIC LEN '
CHARACTER¥ (*) A

INTEGER I, L

'L = LEN(A)

LENG = 0

DO 10, I =L, 1, -1
IF (A(I:I).NE.,' ') THEN
LENG = I
RETURN
END IF
CONTINUE

RETURN
END
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L, OO0

SUBROUTINE TO LEFT JUSTIFY STRING
AND RETURN N=0 IF STRING IS BLANK

SUBROUTINE LFTJST(A, N)
EXTERNAL NONBLK, TRIH
CHARACTER*(*) A
INTEGER N

N = NONBLK(A)
CALL TRIM(A)

RETURN . -
END

FUNCTION TO RETURN POSITICHN OF FIRST
NON-BLANK CHARACTER IN STRING, IF
STRING IS BLANK THEN 0 IS RETURHNED

INTEGER FUNCTION NONBLK(A)
INTRINSIC LEN
CHARACTER*(*) A

INTEGER I, L

L = LEN(A)
NONBLK = 0

DO 10, I = 1, L
IF (A(I:I).NE.' ') THEN
NONBLK = I
RETURN
END IF
CONTINUE

RETURN
END

SUBROUTIMNE TO PRINT OUT STRING MINUS
TRAILING BLANKS AT TERMINAL WITH
CARRIAGE RETURN

SUBROUTINE SOU(A)
EXTERNAL LENG
CHARACTER*(*) A
INTEGER LG

LG = LENG(A)

IF (LG.EQ.0) THEN

WRITE (UNIT=¥, FMT=%)
ELSE

WRITE (UNIT=#, FMT='(A)') A(1:LG}
END IF
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18
19
20

WO EWN
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-L

RETURN
END

SUBROUTINE TO PRINT OUT STRING MINUS
TRAILING BLANKS AT TERMINAL WITHOUT
CARRIAGE RETURN

SUBROUTINE SOUA(A)
EXTERNAL- LEKG
CHARACTER*(%*) A
INTEGER LG

LG = LENG(A)

IF (LG.EQ.0) THEN

RETURN
ELSE

WRITE (UNIT=*, FMT='(A,$)') A(1:LG)
END IF

RETURN
END

SUBROUTINE TO TRIM LEADING SPACES FROM
CHARACTER STRING (ie LEFT JUSTIFY)

SUBROUTINE TRIM(A)
INTRINSIC LEN
EXTERNAL NONBLX
CHARACTER*(*) A
INTEGER N

N = NONBLK(A)
LEN(A)

IF (N,NE.O) THEN
: A = A(N:L)
END - IF

RETURN
END

SUBROUTINE TO UPCASE CHARACTER STRING

SUBROUTINE UPCASE(A)
INTRINSIC ICHAR, CHAR
EXTERNAL LENG, NONELK
CHARACTER*(¥*) A
INTEGER LG, I, N
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15
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17
18
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20
21
22

10

LG = LENG(A)
IF (LG.EQ.0) RETURH

DO 10, I =1, LG

N = ICHAR(A(I:I))

IF ((N.GE.97).AND.(N.LE.122)) THEN

N=HN- 32
A(I:I) = CHAR(N)
END IF
CONTINUE
RETURN
END
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QOO0

oo

OO

OO0

AAA L EEEEE M M TTTTT - AAA GGG EEEEE
A A L E mwmMde T & AG GE
AAAAA L EEEE MMM T AAMAA G EEEE
A A L E M M T A AG GE
A A* LLLLL * EEEEEM M T A A

GGG EEEEE

*#**ﬁ*********************ﬂ***!***ﬁ*%*****************ﬁ***********

PROGRAM DECLARATIONS
**?*********i********************ﬂ******ii********************ﬁ*!*
PROGRAM SCALE

IMPLICIT DOUBLE PRECISION (A-H, 0-Z)

DOUBLE PRECISION M

PARAMETER (NTERM=0, NDATA=5, NRES1=6, NRES2=7)

CHARACTER ¥70 FILIN, FILOU1, VEHICL, ANSWER, ANSAD, ANSED, ANSCD
* . FILOU2, CHAD, CHBD, CHCD, CHDD

CHARACTER *8 DATE(500), STRING, CHCOR

CHARACTER %5 SPUNIT, TEUNIT

CHARACTER ¥1 DIRECT(500)

COMHON /BLCK1/ OTIME(500), SPEED(500), M(500), WINDV(500)

, WINDD(500), PRESS(500), TEMP(500), CTIME(500), NTESTC(500)

, AD1(500), BD1(500), CD1(500), RMSER1(500), IFAIL1(500), N2a(500)
., SSWA(500), SSWB(500), SSWC(500), SSAWA(500), SSBWE(500)

, SSCWC(500), AVGA(500), AVGB(500), AVGC(500), SAVGA(500)

, SAVGB(500), SAVGC(500), SWA(500), SWB(500), SWC{500)

Moo ke ke N

R = 0.288

EREERER RS LR LR IR RN R RN LR IR AL R LR LR RN R R EA AR RN R IR RREDLRNERRRLX

INPUT VALUES OF COEFFICIENTS FOR MINIMUM RM
R R AR RN R SRR RN NI R R AN R SR RN AN E RS RN B A RN E R EF R AR RN AN R P R R R E RN

WRITE (UNIT=NTERM, FMT=¥)
CALL COU('Please enter values for the vehicle coefficients')

~ CALL COU('at minimum RMS.')

WRITE (UNIT=NTERM, FMT=%)
CALL COUA('Ad = ')
READ (UNIT=NTERM, FMT=*) AD

- WRITE (UNIT=NTERN, FMT=%*)

CALL COUA('Bd = ')
READ (UNIT=NTERM, FMT=%¥*) BD

WRITE (UNIT=NTERM, FMT=%)
CALL COUA('Cd = ')
READ (UNIT=NTERM, FMT=%) CD

——

1332222323223 233233222222 2222222223322 222222222 R LS

INPUT TRACK GRADIENT

AR RN RN RN R R R KRR AR R AT RN R R AR R AR E AU AR ER IR R RRRY
WRITE (UNIT=NTERM, FMT=z¥)

CALL COUA('Please enter track gradient for +"'ve direction. ')
READ (UNIT=NTERM, FMT=%*) GRADEP
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OO

[z RN

EERRE R FEE R R R RN R AR R AR R R AL R RN RN AR R AR L L RA R LR RRNARRAARRURAAR N

INPUT WIND SPEED FACTOR

AR B RN E R RN R R AR KRR NN AR N RN RN RERR NI R RN RN R R R RRRRRNN
WRITE (UNIT=NTERM, FlT=%)

CALL COUA('Please enter factor for wind speed ')

READ(UNIT NTERM, FMT=%*) WFACT

EXEREER TR RN AR R E RN AR NN AR R AR R R A RSN AR R LR R AR RR XX RRAXRXH

INPUT STANDARD VEHICLE MASS
1323232333322 2333223323 2233322223232 3323332283222 823822233
WRITE (UNIT=NTERM, FNT=%¥) '
CALL COUA{'Please enter standard vehicle mass (kg). ')

READ (UNIT=NTERM, FMT=#%) SM '

SW = SM *¥ 9.81

——— -

EEFARFEX LA AN ER NS L RXNREL R AR LR AR A SRR AL RN RN LA SRR X R R RN AR AR ERTRERN

INPUT TEMPERATURE CORRECTION FACTOR FOR Ad

FRARAE RN U AR AR R AR LR RN A E RN E RN R R R R R AR AR ST AL R RN R AR EREXANARRRERAE
WRITE (UMIT=NTERM, FMT=%)

CALL CQOUA('Please enter temperature correction factor for Ad. ')
READ (UNIT=NTERM, FMT=¥) ADCORF

R RN R R RN R RN RN AN RN RN IR AR NN R RN RN RN RN SRR E N RN AR LR FRRRU R

CHOOSE WHETHER OR NOT TO CORRECT FOR AMBIENT CONDITIONS
T Iy
WRITE (UNIT=NTERl, FMT=%¥)

CALL COUA{'Correct for ambient conditionsz? ')

READ (UNIT=NTERM, FMT='(A)') CHCOR

CALL UPCASE(CHCOR)

CALL LFTJST{CHCOR,NCHAR)

IF (CHCOR.EQ.'Y!,OR.CHCOR.EQ.'YES'.OR.NCHAR.EQ.0) CHCOR = 'Y!

1232323331333 3232333323233 233223 2333233323333 33333323 833223323332

OPEN DATA FILE

1232323232333 2313123323223323233232233332332313133232221332223332803
WRITE (UNIT=NTERM, FMT=¥)

CALL CQUA('Please enter name of data file, ')

READ (UNIT=NTERM, FMT='(A)') FILIN

OPEN (UNIT=NDATA, FILE=FILIN, FORM='FORMATTED', CARRIAGE=,FALSE.)

R R RN RN NN RN RN R RN AN AR RN R RN R R R R R RN RN RN R RN AN

INPUT VEHICLE NAME
EREREI NN KRR RN RN R RN R RN RN NN R RERR RN R AR NN AR RRR RN AR

READ (UNIT=NDATA, FMT='(A)'} VEHICL

ER AR E R R E R R RN R R AR A R R AR R R AR RN AR AR RN E L AR RS ERRERLENERXEN

INPUT VEHICLE CONSTANTS
R R AR RN AR RN RN F RN R R RN R R AN RN AR RF RN AR R RERERER

READ (UNIT=NDATA, FMT=#%) AREA, CAL?
READ (UNIT=NDATA, FUT=¥) RR, CAL2
READ (UNIT=NDATA, FMT=¥*) WI, CAL3

118



QO

e NN

aOan

a0 o

AREA = AREA * CAL1

RR = RR *® CAL2

WI = WI * CAL3

SEM = SM + WI / RR**2

(1313323222323 2222223223308 R 2 AR R 2RSSR REL R R S0 2

INPUT UNITS FOR VEHICLE SPEED AND SET SPEED FACTOR

EEE RN R RN R RN AR R E RN RN RN AR R R R RN R B RSN R R RN RN NRERRNRERARNR
READ (UNIT=NDATA, FMUT='(A)') SPUNIT

CALL UPCASE(SPUNIT)
IF(SRUNIT.EQ.'KM/H') VCONST
IF(SPUNIT.EQ.'M/S' ) YCONST
IF(SPUNIT.EQ.'MPH' ) VCONST

1.0 / 3.6
1.0
1.609344 / 3.6

EEREEEXE LKA R E RN AR AR RN AR R AR AL R AR RN LR R AR RREL RN L RR RN RN

INPUT NUMBER OF TEST GROUPS BUT RESET TO 1 _
BREE R R AR AR R R R RN R R RN R RN R RN RN N RN RN RN AR RN R DR N R RRNRF

READ (UNIT=NDATA, FMT=¥) N3
N3 =1

R RSN R R AR RN RN R SR AR R AR R RN R R R AR R AR AR R AR R N AR N AL RS

INPUT NUMBER OF TEST SETS IN GROUP BUT RESET .TO 1
ERER KRR R AR R AR R AR RN RN RN E R RN AT RN RN RN EERRRRRERRL R AR

K=20

DO 60, I3 = 1, N3 .

READ (UNIT=NDATA, FMT=¥*) N2
N2 = 1
N2A(I3) = N2

ERERXE RS AR AR AR AL AR R RN AR R AR TR AR LSRR LR AR N ERR RN R ERREE

INPUT NUMBER OF DATA POINTS IN TEST SET
EEE AR R RN R R R R R AR R R R R R AR R RN E N RN R RN RN AR R RN NN RN LR RS E
DO 50 I2 = 1, N2

K=K+ 1

READ (UNIT=NDATA, FMT-*) N

EREEEXER RN AR RN AR R R AN R R R RN RN R AR R LNERRRERERR XSS

INPUT DATE OF TEST
KRR AR RN R AR RN N R AR AR RN RN RN R R F RN RTRNRR R R R

READ (UNIT=NDATA, FMT='(A)') DATE(K)

AR ER A AR TR R AR R R RN R LR LR R AR RN RN R R LR XX L RRERRERRRAXES

INPUT AMBIENT CONDITIONS
R R R R R RN R R R KRR RN RN R AN NRRRR R RN RERRRRRRRIRNRNN

"READ (UNIT=NDATA, FMT='(A)') DIRECT(K)

READ (UNIT=NDATA, FHT=¥*) M(K), CALY
READ (UNIT=NDATA, FMT=¥) WINDV(K), CALS
READ (UNIT=NDATA, F}T=¥) WINDD(K)
READ (UNIT=NDATA, FMT=¥) PRESS(K), CAL6
READ (UNIT=NDATA, FMT=¥) TEMP(K)

READ (UNIT=NDATA, FMT='(A}') TEUNIT
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45

(]

== 30

H(K) = M(K) * CALY

DM = SH - M(K)

W= M(K) ¥ 9,81

EM = M(K) + WI / RR¥¥*2
WINDV(X) = WINDV(K) * CALS
PRESS(K) = PRESS(K) * CAL6
WINDD(K) = WINDD(K) * 0,01745

CALL UPCASE(TEUNIT)
IF(TEUNIT.EQ.'F') THEN
TEMP(K) = (TEMP(K) - 32,0) / 1.8 + 273.0

, ELSE IF(TEUNIT.EQ.'C') THEN

TEMP(K) = TEMP(X) + 273.0
END IF

-

R EER SRR E RN AR NN RN R RN R AR R A AR R AR E R L RNNE R AR LEXERLRL TR

INPUT TEST DATA
RN R R RN RN AR R RN AR RN R SRR R R X AR R AR R AR A RN AR SR ARER B
DO 40 I=1, N
READ (UNIT=NDATA, FMT=%*) OTIME(I), SPEED(I)
SPEED(I) = SPEED(I) * VCONST
CONTINUE

1232323232222 322SR AR R RS AR SRR RS R LSS E LS R L

CORRECT FOR AMBIENT CONDITIONS ,
BEREFEELEER AR EE R AR R R L L LR AR EEXRE R AR LR ERN RS LR ERLE XXX IR
IF (CHCOR.EQ.'Y') THEN '
CALL CORECT(AD,BD,CD,SM,M(K),SEM, AREA,R, TEMP(K) ,PRESS(K)
JWINDV(K) ,WINDD(K) ,WFACT,GRADEP,DIRECT(K),ADCORF,N,OTIME
,CTIME, SPEED} ‘
ELSE
DO 45, T =1, N
CTIME(I) = OTIME(I)
CONTINUE :
END IF

EREERE LR R AR LN N E R R R AR AR RN R AR AR AR XA R LR RX AR LR R R REK S

ENTER AND TEST SCALE FACTORS _

KR X EEE X R LR R SRR EN LR E R R L BN E R E P R N A RN E R R R ERE R R L LR ERER R R L EREY
WRITE (UNIT=NTERM, FMT=¥)

CALL COUA('Please enter scale factor for ''a'f!, 1)

READ (UNIT=NTERM, FMT=%*) AC

WRITE (UNIT=NTERM, FMTI=%)
CALL COUA('Please enter scale factor for ''b'', ')

- READ (UNIT=NTERM, FMT=%) BC

WRITE (UNIT=NTERM, FMT=%) '
CALL COUA('Please enter scale factor for t'telt!, ')
READ (UNIT=NTERM, FMT=%*) CC

WRITE (UNIT=NTERM, FMT=%¥)
CALL COUA('Please enter scale factor for SMSQER. ')
READ (UNIT=NTERM, FMT=¥*) FC -

CALL SCL(CTIME,SPEED,N,SW,AREA,SEM,AD,BD,CD,AC,BC,CC,FC)
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10

WRITE (UNIT=NTER!, FMT=%)
CALL COUA('Do you wish to try other scale factors? ')
READ (UNIT=NTERM, FMT='{A)') ANSWER
CALL UPCASE{ANSWER)
CALL LFTJST(ANSWER, NCHAR)
IF (ANSWER.EQ.'Y'.OR.ANSWER.EQ.'YES',OR.NCHAR.EQ.0) GOTO 10
CONTINUE
CONTINUE

1332232322222 2222233222222 222222222 R RS RS2 A0 2

CLOSE DATA FILE
ERE R R R R R R R R RN R RN R RN R R R R RN KRN R MR AR IR R RRARRRRRARRR S

CLOSE (UNIT=NDATA)

EEARERE RN L RS R R R AR R LR AR RN AR ER LR AR RN R AR F AR RN RN E XX AR R R AN RARRER

TERMINATE PROGRAM
R XA R AR R R AR A EE R AR LR R AR AT TR XA LR R R AR RN ERNERXERRERARRFERRX
STOP
END
FEHE R R BRI O R R AR

1

EELEXRFAE R RN BN R LR RN RN N RN R R RN R RRE R R RN ER SRR R RTRRRRAANRRASE

SUBROUTINE TO DETERMINE THE SCALE FACTORS
ERR RS AR R RN R R AR RN R AR F R RN RN AR R RN RRR RN R R AR R AR XA LIRS

SUBROUTINE SCL(TIME,SPEED,NPTS,W,AREA,EMZ,ADS,BDS,CDS,AC,BC,CC,FC)

IMPLICIT DOUBLE PRECISION (A-H, 0-Z)
COMMON /TUFTY1/ T(500), V(500), COFZ(3)
DIMENSION TIME(NPTS), SPEED(NPTS)
DIMENSION COF(3}, IW(5), WORK(5000)

NCOF = 3

EM = EMZ

R = 0.288

PRESS = 101.3

TEMP = 293.0

RHO = PRESS / R / TEMP

ADS * W
BDS * W
(CDS * 0.5 * RHO * AREA)

AS
BS
CS

AS * AC
BS * BC
Cs ¥ cC

COF(1)
COF(2)
COF(3)

Homu

pG 10, I = 1, NPTS
T(I) = TIME(I)

. V(I} = SPEED(I)

CONTINUE

[ o]
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CALL LSFUN2(NPTS,NCOF.COF.SSQER1.EH,AC.BC,CC.FC)

COFZ{(1) = COF(1) + 1,0
COFZ(2) = COF(2)
COFZ(3) = COF(3)

CALL LSFUN2(NPTS,NCOF,COFZ,SSQER,EM,AC,BC,CC,FC)
SSQERA = SSQER -~ SSQER1

COFZ(1) = COF(1)
COFZ(2) = COF(2) + 1.0
COFZ(3) = COF(3)

CALL LSFUN2(NPTS,NCOF,COFZ,SSQER,EM,AC,BC,CC,FC)
SSQERB = SSQER - SSQER1

COFZ(1} = COF(1)
COFZ(2) = COF(2)
COFZ(3) = COF(3) + 1.0

CALL LSFUN2{NPTS,NCOF,COFZ,SSQER,EM,AC,BC,CC,FC)
SSQERC = SSQER - SSQER1

PRINT *

PRINT #, 'AC =', AC

PRINT *, 'BC =', BC

PRINT #, 'CC =', CC

PRINT ¥, 'FC =', FC

PRINT * _

PRINT %, 'SMSQER =', SSQER1

PRINT ¥ .

PRINT ¥, 'Change in SMSQER for unit change in ''a'' =', SSQERA
PRINT *, 'Change in SMSQER for unit change in '"'b'' =', SSQERB
PRINT ¥, 'Change in SMSQER for unit change in '‘'c'!' =', SSQERC
RETURN

END

FERRERRE A A BRRRERRFEREAEREBERESHEARS B G FRERERERRED ARG RH B4

R R E AR E RN RN R R RN R R R R R AR AR XA RN LR AR ERER LI RENE

- FUNCTION TO BE MINIMIZED

R R EE R RN R R KRR R R RN RN R RRT R AR E AR RN R R EARRER RN RN
SUBROUTINE LSFUN2(NPTS,NV,COF,SMSQER,EM,AC,BC,CC,FC)

IMPLICIT DOUBLE PRECISION (A-H, 0-2)
DIMENSION COF(NV)

COMMON /TUFTY1/ T(500), V(500), COFZ(3)
COMMON /TUFTY3/ V1, ALFA, BETA, GAMA, CNST?1

= V(1)
ERR = 0.0
SMSQER = 0.0

COF(1) / AC
COF(2) / BC

A
B

nn
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' C = COF(3) / CC

(A / C) - (BX*2 / 4 / CX%2)

TEST =

ALFA = SQRT(ABS(TEST))
BETA = C / EM

GAMA =B/ 2.0/ C

IF (TEST.NE,0.0) CNST1 = (V1 + GAMA) / ALFA

DO 20, I = 2, NPTS
IF (TEST.GT.0.0) THEN
. VF = FALFAP(T(I))
ELSE IF (TEST.EQ.0.0) THEN
VF = FALFAO(T(I))
ELSE IF (TEST.LT.0.0) THEN
VF = FALFAM(T(I))
END IF
ERR = (V(I) - VF) * FC
SMSQER = SMSQER + ERR**2
CONTINUE

RETURN
END :
HREFEEGESRBRARERRERAAER AT S BB RS EEFAREEH B FRG R EHE SRR R

****l*************************************************************

FUNCTION TO EVALUATE VELOCITY WHEN ALFA¥¥2 > 0,0 , _
REERREEERLUEZRREEX S X REE RS R LR ERFRERRAR LR AL RRE R AT R AR ERREXXRE
FUNCTION FALFAP(T)

IMPLICIT DOUBLE PRECISION (A-H, 0-Z)

COMMON /TUFTY3/ V1, ALFA, BETA, GAMA, CNST1

CNST2 = BETA * ALFA * T
CNST3 = TAN(CHNST2) '
FALFAP = ALFA *¥ ((CNST1 - CNST3) / (1.0 + CHST1 * CNST3)) - GAMA

RETURN

_ END

FUHFEESHFHERELS BHERE S EHGEIG SRR HEHE R R ER R

FEEERER R R R R R R AR RN N R R E R AR E RN KRR AN A EFRRFRRARAN IR

FUNCTION TO EVALUATE VELOCITY WHEN ALFA*¥2 = 0.0

1323232323323 2333 2222222233323 22323 2222222323322 23222222222 3
FUNCTION FALFAO(T)

IMPLICIT DOUBLE PRECISION (A-H, 0-2)

COMMON /TUFTY3/ V1, ALFA, BETA, GAMA, CNST1

123



.

FALFAO = 1.0 / ({BETA * T) + (1.0 / (V1 + GAMA))) - GAMA

RETURN
END : .
R EHE R R ESREERAG R EHEF PR R LSRR BSERHE GBI BHEAR LG

it S22 2222233323323 3223328 2222233322382 12332 322220 ] L

FUNCTION TO EVALUATE VELOCITY WHEN ALFA¥*2 < 0.0

R E R R AR R R AR E R R R R AR L AR LN R R AR AL ER KRR AR R R RN XN
FUNCTION FALFAM(T)

IMPLICIT DOUBLE PRECISION (A-H, 0-Z)

COMMON /TUFTY3/ V1, ALFA, BETA, GAMA, CNSTI

CNST2 = BETA * ALFA ¥ T

CNST3 = TANH{CNST2)
FALFAM = ALFA * ((CNST1 - CNST3) / (1.0 - CNST1 ¥ CNST3)) - GAMA

RETURN
END A
FHER AR ARG IR R E R AR R AR RS RER BB B ARV R AR SRR

(23222222222 222 22222222222 22 222222122222 R s Rt R

SUBROUTINE TO CORRECT COAST-DOWN DATA FOR AMBIENT CONDITIONS
ERE R R R R R RN RN RN RN R R RN RN RN R RN RN RN AR RN NR RN RN ERLRENRER

SUBROUTINE CORECT(AD,BD,CD,SM,M,SEM, AREA,R,TEMP, PRESS,WINDY,WINDD
% WFACT ,GRADEP,DIRECT,ADCORF,N,OTIME,CTIME,SPEED) .

IMPLICIT DOUBLE PRECISION (A-H, 0-Z)

DOUBLE PRECISION H

CHARACTER *(*) DIRECT

DIMENSION 2(9), OTIME(N), CTIME(N), SPEED(N)

DATA Z2(1), 2(2), Z(3), 2(8), Z(5), 2(6), Z2(T), Z2(8), Z(9)/
¥ 0,1651178002D 01, -0.5768188453D 00, -0.4510661009D 00,
¥ 0.9379718523D-01, 0.1207860561D 00, -0.2477960124D-01,
¥ 0,1212739029D-01, 0.1230558182D-01, -0.1184442607D-01/

FEREREXREXE AT RREERR R AR E RN AR R R AR ERRFE R REXR LR RERRERX RN

CALCULATE DATA FOR CORRECTION METHOD
BUEREREXERERERERR AR XN X XL LEXEXRERNRERNE XN EXEXREXRRR XA XXX R AL R EAERERX X
CTIME(1) = OTIME(1)

GRADE = GRADEP

IF (DIRECT.EQ.'-') GRADE = -GRADEP

WNDV = WINDV ¥ WFACT

HWIND = WNDV ¥ COS(WINDD)

XWIND = ABS(WNDV ¥ SIN(WINDD})
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DO 20 I=2,0N

TIME(I) - OTIME(I-1)

vo (SPEED(I-1) + SPEEDP(I)) / 2.0
VHR = VO + HWIND

V1V2 = SPEED(I-1) * SPEED(I)

EERERER AR RN E AR AU RARERF XA AR EEK AR RXARERERXRARRRRRRERXRRAXERANS

CALCULATE YAW FACTOR FOR CD
AR RN RN RN RN AR NN AR NN REN AR RN IR AR AR R KRR NRN
IF((VHR.LT.0.000001},AND. (VHR.GT.~0.000001}} PSI = 90.0
IF((PSY.EQ.90.0) . AND.(XWIND.LT.0.001)) PSI = 0.0
IF({(VHR,LT,0.000001) ,AND, (VHR,GT,-0,000001)) GOTO 10
PSI = ATAN(XWIND / VHR)
PSI = PSI * 180.0 / 3.1416
XBARZ = ((PSI - (-2.0)) - (92.0 - P3I))

/ (92.0 - (=2,0))
IFAIL =
CALL EOR2AEF(9, Z, XBARZ, YK, IFAIL)
YK = YK - 0.0033867702458

—— -

1333322233333 22 282833333332 33332333822223 2323322222223 22 2

CALCULATE FIRST AND SECOND ORDER DERIVATIVES

INCLUDING THE SECOND ORDER CROSS-DERIVATIVES
BERFHRIRRERRRERR RN RN R IR RRARRARERRTERRERRRIRRRARR AR RA AR RN

PT1 = SPEED(I-1) - SPEED(I)
PT2 = PT1 ¥ SEM
PT3 = (SM ¥ 9,81 * AD) + (SM # 9 81 * BD * V0)
+ (AREA ®* CD * y1v2 * 101.3 / (2.0 * R ¥ 293,0))
PTY = PT3%%2
PT5 = PT3%%3
PTTH = ~(AREA * CD * Viv2 ¥ 101,3 .
/ (2.0 ¥ R ¥ 293,0%¥2)) - (ADCORF * SM ¥ g.81 * AD)

PTPR = (AREA *®* CD * yiV2 / (2.0 * R ¥ 293,0))
PTCC = (AREA * CD * ViV2 * 101.3 / (2.0 *¥* R *¥ 293,0))
PTWN = (AREA * CD * VO ¥ 101.3 / (R * 293.0))
PTGR = (SM * 9.81)
PTHMA = {9.81 * AD) + (9.81 ¥ BD ¥ V0)
TI1TM = -(PT2 ®* PTTM / PTY)
T1PR = -(PT2 ¥ PTPR / PT4)
T1CC = -(PT2 ¥ PTCC / PT4)
TIWN = -(PT2 * PTWN / PT4)
T1GR = -(PT2 * PTGR / PTY)
TIMA = (PT1 / PT3) - (PT2 * PTMA / PTH)
T2TM2 = (2.0 * PT2 * PTTM*¥2 / PT5)

- (PT2 ¥ AREA ® CD * V1V2 ¥ 101,3

/ (PT4U * R * 203,0%%3))
T2THPR = (2.0 * PT2 * PTTM ¥ PTPR / PT5)

+ (PT2 * AREA * CD * y1V2

/ (PTh % 2,0 * R % 2G3,0¥%¥2))
T2TMCC = (2.0 * PT2 * PTTM ¥ PTCC / PT5)

+ (PT2 * AREA * CD *V1V2 ¥ 101.3

/ (PT4 * 2,0 ®# R * 293,0%¥%2))
T2TMWN = (2.0 ¥ PT2 * PTTM * PTWN / PTS)

- (PT2 ®* AREA * CD * VO * 101.,3
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/ (PT4 * R ¥ 293.0%¥2))
T2TMGR = (2.0 ®* PT2 * PTTM * PIGR / PT5)
T2TMMA = (({2.0 * PT2 ¥ PTMA / PT5) - (PT1 / PT4)) ¥ PTTM)
+ (PT2 * ADCORF * 9,81 * AD / PTH)
T2PR2 = (2.0 * PT2 * PTPR¥*2 / PT5)
T2PRCC = (2.0 * PT2 ¥ PTPR * PTCC / PTS)
- (PT2 ¥ AREA * CD * V1iV2
/ (PT4 * 2,0 * R % 293.0))
T2PRWN = (2.0 * PT2 ¥ PTPR * PTWN / PT5)
~ (PT2 * AREA ¥ CD * VO
: / (PT4 ¥ R ¥ 293.0))
T2PRGR = (2,0 * PT2 * PTPR ¥ PTIGR / PT5)
T2PRHMA = (((2.0 * PT2 * PTHA / PTS) - (PT1 / PT4)) * PTPR)
T2cC2 = (2.0 * PT2 * PTCCX¥2 / PT5)
T2CCWN = (2.0 * PT2 * PTCC * PTWN / PT5)
- (PT2 * AREA * CD # VO ¥ 101,3
/ (PT4 * R * 293.0))
T2CCGR = (2.0 * PT2 * PTCC * PTGR / PT5)
T2CCHMA = ({(2.0 * PT2 * PTMA / PT5) -~ (PT1 / PT4)) ¥ PTCC)
TeWN2 = (2.0 ¥ PT2 % PTWN®¥2 / PT5)
- (PT2 * AREA * CD * 101.3
/ (PT4 * R ¥ 293.0))
ToWNGR = (2.0 * PT2 * PTWN ¥ PTGR / PT5)
T2WNHMA = (((2.0 * PT2 ¥ PTMA / PT5) ~ (PT1 / PT4)) * PTWN)
T2GR2 = (2.0 * PT2 * PTGR*¥*2 / PT5)
T2GRMA = (((2.0 * PT2 * PTMA / PT5) - (PT1 / PT4)) #* PIGR)
T2MA2 = ((2.0 * PT2 * PTMA / PT5) - (2.0 * PT1 / PT4)) * PTMA
CGTM = TEMP = 293.0 :
CGPR = PRESS - 101.3
CGCC = YK - 1.0
CGWN = HWIND
CGGR = GRADE
CCMA = - SM

R EEE AR AR LR AR R LA R AR R AN C R E R AR AR ERARIN KT RN KRR RRLER XX RRREE

APPLY CORRECTION METHOD
R RN AR RN R RN R RS RN RN AR R R LR R AR R AR AR R R RREANR RN

TS = TO —= (T1TM * CGTM)} - (T1PR * CGPR) -~ (TiCC * CGCC)

Mok kM sk o K ok W

- (TIWN * CGWN) - (T1GR * CGGR) - (T1MA * CGMA)
- (0.5 ¥ T2TM2 * CGTM**2) - (T2TMPR * CGTM ¥* CGPR)
- (T2TMCC * CGTM * CGCC) - (T2TMWN * CGTM ¥ CGWN)
-~ (T2TMGR * CGTM * CGGR) - (T2TMMA * CGTM ¥* CGMA)
- (0.5 * T2PR2 ¥ CGPR¥*2) -~ (T2PRCC * CGPR ¥ CGCC)
~ (T2PRWN * CGPR * CGWN) - (T2PRGR * CGPR * CGGR)
- (T2PRMA * CGPR ¥ CGMA) - (0.5 * T2CC2 * CGCC¥¥*2)
~ {T2CCWN * CGCC * CGWN) ~ (T2CCGR * CGCC ¥ CGGR)
~ (T2CCMA * CGCC * CGMA) - (0.5 % T2WN2 * CGWN¥¥%2)
-~ (T2WNGR * CGWN * CGGR) - (T2WNMA * CGWN * CGMA)
- (0.5 ¥ T2GR2 * CGGR*¥2) - (T2GRMA * CGGR * CGMA)
- (0.5 * T2MA2 ¥ CGMA¥%2)
CTIME(I) = CTIME(I-1) + TS

CONTINUE

RETURN

END

FURSRRRRERSBRAHABARBRABERERGERHEBRNBHREERF RS FARERBEIRAFRBS BB RRY
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LISTING OF FORTRAN PROGRAM CSTSIH



s EeNeNeNe'

[ e Rl

EEEEE M M TTTTT ARA GGG EEEEE

AAA L
A A L E MM T A AG GE
AAMAAA L EEEE MMM T AAAAA G __  EEEE
A A L E M M T A AG GE

A A ¥ LLLLL * EEEEEM M T A A GGG EEEEE

RN AR R R E R R R R R AR RN AR E N RN RN R RN R R R R ERE R R AR R AR R AN LR FREX RN

PROGRAM DECLARATIONS
BEEERREREX R R AR XA R F R LR AR R EER XN ER N AR RN RA RN L E XX ERRERRNRXNRR RN
PROGRAM CSTSIM

IMPLICIT DOUBLE PRECISION (A-H, 0-2)

PARAMETER (NTERM=1, NDATA=5, NRES1=6)

DOUBLE PRECISION M _

CHARACTER *70 FILIN, FILOU1, VEHICL, ANSWER

CHARACTER *8 DATE

CHARACTER *S5 SPUNIT, TEUNIT

CHARACTER *1 DIRECT

DIMENSION Z(9), TIME(500), SPEED(500), SYK(500)

COMMON /TUFTY1/ AD, BD, CD, AREA, W, EM

COMMON /TUFTY2/ ADCORF, TEMP, YK, PRESS, R, HWIND, GRADEZ

DATA Z(1), Z(2), Z(3), Z(W), 2(5), Z(6), Z(7), Z(8), Z(9)/
¥ 0.1651178002D 01, -0.5768188453D 00, -0.4510661009D 00,

* 0.9379718523D-01, 0.1207860561D 00, -0.2477960124D-01,
% 0,1212739029D-01, 0.1230558182D-01, -0,1184442607D-01/

AD = 0.010 :
BD = 0.0004 v
€D = 0.350
R = 0.288

SDSP
SDGR
SDHMW
SDXW

OO oo
=R eRe N

AR E R AR R R KX R AR R RN SR RN RN LB RN RN RRRRERXRERRF

INPUT REQUIRED VALUES OF COEFFICIENTS
EREEERE LR ERE AR R AR ER R SRR AR AR R LA RRE R AR R AN UL RERLERNRR AR RRLETREARE
WRITE (UNIT=NTERM, FMT=#*)
CALL COU('Please enter required values for the vehicle')
CALL COU('coefficients, or simply press RETURN to select the')
" CALL COU('default values; Ad=0.01, Bd=0.0004, Cd=0.35')

WRITE (UNIT=NTERM, FMT=%*)

CALL COUA('Ad = ')

READ (UNIT=NTERM, FMT='(A)') ANSWER
CALL LFTJST(ANSWER,NCHAR)

IF (NCHAR.EQ.0)} GOTO 1

DECODE (ANSWER, 8888) AD

WRITE (UNIT=NTERM, FMT=¥)

CALL COUA('Bd = ')

READ (UNIT=NTERM, FMT='(A)') ANSWER
CALL LFTJST(ANSWER,NCHAR)

IF (NCHAR.EQ.0) GOTO 2

DECODE (ANSWER, 8888) BD
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s NeNe

WRITE (UNIT=NTERM, FHUT=¥)

CALL COUA('Cd = ')

READ (UNIT=NTERM, FMT='(A)') ANSWER
CALL LFTJST(ANSWER,NCHAR)

IF (NCHAR.EQ.0) GOTO 3

DECODE (ANSWER, 8888) CD

CONTINUE

——

EERE AR AR RN RN AR RN RN RN RN R R AR R IR AR RRRRRRRRERRARRRRRK AR RS

INPUT TRACK GRADIENT
(33 X3 X 2 2222222222232 22222333223322 X223 2323212232X233)
WRITE (UNIT=NTERM, FHMT=%) '

CALL COUA('Please enter track gradient. ')

READ (UNIT=NTERM, FMT=*) GRADE

EREER R R XA EE R R R E AR RS RN AR AR R AR X R R RER RN RAERERX AR ENRSE

INPUT TEMPERATURE CORRECTION FACTOR FOR Ad

T Iy e T e Ty SR T e R 2
WRITE (UNIT=NTERM, FMT=¥)

CALL COUA('Please enter temperature correction factor for Ad. ')
READ (UNIT=NTERM, FMT=%*) ADCORF

AR R R AR AR AR R AR AN R RN NN RN AR AR BN AR N RN NS AR R EXFRRNARRXREARAY

INPUT STANDARD VEHICLE MASS

EEXEXREE AR RN LR R A RN R R AR AE R TR R ERR AR AR RA R R RN R XU RFERN A RRRRERX
WRITE (UNIT=NTERM, FMT=%)

CALL COUA('Please enter standard vehicle mass (kg). ')

READ (UNIT=NTERM, FMT=%*) SM

SW = SM * 9,81

1233333222222 X222 S22 22 22222221222 RE S

OPEN DATA FILE
R R R R R RN RN R R RN R R R F R KRR R R AR RE AR RRRRNRN

. WRITE (UNIT=NTERM, FMT=%)

CALL COUA('Please enter name of data file. ')
READ (UNIT=NTERM, FMT=T'(A)}') FILIN
OPEN (UNIT=NDATA, FILE=FILIN, FORM='FORMATTED', CARRIAGE=.FALSE.)

ERREEEE R R A AR RN R ERFRREARNERXENEREREREF A AR RN EAUSREXXLTRRRERREXELE

INPUT VEHICLE NAME _
AR E R RS R R R RN R NN R R RN RN RN RN RN AR AR

READ (UNIT=NDATA, FMT='(A}') VEHICL

EREELEEEREEREE AR A AR R R R RN AE R AR X R R R EEE AR R RFEXRREFFXRRE R AL

INPUT VEHICLE CONSTANTS .
R R R N R RN AR R RN N AR RN E R R RN NN R RN R AR RN RE RSN

READ (UNIT=NDATA, FMT=%*) AREA, CAL1
READ (UNIT=NDATA, FMT=*) RR, CAL2
READ (UNIT=NDATA, FMT=%*) WI, CAL3

AREA = AREA *® CAL1
RR = RR * CAL2
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WI = WI ¥ CAL3
SEM = SM + WI / RR¥¥2

EEREE R AR R TR AN AR XA AR EFERFER AR AR EFARRAERARE LR RRRRARERERERXEX RN

INPUT UNITS FOR VEHICLE SPEED AND SET SPEED FACTOR

EEAE RN RN RN R RN RN AR R AR AR AR R R AR RR RS RARRER R AR AERERNRRRRNNES
READ (UNIT=NDATA, FMT='{A)') SPUNIT

CALL UPCASE(SPUNIT)
IF(SPUNIT.EQ.'KM/H') VCONST = 1.0 / 3.6
IF(SPUNIT.EQ.'M/S' ) VCONST = 1.0 .
IF(SPUNIT.EQ.'MPH' ) VCONST = 1,609344 / 3.6

i**l****************************************%*************i*******

INPUT NUMBER OF TEST GROUPS
B R R RN RN R RN R R RN RN RN R NN AR R R IR R RN RN RN AR

READ (UNIT=NDATA, FMT=%) N3
N3 =

EREEE R TR AR RN RN R E R R R R AR RN R R R R R RN AR RRRRRRERRRRRRR RN

INPUT NUMBER OF TEST SETS IN GROUP
B R R R R NN RN NN RN R R R RN NN AR AR RN AR RN R RH

READ (UNIT=NDATA, FMT=%*) N2

1322232222222 X132 SL SRS S SRR IS RS SRR SR AR RS SR LT

INPUT NUMBER OF DATA POINTS IN TEST SET
R EREA R E R AR RN AR R R E NN R RN E R NN R AT RN LR RN LR RN TR RARRR R RREX
NTESIC = 0

READ (UNIT=NDATA, FMT=¥) N

t32 2232322222232 2RSS SRS SRR SRS RS AR R E RS R L

" INPUT DATE OF TEST

ii**************?*************************************************

~ READ (UNIT=NDATA, FMT='(A)') DATE

EREEEEEEEREEL AR ER LR ERNLEERR AR RX AL R X R R R EEX AL R ARER RN EN R XN AL ARERLLXR

INPUT AMBIENT CONDITIONS
R R E RN RN RN NN AR N R RN AR R A E X R RN RN RN RARERERRRERERERRR RS

READ (UNIT=NDATA, FMT='(A)') DIRECT

READ (UNIT=NDATA, FMTz¥) M, CALY
READ (UNIT=NDATA, FMT:=%) WINDV, CAL5S
READ (UNIT=NDATA, FMT=%) WINDD

READ (UNIT=NDATA, FMT=¥%) PRESS, CAL6
READ (UNIT=NDATA, FMT=%) TEMYK

TEMP = TEMYK :

READ (UNIT=NDATA, FMT='(A)') TEUNIT

M =M ¥* CALY

DM = SM - M

W=HM%®qg,8

EM = M + WI./ RR¥¥2

WINDV = WINDV ¥ CALS
PRESS = PRESS * CAL6
WINDD = WINDD * 0.01745
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CALL UPCASE(TEUNIT)
IF(TEUMIT.EQ.'F')
¥ TEMP = (TEMP - 32.0) / 1.8
=T

IF (TEUNIT.NE.'K') TEMP EMP + 273.0

R R R RN AN R R R R RN RN RN AN E RN RN AR AR AR R R AR ERRERR SRR RN R LR RN

CLOSE DATA FILE
EERE R RN R R R AR RN AR AR R RN RN NN RN R AR AR R R RN RN RN AR IRRER LR

CLOSE (UNIT=NDATA)

********************************************************!********ﬁ

OPEN RESULTS FILE
*ﬁ*****************************************i*******!**************
WRITE (UNIT=NTERM, FUT=%)

CALL COUA('Please enter name for results file, ')

READ (UNIT=NTERM, FMT=t(A)') FILOU1

OPEN (UNIT=NRES1, FILE=FILOU1, FORM='FORMATTED', CARRIAGE=,.FALSE.)

EEEEREX R X R XL SR LR UL R AR R AR R R AR AR LR R EXXRAR AR REDE R LR R R AL RE

WRITE HEADER INFORMATION TO RESULTS FILE
R RN RN R KRR R R R R RN AR RN RN AR RN R AR RN RN RRRRRREXRRARARNRR

WRITE (UNIT=NRES1,
AREA = AREA / CALT
WRITE (UNIT=NRES1,
RR = RR / CAL2

WRITE (UNIT=NRESt,
WI = WI / CAL3

WRITE (UNIT=NRES1,
WRITE (UNIT=NREST,
WRITE (UNIT=NRES1,
WRITE (UNIT=NRES1,

FMT='(A)') VEHICL
FNT=*) AREA, CAL1
FMT=*) RR, CAL2
FMT=%) WI, CAL3
FMT='(A)') SPUNIT

FMT=%) N3
FMT=%) N2

RN R AR RN R R RN R A RN RN RN RN E R AR R R RN RSN RN R RN ERRERRLRE

INPUT CONSTRAINTS OF COAST-DOWN DATA

ERR AR RA AR EREF R RS AL NN R ERR AR RN LR RN EREXE R RN R EREENLEREL R RRLERR
WRITE (UNIT=NTERM, FMT=%)

CALL COUA('Please enter the initial vehicle speed {(m/s). ')
READ (UNIT=NTERM, FMT=%) V1

WRITE (UNIT=NTERM, FMTz¥)

CALL COUA('Please enter the final vehicle speed (m/s). ')
READ (UNIT=NTERM, FMT=#%) V2

WRITE (UNIT=NTERM, FMT=%)

CALL COUA('Please enter size of speed intervals {m/s}. ')
READ (UNIT=NTERM, FMTz*) VINT )

V2 = V2 -~ (0.1 * VINT)

BREEREERR R ERER RN AR KRR RS R RN R AL R RN ERL RN EARRRRXR RN RAXLREE

INPUT STANDARD DEVIATIONS QF ERRORS

EERE RN RN NN IR KRR R NN R AR RN AR RRR RN RRERRANSR
WRITE (UNIT=NTERM, FMT=¥)

CALL 'COUA('Please enter SIGMA for vehicle speed (m/s). ')

READ (UNIT=NTERM, FMT='(A)') ANSWER

CALL UPCASE(ANSWER)
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CALL LFTJST(ANSWER, NCHAR)

IF (NCHAR,EQ.0) GOTO 4
DECODE (ANSWER, 8888) SDSP

WRITE (UNIT=NTERM, FlNT=z=¥)
CALL COUA{'Please enter SIGHMA for track gradient. ')

READ (UNIT=

NTERM, FMT='(A)') ANSWER

CALL UPCASE(ANSWER)

CALL LFTJST(ANSWER, NCHAR)
IF (NCHAR,EQ.0) GOTO 5
DECODE (ANSWER, 8888) SDGR

WRITE (UNIT=NTERM, FHT=%)

CALL COUA('
READ (UNIT=

Please enter SIGMA for wind speed (m/s). ')
NTERM, FMT='(A)') ANSWER

CALL UPCASE(ANSWER) .
CALL LFTJST(ANSWER, NCHAR)
IF (NCHAR.EQ.0) GOTO 6
DECODE (ANSWER, 8888) SDWS

WRITE (UNIT=NTERM, FMT=%*) ,
CALL COUA('Please enter SIGMA for wind direction (deg). ')

READ (UNIT=

NTERM, FMT='(A)') ANSWER

CALL UPCASE(ANSWER)

CALL LFTJST(ANSWER, NCHAR)
IF (NCHAR.EQ.O0) GOTO 7
DECCDE (ANSWER, 8888) SDWD

CONTINUE

1 232X3333533 3222222232222 222 R 22222 R 22222223 RS2SRRSR LR R

INITIALIZE

RANDOM NUMBER GENERATOR WITH SEED BASED ON REAL TIHE

ERER R R RN R RN R R R R RN R AR RERER R AR RN R F AR AR RRRRR BRI R AR AR
CALL GOSCCF

DO 50, J =

1, N2

EERREE LR AR R R AR LR E R AR LR AR AR AR AR R LE R AR RN L EXRRR R ARRRRXERRKEXY

GENERATE SIMULATED COAST DOWN DATA
R R R RN R NN RN RN NN RN R RN AR RN N AR RRRRRRRNRERRERRAERE

I=20

DO 30, SP = V1, V2 - 0.0001, -VINT
WS = GOSDDF(WINDV, SDWS)
WD = GOSDDF(WINDD, SDWD * 0.01745)

GRADEZ =

HWIND =
CYXWIND =
I=1I+

GOSDDF(GRADE, SDGR)
WS * COS(WD)

ABS(WS * SIN(WD))

1

SPEED(I) = 8P

IF (I.EQ.1) THEN
TIME(I) = 0.0
SYK(I) = sp

. GOTO
END IF

30

VO = (SPEED(I-1) + SPEED(I)) / 2.0
VHR = VO + HWIND

IF((VHR,

LT.0.000001).AND, (VHR.GT.-0.000001)) PSI = 90.0
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30

OO0

IF((PSI.EQ.90.0).AND,(XWIND.LT.0.001)) PSI = 0.0
IF((VHR.LT.0.000001),AND, (VHR,GT,~0,000001)) GOTO 10
PSI = ATAN(XWIND / VHR)
PSI = PSI * 180.0 / 3.1416
XBARZ = ((PSI - (-2.0)) - (92.0 = PSI)) / (92.0 - (=2.0))
EVALUATE POLYNOMIAL FROM CHEBYSHEV SERIES REPRESENTATION
CALL EQZ2AEF(9, Z, XBARZ, YK, IFAIL)
YK = YK - 0.0033867702458
SYK(I) = GO5DDF(SP, SDSP)
TIME(I} = FUNC(SYK(I~1),SYK(I),TIME(I-1))
CONTINUE
N=1I

i 3333333233233 SR 2R R 222222322222 SR RS

WRITE SIMULATED COAST~DOWN DATA TO RESULTS FILE

AR AR R R U R RN LR AR AR AR R AR R RN AR RN AR RARERAXRR RN R R LARR
WRITE (UNIT=NRES1, FMT=%*) N

WRITE (UNIT=NRES1, FMT='(A)') DATE

WRITE (UNIT=NRES1, FMT='(4)') DIRECT

M =M/ CALY

WRITE (UNIT=NRES1, FMT=%¥) M, CAL%4

WINDV = WINDYV / CALS .

WRITE (UNIT=NRES1, FMT=%¥) WINDV, CAL5

WRITE (UNIT=NRES1, FMT=%) WINDD / 0,01745

© PRESS = PRESS / CALS

WRITE (UNIT=NRES1, FMT=%) PRESS, CAL6
WRITE (UNIT=NRES1, FMT=¥) TEMYK '
WRITE (UNIT=NRES1, FMT='(A)') TEUNIT

DO 40, I =1, N
SPEED(I) = SPEED(I) / VCONST _
WRITE (UNIT=NRES1, FMT=*) TIME(I), SPEED(I)

CONTINUE .

CONTINUE

R R R R X R R R R R R R EXRER LR R ERRE AR XLEXERERREXRXEEN

CLOSE RESULTS FILE
AR EERE R AR AR AR AR IR RER AR A AR ERERERERR RN AR LA R AR FEERRLRAERRRALHE

CLOSE (UNIT=NRES1)

R EEENEEREAREREANRR RN AR R AR R RN AR AR AN R RN AR RA R AR N RRERRERRRER AN R

PROGRAM TERMINATION

R R RN RN R RN RN AR R R RN AR RN AR R AR RRRA RN RENRAERRN
STOP '

FORMAT(v)

END

BUARSRAHHEF ARG R AR A GHEBTAER R B ER BB EVS A B EREREBBERA AR AEH BN
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2222223222222 3222222 ET RIS SRS RSS RS RSR R

FUNCTION DEFINING SPEED AS A FUNCTION OF TIME

B R R AR R R R RN R RN RN RN AR NN RN RN R RAERANNRKANRRER
FUNCTION FUNC(V1,V2,T1)

IMPLICIT DOUBLE PRECISION (A-~H, 0-2)

COMMON /TUFTY1/ AD, BD, CD, AREA, W, EM

COMMON /TUFTY2/ ADCORF, TEMP, YK, PRESS, R, HWIND, GRADE

comioN /TUFTY3/ ALFA, BETA, CNST1, CHST2

(W *¥ AD * (1.0 -~ ADCORF * (TEMP - 293,0))) + (W ¥ GRADE)
(0.5 * (PRE3S / (R ¥ TEMP)) * AREA * CD * YK * HWIND*¥2)
(W * BD) + ((PRESS / (R * TEMP)) ¥ AREA ¥ CD ¥ YK ¥ HWIND)
(0.5 * (PRESS / (R * TEMP)) * AREA * CD * YK)

A

B
c

n u 4+ n

TEST = (A / C) — (B**2 / 4.0 / C¥*2)

ALFA = SQRT(ABS(A / C~-B¥*B/ 4,0/ C/ C))
BETA = C / EM
GABMA =B/ 2.0/ ¢C

IF (TEST.NE,0,0) THEN

CNST1 = (V1 + GAMA) / ALFA
CNST2 = (V2 + GAMA) / ALFA
ELSE
CNST1 = 1.0 / (V1 + GAMA)
CNST2 = 1.0 / (V2 + GAMA)
ERD IF :
IF (TEST.GT.0.0) THEN )

FUNC = FALFAP(T1)

ELSE IF (TEST.EQ.G.0) THEN
FUNC = FALFAO(T1)

ELSE IF (TEST.LT.0.0) THEN
FUNC = FALFAM(T1)

END IF :

RETURN
END
FRHREFEREARFHER DA RREEERFERPHHHEEHHEG RGBT R LT RE BB IH R

REXE R EE R RN RN AR RN R RN LR R R AR RN EL R AR AL ER AR AR AR RN EREREXE

FUNCTION TO EVALUATE TIME WHEN ALFA¥¥2 > 0.0
EREEXERERXERA AR AL ERE R AR R LR R R R AR XERREARN RN AR L L EE AR AR RRERRRRRRRR
FUNCTION FALFAP(T1)

IMPLICIT DOUBLE PRECISION (A-H, 0-Z)

COMMON /TUFTY3/ ALFA, .BETA, CNST1, CNST2

FALFAP = T1 + (ATAN(CNST1) - ATAN(CNST2)) / (ALFA * BETA)
RETURN

END | .
FREEREHBERIERBHRELERIAREREEREDEEBIRBEERERDRELEBRIRS D EEB BB REHEHEH
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(2322223222283 1222222222 22222222222 2 2222222222222 22222222222ty

FUNCTION TO EVALUATE TIME WHEN ALFA¥¥2 = 0.0
EREXEFEE R RN RS XA AR R RN R LR R AR LR ERREREERREAXRERNEE NN ERAE RS
FUNCTION FALFAO(T1)

IMPLICIT DOUBLE PRECISION (A-H, 0-Z)

COMMON /TUFTY3/ ALFA, BETA, CNST1, CNST2

FALFAD = T1 + (CNST2 - CNST1) / BETA

RETURN
END
H#HRAEESREHEERRE S EFRRELEEI A G LR HAHERE R EA RS FRRE B EA R IRV

AR R R R RN AR R AR R AN R AR AR R AN AR NN ER R LN AR R AR ERRRER

FUNCTION TO EVALUATE TIME WHEN ALFA*¥2 < 0.0

1 3332223323232 8352222233232 2223822323 IR RIS R L E
FUNCTION FALFAM(T1)

IMPLICIT DOUBLE PRECISION (A-H, 0-2)

COMMON /TUFTY3/ ALFA, BETA, CNST1, CNST2

FALFAM = T1 + (TANHM1(CNST1) - TANHNM1(CNST2)) / (ALFA * BETA)

RETURN
END

SREGRE R RSO R R EEE AR PREREG RO FE AN R BB HAR IR

EEEEL KRR AR R R R AR R AR R RRARERX R AR LR XXX RRRE RN RN

INVERSE TANH FUNCTION

R R R R LR R R R NN R RN RN R R R AR R RAR R R R R AR NN ERRRE
FUNCTION TANHH1(X)

IMPLICIT DOUBLE PRECISION (A-H, 0-2)

IF (X.GE.1.0) THEN
PRINT #*
PRINT ¥, '#¥XERROR*** TIn function TANHM1.(!
PRINT ¥, 'Argument > or = 1,0!
STOP
END IF
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TANHM1 = 0.5 * LOG((1.6 + X) /7 (1.0 = X))

RETURN _
END . |

FREGFREAE AR FRRAERFFHAREGEHHRG GG EEH RV ERAER R EHROH B HERARRTRENY
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