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Executive Summary

The vehicles in a platoon will experience transient aerodynamic forces as vehicles leave and
join the platoon at various locations. A platoon of scale vehicle models is placed in a wind
tunnel and measurements are made of the transient forces and moments as one of the vehicles
is moved into and out of the platoon. The results from the wind tunnel experiments will
allow the computer vehicle control algorithms to better predict the transient aerodynamics
the vehicles in the platoon will encounter during leaving and joining maneuvers.

Since a lane change (either leaving or joining a platoon) maneuver occurs on the
same time scale as changes in the flow field, characterization of the transient forces and
moments becomes of paramount importance. In these experiments, one vehicle is moved
out of and into the platoon at six different accelerations to simulate lane changes at six
different time scales, the longest (smallest acceleration) representing the static case and the
shortest (largest acceleration) representing half of the nominal time of an actual lane change.
Measurements are made with the displaced vehicle as each of the four members of the
platoon. The increase in the drag on the remaining cars in the platoon as one vehicle leaves
confirms that the close spacing between vehicles in a platoon results in streamlined flow.
All of the cars experience side forces and yawing moments resulting from the interrupted
flow field caused by the displaced car. These effects are more pronounced on a platoon of
boxes, bluffer shapes. These forces and moments are summarized here a nondimensional

coefficientsplotted with the nondimensional lateral displacement of the maneuvering vehicle.
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Chapter 1

Description of Experiments

1.1 Introduction

In order to provide accurate and reliable control algorithms for a platoon of vehicles on an
automated highway system, knowledge of the unsteady aerodynamic forces generated during
platoon maneuvers, such as vehicles leaving or joining the platoon, is critical. Specifically,
the control algorithms require estimates of the magnitude and time scales of the forces and
moments resulting from interaction of the vehicle flow fields in the fundamental system
configurations. The effects of inter-vehicle spacing and location of the maneuvering vehicle
are also important. To investigate these problems, experiments are performed in a low
turbulence, low-speed wind tunnel on scale model vehicles. The transient aerodynamic
drag, side forces, and yawing moment, both on a vehicle maneuvering in and out of a
platoon and on the cruising members, are measured to characterize the interaction of the

flow fields. These results are compiled here in graphical form for quick access.



1.2 Scaling of Measured Quantities

For complete dynamic similarity, in addition to geometric similarity, the Reynolds number

Re

Ul
Re = —~ (1.1)

v

where U is the flow velocity, E is the characteristic length scale, and v is the kinematic
viscosity, in the experiments should be the same as that of the full scale flow. However,
this is often not achievable in the laboratory. In this case, the experiments are conducted
at Re = O(10®) while the full scale flow has Re = O(107), two orders of magnitude higher.
Despite the mismatch, the Reynolds number in both cases are sufficiently high that the
inertia forces dominate the viscous forces, except in boundary layers.

To compare quantities for different flows, nondimensional parameters are defined. The
measured transient aerodynamic forces are nondimensionalized by defining force coefficients.

A drag coefficient Cp is defined by scaling the drag force with the dynamic head as

D

Cp= —r
T U4

(1.2)

where D is the drag force and Ay is the frontal area exposed to the oncoming flow. In this
case, the frontal area is

Af = wh (1.3)
where w is the width and h is the height of the body displacing the fluid. Similarly, a side

force coefficient Cs is defined as

S
Cg=+—— 14
3PV 4g (1:4)
where S is the side force. A moment coefficient Cpy is defined as
M
Cy=+—— 1.5
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where M is the moment. Here, the moment is scaled with the volume of the body where
V = A4l (1.6)

and ! is the length of the body. These nondimensional coefficients will characterize the
transient aerodynamics measured in the different experimental cases and can be applied to

the full scale case.
1.3 Organization of Data

In the experiments, a platoon of four vehicle models is aligned in the center of the wind
tunnel test section. Details of the experimental apparatus can be found in Chen [1]. The
1997 Buick LeSabre is used in these experiments as a representative vehicle shape and size.
Specifications for the 1997 Buick LeSabre and the scale model appear in Table 1.1. Scaling
the vehicle down to 1/20 of full scale allows a platoon consisting of four vehicles spaced at
one vehicle length apart to be placed in the wind tunnel. This arrangement also allows a
lateral separation of 2.5 vehicle widths for a vehicle model leaving the platoon.

The experiments are designed around the expected operating conditions of a full scale
platoon. The design conditions are defined as follows: inter-vehicle spacing of s; = 0.41 and
lane change duration of ;= 0.5 seconds. Figure 1.1shows the platoon configurations used in
the experiments. Three inter-vehicle spacings are tested: 0.21, 0.41 (s4), {. In addition, any
one of the four models can be arranged as the mobile car. For each location of the mobile
vehicle and each vehicle separation, the mobile car is moved at six different accelerations
(equivalent to different durations of time required for a lane change). These three variables
result in a minimum of 72 platoon configurations. The time required for the slowest move
(lowest acceleration) is much longer than the time required for the flow to recover and

become steady. Thus, these measurements are labeled static (¢.,) and represent steady-state



measurements. Three experimental runs are made for each configuration of the platoon.
For each experimental run, the mobile car is moved out of the platoon 2.5w, paused, and
returned back into the platoon. During these motion profiles, the drag, side force, and
yaw moment of each car is simultaneously measured. Typically, three experimental runs
are performed for each setting. All measurements are made at Re = 3.4 - 10%, where the
Reynolds number is defined by Equation 1.1and the characteristic length is the model
length.

Measurements are also made on a single vehicle model for comparison with the mea-
surements for vehicles in a platoon configuration. In addition, measurements are made at
the design separation t, using a platoon of rectangular boxes, simpler shapes than the cars,
for comparison. These boxes have dimensions of 25.4 cm (10in.) x 10.2 cm (4in.) X 7.6
cm (3 in.) and approximate the volume of the vehicle models. Measurements on a single
rectangular box are also made for comparison.

Three main parameters are varied in the experiments and are designated by the indices
t7k. The variables of the experiment are the location of the mobile car in the platoon [four
locations, i =1 (first car), ...,4 (last car)], the separation distance between the models [three
separations, y=1(0.2{), ..., 3 (!)], and the acceleration profile of the moving car [sixprofiles,
k=l (te), ...56 (0.5 tg)]. In addition, measurements for each configuration are repeated
three times, where each trial is specified by the index 1. All combinations of these variables
result in a minimum of 216 experimental runs. Each run is uniquely specified as E;;x; by the
four indices representing these variables, as shown in Table 1.2. Analysis of a specific run
is performed by specifying E;;x in the in-house program spec10.pro, written in Research
Systems Incorporated Interactive Data Language (IDL). Similarly, each experimental run

with the platoon of boxes is designated by B;;x as shown in Table 1.4. Since measurements



are made for the box platoon with only one separation 0.41, 5 is always 2.
The data presented in the following figures summarize the large data base collected

during the experiments. A discussion of these results can be found in Chen [1].
14 Acknowledgments
We thank Philip Snyder and Lun Tsuei for their assistance.

15 References

1. Chen, A. L. 1997 An Experimental Investigation of Transient Aerodynamics in Vehicle

Interactions. Ph.D. Dissertation, University of California, Berkeley.



1.6 Tables & Figures

dimensions car model
vehicle length 51 m | 255 cm
vehicle width 19 m |94 cm
vehicle height 14 m |71 cm
ground clearance | 0.26 m | 1.3 cm

Table 1.1: 1997 Buick LeSabre dimensions.



acceleration | trial maneuver position
(time scale) 1 | 2
separation separation
1 [ 2 | 3 1 | 2 [ 3

1 | Enna | Evon | Bisun | Eoinn | Eazin | Fasn

too 2 | Binz | Bi212 | Eaziz | Eonnz | Eazi2 | Eosiz
3 | Fias | Bis1z | E1313 | Eonis | Fozis | Easis

1 | Ena1 | E1221 | E1321 | Eoniz | Eag21 | Foan

2tq 2 | En22 | Eu222 | E1322 | E2122 | E2222 | E23a2
3 | Euas | E1223 | E1323 | E2123 | Fa223 | Ea23as

1 | Eyi31 | Ev231 | Eyssn | Eaisi | Eoo31 | Eass

1.5t4 2 | Buasz | Er232 | E133z | E2132 | Eag32 | Egsse
3 | Ensz | Er233 | Fiasz | E2133 | Eg333 | Easss

1 | Bna | Broa1 | E13a | E21a1 | Eaoq1 | Eaznn

tq 2 | Enaz | Er342 | Er3a2 | Eo142 | Eg242 | Eg3g2

3 | Ei143 | E1243 | F1343 | F2143 | Eo243 | Eo343

1 | Busi | Eizs1 | Ess1 | Eors1 | Eazs1 | Easst

0.67t4 2 | Eyisa | Erosa | Ehasa | Eais2 | Egos2 | Fasse
3 | Fuiss | F1953 | E13s3 | Eo153 | Eo2s3 | Fa3ss

1 | Eue1 | E1261 | E1361 | Eai61 | E2261 | Easer

0.5%4 2 | Enue2 | Er262 | Er3e2 | Ea162 | Eaz62 | Eaze2
3 | Evies | E1263 | E1363 | E2163 | Ea263 | Ea3es

Table 1.2: Test Matrix - Cars.




acceleration | trial maneuver position
(time scale) 3 4
separation separation
1 2 3 1 2 3

1 E3111 | E3211 | E3311 | E4111 | E4211 | E4311

teo 2 E3112 | E3212 | E3312 | E4112 | E4212 | E4312
3 E3113 | E3213 | E3313 | E4113 | E4213 | F4313

1 E3121 | E3221 | E3321 | E4112 | E4221 | E4321

2tq 2 E3122 | E3222 | E3322 | E4122 | E4222 | E4322
3 E3123 | E3223 | E3323 | E4123 | E4223 | F43g3

1 E3131 | E3231 | E3331 | E4131 | E4231 | E4331

1.5t4 2 E3132 | E3232 | E3332 | E4132 | E4232 | E4332
3 E3133 | E3233 | E3333 | E4133 | E4233 | E4333

1 E3141 | E3241 | E3341 | E4141 | E4241 | E4341

td 2 E3142 | E3242 | E3342 | E4142 | E4242 | E4342

3 E3143 | E3243 | E3343 | E4143 | E4243 | E4343

1 E3151 | E3251 | E3351 | E4151 | E4251 | E4351

0.67t4 2 E3152 | E3252 | E3352 | E4152 | E4252 | E4352
3 E3153 | E3253 | E3353 | E4153 | E4253 | E4353

1 E3161 | E3261 | E3361 | E4161 | E4261 | E4361

0.5t4 2 E3162 | E3262 | E3362 | E4162 | E4262 | E4362
3 E3163 | E3263 | E3363 | E4163 | E4263 | E4363

Table 1.3: Test Matrix - Cars.




acceleration | trial maneuver position
(time scale) 1 l 2 l 3 ] 4 J

1 | Biou1 | Ba2u1 | Bsann | Baonn

too 2 | Big12 | Baz12 | B3s2i12 | Baor2

3 | Bio13 | B2213 | B3ziz | Baai3

1 | Biza1 | Baza1 | Baaz1 | Ba2i2

2t4 2 | Biaz2 | Bz | Bazz2 | Baazz

3 | Bi2ss | B2223 | Bazas | Basos

1 | Bi231 | B223i | Bazar | Baomn

1.5%4 2 | Byasz2 | Bazaz | Bazzz | Baaze

3 | Bi2ss | Baasz | Bsass | Bazas

1 | Biaar | Baaq1 | Ba2ar | Baoan

tq 2 | Bia42 | Baaaz | B32a2 | Baoaz

3 | Bi243 | B2243 | B324s | Bazas

1 | Bigsi | Bazs1 | Bsas1 | Bazs:

0.67t4 2 | Biasz | Baasz | Bsasz | Bazsz

3 | Bigss | Bagss | Bazss | Baass

1 | Bige1 | Bazer | Bazer | Bazer

0.5t4 2 | Bige2 | Ba2e2 | Baae2 | Baze2

3 | Biges | Baaes | B3zes | Bazes

Table 1.4: Test Matrix - Boxes.
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Figure 1.1: Experiment parameters.
The parameters for the measurements of the transient aerodynamic forces on a four-car
platoon are shown. Any one of the four cars is moved in and out of the platoon at six
different accelerations. In addition, three vehicle spacings are used.
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Chapter 2

Acceleration Profiles - Cars

The drag, side force, and yawing moment coefficients measured on each of the four cars in
a platoon during a simulated lane change are shown in the following figures. One of the
cars moves out of the platoon, and after a pause, returns into the platoon. The coefficients
are plotted with respect to the nondimensional lateral displacement of the maneuvering
car d/w, where the displacement d is scaled with the car width w. The measurements
made during movement out of the platoon for one platoon configuration are shown first.
The measurements made during movement into the platoon for the same configuration are
shown in the next figure. This arrangement of the figures for motion out of the platoon
and into the platoon is used for all of the platoon configurations. Each figure represents
one of the four possible locations of the mobile car and a platoon configuration at one of
the three possible inter-vehicle spacings. The different linetypes in each figure represent
the six acceleration profiles used by the maneuvering car. For simplification, the curve for
each acceleration profile is an average of the three experimental runs performed with that

particular platoon configuration.

11



moving car position: 1

separation: 10 21), 2(0.41), 3(I)= 1
motion: out of platoon
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moving car position: 1
separation: 1&0.2|), 2(0.41), 3()= 1
motion: into platoon

acceleration profile: 1(static), 2(2t,), 3(1.5t), 4(ts), 51(0.67td), 64(0.50t,)
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?e%\ggt i%a;]r: gailztllt;’n:z (%) 40, 3()=2 acceleration profile: 1(static), 2(2t,), 3(1.5ty), 4(t,), 531(0.67(,), 64(0.50t,,)
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moving car position: 1 acceleration profile: 1(static), 2(2ty), 3(1.5ty), 4(t), 5(0.67,), 6(0.50t,)
separation: 1(0.21), 2(0.4l), 3())= 2 | p— g_ .
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moving car position: 1 acceleration profile: 1(static), 2(2t), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)
separation: 1(0 21), 2(0.41), 3(l)= 3 1 4.

potion: out of platoon 2. g_ -
Evau MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILEYAW 3— — 88—
0.3 T ——— e 3 0.010 :
e (a) o =~ (e e M-
0.2 1| P, — _’1:1 ]
S S o T . T 2 0000[Em = S ATAR.
B oozt TEELT _ A~ T ==y —
0.1 1hes __.—-/’_.-// | -0.008 \\‘-\_““J
A — -~ - -0.010|~ ~ \"/ =
3l — . . . A 0015 1 !
00 05 10 15 20 25 30 0.0 05 10 1.5 2.0 2.5 3.0 00 05 10 15 20 25 30
diw
STATIC CAR 1 DRAG STATIC CAR 1 YAW
0.30 T T T v T 0.04 0.0000 T T T T T "
025 (b) 1)
P - T T 0.02 -0.0010— -
0.20f= e X el Sl —
N el T T e I = coeutt M P
§ oI5 T — & 0.00 G 00020 e e e e —
0.10t - -0.02 — _00030.:__- ------- _--__.-_._-:.:—-— -
0.05 — ) e — T T
0.00l 0.04 R \ . , \ -0.0040 A . . . .
00 05 10 15 20 25 30 0.0 0.5 1.0 1.5 20 25 3.0 0.0 0.5 1.0 15 20 25 3.0
diw diw dw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
0.25 T T g T T 0.0000 T T T T T
PO e Ry (C)_ (g)_ 10,0005 — (k)_
. 05— - -~ 00010~ ~
o 3]
0.10}— — — -0.0015 s
0.051~ - — o000 | . o o T
0.00l0 Q5 10 15 20 25 0 0010005 L0 L5 220 215 0 -0.00251 N s N s .
0.0 05 10 15 20 25 30
diw diw dw
STATIC CAR 3 DRAG STATIC CAR 3YAW
0. T 0.0000
0.25k= (d 0]
-0.0005 |— —
S 3
0.10 -0.0010 = —
0.05
-0.0015
0.0 05 1.0 15 20 25 3.0 0.0 0.5 1.0 15 20 25 30 0.0 0.5 10 1.5 20 25 30
d/iw dw dw

9l



moving car position: 1

acceleration profile: 1(static), 2(2t,), 3(1.5ty), 4(t,), 51(0.67t¢), eéo.sotd)

separation: 1(0.21), 2(0.41), 3())= 3
motion: into platoon
Eyak MOBILE DRAG

0_3[ T T T —-—'* m‘l‘-

I———.—v—.n—r.-—-.ﬂ.ﬁ.—-—.f—-»—-——- - g (a)

0.2 —
S

o.1'- .

0.0 0.5 10 15 20 25 30 0.0
diw

STATIC CAR 1 DRAG

10 20

0.30 0.04
0.25 (b)— 002
0.20 rr s EEEOFEE ST ST '

o - j »

& 015 o 0.00
0.10 — 2
0.0s : , : - 02
000 L -0.04

3.

STATIC CAR 2 DRAG

0.25 - - 0.040

020 = === (C) 0.030
L 015 — 0.020

g

010 0.010

005 :

000 s . ; . . -0.010

3.

]
-J 0.000
0.0 0.5 1.0 15 20 25 (0} 0.0
diw
030 STATIC CAR 3 DRAG
. T T T T T 0.000
0.25}— = (d) -0.010
0.20 P —
R ,, -0.020
¢ 0.15+— - o
0.10— ] -0.030f
Qg — -0.040 >
0.00 L L ! 1 ! -0.050
0.0 0.5 10 15 20 25 3.0 0.0

MOBILEYAW S3— —

™ T

0 05 0 15 20 25 30
T
STATIC CAR 1YAW
e e 1
16 15 20 25 a0
aw
STATIC CAR 2 YAW
10 15 20 25 30
dhw
STATIC CAR 3 YAW
T T T T
0)
3.0

L)



moving car position: 2 accelerationprofile: 1{static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67ty), 6(0.50t,)
segaration: (0.21), 2(0.41), 3()= 1 1 4.
motion: out ¢ platoon % ..... g_ .-
Ezg STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW °— — —_ -
0.40 0.04 T . T T L 0.0014 T T T T T "
0.0012= 0=
030 pev 0.0010= ;'-’:"—?;*%__ Byl SRR n
I - I =yt S -
S 020 — 133 & gm t S R e e
0.10 | — 0.0004 —
0.0002}— ) ) ) ) ) -]
0.00 0.0000
0.0 05 10 15 20 2.5 00 05 1.0 15 20 25 30
diw dw
MOBILE DRAG MOBILE YAW
0.3 T — =T T 0.010 T T — —r— T .)
i st s i il 00057~ v (] |
T P e .
°o I - e ]
01 °-°°5k‘ ~ S~
-0.010}— S— =
0.0 . . " . . -0.015 A A . ; .
0.0 05 1.0 15 2.0 25 0.0 0.5 1.0 15 20 25 3.0
dw dw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
0.25 T — 0.0014: T T M
020l 00012k = e (kK-
B T T 0.0010 =" o e e S T T e iy —
i R i ey e e e Y i M‘-g.g_- '%':—'i—.‘-"——-“
8 [VRE] == 0.0008 N—\" —
0.10{— 0.0006—
e 0.0004|—
¥.1- N A2 =
0.0 L 1 . I 1 0.0000 ! L L S i
0.0 05 1.0 1.5 2.0 25 00 05 1.0 15 2.0 25 30
d/w dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
T L T T | 0.030 T T T T T 0.0000 T T —r T 1
st R e e e S (d) 0.020 {v‘ (h) Do00s = T T T T — — — U
_ 0.010) s~ s L T . — e
N G S N Pl T 1) 3 *’~°°‘°L—"'“::;:_-:--~-— _____ —
T 0010 ] DOOIBP - el LT ]
-0.020 [ - -0.0020 -~ —
P, -0.030 1 L s " e -0.0025 L - L L J.
10 15 2.0 25 30 0.0 05 1.0 15 2.0 25 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
diw daw dw

8l



moving car position: 2 lerati file: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6{0.50t,
separa?tion: ’1)(0.2l), 2(0.41),3()=1 acceleration profile: ( ) 2(21), 3(1.5). 4 1(___t"2 1_ . f?
motion: into platoon ~ 2, 5 ..

2
Eaw STATIC CAR 1DRAG STATIC CAR 1 SIDE FORCE STATICCAR 1YAW 3— — 6— .

0.04 T 0.0014" T
0.2} p
& 0.00
0.02
-0.04
0.0
MOBILE YAW
0.010 T T T T T -
B 0.005 o 0
1 el = ety :
) I— 7&,:-.——':.-—4“'] 3 0.000 e=7- == - —-\.‘..\‘_‘\\ - , —
SO s IS
2 -0.010 ~
-3 1 L L L I -0.015 n t s " 1
00 05 1.0 15 20 25 0 0.0 05 1.0 15 2.0 25 30
dw
STATIC CAR 2 DRAG OTATIC CAR 2 VAW
0.25 T T T 0.0014 T T T T T
0.20— 0.0012 ‘: gy XL P — (k)—
J e e i 0.0010% I e ST e .";'-."ﬁ‘::';, —
o 015 fE= 4 0.0008 -
0.10— 9 0.0008 -
carif ]
0. L - . 0.0000 i ! ’ i i
00 10 15 2.0 00 05 1.0 15 20 25 30
diw dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
0.3 T T g — 0.03q L L T =T T 0.0000 — T T T (|)
.......................... N = acc0s i
. W ! —
T — S~— o P e
° = R - — . e e e —
(8] b e — -
0.1 LS o TR <3E4).oo15:_____‘_‘_ ————————— - -
000201 .
00 = . . 1, 2| 5 1 -0.0025 i 1 ! i |
0.0 10 15 2.0 00 15 . 2.5
L8 &S 0.0 0.5 1.0 ;/3 2.0 25 3.0

61



moving car position; acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)
separation: 1}0 2l), 2%0-‘“). 3(=2 e 4
motion: out of platoon g ..... 5__. -
Eaz STATIC CAR 1DRAG STATIC CAR 1 SIDE FORCE STATICCAR 1YAW °— — 6—
0.40 0.030 T T T ; — 0.0010 T T —— —
030 0.020 L— (e)—‘ 0.0008 I—. (‘)—l
$ 0.20 0'010N T, 00008 o .
o et = . 1 © o.0004}— —
0.10— - 0.00021— -7
0. x ' i ! ! 0.0000 L t ' x L
0.0 0.5 1.0 15 20 2.5 30 00 0.5 1.0 15 2.0 25 3.0 0.0 0.5 10 15 2.0 25 3.0
diw diw dw
MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW
3 T L T T - (f) 0.010 / p— — T T T ™ (j)
RN ()N 2 = 0 =T -
I = ,-/-—"““‘“ = et
R it At 4 & oo = m IS -
7] T ] -0.005}— \\.:s.:’_—-’} -
— 2 — — — Y A
.3 A . ) A N 0.010 f A N o~
0.0 05 10 15 2.0 25 30 0.0 05 1.0 1.5 20 2.5 30 0.0 05 1.0 15 2.0 25 3.0
dw diw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
0.25 T T T T T © 0.0020 T T ~ — T ®
------- R P )
Ozd;»/—;:;—f_;-:“——‘—:.’; SRR 0.0015L At —
0.154+—
5 0.0010 —
© O.lOL— d
0.05 0.0005— —4
0. . . e 0.0000 . . e . .
0.0 0.5 1.0 1.3 2.0 2.5 3.0 00 05 10 15 2.0 25 30
dw dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE 0,005 STATIC CAR 3YAW
0.00 - N T T 0.020 i ¥ T T L , T T Y T
0.25— (d)‘— nnio —_— (h) 0.0000— — = T T e e e (I)__
o olr el & S T e, T A e T 3 b Ty . e & ¢ i w2 s e e e L
0RQpars s ebetRREETE ] oW ;:'3:“& ZEmtnrs e ——mey o000 -
§ 015/ - & g F = T -
0-ldr- 0.010 r— — 00010k — — — — — e - - — —
005— — -0.000— o T L2t e b e -
Q. . X _ s X -0.03% 1 1 J " 1 0. 1 Y | f 0
0.0 0.5 1.0 1.5 20 25 3.0 0.0 05 1.0 15 2.0 25 30 0.0 0.5 10 15 20 25 3.0
diw diw dw

o]4



moving car position: 2
separation: 1(0.21), 2(0.4l), 3(= 2
motlon into platoon

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(ty), 5(0 671,), 6(0.50t,)

Baa STATIC CAR 1DRAG STATIC CAR 1 SIDE FORCE STATIC CAR1YAW 3 — — 68— -
0.40% (a) 0,030 T - T — — o] 0.0010 r v T v ®
0.020}— e
e e e A N
T -
& 020 .
1 © oo00a- _
0.10 0.0002|—
0.0000 , N , o
15 2.0 2.5 3.0 3.0 00 0.5 10— 15 2.0 25 3.0
diw diw
MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW

0.30 r ~ . . : 3 — . . 0.010 — T -
028 — 21— —~ S )]
020 ui =" 1= //’_;___. ] o.oosv___-...\\\ ]

& 0.159— & Of=. =t Bk =3 & 0.000f=_ :;'T..\-_\\ i "'J
0.10\— " 0.005 NS '4‘:-;,“’,'1'

0.05— N 0.005— N~ —=
0 I . -0.010 . A L e
0.0 0.5 1.0 15 2.0 25 3.0 0.0 0.5 10 15 20 25 2 0.0 05 1.0 1.5 20 25 3.0
d/w diw dw
025 STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
020, iz h i i iz . (C)]
L 0151 —
© 0.0~ -
0.08— -
0. 4 L L 2 "
0.0 05 1.0 15 20 2.5 30
dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
0.30 T T T T T d 0.0: T T T T T 0.0005 T T T
025 e = (A 0.010 (h) 00000 = —— o — — — —_ ()_]
0.20 fie= - N~ — TE e e —

S 0.1 N /nf—””_‘ = 0000s}—" T
0.10— — 0010 RPeS” -o.omor_- ____________ -
0.05}— 0. V00I5f= """ rrmrrr st —
0.00 -0.030L : -0.0020 L ¢ L : o

00 05 10 15 2.0 25 30 0.0 05 10 15 20 25 30 0005 10 TS 2o—25 0
diw diw diw

le



moving car posmon 2
separation: OZI{ 2(0.4]), 3()=3
motion: out of platoon

23k

STATIC CAR 1 DRAG

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0 67t), 64(0 .50t}

STATIC CAR 1 SIDE FORCE

0.40 0.020 T T =T L T
a
- @]
S$ 0.20— —]
0.10—
0.00 ' 1 L 1 )
0.0 05 1.0 15 2.0 25 3.0 0.0 0.5 10 15 20 25 30
diw dw
MOBILE DRAG MOBILE MEAS. SIDE FORCE
0.25 T e mal, | 3 T T i
0.20 W Trreisiiieseri . (b)__ 2 /‘:: -> (f)._..
= 1= el ] -
(5’ 0.15r—' ) F— S e T LT .‘.‘:‘.‘.‘\
o.10— — 1'2- — =
- \—:.s - —— - P -/ -
1 R=Z -
) 0.0 05 1.0 1.5 2.0 25 3.0 0.0 05 1.0 1.8 2.0 25 3.0
dw dw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE
0.30 T T T T (C)_ 0.04 T v (g)
0251 e e e ,__,—:__— . :—‘ =
0.20 E:n-‘- et _{ 0.02 2 -t
S 015 —~  § 000~ N\ "/ —
el 0o
0.05 | - -0.02 ‘ﬁ
0.00 L . 2 L . -0.04 \ L s L -
0.0 0.5 1.0 1.5 2.0 25 3.0 0.0 0.5 1.0 1.5 20 2.5 30
diw dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE
Q.20 T T T 0. T T T
0.25 (d) )
0.20 — 002
153 0.15[ ~1 & D e T S S ettt € 2ton e ,
0.10— — -0.04M
00 -~
omr 1t ' L s ' -0. .’ L s i 1
0.0 05 1.0 15 2.0 25 30 0.0 0.5 10 15 2.0 25 30
d/w diw

STATIC CAR 1 YAW e
0.0015
0.0010=

3

[&]

0.0005— —
0.0000 . . ; . ;
00 05 10 15 2.0 25 30
dw
MOBILE YAW
0.010 T T T (j)
. — NG p

0.005 { TTIILN :

J o_oool._'.‘..ﬁ.:e.h,'ﬂ‘l\h e .
-0.005 — \\‘:‘_T.-: o -
0010 ~_/ -
0.015 . . ; .

0.0 05 1.0 1.5 2.0 25 3.0
diw
STATIC CAR 2 YAW
0.0000 T —T T T T
-0.0005|— (k)
-0.0010 = ~
g -0.0015 _
-0.0020 -
-0.0025 . . . N ;
00 0.5 1.0 15 2.0 25 3.0
Ahas
STATIC CAR 3 YAW
0.0000 T T l)
-0.0002— (
w—\
& -0.0004 R T T T T
-0.0006 — -
-0,0008 . . L = )
0.0 05 1.0 15 2.0 25 3.0
dw

[44



moving car position: 2 accelerationprofile: 1{static), 2(2ts), 3(1.5t,), 4(t,), 51(0,67td), 64(0.5014)

separation: 1(0.21), 2(0.41), 3())= 3
motion: into platoon 2 . T 5"
Bz STATIC CAR 1 DRAG STATICCAR1YAW 83— — 86— -
0.40 0.0015 T T T B J N
0.30(— @ 4 qe)| e (1)
’ = k. Bt Zethme Skl b 5 Bl L_ ——————————— -
00010k - o e = TR T S -
§ 0201~ It ———— e —— — —
0.10— 0.0005 — —
K 0.0000
0.0 0.5 1.0 15 2.0 25 3.0 0.0 05 1.0 15 2.0 25 3.0
diw dw
MOBILE MEAS. SIDE FORCE MOBILE YAW
3 T = . T T 0.010 T T - - T
2 (f)
1
S o
-1
-2
-3
0.0 05 1.0 15 2.0 25 3.0 0.
diw
STATIC CAR 2 DRAG
] 0.04
0.02
— & 0.00
: -0.02
-0.04
10 15 2.0 2.5 30 0.0
diw
STATIC CAR 3 DRAG
0.0 T
0.25
0.20}—
S o015 y— ) ) ) ) )
0.10}—
0.05
0.00 -0.06
0.0 05 1.0 15 2.0 25 30 0.0

diw

€¢



moving car position; 3

separation: 0 21), 2(0.41), 3()= 1
motion: out of platoon
3tk STATIC CAR 1 DRAG
03— — — 1 = — r
.................. T OO (a)

0.2 -

S
0.1

15 2.0

diw

0.0 L 1 L " .
0.0 0.5 1.0 1.5 2.0 25 3.0
diw
STATIC CAR 3 DRAG
0.30 T T T
0.25}—
.00 E TR L T S el e i e
S 015
o.1o}——
0.05p—
0.0(J o { 1 1 1
0.0 0.5 1.0 15 20 25
diw

Cs

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(ts), E;(o.em).

STATIC CAR 1 SIDE FORCE
T T L -

(€)

-~
0.0 0.5 1.0 15 20 25 30
diw

s MOBILE MEAS. SIDE FORCE

2= SN @

11— e -
0 _,_,_....v—-‘&:-'-‘—‘_"_'-"-'_? “ j

Sl

AT
2R — -
'3 1 1 1 1 ]

0.0 05 1.0 1.5 20 25 30

z
o

8(0.501)

[ T,

STATIC CAR 1 YAW 3 _ 6.
0.0012 m
0.0010} ... . —_—r P () .
ooo0s= e ]
0.0008( =
0.0004| -
0.0002(— ]
0.0000
0.0 05 10 15 2.0 25 30
dw
STATIC CAR 2 YAW
0.0025 - "
6.6008— 015 ETTe) BT~ 20 25, 0
dw
0010 MOBILE YAW
008 |2 (k)_|
0.008 == ::\
0.000f-2 70 T T SR, o
NI~ T
-0.005 — o~ .’ —J
-0.010 _l
-0.015 A . . . "
0.0 0.5 1.0 1.5 2.0 25 3.0

Ve



maving car position: 3
separation: 1(0.21), 2(0.41), 3(l)= 1
motion: into platoon

3tki

STATIC CAR 1DRAG

0.3

0.2
e
(&)

0.1

0.0 05 10 15 20 25
dw
MOBILE DRAG

a0 05 10 15 20 25 =30

diw

0.30
0.25

0.20
§ 015
0.19

0.05
0.00

STATIC CAR 3 DRAG

0.0 0.5 10 15 20

acceleration profile: 1(static), 2(2t,), 3(1.5), 4(t,), 51(0.67t,), 6}0.50t,,)

0.04r

STATIC CAR 1 SIDE FORCE

T

0.0 05 10 15 20
dw
STATIC CAR 2 YAW

2.5

0.5 10 15 20 2? 3.0
diw
STATIC CAR 3 YAW
n_
—_—— T == ﬂ

S¢



moving car position: 3
separation: 150 21), 2(0.41), 3(l)= 2

motion: out of platoon
B STATIC CAR 1 DRAG QTATIC CAR 1 QIDE FORCE
0.30 T T T T - 0.020 T T
0.25 anees = 0.010
. 0.20— _{ 0.000 T T e = T
o 0.15— b I & S e Dy TR sl
010 _ -0.010
0.05]— - 0020
0. L ) L t -0.030 " 1 I 1
0.0 05 1.0 15 2.0 30 0.0 10 15 2.0 25
diw diw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE
0.30 e 0.030 *
0.25
0.20
L0118 —]
0.10 - e e i ST
- e
0.05
0.00
0.0 . 10 15 2.0 3. 0.0 10 15 20 2.5
diw diw
MOBILE DRAG MOBILE MEAS. SIDE FORCE
0.25 T S As——" 3 - v v
020 i (9) 2
L= 1
. 015 — w
[&] [§)
0.10 —
0.05 —
0.00i 1 1 —_ -
0.0 . 10 15 2.0 3.0 0.0 10 15 2.0 25
diw diw
STATIC CAR 3 DRAG QTATIC CAR 2 QIDE FOBCE
0.30 T T T T 0.06 T T T T T
' 0.04 e }
L oz R 5, T T TR
o S—
0.0d
0.05}— - -0.02
0.00 L Lo . . -0.04 . 1 A )
0.0 0.5 10 15 20 3.0 0.0 1.0 15 2.0 25
d/w diw

0.0012
0.0010
0.0008
2 0.0008
0.0004
0.0002
0.0000

0.0

Q.0015

QUei9

0.0008

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 51(0.67t¢), 64(0.50td)

(1)

]

3.0

_,..-r;..nmh-:, e ===
it~

0 |

(K)_

0.0000
-0.0005

0000
-0.0015
-0.0020

-0.0025

30

(H)_

9¢



moving car position: 3 acceleration profile: 1(static), 2(2t,), 3(1.5%), 4(t,), 5(0.67t,), 6(0.50t,)

separation: 1(0.2l), 2(0.41), 3(l)= 2 1 4
motion: into platoon Bo.... o_...
= STATICCAR 1DRAG STATIC CAR 1 SIDE FORCE STATICCAR 1YAW 38— — 86— .
1 Y T - T - 0.0012 T Y
e — e ] a) v iy U]
0.20 ~ — - 0.0008 T Rraa o M, S et g o eyt =
e T e R r:,:,—r_;,?_.:_s._:.___.ﬁ.. FYYP it PO R el oY e T B
0.10 j - T —————— 0.0004
0.06 0.0002 , , , , '
0.00- " 1 L ) - - el -l 0.00001
0.0 0.5 1.0 1.5 20 25 3.0 10 15 20 25 30 0.0 05 10 15 20 25 3.0
diw dw dw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
0.30 T L T T L T T T 00015 T I
0.20 b= o ——————, (b) (f)_. {I\
0.20 s T ae s rmt St Sl e S B A —
& 0.15— =
0.10(~— -
oaE— —
0.00]
0.0 0.5 10 15 20 25 3.0
diw
MOBILE DRAG
0.25 T T— ©
020 e i et et ot ke, ) |
gV e
o 0.15 -
© o0
0.05/_
0.0l
0.0 05 10 15 20 25 30
diw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
T T —r T T (d 0.06 L —T T T —_ ' ' !
- e i e e ke
0.0 05 10 15 20 25 30 0.0 05 10 15 20 25 30 0 0.5 10 15 20 25 30
dw diw diw

e



moving car position: 3
separation: 1 fo 21), 2(0.41), 3()=3
motion: out o

platoon
STATIC CAR 1DRAG

10 15

diw
STATIC CAR 2 DRAG
0.25 — T LI
Q.20 o o

T T
s (b)
o 015
© 0.10
0.05
0.00i

0.0 0.5 1.0 15 2.0 25
d/w

: MOBILE DRAG
T T

0.25 T T
0.20
o 0.15
0.10}—
m—— ) ) ) ) ’
3

2.0 25

0.0 05 10 15 20 25 0
d/w
STATIC CAR 3 DRAG
0.30 T T T T
0.25 (d)
0.20 —
0.15 ~
0.10
0.05 |
0.001
00 05 10 15 20 2.5 3.0
dw

acceleration profile: 1(static), 2(2t,), 3(1.5%), 4{t,), 51(0.67td), §4(0.50t¢)

STATIC CAR 1 SIDE FORCE STATICCAR 1 YAW 5 — 6 .
0.040 L T T T 0.0000 g - T "
et e tiateareeareransanranannes (')_J
0.030 -0.0035
=
9 0.020 -0.0010 ——
© = < 50015 - -
0.010 Q000 I e et
0.000 -0.00254
0.0 0.0 05 10 15 2.0 25 30
dw
OTATIC OAR 2 WAW
0.050 0.0000 Y L T \ T "
0.040 oot 0_|
0.030
14
O 00020~ _..... —
oonol e
ann - OO G oMy s e e n
0.000 1 1 " — R -0.0040 P t — ! '
0.0 0.5 1.0 1.5 20 25 .0 0.0 0.5 1.0 1.5 2.0 25 3.0
dw Ahss
MADN T MEAS, IBE FORMCE MUBILE YAV
A T T T T Pt 8.04¢
(0 ook — - (l)_]
2 Tt \\ —1 ’ 7. ~
T S e ) 0.005 > TN -
[ Y */*:...'_-_i'-::-‘a"” = = i &) oooo—‘l.T.:T.::_-.—Ni;i\\ -
A 4 T~
-0.005 Ty ]
-4 " : ny ) L -0.010 —r | o ! s
0.0 0.5 1.0 1.5 2.0 25 0 0.0 0.5 1.0 15 20 25 30
aw diw
0.00 STATIC CAR 3 SIDE FORCE STATIC CAR 3YAW
0.02—
T e
p O TR e T
e -0.06— N
0.08—
-0.10 . L N y .
0.0 0.5 1.0 15 2.0 25
diw

8¢



moving car position: 3 acceleration profile: 1(static), 2(2ty), 3(1.5t,), 4(ty), 51(0.67&,), 64(0.501,)

separation: 1(0.21), 2(0.41), 3(i)= 3 —_— 4
motion: into platoon 2..... 5__ ..
Eas STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW 3 _ 6.
0. - (a 0.040 T T T T ——— (e) 0.0000 T T T l _____ =1 (‘)
gi?) L A b e e e 0.030— _J -0.0005 —
o T s e TS T T 00010~ — -
S 015 & 0.020— A — G e e e e e o -
JRSppe—— T -0.0015— —
0.10 10k T L —————— —
0.05 0.010 — -0.0020 - =T = — — = —— -
0.001 0.000 L 1 0 2 -t -0.0025| 1 ! — L )
00 05 10 15 20 25 3.0 0.0 0.5 10 15 20 25 30 0.0 0.5 10 15 20 25 3.0
d/w dw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
alald — - . T 1 I 1 T
|
& O'” [— ............. Serdtecnciiannmsenay =
0.010 ] -0.0030— Y L o, AL —
0.00! 1 ' . 0,000 Lo 1 1 § i

o)) 0% 40 -1.5 26 25 30 00 0.5 10 15 20 25 0
diw diw
MOBILE DRAG ) MOBIITE MEAS:. SIDE FORCE
N 9
PR - ';_.;' ‘i
o E T T ST T LT sl .
CREEET ROy 73 o
— T
= 1
I — - A e [ " L
05 10 15 2.0 25 30 0.0 0.5 10 15 20 25 30
diw d/w

STATIC CAR 3 DRAG

o |

3.0

6¢



moving car position: 4
separation: 1?0 21), 2(0.41), 3(h)= 1

motion: out o

EHkI

platoon

STATIC CAR 1 DRAG

& 015
0.10
0.05
0.00 . . )
0.0 05 1.0 15 2.0 25 30
diw
STATIC CAR 2 DRAG
O.ZOL T T ~t T
0.15 T e s A Nl B, S EF T W3 (b)
& o10 —

STATIC CAR 1 SIDE FQRCE

accelerationprofile: 1(static), 2(2t,), 3(1.5t,), 4(ty), 51(0.67t,), 6}0.50%)

.0 0.5

10

_
00 05 10 15 2.0 25 3.0 00 05 10 15 20 25 30
diw dw
MOBILE DRAG MOBILE MEAS. SIDE FORCE
0,30 : : T , ———— ar——— e MBS ‘ .
025}~ i} —— (d sl o=xy ()
0.20}— -~ 1t~ A -_-_.\\ -
S 0-15’-' -~ N OF _______ seear __,_.f.f,__ﬂ._ﬂuw_' T
010/ . apnILE i —
N R
0.05}~ 2fe— - -
0.00 n 1 1 1 1 -3 T f ' ' S
00 05 10 15 2.0 25 30 0.0 0.5 1.0 15 20 25 30
diw dw

STATIC CAR 1YAyV3_ = §— .

0.0002
0.0000(—
& -0.0002[—

-0.0004 —
-0.0006

10 20

05 10 20 25 30

05

10

0g



moving car position: 4 acceleration profile: 1(static), 2(2t,), 3(1.5%y), 4(t,). 51(0.67t,). 6(0.50¢)

separation: Ia0.2l), 2(0.4), 3()= 1 - 4_ . _
motion: into platoon 3eeaen —_
Eum STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW “— — - -
0.30 T T T T T 0.0207 T T T T 0.0002 - T T T T
025 T, (A 0010 T st . ! (e)_
.- ~— - H 0.0000
0.20 F— “ 0.000—.-° : . -
& 05— - & b= - & -0.0002
0.10p— ] -0.010 4 - - R 4 — —
. h i
005 |- o020~ T~ _ - e G
0.00 L . I . il -0.030 : - - - 1 —_ -0.0006 L . L - s
00 05 1.0 15 2.0 25 30 0.0 0.5 10 15 20 25 30 00 0.5 10 15 20 2.5 3.0
diw dAv diw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
0.20 T — T T T (b) 0‘030 T T ~T T T (f) 0.0005 — T L T T (j)
g-pg,- B Y T o O e SR
05 BETREES = —J 0.020}— — 0.0000— — . —
& 010 ~ — o’_0_0005:-:-:-—-—-—-—»-—-—--——-—-- .
0.05— _{ - AAMATT T T T T T T T
0.00 -0.0015 ) . . . :
00 0.5 10 15 20 25 30 30 00
diw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE
0.25 T T T - 0.040 T T T T T 0.0000
0.20}— I (CH -0.0005
- [
o Ol5pms—  F 1 . -0.0010
S S
010} — -0.0015
0.05— - -0.0020
000 -0.0025 . . . . .
00 0.5 1.0 15 20 25 30 0.0 0.5 10 15 20 25 30
diw diw
MOBILE DRAG MOBILE YAW
0.30 L T 1 —T T 0.010 T T ™ T T
0.25 L_ /M’m (d)— 0.005 <= - T (I)__4
0.20\_ T ’f-‘:.:.i\_-
e — 2 0.000 [l i, 7
O 015 -~ i) TSI =T
0.10f— — -0.0081— \\-3\-~--—-/',] —
3 L \ - . ,
0.06 ~] -0.010 ~T—
0.00 n Lo L 1 n -3 . 1 A X L -0.015 n X i ' !
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 05 10 15 2.0 25 30
diw dAw diw

1€



moving car position: 4 acceleration profile: 1(static), 2(2t,), 3(1.5%), 4(t,), 51(0.671,), %O.smd)

separation: 1§02I), 2(0.41), 3()= 2 — 4
motion: out of platoon 2
Bez STATIC CAR 1 DRAG CTATIA £AR 4 CIDE FANCE A
0.3 T —T T — s —————— - — ’ ' S.ue1yY”
0,25 L R R S (@ 0005 (e 4007
0.20 0.000{—. ... — - 4}
e e e R T T T Font -~ 3.0+¢10
S 015 & Qoo PE ST TS IR T e T E !
0.10 0.010= == e 2,010 —
0.05 0,015 1.001074 -
0.00 ! L . | | a0 1 . o . A .
0.0 0.5 1.0 15 2.0 25 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2,0 25 3.0
diw Ahw e
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE. STATIC CAR 2 YAW
0.25 T T R T 0.028 T T = T T 0.0008 —T T T — — "
0 20{ R L el T WAL e S, Y (b)-— 0.0004 - (])_l
0.15 —
a
S
0.10 —
0.05 —]
O Q5. 10 185, 20. 215, O

0.0 0.5 1.0 15 2.0 25 30
diw
- MOBILE DRAG MOBILE MEAS, SIDE FORCE MOBILE YAW
0. 3 T T T T 0.010 — T - -+ -
028~ —  (d}4 2 Y (h 0.005 E——/"‘ RS 0
A ATy | | __-'-\ _ —’.:-~~;:-
a == ® ! PRl .-733\ 0.000f=e"0 T7 -T2 -7 Ay -
© 015 7 S e rR e 7 NS LT -—?‘
0.10 ~ R e | -0.005— \\~_.} ]
6,05 — 2fee . - -0.010}— NS 4
0.0d B W ) . L . -0.015 ; . . . A
0.0 05 10 15 20 25 30 0.0 05 1.0 1.5 20 25 30 0.0 05 1.0 15 2.0 25 3.0
diw diw dw

ce



moving car position: 4

separation: 1(0.21), 2(0.41), 3()= 2

motion: into platoon
42kt

0.39
0.25

0.20
$ 015
0.10

0.08
0.00

(a

15
dw

STATIC CAR 2 DRAG

0.0 0.5 1.0

3.0

0.25
0.20

0.15
0.10

0.05
0.00 : 1 L

0.25
0.201—
0.15
0.10
0.05

Co

215

Q.20
0.25

0.20
0.15
0.10

0.05
0.00 L 1 I t I\

Co

0.0 2.5

3.0

STATIC CAR 1 CIDR FORACE
¥ L T

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(ty), 51(0.67td). 64(0.50td)

0.010
0,002

0.000—_.
& 0.005 t—
-0.010

-0.015
-0.020

0.025
0.020

, 0:015
o
0.010

0.005
0.000

0.040f
0.
& 0.020
0.010
0.000 —_— " 1 — —
0.0 0.5 1.0 15 20 25 3.0
dw
MOBILE MEAS. SIDE FORCE
3 T . T T T h
2 T
5 ~ ;. - \\ ( H
& 0.[. ...... Ty -7/;{’_.‘_:. -—.-‘:.?;:;Il —
N~
= 7
0.0 0.5 1.0 1.5 20 25 3.0
diw

2..... 5.
“ OTATIO OAR 1 AW 3 &
5.0010 L T T T T T ( )
=4 ,———'\_\ I
Aot - e — /_-\ ~
R N N
© 20010%- T T
1,001078 prr—TT = = T T st el
0 i s 1 I )
0.0 05 1.0 15 2.0 25 3.0
ww
STATIC CAR 2 YAW
0.0008 T T =l » ,

-0.0025 . . .
0.0 05 10 15 2.0 25 3.0
diw
MOBILE YAW
0.010 T - : . r
m_
-o.oost K= DEET
-0.010 ~ i — 4
-0.015 I ! 1 ) s
0.0 05 1.0 15 2.0 25 3.0
diw

£e



moving car position: 4
separation: 1§0 2|%, 2(0.41), 3(l)= 3

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,). 5(0.67t,), 6(0.50t,)

motion: out of platoon s 8=
4 STATIC CAR 1DRAG STATIC CAR 1 SIDE FORCE STATICCAR1 YAW 3 — — 6 — -
0.40 015 . T - ™ 0.0020 - —_ r _ e
—_ (e) L ()
0= @ e S TP WSS B et A
& 0.20" o.oosb},;._:--—--—-—"-:-mp‘*"-' — & 0.0010~ —
0.10— 0.000}— ~ 0.0005|— —
0.0 -0 - 1 PR 1 ! 0.0000 s . . " L
0.0 05 10 15 20 25 3.0 0.0 0.5 1.0 15 20 2.5 30 00 05 10 15 20 25 30
dw dw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
0.0020 — E y T T 0
QoIS T T D iy —
, 015 - 0010_"‘“_ —_ - — == ]
&) 0.10 _l o Y-
0.05 . 0.0005{— —
0.00. ! Y A b o 0.000 S ' ! i 1 J 0.0000 ! " 1 - i
0.0 05 10 15 2.0 2.5 30 0.0 05 10 15 2.0 25 30 0.0 05 10 15 2.0 25 3.0
diw dw dw
STATIC CAR 3 DRAG STATIC CAR 2 €IDE FORCE STATIC CAR 3 YAW
0-25 —_— —  —— .y T T L T nONe e — %
0-20[—' o (C) XY i I A 4 ( )
. 0.15 L e e o o o e - —— —
© 0.10— 3 O-OOOSL .................................... i
0.08— oo0d=
ool 4+ - [ — . -0.0015 1 1 L . L
0.0 05 1.0 15 20 25 30 no 08 1.0 15 20 26 20 o® 65 19 15 2.0 25 80
diw dw dw
MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW
0. 3 ——
020l e — (A1 2~ = P -
a 0.137 e ] @ '~ l“:';_-‘-:'.;‘:\
o — O O — =T *
0.1d —~ T
] .
0.0~ — ap—-= 7
0.00 -3 -
0.0 0.5 10 15 2.0 2.5 30 0.0 0.5 1.0 15 20 25 2.0
diw diw

e



moving car position: 4
separation: 1&0.20, 2(0.41), 3()=3
motion: into platoon

Eaa STATIC CAR 1 DRAG
0.40 1 [ T T T
(a)
(o —
S 0.2~ _
0.10— o
Q 1 1 " —_ 1
0.0 0.5 1.0 15 20 2.5 30
d/w
STATIC CAR 2 DRAG
0.25 — T Y f
o T T i === (b) |
- 0.15— —
[&]
0.10}+—
0.05— —~
0.00! L \ L 1 L
00 0.5 10 15 20 25 30
diw
025 STATIC CAR 3 DRAG
020 = (o
L 045 —
0.10t— —
0.05— —
0.00 L s " s L
0.0 0.5 1.0 1.5 2.0 25 3.0
diw
MOBILE DRAG
0.25 T T T T T
020 . o (d)_..
L 05— —
(o]
0.10— -t
0.05— ]
0.00 1 L ) U 1
0.0 0.5 1.0 1.5 2.0 25 30
diw

(5]
0.005

STATIC CAR 1 SIDE FORCE
T T * T

0.020
0.015
& 0.010

0.005
0.000

0.020
0.015

,, 0.010

0.000
-0.005

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t;), 5(0.671,), 6(0.50ty)

1 4_._
2. .. 7
STATICCAR T YAW 83— — 6.
®
........ e r— e e
10 15 2.0 25 3.0
dw
STATIC CAR 2 YAW
0.0020 T T L T T (J)
oooIsks T I T T T
doootof — T T T T T ]
0.0005 |— —
0.0000 N . . . ;
00 05 10 15 2.0 25 3.0
dw
STATIC CAR 3 YAW
0.0005 T L T T T
o= ST T T T T e e - (k)

&' -0.0005 j~ —
-0.0010}— -
-0.0015 . . , . .

0.0 0.5 1.0 15 2.0 25 3.0
dhw
MOBILE YAW
0010 . — , ' .
0.005 == 2o (I)—‘
0.000f= T SIS
& A R R
-0.005 — NSt~ u -]
-0.010}— i—
-0.015 . . \ N f
0.0 0.5 1.0 15 2.0 25 3.0
dw

Se



Chapter 3

Separation Profiles - Cars

The drag, side force, and yawing moment coefficients measured on each of the four cars in
a platoon during a simulated lane change are shown in the following figures. One of the
cars moves out of the platoon, and after a pause, returns into the platoon. The coefficients
are plotted with respect to the nondimensional lateral displacement of the maneuvering
car d/w, where the displacement d is scaled with the car width w. The measurements
made during movement out of the platoon for one platoon configuration are shown first.
The measurements made during movement into the platoon for the same configuration are
shown in the next figure. This arrangement of the figures for motion out of the platoon and
into the platoon is used for all of the platoon configurations. Each figure represents one of
the four possible locations of and one acceleration profile used by the maneuvering car. The
different linetypes in each figure represent the three platoon configurations consisting of
different inter-vehicle spacings. The three experimental runs performed with each platoon

configuration are shown.
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moving car position=1

acceleration
motion: out o

nggg;c) 1(stati), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.501,)= 1

= MOBILE DRAG MOBILE MEAS. SIDE FORCE
040 — T T T T s 810 T T T T Y
0 SOE =t (a)-—
TTELE ) 0.05
S 02— - g
0.10}— — 0.00F
0. . L L L s 0.05
0.0 05 1.0 15 20 25 30 0.0
dw
STATIC CAR 1 DRAG
0.3 T B T S 0.02
A e (D} 0.00—
02 = =% 7 —
- -0.02 eoamyepmgezag eyt
(_)c » . ‘——‘_.,_..-,---:xz“a-
0.1~ - 004" I
-0.06}— —
0.0 t . L L n 0,08 ' L 1 —_ T
0.0 0.5 1.0 dl/\;r’l 2.0 2.5 3.0 0.0 0.5 10 15 20 25 30
STATIC CAR 2 SIDE FORCE
©.] - s (gﬂ
1 & o000
0010 <~y e —
X U 0.0 | SE s e -
0. A . ; . . 0.0%0. - . . . ) J
0.0 0.5 1.0 1.5. 20 25 3.0 0.0 0.5 1.0 15 20 25 3.0
d/w diw
050 . SIATIC CAR 3 DRAG 0,08 STATIC CAR 3 SIDE FORCE
gzz 55 T 100 e R SR BB T 2T A Fm I (d): P T T (h)_
& 015 —] & 0.00 —
0.10
0.05 -0.02 ‘—_— - - — _ i
0.00 L 1 1 3 0.04 \—1 ‘gl_’:l\—’l‘—:
0.0 0.5 1.0 1.5 2.0 25 3.0 0.0 0.5 1.0 1.5 2.0 25 3.0
diw diw

separation: 1(0.2l), 240.4!). 30

MOBILEYAW  3—"I72

0.0010 r— r r ——

0.0000/— 0
x -0.0010 [— ""'-""-'-'-.“.-.‘.'“’-\\*.‘-'\‘-':trvsv.x-.;..} —

-0.0030\— PR

0. ;

0.0 0.5 10 15 20 25 3.0
dw
STATIC CAR 1 YAW
0.00: T T T

0.0005
0.0000 - it SRR —

& -0.0005 —
-0.0010 —
00015 = 2 — — — T T T — — — —
-0.0020

Qo 05 10 15 20 25 30
dw
STATIC CAR 2 YAW
0.006[ 71T LA n—
gxshancacassse RPNl ANSRaRARTYORRR SN (k)
0.004 - ]
& 0.002 -]
0.000 —
P e e el
0.0 0.5 1.0 15 2.0 25 3.0
dw
STATIC CAR 3 YAW
-0.0005 T T T T T
- E e = m = TR e e = (l)
©.0010—

& -0.0015(— -
-0.0020 L';---'-'--‘.-:.:.-..:.Q.-.‘ fenn \—.’B ]
-0.0025 A Ny

0.0 05 1.0 15 2.0 2.5 3.0
diw



moving car position= 1 separation: 1(0.21), 2{0.40. 3()
acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(ty), 5(0.671,), 6(0.50t,)= 1

motion: into platoon g .......
1 MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW -~ - -
0.40 T T T T T 0.10 T T T T 0.0010 T T T Y (i)
030~ o . (a)_ 0.0000 | —
i Pt SN . 0.05 :.0'0010_. EEE;::.:'.”t:ﬂ.-_;;-.i|'.‘.E:s.,,,_.r -~
O 020~ -] Q ©
0.00 0.00201~ _ __ —
X — ~ - ===
0.10— .0.0030 ~ S === Saxag 4
0.00 L 1 L N n -0.05 -0.0040 L L I L I
0.0 05 1.0 1.5 20 25 3.0 0. 0.0 0.5 1.0 1.5 20 25 3.0
diw diwv
STATIC CAR 1 DRAG STATIC CAR 1 YAW
0.3 ,,'_,,,.-_-_‘—=1‘-‘-‘-'—‘—'—:‘;;&&;;:.&:.;&&'.'.5. 0.02 0.0010 - H
[Ro> o et e, (b) 0.00 0.0005 et mme oo (J)—
n°-2_ = = -] , 0.02 0.0000[— *ar7,,, -0 fTTTTTERISIOTII0TIS —
© © 004 J -0.0005 —
0.1 — . -0.0010 — e —
-0.06 00015~ == T = = — — — - T T
0.0 . ) . A A -0.08 . . . . A -0.0020 ) A : ) )
0.0 0.5 1.0 1.5 20 25 3.0 0.0 05 1.0 1.5 2.0 25 3.0 0.0 05 1.0 1.5 20 25 3.0
diw diw dw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
0.25 r__._k‘\g_._-_-_-.\uuux'-\;'i; ER Sy 0.030 T T T T T 0.008 [P O LR AP :
SRS = = () 0.020[— Sz ==~ @y | i ®)
0.20— "'—'/ ( — g — ) L cmmmnen B b e b L 2 T a
0151 0010~ "y == =~ - — 0.004
§ & 0.000}— — & oo02|- == -
0.10}— -
0.010(— —
- ] 0.000 — —
0.05 -0.020 -
0.00 L ) L . A -0.030 0002 = T T O v o e om e e w
0.0 05 1.0 15 20 25 3.0 0.0 30 0.0 0.5 1.0 1.5 2.0 25 3.0
diw dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
0.30 T T T T 0.04 T T T -0.0005 T T T -
0.25 B U et wmi TTATI ATS i i CTn A e (d)— 0.02 e vennriiy (h)_ 0.0010 e e e — = (')
0.20}— — : RS ST R PR CER LA PR L L - -]
S 015~ — & 0.00 — & -0.0015}— —
o010~ ] 002 -0.0020 S et
0.05— — ’ P 1IN, ) K ]
0.00 1 L 1 ) . -0.04 =T = i L N -0.0025 ot
0.0 05 1.0 15 2.0 25 3.0 0.0 05 1.0 1.5 2.0 25 3.0 0.0 05 30
diw diw

8e



moving car position= 1

acceleration profile: 1(static), 2(2t,), 3(1.5,), 4(t,), 5(0.671,), 6(0.50t,)

motion: out of platoon

"“‘% MOBILE DRAG
T T T

o — @)

02 _
o
&)

01— -

1
25 3.0
P R R P e (b

L (o)
5 0

0.30 T

0.25;:57-?!:Tn-=:ﬂrﬂmn—:-p~ﬁ~—— (d)_

020 *°7"" —
S 015~ —

0.10— ——

0.05—

0.00 t s 2 1 L

0.0 0.0 1.0 1.0 40 2.5 3.0

2

MOBILE MEAS. SIDE FORCE

e

separation: 1(0.21), 2‘0.4!), 3(1)

MOBILE YAW

------
Caa.

Ol.O 0.5 1..0 15 20 25 36 05 10 15 20 25 30
dw diw
STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW
0.04 T T - T T 0.0005 T T T v T "
0.02 -—‘:—\\_\_T__‘________—- (f)_ o'mW—-—: (J)—l
c.00f— -~ 0.0005 """ ‘ —
§ ORI ez 2 (20,0010 - -
0.04~""" — 00015 === =====
-0.06— — 00020F-F Z - —— — - — = —— —
-0.08 . ; . . . -0.0025 \ . . L .
0.0 0.5 1.0 15 2.0 25 30
dw
STATIC CAR 2 YAW
0.008 T T T s U S <
)
0.0041— —
& 0.002 -
0.000|— -
S0.002[F T T T e e e g e e T
0.0 05 10 15 20 25 3.0
dw
0,000 STATIC CAR 3 YAW
h A - T_ -‘T— _ —l. _ -I _ T I
( )___ Qo0t0f— = S T FESFms = ( )—
S 00018 -
| o0z e SRR s e N
'0.0025 ) L Il ' 1
30 00 05 1.0 15 20 25 3.0
dw

6€



moving car position= 1

acceleration profile: 1(static), 2(21,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t)=2

motion: into platoon

iz MOBILE DRAG
0.3 T ™ T ———r
s (@)
0.2 —t
S
041 —
o.d L 1 o
00 0.5 10 15 20 2.5 3.0
dw
STATIC CAR 1 DRAG
0.0 P S S
025, qiitd2i 0 7 »? (b
L - s,
0.20 -
a - =
o 0.15—
0.10
0.05 [ , ) ) ) )
0.00
0.0 05 10 15 20 25 30
diw
STATIC CAR 2 DRAG
0.25 I\_\\-\.\}}."_*'."'_“l‘??'."l?:'::?}212??2:?:1? (C)
0.20 bres 2l e S sS —
L 015 F-/-f -
© 0.10p~ —
0.0%— ~
0.00 ) s L : s
0.0 0.5 1.0 1.5 20 25 3.0
dw
030 STATIC CAR 3 DRAG
028 s —— (d)]
0.20~ 1
S 0. —
0.10 ]
0.05 -
0.00 1 ) L 1 I3
0.0 0.5 10 15 2.0 25 30
d/w

Cs

MOBILE MEAS, SIDE FORCE

0-4 T
/"—\\T (e)

v.L ' -

0.0 -
0.2 -
‘0.4 1 1 '] 1 1

0.0 0.5 1.0 15 2.0 25 30
diw
STATIC CAR 1 SIDE FORCE

0.04 T T T
0.02

o-aaf““""""'—
-0.09
-0.06 -
0.08 . - \
0.0 05 1.0 1.5 20 25
dw
STATIC CAH 2 SIDE FORCE
0.04 0 ! -
-~ @
0.02h¢ - == = d
b S -
0.00 —
0.02 N S —
-0.04 1 L X L _l
0.0 0.5 1.0 15 20 25 30
diw
STATIC CAR 3 SIDE FORCE
0.021 T T T T T
AL nmeiiiiineearrresseessiizzisy (h)
0.00 [ ~ —
-0.02}— -
e TR RS o
004 N e . = h
0.0 05 1.0 1.5 2.0 25 3.0
dw

separation: 1(0.21), 2;0.4I), 3()

2.......

MOBILEYAW  3— — -

0.w2 T T L 13 1 "

0000f=" Tl T~ ®
-———— T e ———t

0002 Rty - ~]
W e
-0.004 — _—= == §
0008 N —
0.0 05 10 15 20 25 30

STATIC CAR 2 YAW

EEmmsssaccen mmmmnnd, nnmmnnl .. ) (k)
nond _‘
& 0.002= —{
0.000— ~
00020 = wwwp v wm—y wmr e w o . - - -
0.0 05 1.0 15 20 25 30
aw
STATIC CAR 3 YAW
-0.0005 T T T T T (l)
4,_0010%::::2:::::::: -
& 0.0015 == — -
Bt e R ] -
BEREERE-R L B E L Y SN sacrssneprmanaa,
'0.0025 y - d ] i L
0.0 05 1.0 1.5 20 25 3.0
dw

oy



moving car position= 1

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t.). 60.50t \= 3
~t [k T

matinme ad

MOBILE DRAG

:-=—-—'(a

L 1
15 2.0
d/w

STATIC CAR 1 DRAG

25

3.0

R AT

10

0.5

STATIC CAR 2 DRAG
0.25]' T T T

S 0.10
0.06

0.0l A I i

1
0.0 15 20
diw

STATIC CAR 3 DRAG

0.25

0.20

. 015
&)

0.10

0.05

0.0

MUDILE MEAS, SIDE FORCE

0.8 f
0.6
04—
o 0.2

EANVAY)

0.2

-0.4 g

-0.6 T .
Uy ud

T

(e

1T

15 20 25 30

Lm

STATIC CAR 1 SIDE FORCE

0.5

0.5 1.0 1.8 20 ae 8.0
STATIC CAR 3 SIDE FORCE
e, ::::”“”""-"“-”-".".".'.’.’* (h)
IN ] Jahd-teldy
J 0@
=0 o ST TE e v e wm e e omz o= T
0.04
-0.064 L - ] L ,
0.0 0.5 1.0 1. 20 25 30
dhw

separation: 1(0.21), 2‘0.4!), 3()
—————

0004 L T .
0.002 FTN (]
’r' ‘\
- 0.000 - — - T ~
0.08— ~ - _ e = P, —t
.
0,004}~ T~ — -
-6:008 . L A 4
0 05 1.0 20 28 an
J}é,
QTATIO MAD 4 Vaw
Q_WS T T T T 1 "
0.0000 »5 e Y PP R TR R AN R Y (J)—
0,005 ~
S -0.0015 = ]
V00N~ @ _ sz =E=== = —
Ananelm = =
‘0-0030 ] ( 1 i I
“e v [KY] ar 20 25 3.0
diw
STATIC CAR 2 YAW
om ‘.::::::1|111i|Tcn11‘1’¢-¢¢4‘..| aaao - -—t (l\)
0.004 [~ —
2 00m
VU e -
o V.o W 15 20 28 an
diw
=srviaw wiNlW LATY
8.0080 i T T T
00010 =
-O.OOlZM .
& 6.0014 —
000181 LI e ~
o.“'o----u. baa Aty ay LT __{
-0.0020 L ) \ I L
0.0 0.5 1.0 1.5 20 25 3.0
dw

874



moving car position= 1

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)=3

motion: into platoon

B MOBILE DRAG
0.30 L A S T
025\= .., . sssnszsas e (a)]
0.20{— I
0.15}— _
0.10/— -
0.06p— —]
0.00 ) n ! 1 '
0.0 05 1.0 15 2.0 25 3.0
diw
STATIC CAR 1 DRAG
0.30 . . h s -
025(— . cezrezzizizrzatatasscccctassesss (D
0.20} ————m e = =
0T
& 0.15—
0.10}—
0.05|—
0.00 . A . . .
0.0 05 10 15 2.0 25 30
diw
STATIC CAR 2 DRAG
0.25 r — y
0.20 s, s s 228 7228 227 27 RES T L 2RE T3 (c)_|
$ 0.15F= -
0.10 [— -
888 -
0.0d \ A A ) .
0.0 05 10 15 2.0 2.5 30
diw
STATIC CAR 3 DRAG
0.25 p—— —
0.0k Freter T e T N R TSN S TN (d)_
§ 0.15 B
0.10+— _.‘
0.05\—
0.0%16 o5 119 45 20 26 alo
d/w

MOBILE MEAS. SIDE FORCE

™ T

" " 1

_
0.0 05 1.0 1.5 2.0 25

dfw

0.02 T .
& -0.02—
s T
— T = — 3
004 = T
-0.08 \ A . N ,
0.0 0.5 1.0 15 2.0 25
diw

separation: 1(0.21), 250.4!), 30

2
MOBILEYAW  3-—

STATIC CAR 1 YAW

0.0005
0.0000

-0.0005

3 -0.0010 [

-0.0015

-0.0030

~-

~
I

T (
AMETETEIELTITLTIILZI NG

N X

A A i A X

0.0

ol 1] 111

o

05 1.0 1.5 2.0 25
dw

STATIC CAR 2 YAW

- T
L R N A N N S F S SRS TS B (k)

0.004 —

& 0.002— —
0.000}— —

0002 o= o e e e e o e e e o

0.0 0.5 1.0 1.5 2.0 25 3.0
dw

STATIC CAR 3 YAW

cv



moving car position= 1 separation: 1(0.21), 2(0.41), 3()
acceleration Proflle: 1(static), 2(2t,), 3(1.54y), 4(t,), 5(0.67t,), 6(0.50t)= 4 1

motion: out of platoon PR
v MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILEYAW 83— .
0.3 e = X = == === 18 T T T T T 0.008 T .
= (a) 10 0.004 (Y
0.2 . -
=] P —1
(&) -0.002 ]
0.1f— 0.004 _
-0.008 -
0. -0.008
0.0 05 1.0 15 2.0 25 0.0 30
dw
STATIC CAR 1 DRAG
0.30 T T T T 0.0005 T "
025~ e mmmaam. 0.0000 g ., e = ()
0.20 e —— -0.0005 — : —
e E =T -0.0010— ~
© 015 -0.0015 —
0.05|— EpE = E =SS S == === 3
0.00 L . . , . -0.0030 o . N ) :
0.0 05 1.0 1.5 20 25 0.0 05 10 15 2.0 25 3.0
diw dw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
025 ' : ' Jl i ). 0.04r j K j (©) R PPPY TPy YY FY R P Y YF YR FTFITyy. (k)
e o e e e— oo e s mw ow omen e ] ———— ez i
0207 == 2. o ~ e —z \9) | 0.004—
0.15 -
§ $ 0.00 -~ 0.002
© 0.10— -~ ° E P I S
0.05 - -0.02(— J_ 0,000}~
0.00 — 1 . 1 4 -0.04 0002 TR SR TR TRy W R, SR R W W ey 1
0.0 05 1.0 15 2.0 25 3.0 0.0 0.5 10 15 2.0 25 30 00 05 10 15 2.0 25 3.0
diw diw dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
0.25 = === PSP i S——— Ty 0.04 T T L T T -0.0006 T T T \ T
0.20f= -+ s - - mmmmmmsARAssAnAoEmSmASSS (d)"J 0.021 .- llliitesccnnanan,, (h)— X N (I)J
L 0151 — , 000} T ] y EEEEEST=Z == -
© 010l— — © -0.02—’_ ________ ~ ]
0.05— — S T T E T =TT | e . |
0.09Lg- o5 10 15 20 255 0 0.0 , ! , . L . - """""“"‘.‘
0.0 0.5 1.0 1.5 2.0 2.5 3.0 X . J 15 2.0 25 3.0
diw diw dw
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moving car position=1 separation; 1(0.21), 24@.41],)5(0

acceleration profile: 1(static), 2(2t,), 3(1.5), 4(t,), 5(0.67t,), 6(0.50t,)= 4 -—
motion: into platoon 2.,
Ene MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW 3 — -
(L) T S p— S ——— —— 15T T T T T 0.006 T T T — —
oeevoooooozzozzzos 2ot (@) . (-
0.2 -] -
o » -
S o _
01— — l
0.0 . . . \ . N
0.0 05 1.0 1.5 20 25 3.0 30
diw
STATIC CAR 1 DRAG STATIC CAR { YAW
0.30 T T T — u 0.0003———— ' o "
7 S N O Y — ol
020" = — — — — — — -0.0005|— -
a == = o -] -0.0010— -
§ 0.15f= -1 © S -0.0015 f~— =
o1 ] T 00 —TE=TTETTTTT ST A
0051~ — 000256 - - ]
0.00 . _ N R . y
0.0 05 1.0 1.5 20 25 30 o
dw
STATIC CAR 2 DRAG
0.25 N  — T T — -x_ (c)
0.20 r-f_a_z__—,,-: S T T £ SR AR S SR
_oasE=T R
© 010 ©
0.05[— S - 0.000— -
0.00 -0.04 1 . s 2 L 0.002bmn _wn en wem wa s wa WM wa wm wm W W
0.0 0.5 1.0 15 20 25 30 0.0 0.5 1.0 15 20 25 30 0.0 0.5 1.0 1.5 2.0 25 3.0
diw diw dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
0.25- T - y — po = d 0.04 T T — r .0.0008 — o d i .
0.20 Eo T rorsrrranasaasassscccamascncaaa. e ( ).._. 0.02 (h)— -0.0008 (l)_
*s rabatanann s 4 = A ==
0.15— — 0,00 B o sramamie st SR A2 A Y ] ol = = e e — |
S§ g o — P -0.0010 =
0.10— — -0.02 — ©0.0012{— —
0.05— — Y TEEEEY 4 oot ecsinnst
0- -0.08 L s It e 1 -0.0018 ~:‘~"---.-.:. rrers 1‘0 N k "
0.0 05 10 15 20 25 30 0.0 05 1.0 1.5 20 2.5 3.0 0.0 05 1.0 15 2,0 25 30
diw dw diw
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moving car position=1

acceleration profile: 1(static), 2(2t,), 3(1.54,), 4(t,), 5(0.67t,), 6(0.50t,)=5
motion- ol o?plaltoon( ) 2021, 3(1.5). 4(4), 50671, 6(0.50t)
Eya MOBILE DRAG

B i e e = L = =T T 2

o rsfrifiiTiTIRATITIZR2rriayacamsss (a)

0.2 _
OQ

0.1} —I

0.0 1 A L 1 1

0.0 05 1.0 15 20 25 30
diw
STATIC CAR 1 DRAG
0.30 T T T . —

0.2

0.20F-
0.8
a

O
0.10—

0.05—
v

.......

MADI FAMEAC OINE Fanos

—_—

T

0.25

0.45—
0.0}~

0.05—
0.00

D20 ST

H

viv

0.0 05

10 15 20 25
dw

3.0

10 15 20 25

dw
STATICCARAYAW

]

- e s

0.8 1.0 15 2‘5 25 30
dw
STATIC CAR 2 YAW
etesctaras s arane s Xa P
(K)

30

111
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acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)=5

moving car position= 1 separation: 1(0.21), 2 i.4|1, 30)
d...

motion: into platoon

0 MOBILE DRAG MOBLEYAW 38— — -
ST T e - o ———-—=T 0.010 r r . T ——
— oot ) ]
02 — _
1]
- _ ]
O —
0_0L . s . -0.015 A ; ; ) A
0.0 05 10 15 2.0 25 5.0 0.0 0.5 1.0 15 20 25 30
dw dw
STATIC CAR 1 DRAG 0 STATIC CAR 1 YAW
0.30 T T L ¥ T 0.04 .0010 T T T T
0‘25—"'“,_._.:z::::::::::::::::::::z::::.-. (b)__ 0.02 0.0000 v -l 0)_
N — E mm e = 0.00
" — - -0.0010}— -—
S o5 — & 002 _
0.10— — -0.04 o.ooeo~:;=____===== ===z ]
— =
0.05{— — -0.08 0.0030 =
0. L 1 L : i -0.08 -0.0040 s i L P L
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0. 0.0 0.5 1.0 1.5 2.0 25 3.0
diw diw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
0.25 T T ™ v 0.04 0.008 T I T T o irad mamnm daan s n i ny
020 S SR o v e exemx e (C)_ oo 000¢ (k)
o5 - . .
§ - 0.002 =
© .10k -] ¢
0.05— — — 0.000 }—
0.00 L 1 A s L -0.04 L - 1 1 1 VOl == = = o o =
0.0 0.5 1.0 1.5 2.0 25 3.0 0.0 05 10 1.5 20 25 3.0 0.0 0.5 1.0 1.5 20 285 3.0
diw dw dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
0.25 L T T o= 0.04 T T T T T -0.0002 L - T T T
020 R TE a2 2 At A R RN RRRAR AR AR AT, .02l (h)__ 0.0004 P #}' (')_
M s i baasenss srgisssaessnresrsiiiceg -0.0008 |—
0.15+— 0.00 e ¥ Wt s S S S A A — - -1
S j S em—e— = & -0.0008 1~ —
0.10f— -0.02 }— —
L’/—EE====‘*;% '0-0010—_____._———-——___: —
0.05 V0= = T eRERTMITI TR TR T
0.0Q_ 1 1 1 1 i | -0.06 ‘ L ' i 1 -0.0014 \ 1 s L N
0.0 05 1.0 15 20 25 30 0.0 0.5 1.0 1.5 20 25 3.0 0.0 0.5 1.0 1 20 25 3.0
diw diw dw
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moving car position=1

acceleration [.r)rofile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)= 6

motion: out of platoon
Ei MOBILE DRAG
(o2 | N e i o P vy
[ s S (a)
02—
=]
Q
o.1t
001 —~ ok -l I |
0.0 0.5 10 15 20 25 30
dw
STATIC CAR 1 DRAG
0.30 T T T T T
0251= | iesereemnmeaneneaae wemr (D]
020 ——
S o5 — — -
o0} Z
0.05—
0.00 I " ) 1 L
0.0 05 1.0 1.5 20 25 3.0
dw
025 STATIC CAR 2 DRAG
0.20 | == — == e e oo s e Aotk na (C)_J
o 015 ~
[
0.10
0.05 I
0. I T— l L 1 1
00 0.5 10 15 20 25 30
diw
STATIC CAR 3 DRAG
026 T Tk : Ai"d
0.20 o = m LR RN ( L
, 08— -
© o100~ -
0.05— -
mm[ ) i 2 1 2
0.0 0.5 1.0 15 2.0 25 30
d/w

STATIC CAR 1 SIDE FORCE

004 S s T
0.02 (-
0.00 LnitmoIlrIITIEETS CE e e
0.02]~+* e T, o
-0.04 ~
0.08 E -]
"0.0B 1 1 | S ok Iy
0.0 05 1.0 15 20 25 30
04 STATIC CAR 2 SIDE FORCE
TEzmzzssm o -
0.0 = (g)_.l
o -
0.0 L 1 1 1 |
0.0 05 10 15 20 25 3.
diw
STATIC CAR 3 SIDE FORCE
B O L LA AL LTS Te v )
0.00
—
V02 = = — —
- - . — - = e - —
004k . _ _ _ 4
-0.08 . . : . N
00 05 1.0 15 20 25 a0
diw

0

separation: 1(0.21), 2$0.4l), 3()

2.......
MOBILEYAW  3— — -
0.010 T T T T T
0.005
g 0.000
-0.005
«0.010
-0.015
0.0 0.5 1.0 & on LY an
STATIC CAR 1 YAW
0.0010 T T ™ T T "
<0.0010(— p
d a
-0.0020
-0.0030 =2 E RS e e T —t
-0.0040 ! L N ! L
nn ne “n ak:' -
STATIC CAR 2 YAW
L e g e P L T e PPy A
Anasf_ (L)
0.002 -
S o
: -
0.002ps. = = = = e o e o - e — e
T 05 1.8 15 St——'5 &)
dw
STATIC CAR 3 YAW
0.0005 : “ —r
— . ()
0.0000= RN ] o
& -0.0005f— —
e A T F T Y P PeY LTSS S TP 33R
-0.0010}—~ ) —
LTRSS eI T T -
-0.0015 . . . A g
0.0 05 1.0 15 20 25 3.0
dw
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moving car position= 1

acceleration profile: 1(static), 2(21,), 3(1.54,), 4(ty), 5(0.67t,), 6(0.50t,)=6

motion: into platoon

181 MOBILE DRAG
0~3L_..'......':~..'___'_._:. PRy
———— T A ————e P
S
0.1~
0.0 L 1. | 1 L

0.00 05 10 dy 2.0 25

rtha,

STATIC CAR 1 DRAG

028~ ... rvertereeeananas RLCCRTITTIN (o)
L S ———— = _
§ 015k
0.10{—
0.05—
0.00 . : . . N
0.0 05 10 15 2.0 25
diw

STATIC CAR 2 DRAG

__________ Fobf Ak f bk X ot Doud Xt (C)

1 L I i

10 15 2.0 25 3.0
dhw
STATIC CAR 3 DRAG
0.25 T T T

0.0 0s 1.0 1.5 2.0 25
diw

. [_— T =
0.20F= s e TRFIIT LTI LI ITUTT O TR eRSLLLILLLY (d)
_ 018
© 0.10
0.05
0.00 . . , ) . v
X 30

& -0.02

-0.08

0.04
0.02

-0.02
-0.04

0.02

0.00p-4 0 - .

& -0.02
-0.04
-0.06

separation: 1(0.2}), 2‘0.4!), 3(1)

—

STATIC CAR 2 YAW

er2020000 820200 00000ty P4

(k)

L

3.0

8t



moving car position= 2

accelera

——ia

#m STATIC CAR 1 DRAG
0.40 T T T -
y === (a)
I rrrersu T2 R AR
\j iy
0.10}—
0.00- e ) ] L _
00 05 10 15 2.0 25 3,
diw
MOBILE DRAG
0.3 L T I r
oo C o a (D)
o.zﬂs === |
s L
0.1~ —
0. Lo i i i !
00 05 1.0 15 2.0 2.5 3.
diw
STATIC CAR 2 DRAG
MWL - = T T 1
S e e A R
020} s —— -
§ 015 -
0.10}— -
0.054— -
0.00 L ‘ n " '
0.0 05 1.0 15 2.0 25 3,
diw
GIAIV VAN O UMAU
0 A W — T -
oam&;,ﬂ:ﬁ:hx;nxn:nﬁ?;nn (@
anlr |
o
[&]
0.1}~
05— Ro———25——2

v}

0

tion profile: 1(static), 2(2t,), 3(1.5t,), 4(t.). 5(0.67L.). 6(0.50t.)= 1

0.10
0.08

0.06

- 004

TouR

004

STATIC CAR 1 SIDE FORCE

-

(o)]

separation: 1(0.21), 2$0.4l). 3(1)

R SPPI i e I YU L

PRECLE RN

{

T W A e o e A 3

STATIC CAR 2 YAW
.&;;::;W:'}-’-iu'.:-.-.-.-.z-.-.q'.-.v.v.-.r (k)‘_
- .
- -
e ™ ™ e e i e e e e oam —

0; 1j0 ’1.:.‘:» 2:0 2?5 3.0

—
L I T A S R A
-
1 e, A 'y -
05 10 15 20 25 3.0
diw
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moving car position= 2

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t)=2

motion: out of olatoon

Cop STATIC CAR 1 DRAG
0.40 T 1 T T
@)
0.30 et kb~ it~ ™ e e -]
S 020 -
0.10 -
0.00l—__ A L J
0.0 0.5 1.0 15 20 25 0
diw
MOBILE DRAG
T T T
A ARESERRARLEN] '.'..:__'Eﬂ (b)]
—
10 15 20 25 3.0
diw
STATIC CAR 2 DRAG
0.30 T =T T T T
02— o em - (¢
O'QOT;(;z;::;;'.'.-_-_;;::::a:«.u.s«\«uu“..
§ 015~
0.10—
0.05 , , y y )
Q.00
0.0 0.5 1.0 1.5 20 25 (0}
d/w
STATIC CAR 3DRAG
0.30
0.25 —_—
0.20 """::’:‘i)‘;&};”)ﬂ.‘?-‘ﬁ:’.‘-?‘.‘rgﬂ' (d
S 015
0.10
0.
0.00)
0.0 0.5 10 15 2.0 25 3.0
diw

STATIC CAR 1 SIDE FORCE

0.040
0.030

oz
& 0010k

0.000
RYATRLTI

-0.020

- T

~T

0.4 T (f)
024 m
3 e
-0.2 k‘-_-.!&b“/
0.4 A . L
0.0 05 10 15 20 25
diw
004 STATIC CAR 2 SIDE FORCE

S
(h)
—
0-0'02:5:—"-'—e:= A e A~ S -
-0.04|~ -
-0.06
0.0 05 1.0 15 2.0 25 30
diw

separation: 1(0.21), 240.4!), 3()

0.0015

0)

30
STATIC CAR 2 YAW
0.002 T =T T T T
ALV RN RN R T T T T T I Y M s Y e (k)
’—u —
- -
o em owm S ath  SEm smm  SESuS TR W
' " re s whamalimtihn o
0.0 05 1.0 15 20 25 30
dw
STATIC CAR 3 YAW
0.0000 1 T ! T ! 1
-0.0005 Je e . = oms O T IS e S ()_
& -0.0010}— —
60010 [T Tt raccaners .7- 2T RSN -
1 I 1
000200 05 10 20 25 a0

IS



moving car pasition= 2

acceleration profile: 1(static), 2(21), 3(1.5t,), 4(t,), 5(0.67,), 8(0.50t,)= 2

motlon into platoon

=rrvaw wrul 1 WA
040[ T T T T T -
N RS~ propryen e
& 0.20}— -
0.10}~— ]
0.00 s 2 P ’ )
0.0 s 1.0 1.5 2.0 25 3.0
diw
U T - T -
025 e, (D
vZ0 = = e ~
&S 015 —
0.10(— ..{
893_ Il — 1 L "
0.0 05 1.0 1.5 2.0 25 3.0
dw
STATIC CAR 2 DRAG
0.30 T -'mom x|\
ity - '—‘ = — \ )'-
0.20 _f&121171!!111')!5’}"’:)))}El:ETI _J
! i
———— - —
Q aua
0.10 —
0.0 _
i L P 1 1
Q.0 0.5 1.0 1.5 2.0 25 3.0
©
0.0 0.5 1.0 15 2.0 25 3.0
diw

STATIC CAH 1 SIDE FORCE
884 (e
0.020
& 0010
0.000
0,010
-0.020 .
0.0 05 1.0 15 20 25 30
diw
. lVIUDlLI: Mt:Ab. SIDE FORCE
4 \j T T
vz 1‘
J 0o
o 25
dw
STATIC CAR 2 SIDEFQRCE
D02l | (@)
N s ===4 ~
0,021\ i -
N N4 L— 1
-0.061 . . i ) _
00 05 10 15 50 25 3.0
dw
STAT|C CAR 3 SIDE FORCE
0.2 h
0.00[% ( )—
SlBzzzarest
S 002~ B -
V04 N e T ~
'0.06 1 1 1 L 1
0.0 0.5 1.0 15 20 25 30
diw

separation: 1(0.21), 2(0.41), 3())

h

SFAFIC r‘AD 1 VA\I\I —~ ==
v D T v
fo===mz====a=z (|
0.0010 —
o} k ———
0.0005 Betgaat LR B e e LU LRI PPy .
0.0000 1 . L L .
090 0.5 1.0 ;,z 20 25 3.0

AR LR YV R TR LT

VU N T T T T
_:....‘-‘;.ncuf«unnfﬁ‘unnmu«n (k)
0.001— = -
~
0,001
00020 = = o o b Bhondmdliory
0.0 0.5 1.0 15 20 25 30
diw
LA AR S iy
0.0W T ] T L T
-O.OWSE"-'-"_--_”---1 (l)_
& Anmn =
N P e St s et S S S T E -
-0.0020 . . ; _ -
0.0 0.5 1.0 1.5 20 2.5 3.0
dw
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moving car position=2

acceleration profile: 1(static), 2(2t,), 3(1.5ty), 4(t,), 5(0.671,), 6(0.50t,)= 3

motion: out of platoon
Ea STATIC CAR 1 DRAG

0.40 .
0.30|—

0.0 05 1.0 15 20

STATIC CAR 1SIDE FORCE

10 15 2.0
dw

STATIC CAR 2 SIDE FORCE

25

T

0.00l
00 05 10 15 >0
diw
STATIC CAR 3 DRAG
025 I . )
0.00 primammmomem TN L LS AN 2
o 0.15—
S
0.10}—
0.05f—
0.00! o5 ua e .
d/w

separation: 1(0.21), 240.4I), 3(1)

D.0004 0 — T e e — — —— — ]

-0.0008 |—

& 0.0010}=2
=0 0012 pusme——
0.00141—

-0.0018

—
e R R R IR R T
e ———._

€S



moving car position= 2 separation: 1(0.21), 2(0.41), 3())
acceleration profile: 1(static), 2(2ty), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)= 3 1

motion: into platoon 2.......
Ep STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE STATICCAR1YAW 33— — -
0.40 - : - : . @ . © QORI T e = T = (i)
0.30 ] 0. )| 0.0010 Q -
— 0.02 ] 0.0008 — —
S ozm— — — 0’ 0.0008 [ @ m r S TR L L L £ Coenarsrataresmnnomem s S 2L
0.010Fp> *—\—_—-_:.:H_‘____q — 0.0004 —
o.u»[— T 0.000 esen g — 0.0002|—
0.00 ) . . . . -0.010 == *'M 0.0000
0.0 0.5 10 15 2.0 25 30 0.0 05 1.0 15 2.0 25 30 0.0 0.5 10 15 2.0 25
diw diw dw
MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW
0.25 T L T T N
0.20 == (b) 0=
L 015 -
[&]
0.10 —
0.05 — S
0.00l S
0.0 0.5 1.0 15 2.0 2.5 30 0.0 0.5 1.0 15 2.0 25 30 0.0 05 10 15 20 25
diw diw dw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
[VACIV) v B T v v 0.002 M T B v
T, [} P bl L T T k
ozs_________— (©)— 0.0011= (k)
0.20F= T oannemmannn meceternsananaanny .
& 015 — & 0.000
010 ] -0.001|—
0.05— — ’
0.00 . . A . . 0002 = A o —————
0.0 0.5 1.0 15 2.0 25 30 0.0 05 1.0 1.5 2.0 25
diw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
0.25 0.02 T T T T ] o) =0.0004 = T e L - — 3
0.20 0.00 N _________ | -0.0008 — -
015 COT e ST -0.0008 I— —
$ 002~ T — 0.0010km"« e e e S anata
00.10 © § "L';:‘::E‘: 6_00012_: ..... eI v
0.05 N e T oo - ]
0.00 l s L 1 L -0.08 1 i 1 1 N -0.0016 i N 1 1 i
0.0 0.5 1.0 15 20 25 3.0 0.0 0.5 1.0 15 2.0 25 30 0.0 0.5 1.0 15 2.0 25
diw diw dw

L£]



moving car position= 2
accelerationprofile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)= 4
motion: out of platoon

Eoui

)
]

Co

Co

STATIC CAR 1 DRAG

0.40 T
0.30}-

0.20—

0.10—

0.00 L L L

0.0 0.5 1.0 15
diw

2.0

AG

MOBILE DR
0.25 3 T T

——

0.20| prT=
0.150—
0.10—
0.05}—

STATIC CAR 2

DRAG

—_—

0.0 0.5 1.0 15
diw

STATIC CAR 3 DRAG

20

25

0.10 —
0.10
0.05— —
0.00 L L s L L
0.0 0.5 1.0 15 20 25 3.0
diw

STATIC CAR 1 SIDE FORCE

1.0 15 2.0
dw

-0.04—
'0.06 1 1. 1 — '
0.0 0.5 1.0 1.5 20 25
d/w

separation: 1(0.21), 21(0.41), 30

STATICCAR LYAW 32— — -

PSSy (O
2seses '.“:‘:‘:‘:‘:‘:‘:‘:‘:‘:'.“:‘:‘:‘.'.'.'-Itt-.oa:anA . :
. . . 2:0 I 3.0

-
-
00 05 1.0 15 2.0 25 30
dw
0.002 STATIC CAR 2 YAW
! X2 EEE X R R R RS S NS NP NN RN (k)
0.001 = —
& 0.000}— —
-0.001 - —
-0.002 A . ; -
0.0 0.5 1.0 1.5 20 25 3.0
dw
STATIC CAR 3 YAW
-0.0004 L S
-0.0006 llisaas ]
ATATe T T TR LT reeLLLL L LT,
-0.0008 [— -]
-0.0010 % _
-0.0012(— —
-0.0014 3 1 N ) s
0.0 0.5 1.0 1.5 20 25 a.0

SS



moving car position= 2

acceleration profile: 1(static), 2(2t,), 3(1.5ty), 4(ty), 5(0.67t,), 6(0.50t,)= 4

motion: into platoon

Ep STATIC CAR 1 DRAG
0.40 T T T T T
a
030— _ _ — TE= e i= i ( )"
.o _
0.10— —
0.00 . L L 2 f
0.0 05 10 15 20 25 3.0
diw
025 MOBILE DRAG
. Ty
o 015~ —
© o010 j
0.05|—
0 0I5 2.0 15 20 215 0
diw
o STATIC CAR 2 DRAG
’ G — o c
" X
o4 g |
0.15 *** 1
0.10
0.05 —
0.00l
00 0.5 1.0 15 20 25 30
diw
STATIC CAR 3 DRAG
0.25 T —T— I I —=
-------- (@)
U5 2.0 25 0

STATIC CAR 1 SIDE FORCE

separation: 1(0.21), 2§o.4|), 3()

0.00
0.010 22
0.000
-0.010 a i 1 X 1
0.0 0.5 10 15 20 25 3.0 0.0 05 10 15 20 25
dw diw
15 MOBILE MEAS. SIDE FORCE MOBILE YAW

0.5 10 15 20 25 30 0.0 0.5 1.0 15 20 25
diw dw
STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
v T T T 0.002 —r— T T T T
P S A L LS S 2 1T Tzt
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moving car position=

2
acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)=5

motion: out of platoon
2151 STATIC CAR 1 DRAG

0.10
0. " J
0.0 0.5 10 15 2.0 2.5 30
dw
025 MOBILE DRAG
- ) T e e e
oro T e o =~ — 1 (b)
015p— = 7 -
S
0.10(— —
0.05— -—
0.001
0.0 0.5 1.0 15 2.0 25 3.0
dw
STATIC CAR 2 DRAG
0.28 e ;
020" s e (€]
PP E R b b S I
0.15 -
S
0.10 —d
0.05 , f , ’ ’ -
Q.00
0.0 0.5 1.0 15 20 25 30
diw
STATIC CAR 3 DRAG
u.zo -— — — _.- —
0.20] TS asstiassfrrzoaTaInn” - (d)_.
0.15— —
S
0.10}— —]
0.05}—
0.001 . ; A
00 0.5 10 15 2.0 2.5 30
diw

3.0

0. 0. us 20
0.0 0.5 1.0 15 20 25 30
dw
STATIC CAR 2 SIDE FORCE
0.04 T T T T =T ( )
e TR T e = Tt e~ e i o
002/ = — === 9)_
, 000 ~
(&3
-0.02p— -
004 t -
-0.06 .
0.0 0.5 10 15 20 25 30
diw
STATIC CAR 3 SIDE FORCE
0.02 T B N T

00 T e e —
00— — — -
o C_r—:_——_f—:.—a-—_u;._s_;:_'

o.o4r— —

-0.06 ! L s . N

0.0 05 1.0 15 20 25
dw

separation: 1(0.2l), 250.4[), 3())
-
STATIC CAR1YAW 33— — -

()

_—
kY tAs s s rnnms, 1
—]

0.5 10 15 20 25 30

STATIC CAR 2 YAW
0.002 T N B T T T
R T T L S LI T S ST PPy s (k)

0.001 —
& 0.000— -

VOO e — T

-0.002 ! ) s N i

0.0 0.5 1.0 15 20 25 3.0
dw

STATIC CAR 3 YAW

-0.00101__
0.0

3.0

yA]



moving car position=

2
acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t)=5

motion: into platoon

ti’f"l STATIC CAR 1 DRAG
O-SCT;——« === @
§ 0207
0.401—
0.00
00 05 10 15 20 25 30
dw
MOBILE DRAG
0.25 r ;
0.20 = - —-—T-—_-I”-Z-ZZ-C (b)_|
L 015 - ]
© o010 -
0.05— —
0.00 : . . . .
0.0 05 1.0 1.5 2.0 25 30
diw
028 STATIC CAR 2 DRAG
0.20 L'::_:._: IS . (o) ]
ol
L 015 —
© 010}~ .
8.081— —
0.00
0.0 05 10 15 20 25 30
diw
STATIC CAR 3 DRAG
- T T
----------------- = (@]
10 20 25 30

¢h

STATIC CAR 1 SIDE FORCE

(e)
10:
0.0 05 10 15 20 25 30
dw
\ MOBILE MEAS. SIDE FORCE
A ®_
SO~ -
1 —
-2 L ' ' : :
00 0.5 10 15 20 25
dw

0.0014 Y

separation: 1(0.2l), 250.4I), 3(1)

STATIC CAR 1 YAW 3~ — -

T T T

0.0012— [
i S 07
5 0.0008 —= —
© 0.0008F= EER —
0.0004 | -
0.0002
0.0000 : . ; \ .
0.0 0.5 1.0 15 20 25 3.0
diw
0.010 T T T ; —
0005 MOBILE YAW 0|
& 0.000}— ]
-9:%5 — —
8618 . N \ . f
00 05 10 15 20 25 3.0
diw
STATIC CAR 2 YAW
0.002 \ Y r
oo b snsssssaan (k)_
& 0.000— ]
-0.001 f— -
-0.002 - - - ]
0.0 0.5 10 15 20 25 30
dw

STATIC CAR 3 YAW

85



moving car position=2

acceleration profile: 1(static), 2(2t,), 3(1.5ty), 4(

motion: out of platoon

Eor STATIC CAR 1 DRAG

0.40
0.30

& 020
0.10

0.0l g5

0.25
0.20

0.15—
0.10—

0.05—
0.00 L

: ! . A

0.0 0.5 1.0 15 2.0 25 3.0

diw

0.25 ——
0.20

STATIC CAR 2 DRAG

PRy ——

0.15
0.10

0.05
0.00

0.0 0.5

1.0 1.5 2.0 25 3.0
diw

STATIC CAR 3 DRAG

0.25

— e e —

0.20
0.15p0—
0.101—

0.05}—
0.0l

0.0 05

1.0 20 25 30

t,), 5(0.67t,), 6(0.50t,)= 6

separation: 1(0.21), 240.4!), 3(1)

05 10 15 2.0 25
diw

STATIC CAR 3 SIDE FORCE

>

10 15 iy

dw
STATIC CAR 3 YAW

6S



moving car position=2

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)= 6

motion: into platoon

Ez;el STATIC CAR 1 DRAG
0.40 T T T T T
a
B (@)
& 0.20— -
0.10— -
O_ B 1 1 1 J
0.0 05 10 15 2.0 25 3.0
diw
MOBILE DRAG
0.25 T ! =¥
020 (b)_|
. 015 —
[&]
0.10 ]
Q po
o.od
0.0 0.5 1.0 15 2.0 25 30
diw
0.5 STATIC CAR 2 DRAG
0.20 - R (&
e
0.15 -
< 010 ]
808 —]
0.l
0.0 05 1.0 15 2.0 25 3.0
diw
025 STATIC CAR 3DRAG
020% ........ ...................(d)—
& 0.15— ]
0.10/— -]
0.05|— —
0.00l 1 1 1 ! !
0.0 05 1.0 15 20 25 3.0
d/w

STATIC CAR 1 SIDE FORCE

1.0 15 2.0
diw

STATIC CAR 2 SIDE FORCE

separation: 1(0.21), 2{0.4I), 3()

T T T T

L i) —
f— hd ( )-.-
res — e e e em— — — = = A -
e e A R T T R S e s Y ]
. —]
1 s 1 vl 1
0.0 0.5 10 15 2.0 25 3.0
dw

STATIC CAR 2 YAW

Prrr el
PPEEE AR Y Y PR T LLL)

sTrascaci

S~ e e — . A S — -
.0 0.5 10 15 20 25 3.0
dw
STATIC CAR 3 YAW
L L (-
Dot s sppapprssi 23 iiiiiianaad il IR H .
0.0 0.5 1.0 15 20 25 3.0

09



moving car position=3

separation: 1(0.21), 2%0.4I), 30

acceleration profile: 1(static), 2(2ty), 3(1.5ty), 4(ty), 5(0.67t,), 6(0.50t,)= 1 -
motion: out d platoon 5 .......
B STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW - =
0.3 ‘l’ T Y —T—- T 0.030 L— T T T - a— 0.0015 Y T T T T .
T et (g) (€ ool =
____________ T I T TR N S Tk e s PR e
0.2 — 0.0005— -]
S ~ § o.0000— -
0.1 — -0.0005 [— 1
— DO - S rrm o TR _4
ool | .0015
0.0 0.5 1.0 15 2.0 25 30 0.0 0.5 1.0 15 20 2.5 3.0 00 05 10 15 2.0 25 3.0
diw diw dw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
0.3 T 0.06 0.0030 — T T ™ "
cgsissscifiiiii (b) 0.04be o — 1 0.0020{— (,l)—-
| - s ,;”:{;l!.ti- K — -— T e - "
02--.;:2:—.‘—‘- ———————— ] 002[- TET T eEET TS p— 0'0010_:"::::::x;...---...n.--:lllll-'-""l -~
S S I TSUTTT e & 0.0000— =
04 _ Q.00 LEER SRR S Lesas Y — 40,0010 | _
o.ol | 0,04 -0.0030 . : A ——
0.0 05 1.0 15 2.0 25 3.0 0.0 05 1.0 15 20 25 3.0 0.0 0.5 1.0 1.5 20 25 3.0
diw dw dw
0 MOBILE DRAG 010 MOBILE MEAS. SIDE FORCE 0.0005 MOBILE YAW
.3 L T T T —1 X T L T T T X T T T T T
SIS PRI AP PP AFE (c) 0.05— TaLeee. (g)—l 0.0000 .\_ /,-Z‘—-T—-."’_&._.——* (k)—l
----- 1, b R o -
e S e T e -0.0010f—
— oSk, - ] -0.0015— —
- -0.10 ] -0.0020 f— =
0.1 -0.15 ) A ) ) . -0.0025 A n . N L
0.0 0.5 10 15 20 25 30 0.0 0.5 1.0 15 20 25 30 00 05 10 15 2.0 25 3.0
diw diw dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
0.30 T T T T T 0.04 .. T T —T . T == (I)
0.25 |, 4 prjuiinimic mem e e (A 0.02 =53 wx
0.20f — 0.00—
&$ 015 — & -0.02— -
0.10 — 004N PR
0.05 -— 0.08— \\\;/ pu—
o.ml 0.
0.0 0.5 1.0 15 2.0 25 3.0 0.0 0.5 1.0 15 2.0 2.5 30 00 0.5 1.0 15 20 2.5 3.0
diw diw dw

19



moving car position=3
acceleration profile: 1(static), 2(2ty), 3(1.5%,), 4(t,), 5(0.67t,), 6(0.50t,)= 1

31t

Eotlon: into platoon

STATIC CAR 1 DRAG

L — L

[ 17::::1“n:nu:::::!ll!;zlnca-: (a)
02 g~ i ond
o.1t -
0.0l
0.0 0.5 10 15 2.0 25 3.0
diw
STATIC CAR 2 DRAG
0.3 T T e l—
0.2
a
[$]
OA‘It —
0.01
00 05 1.0 15 20 25 3.0
dw
MOBILE DRA
03 T T T —T
©
TR LR R R RN TP Y
0.2 ”"1111 o _l
[<] »"‘ - -
S [ e -
0.1[_
3 R
0.0 05 1.0 15 20 25 3.0
diw
0.30 T — T T T
ol e (AL
020—  ..... — Ly T e e —
S 015}~ —
0.10— —
60H—
.00 | L ' L . t
(b
0.00.
00 05 10 15 20 25 30

diw

STATIC CAR 1 SIDE FORCE

0.5

1.0

diw

20

25

MOBILE MEAS. SIDE FORCE

0.10
0.05—

<
0.00}— -

-0.05 ==
-0.10—

-0.15
0

0.04

0.02— -

0.00—
-0.02
-0.04|—

-0.08

0.0

3.0

separation: 1(0.21), 230.4!), 3()

2nnnnn
STATICCAR 1YAW 3~ =~
0.0015 T T ™ T (|)
0.0010) — -]
0.0005 ’-Iu':fffr-----r:::xzzx\tn-ﬁ _
0.0000 -
-0.0006 ]
-0.0010 L R - N N Al o
-0.0015 , A ) 1 .
0.0 0.5 10 15 2.0 25 30
dw
STATIC CAR 2 YAW
0.0030 T T T T T N
0.0020 t— (-
00010 .., srnessen-anrsrarssancnss saaat —
0.0000 - ]
-0.0010— —
- -]
g-%g e e =
o0 0.5 10 1.5 20 25 30
dw
0.0008 T T T T
N -
-0.0025 \ \ . \ \
0.0 05 1.0 1.5 20 25 3.0
dw
STATIC CAR 3 YAW
-0.0005 T T - —
~meEZE===T=SS )
0.0010— -
& 0.0015— =
-0.0020 — —
-0.0025
0.0 0.5 10 15 20 25 3.0

9



moving car position= 3

acceleration profile: 1(static), 2(2t,), 3(1.5,), 4(t,), 5(0.67t,), 6

motion: out of platoon

f2t STATIC CAR 1DRAG
- . EEESTIITIITIEITCITEaocizw
& 015
0.10
0.05
0.00 . )
0.0 0.5 1.0 15 20 25 3.0
diw
STATIC CAR 2 DRAG
0.30 T T T T T

0.0 0.5 1.0 1.5 2.0 2.5 3.0
diw
030 STATIC CAR 3 DRAG
0B _ o m == T o= = == . (d)
0.20 —_
§ 0.15 ]
0.10 _4

0.5

1.5
diw

1.0 2.0 25 3.0

(0.50t,)

2

(e
g
00 05 10 15 20 25 30
dw
STATIC CAR 2 SIDE FORCE
M s e T L = e T ®
TS R L L L LT CP PP 1 3

(h]

jd

30

separation: 1(0.21), 240.4!), 3()

STATICCAR 1YAW 37

0.0015 T T (l)
0.0010— -1
0.0005:_.........“-...........-.. ....... acanauet _%
o.oooot— —
D00sE =S = === == == %= =%
0.0 0.5 1.0 15 2.0 25 3.0
diw
o STATIC CAR 2 YAW
.0030 — — T v T .
O.OOQOL— (.l)"
0-0010_.' ........ .--..--q..4;444;4¢xclx1..- —
0.0000 }— 7
-0.0010— —
00020 ol m m e . - - - h
-0.0030 \ s " A 1
0.0 0.5 1.0 1.5 2.0 25 3.0
dw
MOBILE YAW
0.0020 T T Y T
0.0010
0.0000
-0.0010
-0.0020
-0.0030
0.0
STATIC CAR 3 YAW
0.0005~— T P . S (l)
-0.0010}— T ~]
'0.0015';"::2:::::;:::;;;,.;}’]llll))ll!1!!::1 —
—————
0.0020— -1
-0.0025 L L s i .
0.0 0.5 1.0 1.5 2.0 25 3.0
dw

€9



moving car position=3 separation: 1(0.21), 250.4I), 3(
acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t), 5(0.671,), 6(0.50t,)=2

motlon: into platoon 2.......
Ea STATIC CAR 1DRAG STATIC CAR 1 SIDE FORCE STATICCAR 1 YAW 3 -
0.030 ™ T —T T 0.0015 T T T T T -
025 fasisiasrrescsidribeiischcossaeiats 00010l (')___
: 4:“‘ j—'ﬁ
& 0.0005— -~
0.10 _
005 e
0.00 00005 =~ — .. _ o e =3
0.0 0.5 1.0 15 2.0 25 30 0.0 05 1.0 15 2.0 25 30 00 05 10 15 2.0 25 30
diw dw dw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
ey 0 g T g T 0.04 - = o — - — L — = o
0B e (B ===
T o et R S T == ] 0.0010 o ssssmsccmasassacansssesasacmasass
& 015/~ -~
010 - -0.0010
0.05 — 00020 e . m ——m == wm emem . e .
0. -0.0030—.
0.0 0.5 1.0 15 2.0 25 3.0 00 05 1.0 15 20 25 3.0
dw dw
MOBILE DRAG MOBILE YAW
0.0020 L — T T T T k
(c 0.0010 ( )—
0.0000 —J
-0.0010 —
-0.0020] -~
L -0.0030 s L . L L
0.0 05 1.0 15 2.0 25 3.0 00 05 1.0 15 20 25 3.0
diw
STATIC CAR 3DRAG STATIC CAR 3 YAW
0.30 T T _ T _ = 0.04 -0.0005 -— - - T =4
028 o e e frren e s nasamanan) (d):] 0.02 o Ny (1)
0.20 0.00 .0010
S o018 :] S 002 & -0.0015 .. PP PO SRR Y bt —
0.10] -0.04 Treascasnanseets
0.05 ] 0.06 -0.0020— —
0.00! ! ~ 1 I n -0.08 -0.0025 I 1 n i X
0.0 0.5 1.0 15 2.0 25 3.0 0.0 05 1.0 15 2.0 25 3.0 0.0 05 1.0 15 20 25 3.0
dw dw diw

¥9



movingcar position=
acceleration profile: 1

3
(static), 2(21,), 3(1.5t,), 4(ty), 5(0.67ty), B{0.50t,)= 3
motion: out of platoon

separation: 1(0.21), 2?0.4[), 3(1)

2.
Ezmao STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE STATICCAR 1YAW 93— — -
5 —T Y T T T
0.25 mee——— (a)
& 015 —
0.10p— —
0.05}—
0.00 s - 1 1 i
00 0.5 1.0 15 20 25 3.0 00 0.5 10 15 20 25 30 00 0.5 1.0 15 20 25 30
dw diw dw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
oor o D)
P e L L s Lt 0.042_‘;:-—-’_-_-‘-"- = ] 0.0010 =vs-z2sssttrarrzazats ENEMARLALKERELS
o J -0.0010
0.10 0.000
005 I -0.0030 - e av i o em
000 il 0.0040 — o =
0.0 05 10 15 20 25 30 0.0 0.5 1.0 1.5 2.0 25 3.0 00 0.5 10 15 20 25 30
dhw diw
MOBILE DRAG MOBILE YAW
0.25 T T T L 00020 I T '
(k)
25 3.0

0.30 T T
- —=-———=—=—(
0.20 =" -
015 - 002
. o o o r —_— e
0-10F 004 = N~ — == T 0.0016 o ™ =
0.05 = —~ -0.06 -0.0018
0.00 -0.08 L " g ] [ t 1 i 1 —t
0.0 05 10 15 20 25 30 0.0 0.5 10 15 20 25 30 00 0.5 10 15 20 25 30
diw dAw

59



moving car position= 3
ﬁf&?jeraﬁ n nrofile: Uetatich /%) A1 &) AN RINCTY, ancALy A
U, 1110 ;ﬂnﬂoon
Eap STATIC CAR 1 DRAG
030 ot T T T T
0.25
020
S 0.15[:
0.10—
0.06—
0. L L L L L
0.0 0.5 10 15 20 25 3.0
diw
STATIC CAR 2 DRAG
_ (b):‘
0.20 mesmp T e T pe e netan Lt LTI
0.10
0.05
o.od _ . , . _
00 0.5 1.0 15 20 25 3.0

diw
STATIC CAR 2 SIDE FORCE

L It " i

0.5 1.0 15 20
diw

MOBILE MEAS. SIDE FORCE

1,
0.0 0.5 1.0 1.5 2.0 25 3.0

separation: 1(0.21), 2‘0.4!). 3()

STATIC CAR 1YAW

trrsesanavgaaaet

Cwu

OTATIO QAN @ rAYY

-1 (O]

99



moving car position= 3
(static), 2(2t,), 3(1.5t,), 4(ty), 5(0.67t,), 6(0.50t,)= 4

acceleration profile: 1

separation: 1(0.21), 2§0.4l), 3(1)

motion: out of platoon g .......
A STATIC CAR 1 DRAG STATIC CAR 1SIDE FORCE STATIC CAR 1 YAW - = -
0.. T 0.0020|r (i)
025 == (@) 0.0010 f=m=srrrereresrsws S
R g'ig_ ] , 0.0000
o 015}~ ] 1S
010 _ o000y~
0.05— — 0000 = == = = = = = = = — -~
0.00l . . 0.
0.0 0.5 1.0 15 2.0 25 3. 0.0 05 1.0 15 20 25 30 00 05 10 15 20 25 30
diw dw dw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
0.30 T T T T T 0.06 T — T T T 0.0020 T I =
0.04p=" s o o e e — — (f)— 000102 tttccs1332332322202300m3350008555¢ (J)
A e R = N = 0.0000|—
0.02}— —]
& 015~ ] ) & -0.0010/—
0.10(— — 0.00 PR tersrrmminnny, ‘A‘.‘.'.—.-ar‘..-.-,ssrv-—--'/&-i — -0.0020—
005 - -0.02 — 00080k — — — — = — — = — — — —
O.Cd 004 '0.0040-—-------_---=
0.0 0.5 1.0 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30
diw dw dw
MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW
T T Y 15 - 0.006 T T T T T
T A (c)_| 10— - (g)__ .
RS — ——= ==
== _ 05 —
& oo —
- 0.5 ~
o
: -1.0 —
0.00L -1.5
00 05 1.0 15 20 25 30 0.0 05 10 15 20 25 30
dw dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE
0.30 T T T T T 0.04r T T v PP
0.25 0.02 P S T seERALEERR N, e o-CH (h)_
0.20 0.00— -~
S 015 — & 0.02f= - —
0.10= = 2fF— s =
0.08 b— -0.06|— —
0.001 .08 A ) )
0.0 05 10 15 2.0 25 30 0.0 05 10 15 20 25 30 0 05 10 15 20 75 0
d/w dw dw

9



moving car position= 3

acceleration profile: 1(static), 2(2t,),
motion: into platoon

341

STATIC CAR 1 DRAG

3(1.54y), 4(t,), 5(0.67t,), 6(0.50t,)= 4

0.30

020~
0.15/—
0.10—
0.05p}—

Co

0.00

0.25 fr==os _ _________ r-_~_ (a4

1

0.0

10

STATIC CAR 2 DRAG

15
diw

L
20

0.
0.25
0.20

& 05—
0.10—
0.05}—

0.00

STATIC CAR 1 SIDE FORCE

0.040
0.030

0.020

1.0

15
diw

20

MOBILE MEAS. SIDE FORCE

e

—

0.5

10

2.0

25

0.5 1.0 15 20 25
diw

STATIC CAR 3 SIDE FORCE

3.0

separation: 1(0.21), 2£0.4l). 3

2 ...
STATICCAR 1 YAW 3— — -
0.0020 T T T T T -
ey (l) -
0.0 05 1.0 1.5 2‘0 2‘5 3.0
dw
STATIC CAR 2 YAW
()=

[ asasasrsasssasasnssssrsasssrsmssasnnanny

STATIC CAR 3 YAW

-0.0008 T T T
-0.0010— — (I)—

S - - T T
-0.0012 3 Y ““:': -':'_’—_____ J-;.(-'-'a:-n--c-l- 3 —
Vo0 = — — — —~
0.0018 W |
-0.0018 1 L 1 L '

0.0 0.5 1.0 1.5 2.0 25 3.0
dw

89



moving car position=
acceleratio

€ n 0Profile
motion: out of plato

Eqs
0.30

21
0l

STATIC CAR 1 DRAG

1.0 15 2.0 25

diw

STATICCAR 2 DRAG

0.25
0.20

0.15

0.30
0.25

0.20 jui—

&$ 015
0.10

o.10|-

0

A 1 . 1

20 25

}__

0.05(—

0.00

0.

=T

STATIC CAR 3 DRAG

T

e A T ——————————

s
.T“.---:‘“""““’“"“”‘"“'"'

(d)j

0

1.0 15 20

diw

2.5

3
(static), 2(21,), 3(1.54), 4(t,), 5(0.67t,), 6(0.50t,)= 5

STATIC CAR 1 SIDE FORCE

0.030

0.020 F
$ 0.010
0.000

-0.010
-0.020

0.0

20

STATIC CAR 3 SIDE FORCE
——T ®
e D T T T e :
15 2.0 2.5 30
dw

separation: 1(0.2), 20041, 30

o ......

STATIC CAR 1 YAW 3— — -

0.002 T T T T — "

0]
0.001 el = == —
& 0.000 -~
-0.001 —
NovE R S S e S e S S S S

0.0 0.5 1.0 1.5 2.0 25 3.0

05 1.0 1.5 20 25
diw
STATIC CAR 3 YAW

-0.0008

0.0014[— —
-0.0018 . o e .
0.0 05 10 15 2.0 25
dw

69



moving car position= 3

acceleration profile: 1(static), 2(2t,), 3(1.5t,),

motion: into platoon

3.0

Eam STATIC CAR 1 DRAG
0.230 . T - —
0.25 et (a
S 0.15—
o.10p—
0.05—
0.0 L . ; N :
0.0 05 10 15 20 25
diw
STATIC CAR 2 DRAG
0.30 - - , - _—

&)
MOBILE DRAG
0.25 T T
0.20 — T iieeeemee (C)]
gt o = —-— e —

°0.15 4‘;,_,..:——” —d

&)
0. —
0.05 , ’ ’ ) ) 1
Q.

0.0 05 10 15 20 25 30
diw
STATIC CAR 3 DRA!

0.30 L T T T T
0.25— e v == - (d
0.20 PR S I e T R S R F L RS S R 8 S0

[
0.10
0.05
0.00 . ) ) : 1 !

0.0 0.5 1.0 15 20 25 3.0
dw

. 0010

4(ty), 5(0.67ty), 6(0.50t,)= 5

STATIC CAR 1 SIDE FORCE

0.030
0.020

MOBILE MEAS. SIDE FORCE

0
-1
-2 . L )
0.0 0.5 10 15 2.0 25 3.0
diw
008 STATIC CAR 3 SIDE FORCE
0.02—~ SRR (h)—
000Ky, . srrrrr D —
(g' _0.02 LA e p—
-0.04 . o e A =
e N
008"
-0.10 . . . L .
0.0 05 1.0 15 20 25 3.0
diw

separation: 1(0.21), 2‘0.4]), 3()

2.......
STATICCAR1YAW 3— — -
0.002 . . . : -
000 (i
W et
S 0.000— —
-0.001— —
00020555 S = e a2
0.0 0.5 1.0 1.5 20 25 3.0
dw
STATIC CAR 2 YAW
0.0020 T I -
LY e T TTTTTITTTFITTTTTT O )
0.0000— -
& -0.0010— -
-0.0020 |- —
-O'm ER= ST O OSSN LSTER TS == S ]
00040l — = = = = —— = = = =
[y 05 10 15 26 25 30
diw
MOBILE YAW

0.010:

15
dw

STATIC CAR 3YAW

0.5 10

0L



moving car position=

3
acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.671,), 6(0.50t,)= 6

motion; out of platoon

3.0

E’g‘;o STATIC CAR 1 DRAG
d ! T L T L —
0.25 s ~ (&)
0.20 _— e, R TR M e e ™M T T TR T
& 0.15
0.10}—
0.0}
0.0l . . - . -
0.0 05 1.0 15 2.0 25
diw
030 STATIC CAR 2 DRAG
0.25 |~ {b)—
020 T A
S 015 ]
0.10E _‘
0.05p— —]
0.00 " L 1 1 1
00 0.5 1.0 15 2.0 25 3.
diw
MOBILE DRAG
0.25 T LI T T T
0.20
N 0.15
(8] &3
0.10
0.05)
0.0 L 1 1 N 1
0.0 0.5 1.0 15 2.0 2.5 3
diw
STATIC CAR 3 DRAG
O.SOL T T —
025~ _ _ — —— = (A4
o 20Be T - s
& 0.159— ]
0.10 ]
0.05— -
0.
0.0 0.5 10 15 2.0 25

3.0

STATIC CAR 1 SIDE FORCE
0.040 T T T ey
0.030 N (e)j
0.020 B
» 0010 N
= 0.000 -
-0.010 -]
385 -
0.0 0.5 1.0 15 20 25 30
006 STATIC CAR 2 SIDE FORCE
0.04 L—: TR e ———— e e (f)_
Y 0.5 1.0 15 20 25 30
diw
MOBILE MEAS. SIDE FORCE
S0
=
-2 -
-41 L L L i 1 ]
Q0 05 10 15 20 25 30
dw
STATIC CAR 3 SIDE FORCE
0.00 S OAR S -
R P T T T PP T LTSS (1]
0.02/ =y V]
aaf— —
$ -0.02f— —
o ooilZ TSI R S R R A e — _
-0.061~— —
-0.08— —
-0.10 . . . X .
0.0 0.5 10 15 2.0 25 30
diw

separation: 1(0.2l), 2‘0.4!). 3(1)

2
STATICCAR 1YAW 3— — -

0.0020 T . ——
0.0010 oot sttt ettt ettt . (i)_
0.0000— -
£ 0010 =
oo — - = T T TLT LT LTI 1
-0.0030 n 2 _t s 1
0.0 0.5 1.0 1.5 20 25 3.0
diw
STATIC CAR 2 YAW
0.002 Y T I -
et IIIIAIITAALIANAILIILY . (])
0.000— -]

0.0 05 1.0 1.5 20 25 3.0
dw
MOBILEYAW
0.015 T T T T Y

-0.0014=~ —]
-0.0016 1 —_— 1 A .
00 0.5 1.0 15 20 25 3.0
dw

1L



moving car position=3

accelerationprofile: 1(static), 2(2t,), 3(1.5ty), 4(ty), 5(0.67t,), 6(0.50t,)= 6

motlon: Into platoon
ESJGI

STATIC CAR 1 DRAG

0.30 T
0.25

0.20—
& 015
0.10/—

0.05H—
0.00L

0.0 0.5 10 15 20 25

diw
STATIC CAR 2 DRAG

30

0.30 v
0.25
0.20 merememes=Tam o n o L UL

§ 015|—

0.10—

0.05—
0.00

0.25
0.20

o 015
0.10

0.05
0.00

0.0

STATIC CAR 3 DRAG

0.30 T
025

0.20
$ 015
0.10

0.05
0.00 L " L + L

T
—— g —

________ AN A e e mmau,,

(d)

—

3.0

separation: 1(0.21), 2$0<4I), 3()

2. ...
STATIC CAR 1 SIDE FORCE STATICCAR 1YAW 32— — -
0.040 T T - T -— 0.0020 0
0.030 i
0'020 o‘w1°- FEFY PP rorsrssrrsrirsacsszztasszsrstant 7
» 0.010 5 00000/ —
0.000 © 00010} j
000z ey A U -
-0.0204— 0000 e o e = o o T
-0.030 . -0.0080 — . . .
00 05 10 15 20 25 30 0.0 0.5 1.0 1.5 2.0 25 3.0
diw dw
STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
0.06 T — T T T 0.002 Y s m— - N
M == ==z oz = = = - () titiszzaszisaziaizizzasziazzzizaiizazi ()
 0.02p— -0 ] 0.000— _
© 000 SRk BrrRessrarrrsrceeony T 0002 _l
: L
0.02}—- I e
0.04l6— 05 1.0 15 20 25 30 0.00B—=—D5.—INT" 15 I 2D 2% 30
diw diw
MOBILE MEAS. SIDE FORCE MOBILE YAW
4 T T T T T ,———r
ol TN (Q)_ 0010, = =
S o ~ & oo ' \\ j
5 ] -0.005 "\"‘\‘._,_,,:J
-0.010
-4 . L . N 2 L X N . . L |
00 05 10 15 20 25 30 00 05 10 15 20 25 30
dw dw
STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
0.06 T T T T -0.0008 T —
' h_
g ]

3.0

¢l



moving car position=4

acceleration ?rofile: 1(static), 2(2t,), 3(1.5%y), 4(t,), 5(0.671,), 6(0.50t,)= 1

motion: out of platoon

“401‘;0 STATIC CAR 1 DRAG
’ a
0.30f == = = »m = = = = = == - ( )—

& 0.20— —
0.10— o

0.0 05 1.0 15 2.0 25
dw
STATIC CAR 3 DRAG

0.10—

0.05
0.00 1 L .

1.0 1.5
diw

MOBILE DRAG

20 25

0.30
0.25

0.20

010~

0.09—
0.001

00 0.5 1.0 2.0 25

3.

STATIC CAR 1 SIDE FORCE

0.010

—— r
(e)
0.000 Pre— o o = iy -~ " fom -
TG SR RTE £ £ Sfirease WS EELR S ]
-0.0201— -
-0.030 . — L . )
0.0 0.5 1.0 1.5 20 25 3.0
diw
STATIC CAR 2 SIDE FORCE
0.020T T L T —— (f)
0.015 ax:t 1. 2ot 1. .:.:’._-.:.:.:‘:.:.‘ ~ —
L 0010 2 e N s —
S b
0.0055 -
0.000 -
-0.008 .
0 0.0 0.5 1.0 15 2.0 25 30

@ |

0
008 MOBILE MEAS. SIDE FORCE
0.08{— 4 (h
004~ = D = Y/ ]

& 0.02— =™ —

0.00}— N,
0. —
-0.04 2 L s — L

0 0.0 05 10 15 2.0 25

diw

separation: 1(0.21), 2$0.4I). 3(l)

2
STATICCAR1YAW 38— — -

& 0.0005|—

PR T

deallesalTY oot srancn="

0.0 0.5 10 15 2.0 25 3.0
diw
QTATIC CAR 2 YAW
0.0020 T T T — Y -
0.0015%-'*”—"‘-‘-‘—‘"“--* 4
0.0010}— —
&
0.0005 [— -1
PN TTTVRTTTTVRCIPPPT TIPS ]
"0.0005 L L Il L P
0.0 0.5 1.0 15 2.0 25 3.0
rthas
o001 STATIC CAR 3 YA
X 0 L gy L omal— =
-0.0012 -
0.0014
& -0.0018
0.0018
-0.0020
-0.0022 . , . . o
0.0 0.5 1.0 15 2.0 25 3.0
dw
MOBILE YAW
0.0000 T T T

05

1.0

1A



moving car position= 4

accelerationprofile: 1(static), 2(21y), 3(1.5ty), 4{,), 5(0.67t,), 6(0.50t,)= 1

motion:into platoon

Equ STATIC CAR 1DRAG
0.40 T T T T T ( )
a
- mE S S oS ~
& 020+ ~]
o.1or —
O. A A 1 1 L
0.0 0.5 1.0 15 20 25 3.0
diw
STATIC CAR 2 DRAG
LR R N N Y N RSN LT 2 Y
0.10
0.05
0.00
00 05 1.0 15 2.0 2.5 30
diw
025 STATIC CAR 3 DRAG
. = = we T owm wR = =X oA e W)
020 . e (©)
L 015~ _
© o10p— -
0.05— ]
0.00 , A ) L ;
0.0 0.5 1.0 15 20 25 3.0
diw
MOBILE DRAG
_____:::—ggr-'- - e
— = ™
S 015
0.10
0.6
0.00.
0.0 0.5 1.0 15 20 25 3.0

separation: 1{0.21), 2‘0.4!), 3

0.010

STATIC CAR 1 SIDE FORCE

2.......
STATICCAR 1YAW 3~ — -
L 0.0015 = o — T "
o lac=ma 0]
0.0005 St A SIS EE =, T ..._,_.-‘.'_-'_—.\'.,;-,. ]
0.0000 e T —e 7
-0.0005 — . f . s
0.0 05 10 15 20 25 30
dw
STATIC CAR 2 YAW
0.0020 T T T ¥ T -
0001sf- — = | T - mm = m = 0

0.030
0.020

0.010

0.5 1.0 15

0.000
-0.010 |
00 05 10 15 20 25 30 00
dw
MOBILE MEAS. SIDE FORCE
0.0000
-0.0005
- -0.0010
(5) 0.2 :h\,_._.,' oS J
0.00 -0.0015
0.2 -0.0020
0.4 ) -0.0025
0.0 05 10 15 2.0 25 30 0.0
diw

122



moving car position=4 separation: 1(0.21), 250.4|), 3()
acceleration ?rofilez 1(static), 2(2t,), 3(1.5t,), 4(1,), 5(0.671,), 6{0.50ty)= 2

motion: out of platoon 2.......
Ea STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE STATICCAR 1 YAW 3— — -
B i n e, .o =3 0.020 —r - r ——r 0.0015 T = = . 5
=it Pl e m=E ===z ()]
Lo u . 0000
(&) (&) ha
ol ] -0.010
0.020 =
0.0 e — L " L -0.030 o — " — .
0.0 0.5 1.0 1.5 2.0 25 3.0 0.0 05 1.0 15 20 25 3.0
diw dw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
025~ - T T —r 0.025 0.0020 T —— T T Y
T O 0.020 000N = = = mm = — = = (])_]
§ — 0.015+—
015~ — =, 0.0010}— —
S & 0010
0.10 - 0.005 0.0005 F -
0.05— T 0.000 . —
0.00 I 1 s " 1 -0.005 -0.0005 : L 1 i 1
0.0 0.5 1.0 1.5 2.0 25 3.0 0.0 05 10 15 2.0 25 30 00 0.5 10 15 2.0 25 3.0
dw dw
STATIC CAR 3DRAG
0 T T T T
0.201= \srsreeesszs (c)_
. 015 —
(&)
0.10p~ ]
0.05}— —]
o.ml .
0.0 0.5 1.0 15 2.0 25 3.0
dw
MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW
025 ‘ ; d : CooT - T 0.0010 — ™ . . v
020 | \a paasisre ™ e ———— (d] [_ ):I
0.15}— —] ”
© mok— - °©
0.05 - . 02
0.00 1 L 1 1 ! -0 4'
0.0 05 1.0 1.5 2.0 25 3.0 0.0 0.5 1.0 15 20 2.5 3.0 0.0 0.5 1.0 15 2.0 25 30
dw diw dw

SL



moving car position=4

acceleration proﬂle 1(static), 2(2ty), 3(1.5ty), 4(t,), 5(0.671,), 6(0.50t)=2

motion: into P latoon

2 STATIC CAR 1 DRAG
03 = = = 3 = = = = ==X
: (a)
0.2-[ 4
S e
o.1t J
00t
0.0 0.5 1.0 15 2.0 2.5 3.0
diw
05 STATIC CAF\ 2 DRAG
0.20LI-II:=-:::=:.I:::!:Illllllnll!:l (b)
o 015 R
© o0l ©
0.05{— —

(5]
0.001l0 QI5. 1.0 15 20 25 0
diw
MOBILE DRAG
—— a— o— - -
0.10
0.05
0.00. " d
0.0 0.5 1.0 15 2.0 25 3.0
diw

-0.010

-
b

STATIC CAR 1 SIDE FORCE

LS L A

Tt o maet

0 05 10 15 20 25 3.0
STATIC CAR 2 SIDE FORCE
- H-

0.5

MOBILE MEAS. SIDE FORCE

Q5

T

20,

separation: 1(0.21), 2$0.4l), 3(1)

STATICCAR 1YAW _3— — -

0.0018

0.0010 1

0.0005 —

e e omEE S ar AT B = = M (|)

0.0000 pe,

e
-0.0005

=¥}

0.0

0.5 1.0 15 2.0 25
dw

STATIC CAR 2 YAW

0.0020
0.0015

0.0010}—
0.0005 {—

WML AR e e ST e oma o, G R S

B etttk b D S A L X

roso .

—r— T T T u

z 2 I 1 L

9.



moving car position=4
acceleratiorg]proﬁle: 1(static), 2(2ty), 3(1.5ty), 4(ty), 5(0.67t), 6(0.50t,)= 3
motion: out d platoon

By

STATIC CAR 1 DRAG

STATIC CAR 1 SIDE FORCE
L T L

0.40: T T T T T {a) | 0.020 T
0.0 == mu = wm wm o w2 0.010
) 020_. ................................... oo
© _{ © 010
0.10— -0.020
0.00 . . . . , _I 0,030
0.0 05 1.0 15 20 25 3.0 00
dw
025 STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE
: T T LT 00257 — T — y
o mn Lo LIEEEET B . -
]
0.15
o
© oo 1 3
0.05\— j
o0.oL
00 05 1.0 15 2.0 25 30 30
diw
025 STATIC CAR 3 DRAG
il SO 0 S 4
20T T T T T = (0] (9)
rrererrrrtlil
. 0.15/ ]
© 010 - -1 3
0.05 — -
8.00lo— 0I5 20 15 210 265.
00 05 10 15 20 2.5 30
025 L diw
0.20 3 08 MOBILE MEAS. SIDE FORCE
. 0.15f 06—
o 0.4}
010 1 » 02—
898 — © 0_%_
88g L I 0 L L 02—
- -0.4
0.00 -0.6 . . . . .
00 05 10 15 20 25 30 00 05 10 15 20 25
diw dw

separation: 1(0.21), 2%0.41), 3(l)

-
STATIC CAR 1 YAW 3 — .
O T T T T e s e = = (0)
0.0010}— —
0.0005 L— ................................ -]
-0.0005 . . . N
00 05 10 15 20 25 30
diw
STATIC CAR 2 YAW
0.0020 T T T B "
00015 ow o e —— e e - —— ——— (])._
0.0010}— -
0.0005 = e ———- =
0.0000|c2 sz zazszciazasazanaeses cairaaaast —
-0.0005 == 1 = =
00 05 10 15 20 25 30
diw
00 STATIC CAR 3 YAW
0. 5 T L L] L T
00000~ _ o __ (k)]
00005f-— — — = —— — — — — — — .
-0.0010 —
0.0015 msrreeaaag g e oo T e — _‘
0.0020 "
00 05 10 15 2.0 25 30

LL



moving car position=4

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)= 3

motlon: Into platoon

4t STATIC CAR 1 DRA STATICCAR 1 SIDE FORCE
0.40 T T T T L ( ) 0.020 T T T T
a
030 == 2= = = =m 3¢ 20 >0 2 3em x= = 0.010 —
e 020 4 0.000
hd -0.010}
0.10— -0.020
0.00 -0.030
0.0 0.5 10 15 20 25 30 [oX
diw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE
0.25 T 1 T T T T T -
U T T T T T T Tt g s s s tany (b)- (f)
© o.10~ - }
LY -
0.00 ! L L L " I . 1 l — |
0. .
0.25
0.20
o 015
Q
0.10
0.05
0.00
0.0 0.5 1.0 1.5 2.0 25 3.0 00 05 190 15 20 25 3.0
diw diw
MOBILE DRAG MOBILE MEAS. SIDE FORCE
0.25 —T— ™ B — — X ' ' ' =Y
0.20 M ‘-_._‘ : -—— == (d)—J t A (h)—
- -
o 0.15 —~—
(&)
0.10— —
0.05— o2
. T -04
0.00 - L 1 “J 0.8l 1 I L ) e i
0.0 05 1.0 1.5 20 25 30 00 0.5 10 15 20 25 30
diw diw

separation: 1(0.21), 230.4I), 3()

2. .....
STATICCAR1YAW 3— — -
S e s T s = = = = = = = = & (i)
0.0010+— -
0.0005— . -1
o ]
.0.000%)10. QG 40 15, 20 25 30
dw
STATIC CAR 2 YAW
0.0020— v — T T T .
0.0015|me 2 v mr o o - - -—— - 0
0.0010 —
0.0005 |~ -
PSR L RN RN NN IR R R R NI T
V0000 [¥r e o» o sumntasatat et tatatatan h PP b p AR i r st s £ 4 -]
-0.0005 —
0.0 0.5 1.0 1.5 20 25 3.0
dw
STATIE CAR 8 YAW
0.0005 T T —T T
0.0000= — o= (k)
TTEZ=E=Z=ZEZIC-C-ZEZE
-0.0005[ 7
-0.0010|— —
0.0015 FEr T Ty —l
L 1 H I L
-0.0020.0 05 1.0 15 2.0 25 30
0.002 . ]JAOBlLIE YAW : : (I)
oooof= ==
& -0.002|— RN -
=X
~
-0.004|— oz —
00080 05 10 15 2.0 25 3.0
dw

8.



moving car position=4

acceleration oprofile: 1(static), 2(2ty), 3(1.54,), 4(t,), 5(0.67t,), 6(0.50t,)= 4

separation: 1{0.21), 2|0.4I), 3()

motion: out df platoon 25 L
B STATIC CAR 1 DRAG STATIC CAR 1 YAW 8- _ -
0.40 T T T 1 B T = T = =,
@ |
0.30k mm == o o o e o - -~ - 0.0010 —
& 0.20{— J 0.0005—
ToiiiijAiREriiIzzrIEI IR S RN e R ez
0.10}— 0.0000—
A ———————
0.00 . L L s . ) -0.000! = 10 15 20 25 0
0.0 05 1.0 1.5 2.0 25 3.0
diw dw
0n STATIC CAR 2 DRAG o STATIC CAR 2 YAW
28 . O T T R
o T T EEE === == (0) ] 0.0010f— o 0)4
o 0.15— — z 0.0008 (— —
° 0.10— _‘ B R P P CPRX L LLL LD =1
0.05(— — -0.0005 -
0.00 Y i L. 1 1 -0.00101
0.0 0.5 1.0 15 2.0 25 3.0 0.0 05 10 15 20 25 3.0
diw dw
STATIC CAR 3 DRAG STATIC CAR 3YAW
025 " T — = = —C 0.0005 T T d r r
0T TS 220 CR
o 015 ]
© 010 .
0.05 f~ _
0.00 A L o " L
0.0 05 1.0 1.5 20 2.5 3.0 0.0 0.5 10 15 2.0 0.0 05 10 15 20 25 30
diw dw diw
o MOBILE DRAG . MOBILE MEAS. SIDE FORCE MOBILEYAW
- T T 5 T T T T
0= e (A
™ -
015 ] _
S _J S —
0.10(— o |
005~ = 10 —]
0.00 1.
0.0 0.5 1.0 15 2.0 25 30 30
diw

7



moving car position= 4
acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t), 5(0.67t,), 6(0.50t,)= 4

motion: into platoon

St

ETATIC CAR 1 DRAG

0.40 T —
0V = = == = 2= =2 = o= - o
& 020
0.1
938
0.00l. - | |
0.0 05 10 15 20 25
dw
025 STATIC CAR 2 DRAG
: T S S—— e
o ST S S Lo a s n = ()
o 0150
[§)
010~
[TRVA]
JHALYS " 1 L t '
[o]4 nA 10 15 2.0 ne
dw
STATIC CAR 3 DRAG
S icad AV B S s
0.20
015
o
010
0.05+— .
0.00 L — L I 1 -0.0101 . A 1
0.0 05 1.0 15 2.0 25 3.0 00 0.5 1.0 15 20 25 30
dw
05 T ———TMOBtEDRAG——————
P e L)
0.15—
S
0.10—
0.05—
0. .
0.0 05 10 15 20 25 3.0 0.0 05 10 15 20 25 30
diw dw

separation: 1(0.21), 240.4!), 3(l)

STATIC CAR 1 YAW

1 - N L
00 05 10 15 20 25 30
AAw
0.004 T T T =
0.002 MOBILE YAW 0]
0.000 _
0.002 -]
& BS -
8888 —
3% <
0.08 Y
0.0 0.5 10 15 20 25 30
dw
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moving car position=4

acceleration ?rofile: 1(static), 2(2ty), 3(1.5%,), 4(t), 5(0.671,), 6(0.50t,)= 5

motion: out of platoon

Eqs STATIC CAR 1 DRAG

a
O

Co

[ e e e ¥ T D

02

01—

0.0 1 L i —

—_—

(@)

0.0 0.5 10 15 20 25
diw

30

STATIC CAR 2 DRAG
0.25 T T T T

020,
015
0.10}—

0.05—
0.00!

(01¢] 0.5 10 15 20 25
diw

STATIC CAR 3 DRAG

v.e3
0.20
0.15
0.10
0.05
0.00|

0.25
0.20 -
0.15
0.10

0.0

0.00

0.0

STATIC CAR 1 SIDE FORCE

separation: 1(0.21), 2‘0.4I), 30

STATICCAR 1 YAW

0.0020 T
0.0015 - oo ar w4 (
0.0010{—

0.0005

0.0000 |~ EE R R ek T W SR I P

STATIC CAR 3 YAW

-0.0005%— -
-0.0010 A 1 1 L s
00 05 10 15 20 25 30
diw
STATIC CAR 2 YAW
0001 [ T T e o e e e e (j)
0.0010 1— —
0.0005 }— —
0.0000 — —
=0.0005 bz, A Y 2552222030331 =
-0.0010 1 A 1 1 )
0.0 0.5 1.0 1.5 2.0 25 3.0
diw

T

MOBILE YAW

0.010 T
0.005
0.000—~
-0.005—
-0.010 |—
0.018 | 1

00 05 10 20 25

el
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moving car position=4 separation: 1(0.21), 2$0.4|), 3(1)
acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(ty), 5(0.67t,), 6(0.50t,)=5

motion: Into platoon 2.......
Eds STATIC CAR 1DRAG STATIC CAR 1 SIDE FORCE STATICCAR 1YAW 37 ~
03T e TR e 1 0.020 0.0020 T T T . L——
a 0.010 0.0015 tmaem. . e wm . e W W wm W W = (I)—
|02~ (@) 0,000 L= 0.0010— —
(&) 0.0005 —
0‘1 ‘°~o10 0.0000 EJ‘.A'.'t‘-‘n‘-‘n'-"‘-'-'-‘.‘.‘.'.‘-‘-‘-'.'-'-'1: I X R T R R R Y] —
0020 0.0005 ——— ]
0.0L -0.0010 1 L A 1 A
0.0 0.5 10 15 2.0 25 3.0 0.0 0.5 10 15 2.0 25 30
dw v
STATIC CAR 2 DRAG ooons STATIC CAR 2 YAW
0.25 8 £ = s s et g o ammm wm wm opee N
ool ) B 00010 0
SH= - . 0.0005 |—
(&) O
0.10— — 0.0000}—
0.05}— —J -0.0005 |~ 43240
0. A - 1 1 1 | -0.0010 5 i,y N 1 I
0.0 0.5 1.0 1.5 2.0 25 3.0 00 05 1.0 15 2.0 25 3.0 00 0.5 10 15 2.0 25 3.0
diw din dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
0.25 T T T —T T 0.040 — T 0.0008 R T T A T
v edtes-Prril LN Y @ oompmmmm - === (K
L 015 - Y P -0.0005 — -
© O.lOL — © ﬁ -0.0010 —
0.05(— -] -] -0.0015 —
0. , . A " . 0.0001 . ) - -0.0020
0.0 05 1.0 1.5 2.0 25 30 0.0 0.5 10 1._5 2.0 25 30 0.0 3.0
diw din
MOBILE DRAG \ MOBILE MEAS. SIDE FORCE 0010 MOBILE YAW
0.25 — T T T m—— — T T . — T T - -r
0.20 Mrf:;.;’;- [ (d)j 1~ (h)._. 0.005 (l)
QO.15[ ” O— - J O.OOOL
(&) O
81 n 1 k - -0.008—
0.05— - -2 - -0.010—
0. X . . . . -3 — -0.015
0.0 0.5 1.0 15 2.0 25 30 0.0 0.5 10 15 2.0 25 3.0 0.0 05 1.0 15 2.0 25 3.0
dw diw diw
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moving car position=4 separation: 1(0.21), 250.4|), 30
acceleration profile: 1(static), 2(2t,), 3(1.5%,), 4(t), 5(0.67%), 6(0.50t)=6

motion: out of platoon 2.......
Eger STATIC CAR 1 DRAG STATIC CAR 1 YAW 3 - -
0.40 * 0.020 0.0016F = =T= == == = — =
030k = _ _ mCIT DS e emm EST Er R e (a)—-| 0.010 . 0.0010—~ (l)_ﬂ
— 0.000 . 2 3 0.0005 -
§ 020 — i ) A ;i ~ ;

° © -0.0108 o‘ooooﬁ“"""'- gogrsepepetetadusesesase ALl ]
0.10 — 0,020 w — -0.0005[— — ]
0.00 . -0.030 ) N T " : -0.0010 L L ) " .

(0]0] 0.5 1.0 15 20 25 30 00 0.5 1.0 15 20 25 30 00 05 10 15 20 25 30
dw dw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
0.25_ T I - T - _T 0.0015 =T v T T T .
©.20 —._..T—'.._...—.__—..: —————— e (h)_ 0.0010 - e = = a--_-!z-o—r_mr—_t (J)_
L 015 | 0.0005 — -
© o.10}—- . & 0.0000f— ~
: -0.0005 3 —
0.05—~ - -0.0010 —
0.00 A i i 1 s 0.010 i i _ ! M -0.0015 : . " i .
0.0 0.5 1.0 1.5 2.0 25 3.0 0.0 05 10 15 20 25 30 00 05 10 15 20 25 30
dw diw dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
0.25 ’.-l-_ A S A A 0.040 T T T T 0.0005 - — A LAl 7_ )
0.20 R .‘_' T -—‘. 0.0000 Lf === e Y AT ale e . e (k)
o 015 — 0.0005F ceocuu ... -

S It oL LI s sz 2l
0.10 - -0.0010 = —]
0.05{— - -0.0015— —
0.00 ! 1 1 1 1 0.00201-

00 0.5 10 r}/\?{ 20 25 30 0.0 0.5 1.0 15 20 25 30 [e]0} 05 10 15 20 25 30

MOBILE DRAG
0.25 T r— T T
0.20 g (d)_
k
0.15— —
=)

0.10— -
0.05— y y y y y -
Qg

0.0 0.5 1.0 15 2.0 25 3.0

dw
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moving car position=4
acceleration profile: 1(static), 2(2t,), 3(1.5ty), 4(ty), 5(0.67t,), 6(0.50t,)= 6
motlon: Into platoon

separation: 1(0.21), 2%0‘41). 3(1)

Eue STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE
0.40 T T T T ~T (a) 0.020 T T T T 0.0015 ==
0.30 promm o s e o = o — 0.010 0.0010—
, 0000 0.0005 —
S 020~ _-{ [$) 0.010 K U: £.0000 :;*._‘x'l.x-x'l.‘..t.t.:-{.t.‘-.l.z.t.fl.l'i&‘l.xn-s---4440:-(
010 ] -0.020 -0,0008{— —1
0.0d -0.030 -0.0010
00 05 10 15 2.0 25 30 00 05 1.0 15 20 25 30 00 05 10 15 20 25 30
diw diw diw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
0.25 T —— = T (b) 0. T ({) = -
—_—m oo s s=sa= L K K 3 -
> L AL EEAELCEFECTTS 1 O.OZOL‘-‘ - 0.0010
015~ - s - .
4 0.10 g 0 - 14!
10— — \#\ ~ 1 B0 ] e e T L L e LRSS S N P T P PP PPN
0.05— — o.000 _{ -0.0010 q
0.00 " L x 1 L -0.010 -0.00151 e 1 L ' )
0.0 0.5 1.0 1.5 20 2,5 3.0 00 05 1.0 15 20 25 30 00 05 10 1.5 20 25 30
dw dw
STATIC CAR 3 DRAG STATIC CAR 3 YAW
0.25 — - - S — — —= 0.0005 T T T T L
020 .-_mt-é-—-‘-—_-:-: === == (© 000 =TT e s T s = (k)_]
0.15 -~ -0.0005 t_ -
© 010}— — S -0.0010 -
0.05|— - -0.0015 = — —
0.00 -0.00201
0.0 05 1.0 15 20 25 30 00 0.5 10 15 20 25 30 00 05 10 15 20 25 30
diw dw dw
MOBILE DRAG MOBILE YAW
025 ' I L SO e d) : 0010 T T T r T
020/ - == (d) ]
0 /‘_‘:,': — - ]
o 0.15— -] o 0
© 010 ‘4 © R
0.05}— — 2
0.001 K. o5 lTa} r- T - 210 215
0.0 0.5 1.0 15 20 25 30

d/w

8



Chapter 4

Location Profiles - Cars

The drag, side force, and yawing moment coefficients measured on each of the four cars in
a platoon during a simulated lane change are shown in the following figures. One of the
cars moves out of the platoon, and after a pause, returns into the platoon. The coefficients
are plotted with respect to the nondimensional lateral displacement of the maneuvering
car d/w, where the displacement d is scaled with the car width w. The measurements
made during movement out of the platoon for one platoon configuration are shown first.
The measurements made during movement into the platoon for the same configuration are
shown in the next figure. This arrangement of the figures for motion out of the platoon and
into the platoon is used for dl of the platoon configurations. Each figure represents one
of the three possible inter-vehicle spacings in the platoon and one acceleration profile used
by the maneuvering car. The different linetypes in each figure represent the four possible
locations of the mobile car. The three experimental runs performed with each platoon

configuration are shown.
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separation: 1(0.2?,, 2(0.41), 8(

)=
acceleration profile: 1(static), %(2&), 3(1.5t,), 4(t,), 5(0.671,), 6(0.50t,)= 1

motion: out of platoon

Enn MOBILE DRAG
0.40 T T T T T |
0.30— (a)
020 W
o U - ,;’
0.10}—
0.00 L : " 1 L
0.0 0.5 1.0 1.5 2.0 25 3.0
1 30
STATIC CAR 1 DRAG
0.40 T T T T T
030 .“____,,,,..n...nu..... (b)_ (f)__
0.10— — —
0.00 L 5 L . ' :
0.0 0.5 1.0 1.5 2.0 25 3.0 00 0.5 1.0 15 20 2.5 3.0
diw dw
03 ‘ STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE
- L= == = = 0.04 T x T T
R = (C) B
e i AR S LR TR R S 3 -
S
0.1}— —
%_ Lg o5 20 U5 20 258 0 N
00 05 10 15 2.0 25 30
d/w
0. A 1 A 1 1
0.0 05 10 15 20 25 3.0

moving car position:

M

00 05 T 15 2v 5 0
dw
STATIC CAR 1 YAW
0.0015 . . / ' —
0.0010 s : ()]
’ v emsn == S - =
4 0.0005
0.0000 g .>\’=’::“<'.S:;rf-:.::
-0.0005 .
00 05 10 15 2.0 25 3.0
dw
STATIC CAR 2 YAW
0.0030 L ) \ ,
® |
[010) 05 10 TS yAy) ol o

98



separation: 1 (0.2?, 2(0.41),3(N =1 moving car position:
acceleration profile: 1(static), 2(2t,), 3(1.5ty), 4(t,), 5(0.67t,), 6(0.50t,)=1 1

motion: into platoon 2.....
B MOBILE DRAG MOBILE MEAS. SIDE FORCE 00 MOBILE YAW 3 —
0.40 T T T T v 0.10 Y T T T T 0.0010 T T T T v -
050 (@) 00— ez (e . ®
- — [T 1N X l— —
' ORI LA CHES 0090 M
— = = J — ~
S 020 -~ oW 4 & -0.0010|— \R* — -~
- - M SN E T
0101 - 0001~ oo RS EEITTELIST -
-0.02|~ - pREELE
0.00 t L 1 N s -0.04 -0.0030 ) L 'y i 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 3.0 0.0 0.5 1.0 1.5 20 25 3.0
diw dw
STATIC CAR 1 DRAG 0015 STATIC CAR 1 YAW
0.40 T T T T T 0.02 0. T T ' T —
pperreeeeLsatsaiaesszes (b) (f) (J)
030r— o acrnf” - _—— e = = — 0.00— — 0.0010— ==
. = Xt Yy T Y ]
& 020 — & -0.02— — & 0.0005—
0.101— - -0.04— ~ ] —
0.00 1 " L L L -0.08 -0.0005 1 2 L : L
0.0 0.5 1.0 1.5 2.0 25 3.0 0.0 0.0 0.5 1.0 1.5 2.0 25 3.0
dw dw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
03 . i 0.04 0.0030 T I I : I
-
0.021— 0.0020—
02— Zer T I VANl ]
& & 0.00— & 0.0010—
A -—
0 -0.02— 0.0000 |
0.0 L A 1 A L -0.04 -0.0010 A N L . L
0.0 0.5 1.0 1.5 2.0 25 3.0 0.0 0.0 0.5 1.0 1.5 20 25 30
diw diw
STATIC CAR 3 DRAG STATIC CAR 3 YAW
03 eseezzz P TIY I TA F T RY; d 0.040 -0.0014 T Y T —r .
;‘—"—-_: . s - m C= TS, mm . ( ) 0.030 -0.0016 |—
ao.g_ --"’_’._.-_.- — ) 0.020 0.0018}— ..
S & 0010
01— — 0.000 0.00204—
0.010 -0.0022|—
0.0 1 I 1 ) L -0.020 -0.0024
0.0 05 1.0 1.5 2.0 25 3.0 00 00 0S TO0 1.5 2.0 25 90
diw dw
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separation: 1(0.2] ,2(0.41), 3() = 1

acceleration profile: 1(sta%1<:), %(th), 3(1.54y), 4(t,). 5(0.67t,), 6(0.50t)=2

motion: out of platoon

Eia MOBILE DRAG MOBILE MEAS. SIDE FORCE
0.3 T ™" ~— p— 0.4 T T T T -
e () o
02fes ™ e -
s EF S 0_4
0.1
-0.2
0.0[ I 0.4
0.0 05 1.0 15 20 25 30 00
dw
STATICCAR 1 DRAG
i I ®)
030L ..sl.n.n.:.&&'-'-“"‘“‘"u"“‘u ——
s rdiddes = e o e
& 020 — s
0.10— —
0. 1 A 1 1 B
00 05 1.0 15 2.0 25 30
diw
STATIC CAR 2 DRAG
e i == ==
- -
== -
0.2 o el i eyl A S -
0.10
0.05
0.00__ 1 ol 3 —_ 1 J
0.0 05 1.0 15 20 25 30 0.0 0.5 1.0 15 20 2.5
dw dw
030 STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE
} T — T 0.040] T —— T
0BT T o (d) (h
0.20~ ‘”"{s“iﬁ{ztg._s ]
(5 0.15pm-n v == * —_
0.10}— -
0.05}— —
0.00 L 1 f 1 !
0.0 05 1.0 15 2.0 2.5 30

m(%ving car position:

@

_ STATICCAR1YAW

e e e —
’1~=-nun:_n;:“"’"‘:‘;}
—
T I o T S i, VT
1 L L
1.5 20 25 3.
STATIC CAR 2 YAW
—r T T T
- _. (]
[ = o - - -
r;--.........-.......-_,.,.,“»;;;:::. -
F m el il i=imi=:i=¢2 -1
L . s L L
0.0 0.5 1.0 1.5 20 25 3.
diw
STATIC CAR 3YAW
-0.0012 T T T
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separation: 1(0.2!?, 2(0.40,3(0=1
acceleration profile: 1(static), 2(2t,), 3(1.5ty), 4(ty), 5(0.67t,), 6(0.50t,)=2

motion: Into platoon

Ena MOBILE DRAG
0.3 L T —Tr T ——
— —mmemim oz (8)
0.2 _’.’—"‘ -
e g
S
O.1t —
0.0 0.5 10 15 2.0 25 3.0
diw
STATIC CAR t DRAG
0.40 T T T T —
(b)
0.30 LasasasassrarrEIImAIRLLS 4
By e e Y T L Y.y
& 020 —
0.10 ]
0.000 Qs 10 15 2.0 —215
diw
STATIC CAR 2 DRAG
0.30 T T T T
025 === (c)
0.20 T R T R T T —J
a T e 3 AR e e e ey e
S o1s -
o.10 -
0.05 —
0.001
0.0 05 1.0 15 2.0 25
d/w
o STATIC CAR 3 DRAG
025 e (d
0.20 = __‘_22_“_!—5;====3=
$ 05p=m ==
o.10—
0.05/— ) ) , ) )
Q]
0.0 05 1.0 15 2.0 25

0.04r
0.02k2,

0.00

-0.02

-0.04

m?ving car position:

MOBILE MEAS. SIDE FORCE
L T T T T

STATIC CAR 2 YAW
S EXERRYY TN 4
05 10 15 2.0 25 30
diw
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separation: 1(0.2[?, 2(0.41), 3(1) = 1

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)= 3

motion: out of platoon

Ena MOBILE DRAG
0.30] (a
0.25— —
e e s e o= = =} p]
0.20 7:,...; f‘——-.s-
SosEs =
0.10—
Qa—
0.00 L L L ' L
00 0.5 10 15 20 2.5 3.0
diw
STATIC CAR 1 DRAG
0.40 — T —r— T
(b)
0.30— T
b o o o = B v e S e A T S vy
&S 0.20 p— —
0.10{— —
0.00 L ' s s 2
0.0 Q.5 1.0 15 20 25 3.0
dw
0 STATIC CAR 2 DRAG
.30 T T ~1 T
0.25 — = === {(C)]
0.20 p—
L)Q 0‘15 ATHEPUE § P o e s e v S - - _J
010~ —
0.85—
0.00 L L L L .
00 05 10 15 2.0 25 30
diw
STATIC CAR 3 DRAG

0.25 LS =

o

O.ZO'J_,..‘-H'-'-"%A'E. = e mm m = (d)_

- 0.15 pez === —
[&]
0.10}— _4
0.05 }— —
0.00 L 1 1 1 L
0.0 05 1.0 1.5 2.0 25
diw

30

MOBILE MEAS. SIDE FORCE

0.6T T
“\ (e)]
-0.2 -
04 | -

0.6 L 1 A ) )

0.0 0.5 10 15 2.0 25 30
dw
STATIC CAR 1 SIDE FORCE

0.04 o :r - T T T

AN (f)_]

moving Car position:

STATIC CAR 1 YAW

T

[Raae,
L

vy e

ey o e,
e S T N I st~

i
i . 1

0]

0.5 1.0 15 2.0 2.5 2.0
STATIC CAR 2 YAW
= (|
35:3::33‘]lllll.t..‘,‘--.‘n“))l‘]n —
IMIERIRIEIEI RIS E =
05 10 is 20 25 2.0
dw
STATIC CAR 3 YAW
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separation: 1(0.2 ,2(0.41), 3() = 1 moving car positlon:
acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t)= 3 1
motfon: into platoon

Eia MOBILE DRAG MOBILE MEAS. SIDE FORCE
030 T T ' T ' a 0.6 - : SR r
N - ol
$oisp- " - & 00
0.10}— - -0.2
0.05}— — 0.4
0.0 N . . . . -0.6 -
00 05 10 15 20 25 3.0 0.0 0.5 10 15 20 25
dw diw
STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE
Lo L T T 0.04 T LI T T
s ®)_
m—_‘:..‘.i-'.'a;:;—.—_...—- —
0. 15 20 215 alo .
0.0 05 10 15 2.0 2.5
diw dw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE
0.30 — T r - T 0.04 ' r . :
0.25 ; e - W We E= = 2 (C)— 0.02 E—__.—;:—.;.T:_._-._-,._:
a g.fgy;rﬂ‘ﬁ.‘ﬁ.ﬂu}un_-—.—.—.- . , 000l
o v — b
0.10 [ - -0.02
0.05 |-~ ] 0.04
0.00 . A . . . -0.08
0.0 05 1.0 15 2.0 25 3.0 0.
diw
STATIC CAR 3 DRAG STATIC CAR 3 YAW
0.25 T P 0.030 =T T T T ]
020 =======z=z==z (d_ 0.020 0]
0.15 _..g-s.‘a*“‘“ _j 0.010 - - ]
S '1 & oouo . E R ittt A T A A j
0.10 0,010 ~ = ~ _ T — e od -
0.05 ] 0020k Ny =77 - n_omsF:\ ST 2 T RS -
8. QI ETVa) 15 20 225 0 -0.030 PRl . o 4 -0.0020 T = - N .
0.0 0.5 10 15 2.0 25 3.0 5.0 0.6 1.0 1.5 2.0 25 3.0
diw diw dw
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separation: 1(0.2  2(0.41), 3() = 1 moving car position:
acceleration (Prolﬂk: 1(static), 2(2t,), 3(1.5t,), 4(ty), 5(0.67t,), 6(0.50t)= 4 1
platoon

motion: out

MOBILE DRAG MOBILE MEAS. SIDE FORCE
1 T

15 1 T T v
(a 10}~ (e (i)
05 / ‘ - 7]
& 00~ .
0.5 / -~
-1.0 ‘—;Q_-;/ =t d
-1.5 Il 1 i 1 —_
00 05 1.0 15 2.0 25 30 0.0 0.5 10 15 20 25 3.0 30
diw diw
STATIC CAR 1DRAG STATIC CAR 1SIDE FORCE STATIC CAR 1YAW
0.40 - 0.04 T T T r 0.0015 T T - T
0.30}— (b) 0,027 = - - = = (f)— 0.0010 Ak ese e X (.')_
- T VIR - — A e R .
Lt 0.00 et —
& 020 &$ — li-tn & 0.0005 —
0.02— " —
0.10 %- ooal— -] om0 / -
0.001 | -0.06 P . . . 0o0sb=——m e T T —
0.0 05 1.0 15 20 25 30 0.0 05 10 15 2.0 25 30 0.0 05 10 15 2.0 25 30
diw diw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
0.30 T T - — T 1 T T T
. (k)
[ o -]
[e3saeas ettt .
:.—i—-.---r-'-f_)”-’- ]
0 05 10 15 20 25 30
diw
STATIC CAR 3 YAW
% (l)_
8.60! PP 15 20 255 0 -0.04 R \ . . 7]
o 0.0 05 10 (1’/3 20 25 3.0 3.0

6



separation: 1(0.2?, 2(0.41), 3(N =1
acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)= 4
motion: into platoon

=0 MOBILE DRAG

(a

0.0 05 1.0 15 2.0 25 3.0

STATIC CAR 1 DRAG

0.40T
(b)
030~ L i.e- camaman seoene —
""" —, -

& 020 —
0.10 —
0.00L

0.0 0.5 1.0 15 2.0 25 30
dw
STATIC CAR 2 DRAG
0.30 —
0257 o e o e ——— (CH
0.20 > —

S 015 — - - -
0.10 —]
0.08 -
0.0l

0.0 0.5 10 15 20 25 30
dw
STATIC CAR 3 DRAG
0.25 T T ns P ——— d
0.20 TS B — (d)_
o 0.15 bmn e = —
< 010 -
0.05|— , ) , ) 1
Q i
0.0 05 10 15 2.0 25 30

diw

MOBILE MEAS. SIDE FORCE

15
1.0

0.0 0.5 10 15 2.0 25 30
diw

STATIC CAR 1 SIDE FORCE

STATIC CAR 3 SIDE FORCE
0.04 T T T T (h)
002F S~ . =4 —
N IR
S 000k, g it n
-0.0! - —
2 \\\‘\ =
-0.04 L " L ) A
0.0 0.5 10 15 20 25 3.0

moving car position:

(i
o
00 0.5 10 15 2.0 25
dw
STATIC CAR 1 YAW
0.0015 (])
0.0010 E._?;..:.:. S ..‘..._.Lx-sum_u-:j ]
& 0.0005— —
0.0000 f -
0.0005 ~=——_ —“-'5.—‘-“—‘-‘4?‘—:7‘_'.——-*-‘-'-"-?' o
0.0 05 10 15 2.0 25 30
dw
STATIC CAR 2 YAW
0.0030 T T T Y T
" = (K
0.0020;--—-’-—_-—_1—-5—'.——-1':—’-- - -1
G 0.0010per~ - Tttt S e e —
0.0000— —
LA AT AT L= ATR AT ACESEtEn t w
-0.0010 L 1 L L :
0.0 0.5 1.0 15 20 25 3.0
dw
STATIC CAR 3YAW
-0.0008 T T T T T
-0.0008 P ~ (=
-0.00104— — —]
J D.0012 b " Vs SRS S oSN S e N —
0.0014=, —— = -
T O i -
-0.0018 e e e e L -]
0.0 0.5 10 15 2.0 25 3.0
dw

£6



separation: 1(0.2[?, 2(0.41),3( =1

acceleration profile: 1(static), 2(2t,), 3(1.54,), 4(%,), 5(0.67t,),

motion; out of platoon

Co

‘(‘)5‘ MOBILE DRAG
30 r y - ; r
— \a
OB e, (@)
0.20 el ; "’—;“'/ —
015, —
0.10(— -]
005 —]
0.00 L n " s L
0.0 05 1.0 15 20 25 30
dw
STATIC CAR 1 DRAG
0.40 ~T T T T T
(b)
0.30}— e et = = 2 —
ke st A -
0.20 -]
0.10 F —
0.00 . ) , . .
0.0 0.5 1.0 1.5 20 25 3.0
diw
STATIC CAR 2 DRAG
0.30 + T =a —
.25 e e (C)]
020f = = = T
0.15 bt P I S £k asan, 1
0.10}— —
0.05— -
0.00 . A X \ A
0.0 05 1.0 1.5 20 25 30
dw
STATIC CAR 3 DRAG
0.25 T T —
0.20 e = nape o £ oy Spape———— | I
015w —-— """ —
0.10 r -
0.05|— -
0.00 | Y i " !
0.0 05 1.0 15 20 25 3.0
diw

Cs

6(0.50t,)=5

STATIC CAR 2 SIDE FORCE

0.04 T T @
0.2 e 3o s e T TR S ETITILIISSY 9
0.00 = .
-0.02— ~LLEFEsEE=EEm ]
T e e - vl
-0.04|— —
-0.06 . . . N o
0.0 0.5 1.0 1.5 20 25 3.0
dw
STATIC CAR 3 SIDE FORCE
0.04 T T T T
R S e B
0.02 = - - - - - =X —
{fﬁ-‘—:-%:'.:.*.;*_—.:m:-_.__ —_—
0.00 R iy vy ) ]
-0.02(— .
-0.04 P A o A 2
0.0 05 1.0 1.5 20 2.5 3.0
diw

moving car position:
1

0.010

0.005
3 0.000
-0.005
-0.010
-0.015 — . " 5 )
0.0 0.5 1.0 1.5 2.0 25 3.0
dw
STATIC CAR 1 YAW
0.0015 - T ! v
0.0010 E o T2 M v s T TR T R D 0
2 0.0005 }— —
0.0000 -~
o e T 52 2 o v s e S T TR A = ]
-0.0010 L L n L '
0.0 08 10 15 20 25 3.0
diw
STATIC CAR 2 YAW
0.0030 T —r T - T
(k)
0.0020F~ o — ——— o — —
b mm mm o omewm o R
G 0.0010 Mt a sttt e e - mpeneer -]
0.0000+— —]
0.0010 2 S5 5 B0 2 S 2 S P e g
0.0 0.5 1.0 1.5 2.0 25 3.0
dw
STATIC CAR 3 YAW
0.0000 T - v Y T (')
-0.0005 O P — —
d ------.-..-ss---~--~~u|.1.‘.'.\
& -0.0010}— —
I:‘..—:.":;E__:_a._-:\.:-_—.—_—&-———.-(
D001 TS S I AT T I e e e e 2
-0.0020 L L L ) s
0.0 0.5 1.0 1.5 20 25 3.0

v6



separation: 1(0.2||). 2(0.40),3() =1
acceleration prafile: 1(static), 2(2t,), 3(1.5%y), 4(t,), 5(0.67t,), 6(0.50t,)=5
motlon: Into platoon

Eus MOBILE DRAG
028 O
S 0.15 |
0.10 ]
0.05 —
0.0d
0.0 05 1.0 15 20 25 3.0
diw
o STATIC CAR 1DRAG
i n b
il R ()]
o° 0.20 —’/'f —
0.10— -
0.00lo 05 10 15 20 25 0
diw
STATIC CAR 2 DRAG
0.25 S (c
0.20 —-——""’T._. _
&S 015 ot T TS S LS LR AR A NN St ity e e
0.10
Y
0.00 L " L ! 1
0.0 05 1.0 15 20 25 3.0
d/w
STATIC CAR 3 DRAG
045 rm—mm— =TT
0.10
0.05
0.00
0.0 0.5 1.0 15 20 25 3.0

MOBILE MEAS. SIDE FORCE

2
1 (e)]
0 o

R —]

215 ]

-3 . . . , .

00 05 10 15 20 25 3
dhw

STATIC CAR 1 SIDE FORCE

.0

LE YAW

moving car position:

L 1

MOBI

\\&

Sy
T ==
.

0.0 0.5 1.0

1.5
dw

STATIC CAR 1 YAW

25

T

ot g T T T T P ST I T 508 2

S6



separation: 1(0.2;?, 2(0.4)),3() =1 moving car position:
acceleration profile: 1(static), 2(2ty), 3(1.5ty), 4(ty), 5(0.67t,), 6(0.50t))= 6 1
motlon: out of platoon

Ena MOBILE DRAG MOBILE MEAS. SIDE FORCE (i)
0.30 3 T T T y T -
0.25 2 ]
0.20F 1 a

S 0.15F Y ]
0.10— —
0.05— —
0.00 . \ . . , - 0
0.0 05 1.0 1.5 2.0 25 3.0 00 05 10 15 20 25 30
dw dw
STATIC CAR 1 DRAG STATIC CAR 1 YAW
0.40 T T T T T (b) 0.0015T (j)
0.301— e emmamammmmamnat 0.0010= “ T 1 oo U/
IRPUPPPLTTLLE 0.0005 [— —
$ 0.20 e e}
© S 60000 —
0.10— 00008 S T L I R I e Tt s e e e |
0.0d X ; . R . -0.0010
0.0 05 1.0 15 2.0 25 30 0.0 0.5 1.0 1.5 2.0 25 3.0
diw daw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
0.30 T T T T T 0.0030 T T T T Y
0.25[— —————————— (e 0.0020 o e ——— (k)
) ozo?_ — 0.0010/ = s s e s mn -
S 015 T Ao, —
010k | o.oooo:____._.__—_ ____________ —
0.05— ] -0.04f— —_ 00010 e == ¢ e s o= v = ——E— . — . e . == —
0.001 -0.06 ) s X L s 0.0020 2 L s N .
0.0 05 10 15 2.0 25 3.0 00 05 1.0 15 20 25 30 0.0 0.5 1.0 15 2.0 25 30
diw dw dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
0.25 T T Smo— =3 0.04 T — 0.0005 T T T T T
o.2o=-——-n'==-='—*‘:;;":___‘__w_.ﬂ_.,= (d) vo2~\‘—'>$*;.:—-'=7—'-:=”"=-\‘% (h)— by N_|
a 0.15 :1‘-:‘.'_"‘—.“‘ 4 %’%‘ﬁﬁ.ﬁf"-a‘; -0.0005 '—::g‘.\'{‘.:";‘:;2::::"‘""\"‘{{7111:‘111”1 -
O o 0.00 \
ot0) > - T | 7 00010ken = e e -
0.05{— ~ -0.02— - ZZimimimi—
0.00 «0.0400 A 10 15, 2.0 25 L s X L
0.0 0.5 1.0 15 2.0 25 30 1.0 15 20 25 3.0
dw diw dw

96



separation: 1(0.2?, 2(0.41),3(N =1 movingcar position:
acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)= 6 1

motion: into platoon

Eua MOBILE DRAG MOBILE MEAS. SIDE FORCE

3
(a 2
1
0

0.0 0.5 10 15 2.0 25 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 0:0 0.5 10 15 2.0 25 30
diw diw dw
STATIC CAR 1 DRAG STATICCAR 1 SIDE FORCE STATIC CAR 1 YAW
0.40 T T T T T 0.04 ;
(b) 0.02
0.30}— [UUUTTUORROPPPRTY Y — 02
s it Y Ay M 0.00
S 0.20p= - d
-0.02
0.10r— 1 -0.04
0.00l \ s ) L L -0.08 -0.00101
0.0 0.5 10 15 2.0 25 30
dw
STATIC CAR 2 YAW
0.0030 v T T T T (k)
00020 o mom == N
°.m1o '—---““"‘\15$$5555“fff‘f!'fffl’fff?i! “~
0.0000 b— —
00010 I DI DI DI =]
: -0.0020 1 N A A :
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 20 25 3.0 0.0 0.5 1.0 15 2.0 25 3.0
diw diw dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
0.25 T T T PP TTYTL (d) 0.04 T T T T T (h) 0.0005 T T T T T (I)
2o e et A W RN WD DM MM e = e )1 r-\;\. - — _
0.20 T IToSSSE e 4 V] 0.0000
Oa 01— 7 — J ©0.0005 i S ananessrr e s nnd ]
0.10 ] -0.0010% e e m B B = T .
0.05 — — 00015~ T T T TS e i m i — —
O_(Ti -0.0020 L L i L L
0.0 0.5 1.0 15 2.0 25 3.0 0.0 0.5 1.0 1.5 20 25 3.0 0.0 05 1.0 1.5 20 25 3.0
diw diw dw

16



separation: 1(0.21 , 20.41), 3() =2

acceleration profile: 1(static), 2(2t4), 3(1.5t,), 4(t,), 5(0.671,), 6(0.50t,)= 1

motion: out of Dlatoon

B MOBILE DRAG
03 —r .
I'!“l’ll":'—'::]. N (a)

l',,"ll
et

0.2 nf e s =

)
— P
~X ;=

b g

g L
0.1 —
0.0
0.0 05 1.0 15 2.0

dw

STATIC CAR 1 DRAG

3.0

S 0.4
0.10}—

0.0010. Q5. 10 15~ 20

030, NUPPRITSTTTTTLILLLLL (b)_j

310

diw
STATIC CAR 2 DRAG

020 r, v g am o o s

et e T

& 015 —
0.10 —
0.05 —
0.00 L \ L A

0.0 0.5 1.0 1.5 20 3.0

MOBILE MEAS. SIDE FORCE

g

-0.05

m?vingc ar position:

-0.10

3
MUBICEYAW -

()=

20 25

laegegenenaz oot

T
- .
= e

a2 A

vt [ T N T T N,

STATIC CAR 2 SIDE FORCE

111

20 25

STATIC CAR 2 YAW

—

AL AL S T traneneny
3 e = S == M -—
S 5 P S 2 ) — e i 0 g o s & A

L}

STATIC CAR 3 YAW

10 15 2.0
diw
STATIC CAR 3 SIDE FORCE
— T T 7
,/,.( —
’/}"’

20 25

86



separation: 1 (0.2!?, 2(0.41),3(y= 2 m?ving car %osition:

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)= 1 _
motion: into platoon 2.....
Eon MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILEYAW 3— —
0.3 T T T m— 0.10 T T T T T 0.0000 T T T T T
s ‘.:.u.u ETTITOIT (a) vosl 0.0005
02f— 2= F T — : -0.0010
S - & 0.00— g -0.0015
0.1 — -0.0020
-0.05— -
-0.0025
0.0 Q5. 1.0 15 20 25 0 -0.10 1 ' t L ' -0.0030 L : i N "
0.0 0.5 1.0 15 20 25 3.0 0.0 0.5 1.0 1.5 2.0 25 3.0
dw diw diw
STATIC CAR 1 DRAG STATIC CAR 1 YAW
0.40 T T T T T 0.02 T T T T -
feaasasLAALARLEAR (b) 0.00— _.;_—_-_\ - e, — = J (J)_
0.30— ottt — o2 B T i e TR —
02— D iy S S 0 X —]
& 0.2q— —~ & - = =3
-0.04(— \/__dn-é—a -
0.10— — 0.08— \_ﬁ\/— .
0.00 1 1 1 1 1 -0.08 I i I 1 L
0.0 05 10 15 2.0 25 3.0 0.0 0.5 1.0 15 20 25 3.0
dw diw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
0.30 T T T T T 0.020 T T T T T
0.25|— (o) 0.010— (k-
0.20— — 0.000}— -
S 0.15— — & -0010— X -]
0.10}~ - 0020~ . —
0.05}— . 0.030— '.'.'":'_:"':"‘,"_"""‘"__"_"':.'.'."‘_".":} ]
0.00 L . . : L -0.040
0.0 05 1.0 15 2.0 25 3.0 0.0 .0
diw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE
0.30 T T T T T 0.040 T T T T T -0.0012
0251— o FoSaime sl o e Shalhalh (d 0.030— -0.0014—
— g em AL S - _ -0.0016}—
QO == 0.020— -0.0018|—
&S 015 —= 8 3 gV :
0101 | 0.010— -0.0020 —
. -0.0022 —
0.05— — 0.000/— R 0.0024[—
-0.010 i 1 1 3 N -0.0026 1 1 i N N
0.0 0.5 10 15 2.0 2.5 3.0 0.0 05 1.0 15 2.0 25 30 0.0 05 1.0 15 2.0 25 3.0
dw diw dw

66



separation: 1(0.2 ,2(0.41}, 3() = 2 moving car position:
acceleration profile: 1(static), 2(2ty), 3(1.5t,), 4(ty), 5(0.67t,), 6(0.50t,)= 2 1
motion: out of platoon

B MOBILE DRAG MOBILE MEAS. SIDE FORCE
03 T v T  — 04 T -
233332320233 00 T Llaet 4 Aubut (a) (I)——
O 2 P 3 et ]
=] 14
S 3 ]
0.1~
0.0 L s ) n s ]
0.0 05 10 15 2.0 25 30 30
diw
STATIC CAR 1 DRAG STATIC CAR 1 YAW
ose ' ' ' ’ ' 31%3 S e e — (i)
0.0004f— T L T T Tt e RS
3 00002~
0.0000|—
0.10|— -] -0.0002/ —
-0.0004—
0.00 L ) ) 3 L -0.0008 |
00 05 10 15 20 25 30 00 05 10 15 20 25 30
diw dw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
0.25 T T T T T T
0.20 T E A T LT A > ik e e (e)| 0.02—
=i 3N 5-.:-_—._5..;_:.—--_1-.=.1—=Fr= -'-;—— -
0.15 — 0.00p=rie. ==z S i =
0.10 — 0.02(— :
0.05 — -0.041—
0.001 -0.08 \ , . . .
00 05 1.0 15 20 25 3.0 0.0 0.0 0.5 1.0 15 2,0 25 3.0
diw dw
STATIC CAR 3 DRAG
S 0.040 0.0012
0.030 0.0014
0.020 -0.0018
& 0.010|= & -0.0018
0.000 = -0.0020 -
0.05— - -0.010}— - -0.0022}— — —_
0.00 A \ . \ ) -0.020 . . . ) ) -0.0024 | : \ . A ;
0.0 05 1.0 15 20 25 30 0.0 05 1.0 15 20 25 3.0 00 05 10 15 20 25 30
diw dw dw

001



separatio_n:1(0.2l?, 2(0.41),3(N =2

acceleration profi
motion: into platoon
Eea MOBILE DRAG
0.3 T T 7 T —
s e R R I8t E Ll L Mkt bk K ded (a)
TR R R il
02bmesddi st ol T o = —
s [--—7
01 -t —
QUL 1 1 L ) ]
0.0 0.5 10 15 20 2.5 3.0
diw
STATIC CAR 1 DRAG
0.40 T T r T T
(b)
0-3:;“‘ :’H*H""'"“"'" —
S 0.20— -]
0.10+— —
0.00 : : : 1 :
00 0.5 1.0 15 20 25 30
diw
STATIC CAR 2 DRAG
0.25 T T 7 ;
0.20 hmper== et (C)_]
o 015 —
(&)
0.10— —
0.05|— —
0.0d A : . N .
0.0 05 10 15 20 25 30
diw
STATIC CAR 3 DRAG
025"k = = e e Lonraal
0_20:_-.==s=_"_,_.—-——-—~—-::
o 015
(&)
0.10f~
0.051—
0.00 L 1 1 1 '
0.0 05 1.0 15 20 25

e: l(StatiC),(2(2td), 3(1.5t,), 4(ty), 5(0.67t,), 6(0.50t,)=2

MOBILE MEAS. SIDE FORCE

0.4
0.2

0.00 b SN o e M
, 002 -
© 004 —
0.08— —

0.08 - . . . .

0.0 0.5 1.0 15 20 25 30
dw
o STATIC CAR 2 SIDE FORCE

(9
-

1.0

20

25

moving car position:

MOBILE YAW 33— —

STATIC CAR 1 YAW

0.0008 T

00&6—-—-——————“—:‘:‘:‘-_‘.3

—d

-0.0008 A : , A \

0.0 05 10 15 2.0 25
diw

STATIC CAR 2 YAW

LR R LY R R g

0.0 0.5 1.0 15 20 25

30

V)

0L



separation: 1(0.2?, 2(0.41), 3() =2
acceleration profile: 1(static),
motion: out of platoon

)2( te), 3(1.5%,), 4(t,), 5(0.67t,), 6(0.50t,)= 3

moving ¢ ar position:

123t MOBILE DRAG MOBILE MEAS. SIDE FORCE
0.30 T T T T T 0.6 T T T Y T -
0.25 k= (a (i)
R 0201, ___x_:::-’?—-;—:——————'———
S 015
010~
0.05}—
|
0.0 05 1.0 15 20 25 3.0 00 05 1.0 15 2.0 25 3.0 00 05 1.0 15 20 25 30
diw diw
STATIC CAR 1 SIDE FORCE
0.02f~ T T T T T -
(b) :’:':T!‘-Ts_;: _— = T T T e ’ (f) (-l)
Mt S e e —
& -0.02|— i - -
0.04|— — 7]
uulL ' 1 : 1 L J -0.06 L 1 N 1 . -0.0005 A " 1 1 2
00 05 10 15 20 25 3.0 0.0 0.5 1.0 15 20 25 3.0
diw diw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
0.25 T T Y T T 0.0080 T T T T T
=== (C) 0.0050 (k
0.0040 | —
0.0030 }— —
0.0020 = e —
0.0010}= _
0.0000 —
\ : X | -0.0010
00 05 10 15 20 25 30 0.0 05 10 15 20 25 3.0 0.0 3.0
diw
STATIC CAR 3 DRAG
0.25 R s  —— -0.0008
B g —— (d) -0.0010 ()
b s e rore g ST
0.15\— -0.0012[- —
S G -0.0014 —
0.10}— 0.0016 -
0.05 L -0.0018 —
0.00I ) L L i ' | -0.0020
0.0 05 10 15 20 25 30 00 05 1.0 15 20 25 30
diw dw

0l



separation: 1(0.21?, 2(0.4h,3(0 =2
e

acceleration profi

1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)= 3

motion: into platoon

1231 MOBILE DRAG MOBILE MEAS. SIDE FORCE
0.30 r T T v T 06 r T T
P S— ——— (2 04
0.20 ;;.,::‘—'-’-'-;:—‘_..:-a_: === ] 02
S 015 —~ - & 00
0.10}— — 02
0.05}— — -0.4
0.00 . . . , . 06
0.0 05 1.0 15 2.0 25 3.0 0.0 05 1.0 15 2.0 25
diw diw
STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE
0.3 r .- Up—— e s (b) 0.02 T Y T T || (f)
o =5 - LIV =
0.2 / _ 0.00 = SRt ars sy e T e ] .
S & -0.02— / B
) | §\\
-0.04 .
0.0l 0.06 A . , .
0.0 05 1.0 15 2.0 25 30 0.0 05 10 15 2.0 25 30
diw diw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE
0.25 T T T 0.020 T T T T T
0.20 et T ST WP W N (C)—
015 _
0.10 —
0.05 ]
0.08l0 25 0
STATIC CAR 3 DRAG
0.25 _—— — = — 1 = = T
0.20 é‘_‘_; T (d)]
0.15f—
S$
0.10}— -
0.05— —
0.00 1 1 1 L 1
0.0 05 10 15 2.0 25 3.0
diw

moving car position:
1

STATIC CAR 1 YAW

0.0010 A
— - —=5 0
e T R A T T T T ST 5
0.0005 |— =
2 b a3 2T 2T BT e e amy e
0.0000 — -
-0.0005 L L 1 !
0.0 0.5 10 15 2.0 25 30
dw
STATIC CAR 2 YAW
0.0080 T T T
0.0050 (k)
0.0040 -
2 0.0030— —
© 0.0020— ... eeeeatettemeecceereeaanss -
0.0010 —
0.0000 -
-0.0010 1 1 N N n
0.0 0.5 1.0 1.5 2.0 25 3.0
dw
STATIC CAR 3 YAW
-0.0008
0.0010p2" - - - - - < TR T I TN (O
-0.0012~ -
JQOO“S;._ _—______’__,‘_.-d ]
0.0018 = e e T L e — . 4 -
-0.0018 == —
-0.0020 s L L " '
0.0 05 1.0 1.5 20 25 3.0
dw

€01



separation: 1(0.2!?, 2(0.41), 3()
e:

acceleration

rofi

l = 2
1(static),(2(2td), 3(1.5t), 4(t,), 5(0.67t,), 6(0.50t,)= 4

motion: out of platoon

moving car position:
1

E'g" MOBILE DRAG MOBILE MEAS. SIDE FORCE

.30 15 T T T T T .

T —— (a4 (i)
0.20]— Lanarrrrt e T T - _ 7

1A% -

S 015 g == = — & —
0.10~ — —
0.05}— — -
0.00 . \ \ A ;

0.0 05 10 15 2.0 2.5 30 00 0.5 1.0 15 20 25 30 00 05 10 15 2.0 25 30
diw dw
STATIC CAR 1 DRAG STATIC CAR 1 YAW
0.3 T — .. | p———— m——— = T v T T T "
oo i (b) e —— e o ()
PR R S CE R L I st ) —]
0.2 _
¢ L s s i T ma e —_
0.1} — -
]
0. s
0.0 0.5 10 15 2.0 25 30 0.5 1.0 15 2.0 25 30
diw dw dw
025 STATIC CAR 2 DRAG ) STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
. T T T T T 0.02 =T T T T
e C .
020\ . e sz = e = (c)] 0.008

o 015— ] $ -0.02 0.002

00_10___ ] o Vo 7 g B EEEEEEEE RN NN NN NN N EENNEEwCTerTernn
0.051— _ 0.04}— — 0.000  mm e ememama————— ——

0.00 L L s 1 : 0.08l0 Q5. 10 L5 210 215 0 -0.002
0.0 05 1.0 15 20 2.5 30 0.0 05 1.0 15 20 25 30
diw dw dw
025 STATIC CAR 3 DRAG o STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
. T T T 0.04 — T T -0.0004 T T T T T
0,20 psie T T Sra SXL AT — (d)._ — T e o o e =B (h) 0.0008T; ; 2 2 mrttetmmm et S n Lt ae (I)""
L o+ e 0.02} == wz 7]

o 0.15— =] 9 ool Tt il T I T e e T T | #0000 S = - - — = =~ — = ]

© o.10 - C 0RO TR O oo | T e T T = o
0.05\— — -0.02/— e e— N
0. -0.04 - B

0.0 0.5 10 15 2.0 25 30 0.0 05 1.0 15 20 25 15 2.0 25 3.0
diw dw dw

YOl



separation:1(0.2] ,2(0.41), 3() = 2
acceleration profile: 1(static), 2(21,), 3(1.5t,), 4(t), 5(0.67t,), 6(0.50t,)= 4
motion: into platoon

Epy MOBILE DRAG
0.30 T T r T T
050 e ST S AT AL At 4 L (a)—
] R Sieatie el —
Sotsp. — 7 -
0.10}— —
0.05— —
0.00 ; A . A A
0.0 05 1.0 15 20 25 3.0
d/w
STATIC CAR 1 DRAG
0.3 T T PP S P gy T
o s S5 (b)
02~
S
0.1}~
00 0.5 1.0 15 2.0 25 30
dw
STATIC CAR 2 DRAG
0.25 T T T T - ;
0.20—;_'-'-,.-1-:;-___::‘_‘::.__'.'-“_':.) (C)_
L 015 —
© o100 —
0.05|— ) , ) ) ) -]
0.000
0.0 0.5 1.0 15 2.0 25 30
dw
STATIC CAR 3DRAG
0.25 T O - — T _—_
020 p iz e =2 (d)_]
Lo —
(&)
0.10— ]
0.05}— —
0.00
0.0 05 10 15 20 25 3.0
diw

MOBILE MEAS. SIDE FORCE

15 - -
1.0~ (e
05—

J 00

-0.5

1.0

-15 |

0.0 05 10 15 20 25 30
diw
STATIC CAR 1 SIDE FORCE

0.02[ T — T T v

0.00 e B T Sy e s cme— s N
002 —

33
-0.04 _
-0.06— —
-0.08 L 1 L I 2

00 05 10 15 20 25 30
dw
STATIC CAR 2 SIDE FORCE
002 e =y
0.00 ”

& 0.02P ~
004 ey —
'0.06 L i 1 1 1

00 05 10 15 20 25 30
aw
00 STATIC CAR 3 SIDE FORCE
.04 T Y T

m(?ving car %osition:

MOBILEYAW 23— —

0.004 -

0.002 (M

0.000

4 O.

-0.004

-0.008

-0.008 I

0.0 05 10 15 20 25 30
dw
STATIC CAR 1 YAW

0.0010 v T T T ! (j)
0.0008 — == —— e -
0.0008 ;‘ “|"‘-'|'1.'x'z'x_szﬁﬂ=ﬁﬁi'm\ =3 -

& 0.0004 — e -
0.0002 e e e At T Y p—
0.0000 —
-0.0002 .
-0.0004 : " s N
0.0 05 10 15 20 25 30
dw
STATIC CAR 2 YAW

J 0'002_..-----'----------------...........
0000 e s e s st s a
-0.002 L ) \ L L
00 0.5 1.0 15 20 25 3.0
dw
STATIC CAR 3 YAW

<ol



separation: 1(0.2?, 2(0.4l), 3() =2 moving car position:
acceleration profiie: 1(static), 2(2t,), 3(1.5ty), 4(ts), 5(0.67t,), 6(0.50t))=5 1 4
motion: out of platoon

Eps MOBILE DRAG , MOBILE MEAS. SIDE FORCE
(@ '

v 0.010 T T

_' —|
3
0.0 0.5 1.0 15 20 25 30 0.0 05 10 15 2.0 25 30 0.0 05 10 15 2.0 25 30
dw dw
STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE
IVBIDSE et 1o2aas 5 0.02FET T — T ' :
(b) 0.00 ke e BTTE i M
7 -0.02
[d
d
N -0.04
-0.06 ,
-0.081
0.0 05 10 15 2.0 25 3.0 0.0 05 10 15 20 25 30 0.0 05 10 15 20 25 30
diw diw
STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
0.25 0.04 T T 23 T T 0.008 T T T T T
(9) (k)
0.20 002f v o o rmmzmm— e — 0.004|—
0.15 e e T o S e e e e TRy g
o @ S T — _ - |
S 010 & 000 M & o.002 e vz me ey
-0.02— - 0.000{— —
B9 o em e
0.00 -0.04 -0.002
0.0 . . ] ! . 0.0 0.5 10 15 2.0 25 30 0.0 05 1.0 .}/3 2.0 25 30
STATIC CAR 3 DRAG
025 = = == = = —=.T 0.040 0.0000
0.20 Facimeras e (d)_| 0.030 -0.0002
[ oo n o -0.0004 —
L 015 — 0.020 -0.0008 -
S & 0010 & -0.0008 —
0.10— — 000051 . -0.0010 —
0.05 — -0.0012 _
-0.010}— —
0014 —
0.0 -0.020 . \ N X \ YA . L A . .
0.0 05 1.0 15 2.0 25 3.0 00 0.5 10 1.5 20 25 30 0.0 05 1.0 1.5 20 25 30
d/w d/w diw

90t



separation: 1(0.2] , 2(0.41), 3(l) = 2

acceleration profile: 1(static), 2(2t,), 3(1.5ty), 4(t,), 5(0.67t,), 6(0.50t,)=5

motion: into platoon

Eusi MOBILE DRAG
0.30 T T . r .
025 —— .- (a)
020b pammmsirst s ST T — — -
S otsf— ——" —
0.10— _
0.05|— —
0.00 X . . . \
0.0 05 1.0 15 20 25 30
diw
0 STATIC CAR 1 DRAG
. T T PRI PP L
: SEEECELAS (b)
02 _
a
[&]
01 t ]
0.0L
0.0 05 10 15 20 25 30
diw
025 STATIC CAR 2 DRAG
0.20— ool ______";-_-5; ;-_:: :_-: (C)—
015— _
© 010 -
0.05{— -
0.00 1 " ) ' 1
0.0 05 10 15 20 25 30
dw
0.5 STATIC CAR 3 DRAG
020 T i = (d)
L 015
(&)
0.10
0.05
0.00
0.0 05 10 15 20 25 30
diw

MOBILE MEAS. SIDE FORCE

0
3
1
.2[ _— ,
-3l
00 05 1.0 15 20 25 30
dw
STATIC CAR 1 SIDE FORCE
0.02 . T LIRS T T T
0.00 z/v-,—,-‘:--m—?ﬂz:aﬂ* TR g s e 5w K (-
, 0.02— —
[&]
-0.04 ]
0.06— —
-0.08 X , ) . ,
0.0 0.5 10 15 20 25 3.0
dw

00 10 15 20 25 30
diw
o STATIC CAR 3 SIDE FORCE
L ~1 (h)
g
0.0 05 10 15 20 25 30

moving car position:

1 —_
2.....
MOBILEYAW °— —
0.010 - r : T -
0.005 b Ty (0]
4 0.000— b = —
© 0,005}~ T -
-0.010| \?;T;}/ —
-0.015
00 05 ) 15 20 25 30
dw
STATIC CAR 1 YAW
0.0015 - T T * ' M)
0.0010|— IR
& 0.0005— —
0- mo el e L A =_ i E: ¥ _{ —
-0.0005 . : . . .
00 05 1.0 15 2.0 25 3.0
diw
STATIC CAR 2 YAW
0.008 T Y T Y T

0.0 05 10 15 20 25 30
diw
STATIC CAR 3 YAW
= O
S 0.0008(—_
00010f - T = R 2
D e —————— ]
-0.0014— e )
-0.0016
0.0 05 10 15 20 25 30
div

01



separation: 1021, 2(0.4l), 3() = 2

acceleration profile: 1(static),( 2(2ty), 3(1.5ty), 4(ty), 5(0.67t,), 6(0.50t,)= 6

motion: out of platoon

=) MOBILE DRAG
0.30r T —T
0.25 — (a)
0.20 e ]
& 015 —
0.10 —
0.08 —
0.o0L
0.0 05 1.0 15 2.0 25 3.0
diw
STATIC CAR 1 DRAG
T ———— =
****** = (b)
/
ool T
0.0 05 1.0 15 2.0 2.5 3.0
diw
STATIC CAR 2 DRAG
0.25 T T T T —T
_____.-—-———-
S
U5 210 25.
diw
STATIC CAR 3 DRAG
e e i i ——— A
0.10
0.05
0.00. ,
0.0 0.5 10 15 2.0 25
15 3.0

MOBILE MEAS. SIDE FORCE

2
1
S o
-1
2.
O —10 10 15 2025 3lo
00 0.5 10 15 2.0 25 3.0
dw

STATIC CAR 1 SIDE FORCE

0.0 05 10 15 2.0 25 3.0
diw

STATIC CAR 2 SIDE FORCE

;s sA e ey
£~ s

S et T
0.0 05 1.0 15 2.0 25 30
diw
STATIC CAR 3 SIDE FORCE
0.06 (h)
0.04‘—/—_____—_-‘_-‘:‘_‘_T_I__‘____‘.e
-0.02}—
0,04 ]
0.0 0.5 1.0 15 20 25 30

mgving car position:
1— —_———
MOBILEYAW 3— -
0.010 r T 1 ———
0.005 i“&\ (‘) —
0.000 Dk -
-0.005 |- -
0010/~ Do —
0.015 A . A A A
0.0 05 10 15 2.0 25 30
dw
STATIC CAR 1 YAW
I LN T \ -
e e ey )
0.0 0.5 1.0 1.5 20 25 3.0
dw
STATICCAR 2YAW
0.006 T T I - (k)
0.004 |— ]
& 0.002}— -
R R L
0.000 {— -]
IR 0 caten w0 it - e R D 8 AR A M A d— ——
-0.002 |
00 05 10 15 20 2.5 30
dw
STATIC CAR 3 YAW
T L] L T

0.0 0.5 10 15 20 25

801



separation: 1(0.2] , 2(0.41), 3(l) = 2

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(ty), 5(0.671,), 6(0.50t,)= 6

motion: Into platoon

Epa MOBILE DRAG

0.
0.25 (a

s o n At N EE D Tk N P
0.20 = =~

Sofsf—_ = F 7
0.10
0.05
o.ad
0.0 0.5 1.0 15 2.0 25 3.0
diw
STATIC CAR 1 DRAG
0.3 ——T T T oo \ PR T
— === (b)
02F —
=]
o
o.1t -
od
0.0 05 1.0 15 2.0 2.5 30
diw
STATIC CAR 2 DRAG

0.25 T — - i

o
8 Il 1
0.0 0.5 1.0 15 2.0 25
diw
STATIC CAR 3 DRAG
0.2 T — T
) =2l (A
0 15 b o 3 » - —- _"
© 0.10+— -—l
0.05— -1
0.0d
0.0 0.5 1.0 15 2.0 25

dh4

MOBILE MEAS. SIDE FORCE

G

o®dl - ¢ = Py

0.5 10 1.5 20 25
diw

SIATIC CAR 1 SIDE FORCE

0.0 Ol.5 1.0 M 2.0 25
oon STATIC CAR 2 SIDE FORCE

0.5 1.0 15 2.0 2.5
diw

m(1)ving car position:

Q)

2.0 25 3.0

0.0 05 1.0 .
dw
STATIC CAR 3 YAW
0.0004 T T T T T
0.0002— (l)
0.0000 8 v 25 rer v e s 23 e T s e e Ve c s IS IIII0 Soiel

P il

[
o
n
o
w

.0

601



separation: 1 (0.2!?, 2(0.41), 3(

) =3
acceleration profile: 1(static), %(th), 3(1.5ty), 4(t,), 5(0.67t,), 6(0.501,)

motion: out of platoon

Ean MOBILE DRAG
0.30—=— =
LLappiiiifiliTiziiziciione @)
o-erawxﬁi:ﬁé;,z__;_—f‘ T e - = —
e -
O b m — = —
01
0.0 2 L " L L
0.0 05 1.0 1. 2.0 25 3.0
diw
0.40 T — — . 5
0302 EF szl mm v 373 1 £ £ S0 s1ome o mar 4 220 ¥ b N0 ( )_4
0.10—
0.001 L ! N N L
00 05 10 15 20 25 30
diw
STATIC CAR 2 DRAG , .
&30 ._,.....l.l'lllllllhlllu. K
VAD RS s e atals e s e e p o (("
0.20
S 015
0.10
0.05
0.0
0.0 0.5 10 15 20 25 30
diw
STATIC CAR 3 DRAG
0.30] T T T
o (]
0.20 ]
o
o 015 —
0.10 —
0.05
0.00
0.0 0.5 1.0 15 20 2.5 3.0
d/w

1

1]

(VO ILL LML I rimGe
RENL i} - . .

1
1.5
diw
g iMiiv VAR | OIVE FUNLE

p—} 1
1.0 2.0

3

STATIC CAR 3 SIDE FORCE

0.02
0.00

-0.02
-0.04

-0.06
-0.08

T

0.0

mqvingcar &osition:

saane

. MDDILLVAW . u

Frae

= = -

ST S o WM g e

PE ¥ 2w el
+23 R
Y
—

—

30
o.0026 o STATIC C,AR 2 YA,W
oooto- — T (KL
0.0000— _
S oot} i
-0.0020 .‘:.:';:.‘.':éaéo;-;n;:_-;. _l
- Q03 ) s P rhe b 2.‘5 ‘ﬁb
ww
STATIC CAR 3 YAW
“0.0002 '.‘.-----':“:".".".':\-.-.-I‘.-‘-"-'H'.".‘r.'.'-‘-’-’-'-‘1- -------------- (|)
25 30

oLt



separation: 1(0.21 , 2(0.41), 3() = 3 moving car aosition:

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.671,), 6(0.50t,)= 1 1 —_—
motton: Into platoon 2.....
Ean MOBILE DRA MOBILE MEAS. SIDE FORCE MOBILEYAW 38— -
0.3 = —— e 0.10" 0.0010 (T)
.;;;x_a‘-‘-'"‘ '-‘t'."':’:.i.'. ] (d) 0.05 0.0000 “ - T = o N I e
021" meattisimymemt ™l — = = = 000~ 00010 C - i —
§ - - 2 rE==—-Ts_ L7 S P t IR
o 005 7 00020~ ] —
-0.10— o000 T = sS4
ool . 0.15 ! -0.00101
0.0 0.5 10 15 2.0 25 3.0 0.0 0.5 1.0 15 2.0 25 30 0.0 0.5 10 15 2.0 25 30
diw diw dw
STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW
0.40" T (b) 0.030 T L T T T 0.002 T T T T T (J)
0.30 ] 0.020 0.001 | FEE LU ot a V=TS —
® 020 R = e » 0.010— (} 0,000
o= © 0.000— ’ L_
0.10 -] -0.010}— -0.001 ;‘__E——“—-"‘-‘ o0 gE wa W -
0.00l -0.020 -0.002 . ) 1 . .
0.0 0.5 1.0 15 20 25 30 0.0 0.0 0.5 1.0 15 20 25 3.0
diw dw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
PR, 0.08 00020 T d e i — T K
g':g o T s e samayetemamm 0.04|— 0.0010— (k]
<o - TTTo-ToTmTTT T 0.0000{— -
§ 0.02}—
0.10 - -0.0010p— -
005 ! — _o.mzo - 0"-’;-,r-._:.:.'.:LLLL;‘.:u—J.F-‘-‘-‘-‘fff.‘ —
0.00 . . ; -0.02 o000l . ===
0.0 0.5 1.0 15 2.0 2.5 3.0 0.0 0.0 0.5 1.0 15 2.0 25 3.0
dw dw
STATIC CAR 3 DRAG STATIC CAR 3 YAW
0.30 T T T T 0.02 -0.0002 T
0.25 P, R R Crer (d)—— 0.00— -0.0004 —
020 — 002 ] -0.0006 —
S o015 -1 & T e & -0.0008[— .
0.10 — 04— % N "-'-'-*‘/“; = 7 -0.0010}—
0.05 — 06— N 27 - -0.0012
0. 1 L . 1 s -0.08 1 L 1 1 1 -0.0014
0.0 05 1.0 15 2.0 25 3.0 0.0 0.5 10 15 20 25 30 0.0
dw diw

LEL



separation: 1(0.21}, 2(0.41), 3() =3 moving car position:
acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(ty), 5(0.671,), 6(0.50t,)= 2 1 4
motion: out F platoon

2. ...
Eea MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW 3— —

0.30r T T — T T 0.4
0.25 —

0.20f—, .
& 015"

0.2

$ 09

0.10 02
0
0.00 i L L L L 0.4
0.0 05 1.0 1.5 2.0 25 3.0 0.0 05 10 15 20 25
diw diw
STATIC CAR 1 DRAG STATIC CAR 1 YAW
O T T it I AT A T PO L 1o r— T Y — ——
i R T B (b) P2 ¢ T AN 2 o B NP 2 up RJeenIsieut 8BNS B ammem o o v (J)_
(53 e D = e B emam = mE=m = T
01— I~ T
e —— -
0. . i . A ! 1 o L i 1
0.0 05 10 15 20 2.5 30 05 1.0 15 20 25 3.0
dw dw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
0.30 — T ™ T T ey P Py ey ( )
0.02 - = - g —
m oweﬁ-&‘\ﬁépif:ﬁ#ﬁww-—\- 3
o 1 © 000
o0zt 1 el TITTIITTITCCoTD
-0.04 t y 3 " s -0.0030 L e 4 " . .
0.0 0.5 1.0 15 20 25 30 0.0 05 10 15 20 25 30 Qo 0.5 10 15 20 25 3.0
diw diw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3YAW
0.25 b emo=m======- (d . )
0.201—
& 015
0.10—
0.05
0.0l |
0.0 0.5 1.0 15 20 25 3.0 30
diw

chHi



separation: 1(0.21), 2(0.4l), 3() = 3 moving car position:
acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0. 2
motion: into platoon 2

Ea MOBILE DRAG MOBILE MEAS. SIDE FORCE

0.30 T T 0.4 e 0.0010 T
0.25 02 = (e) | 0.0000 32
020 ) -0.0010}—
¢ 015 & 0.0 — ¢ -0.0020
0.10}— — -0.0030
0.05}— — 02 = 7 -0.0040
0.00 ; . . A . 0.4 . ) . . . -0.0050 L L A A L
0.0 05 1.0 1.5 2.0 25 3.0 0.0 05 1.0 15 20 25 3.0 0.0 05 1.0 15 2,0 25 3.0
diw diw dw
STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW
=r=T=T 0.030 T T T T 0.0020 T Y T T "
(f)_ R e e I (|
@ -°'°°°°—-====—_=EE.EE§EE T
© ¥ 0.0010|~ —
7 -0.0020 =2
0.0 L L ' s : -0.0030 i L \ L "
0.0 05 1.0 1.5 2.0 25 3.0 3.0 0.0 0.5 1.0 15 2.0 25 3.0
dw dw
" STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW
0. T T T T 0.04 -:--___.E,:___.-.:_ o p—— 0.0020____'____;_-__'______'__._'.
(L AL ——=3 @] ool (k)]
Y S eyinieed e —
020 0.0000{— -
S 015 — -~ &
o10l— ] o.oom‘—- — —
0.051— = ] 00020, I LTI -
0.00 X . \ ; .
0.0 05 1.0 15 2.0 25 3.0
dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE
0.30 T L — 0.02 T T T T
0.25 == %.ﬁ.—.—;--—u:-::.: (d)— 0.00~—='-=::::;::=:='====="‘
0.20— —
S 015— —
0.10— —
0.05— —
0.00 . L 1 1 X : i 1 1 -0.0012 I " 1 ) L
0.0 05 1.0 1.5 2,0 25 3.0 0.0 05 1.0 1.5 2,0 25 3.0 0.0 05 1.0 1.5 2.0 25 3.0
diw diw daw

e€TT



separation: 1(0.2]?, 2(0.41,3() = 3

acceleration profi

motion: out of platoon

EB.’!I

& 1(static), 2(2t,), 3(1.58,), 4(t,), 5(0.67t,), 6(0.50t,)= 3

MOBILE DRAG MOBILE MEAS. SIDE FORCE
0.30 0.8 — T y T
0.25 s (a gf
020z o mn s N T T 02
Soi5 _ _ o m— - & 00
0.10 -g.i
0.05 e
0. . . . A : 0.8l
00 05 10 15 20 2.5 30 0.0 05 1.0 1.5 20 25 30
diw dw
STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE
0.40 T T T (b) 0.030 T T T (f)
030k mimymrmasmrmrmimm s 0.020F~ "> —
o v — 0.010 =" g, -
& 020 —

0.000 = -
010~ I -0.010|— —
0.0a L L L L T -0.0201 L | L A "

0.0 0.5 1.0 15 2.0 25 30 0.0 05 10 15 2.0 25 30
dw diw
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE
0.06 T T T v
0.25p~ _ errpm e ——— oo oas (C)j 0.08Ra (9)
s E I ot =i === 04 e e e e, . oS -
Yl Sammman e e s s = = o
3 @ e e
&§ 015 - 0.02fsrrn — T —
R el 7y =Y = B P Py
0.10}— , , , , ] Nt
0.00}— —
0.05p— —
0.0d . 0.02 A . A ; .
0.0 0.5 10 15 20 2.5 30 0.0 05 1.0 15 2.0 25 30
dw
o STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE )
v I — (] —— _. ()]
2o —""T" T T T T T T | ]
& 015 —
0.10}— , , , ) , — N
0.05— — -1
o
0.0 0.5 1.0 15 2.0 25 3.0 ! 25 30
diw diw

movingcar position:
1

1.0

15

20 25

STATICCAR 1YAW

0.0020 T T -
o = e s = T 7 = — —— —— v — —
0.0010_1.1':::::::::r:r:::r:-:-ry:-r:-r:rr::::::.‘:l (J)__
0.0000 — ]
g
00010 _ __ _ o o e o o e e — — -
=t - am = o E= =T MR = = = == /T
-0.0020 |— —
-0.0030 z L L N )
0.0 05 1.0 1.5 2.0 25 3.0
dw
STATIC CAR 2 YAW
o.0020( T _— T T _—— T T
0.0010— (K
0.0000— —
& -0.0010— —
-0.0020 f— -]
-0.0030 EE I T SN m EmS SR Nw SEm A X IITT -]
-0.0040 . L ) L .
0.0 0.5 1.0 1.5 2.0 25 3.0
dw
STATIC CAR 3 YAW
0.0005 T T T =T T
0.0000— (l)
T e e
G 00008 fer TR IT TR RAS I T AT AT AL e —
.00 p————— — -
P e e e " T T e LT
-0.00151
00 05 1.0 15 2.0 25 3.0
dw

143}



separation: 1(0.2), 2(0.41), 3() = 3 mqving car pqosiﬂon
—--..I-.'AAT-- rafiles A {wimbiv)) SfSWY O QLT UL T UIFAG) VAL "W = & — -
[moten: N0 platoon Y
Fwsa MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILEYAW 3— —
0.30 R ! i . . 0.8 T T T i 0.002f - T T e T
025 R (a) - e
020 sttt L et R 0.0007~ F&\ ]
SO o e e —m— —] It O-Gﬁm \3}{‘-}!&.:’“‘-}
<.
0.10 - ———
-0.004 —in
0.05}— - F— =i
0.00 L I 1 . " -0.008 N L n — n
0.0 05 1.0 15 20 25 3,0 0.0 05 10 15 2.0 25
d/w dw
OTATIUV LAH 1 UHAU STATIC CAR 1 YAW
0.40 — L T T T 0.0020 T T ™ Y T
030 00010 s LTI TG TR IS TSTAT
¢ 020 ' 0.0000
o O
-0.00 Eo o EEEsE=E e m s
0.10— - -0.0020
[oX 1 ) Il L L — 1 ] J 'l
0.0 0.5 1.0 15 2.0 25 3.0 -0.0630.0 0.5 10 15 2.0 25
aw dw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
0.30 T T T T T 00020 T T T T
] e P khhdely () 0.0010—
P GassamES st E L 0.0000—
§ 015 — d o -0.0010—
0.10}— — -0.0020{—
0.05 - N ‘ VOV = - — o=z == =
0.00 i " —_ ) . -0.02 Syematt ) : A -0.0040 : _ i : -
0.0 05 1.0 1.5 2.0 25 30 0.0 05 1.0 15 20 25 30 0.0 0.5 1.0 1.5 20 25
diw dw dw
STATIC CAR 3 DRAG , - STATIC CAR 3 SIDE FORCE 00005
9!9'?‘ v 1 1 ] d . c-—-'—._tr.; r r : h y .
T S a )— 0001 e O Tl T T T -
' 002 o == imimimime 3
S 015p- e .2 s o 3 8 400005 Foa our st 2 41 m A 28 S SRATL TS LTALY
0'10r_ __1 '0.04 \,_7 x St ‘_’4_‘- =T et 00010
0.05}~— - BOGN = - R E o o=
0.001~ L 1 o i -0.08 1 1 1 I 1 -0.001 —_— i 1 L 1.
0.0 05 10 15 2.0 25 30 0.0 05 10 15 20 25 30 0.0 0.5 1.0 15 2.0 25
diw dw dw

Skl



separation: 1(0.21), 2(0.41), 3() =3

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)= 4

motion: out d platoon
Ewg . MOBILE DRAG
' (a)
02 o0t U e 2R
S Loo====="7 _J
0.1 '—
0.
0.0 0.5 1.0 15 2.0 25 3.0
diw
STATIC CAR 1 DRAG
0.40 T v~ T T T
(b)
0.30 frs mm # ot e s o st o o s e e 2 —
0.10 -
0.l
0.0 0.5 1.0 15 2.0 25 30
diw

STATIC CAR 2 DRAG

0.0 0.5 1.0 15 2.0 2.5 3.0
diw

S o.

., 0.010E
& N
0.000

, 002

MOBILE MEAS. SIDE FORCE

1.5
1.0
0.5

-0.5

-1.0}
-15

T

o

0.0

0.030
0.020

-0.010—
-0.020

STATIC CAR 2 SIDE

FORCE

0.08
0.04p—=

——

0.02

-0.02
-0.04

002 ——

0.00—

-0.04—

-0.06—
-0.08

moving car position:
1

L1

L il

iy
o

STATIC CAR 1 YAW

0.0020 T v "
s 2 ¢ o € o o — - - (I)
0.0010fr~soscrarvrvaee v . -
0.0000 |— —
-0.0010}— -~
-0.0020 pa = =—.
-0.0030 2 " 5 . N
0.0 0.5 10 1.5 2.0 25 3.0
diw
STATIC CAR 2 YAW
0.0020 T Y T T T
= 2 o= 2 o5 252 S O T S S o I O S T T 0 KB 5 2 (k
T T T TN ]
Qo0 . -~ —m e m - — — — —
-O.WO _—------—--—F
00 0.5 10 15 20 25 30
diw
STATIC CAR 3 YAW
0.0005 T T Y u T
_____ o
0.0000L" 2 = sy e R A AT S -
F 0.0005 -t T m it 11T I N Y e e e -
ame?;E?{j_‘_______.;f=== —
o LTS o B e e e ot e gt T
-0.0015 — 2 L ' N
0.0 05 1.0 1.5 2.0 25 3.0

9l



separation: 1(0.21  2(0.41), 3(l) =3 moving car position:
acceleration profik: 1(static), 2(2t,), 3(1.5), 4(t,), 5(0.67t,), 6(0.501,)= 4 1
motion: into platoon

E""B‘ s MOBILE DRAG MOBILE MEAS. SIDE FORCE
, - T T T — 15 T T T - T "
________ ———y — (i)
02ftesrz il =2 -
e — == -1
(] b = = ™ T )
[PAF ol - -]
0.0 L \ i 1 L 7]
0.0 0.5 1.0 15 2.0 25 3.0 3.0
diw
STATIC CAR 1 DRAG
0.40: T L ¥ —T T
030k 0
a [ —J
o 020
0.10— — :j
0
3.0
s  STATICCAR2YAW
0.0010-_-—.—.——-—-—-—.—----—::: (k)_
0.00001— —
& -0.0010}— —]
WWSY - — e e e — e - —— — - —]
-0.0040 s -
30 0.0 0.5 1.0 1.5 20 25 3.0
dw

STATIC CAR 3 YAW

e T e O LR
S N
-0.04
-0.08
-0.08
0.0 0.5 10 15 2.0 25 3.0
diw

yARS



separation: 1(0.21), 2(0.4f), 3() = 3

acceleration profile: 1(static), 2(2t,), 3(1.5ty), 4(4,), 5(0.671y), 6(0.50t,)= 5

motion: out d platoon
Eps MOBILE DRAG

0.3

0.2
o
Q
o1

2.0 0.5 10 15 20 25 3.0
dw
STATIC CAR 2 DRAG
o w—— u
e = (C)_|]
00 05 10 15 20 25 30
dw
STATIC CAR 3DRAG
0. —T ) T T T
0.5 s — (A
| e e
S 0. _
0.1 -
0. -
0. 1 1 (] 1 .
0.0 0.5 1.0 1.5 2.0 25 3.0

g

Q

MOBILE MEAS. SIDE FORCE

-1
2
-3L L 1 1 — s |
0.0 05 1.0 15 2.0 25 30
diw
0040 STATIC CAR 1 SIDE FORCE
0:030 (f)—'
ool e
0010EE e SR LT S IR TI MATEE,
0.000|— -
-0.010—
-0.020 1 X L " . 1
0.0 0.5 1.0 1.5 2.0 25 3.0
diw
006 STATIC CAR 2 SIDE FORCE
004" = m2 e e o o = =y (g)_.
ooei‘?::‘;;:&-:-. rrmirm = -
0.00}—
0.02}— —
-0.04 . 2 A v .
00 0.5 10 15 20 25 30
diw
0.02» . STATII, C . - e
omr;'-“'-‘-‘* o =S (h)_
o - = —
_‘
3.0

moving ¢ar position:

1 —_——
2.....
MOBILEYAW 3~ —
0.000 \\
g \_,__ ~ _
-0.005 \:M,
0.010
-0.015.
0.0 05 10 15 20 25 30
aw
STATIC CAR 1 YAW
0.0020 T T ——— T
0.0010 s seeennnans ol (J)j
0.0000
& 0.0010
_O‘mo _e = e T TR, TR TR, T TR Tk
=2 —
-0.0030 ==
0.0040 L |
0.0 05 10 15 20 25 30
dw
STATIC CAR 2 YAW
0.0020 T - T T T
o001~ "= - (kH
0.0000}— |
& 0.0010 I e —
=Q.0020 —
-0.0030 R I WM oM. EA e e e e e CEET T -
<0.0040 e Ty T T e e m——
0.0 05 1.0 15 2.0 25 3.0
diw
STATIC CAR 3 YAW
0.0005 — T T T '
0.0000 == - = e T T T T S e () _J
J-0.000S Aty et mriis —
-0 — — —
000150 | \ ) ; .
0.0 05 10 15 20 25 30
dw

8L



separation: 1(0.21?, 2(0.4),3()=3 m(1)ving car %osition:

accelerationprofile: 1(static), 2{2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(050t,)= 5 —_—
motion: Into platoon
B MOBILE DRAG MOBILE MEAS. SIDE FORCE
0.3 T T T T _——u 3 1 .
2 (i) _
0.2 X oy -1 -
L? :-.xs-‘-'_‘—__’_,_,—-—_-—— O”O ]
01p— 1
. ! |
0.0 1 ' L ) ! -3
0.0 05 10 15 20 25 30 0.0 0.5 10 15 20 25 30 0.0 0.5 10 15 20 25 30
diw diw

STATIC CAR 1 SIDE FORCE

0.040 0.0020 N T d N
] o S o e @ SR o g G G Gl S UR A R L WE R S s (J)
S -
-
0.0 0.5 10 15 20 25 30 0.6 0.5 1.0 1.5 2.0 25 30 00 0.5 10 15 20 25 30
diw dw dw
STATIC CAR 2 DRAG STATIC CAR 2 YAW
0.25 M e v x e —— e e — - (kp
020 e (C)_
0.15f— -
a (; etedamanans o
© .10 — _
0.05 - n
o o5 o w20 | = ST EETE=mE=sS===
0- ' ) ol 1.0 15 20 25 30
dw dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE 0,000 STATIC CAR 3 YAW
0.30 T —T T T T 002 =TT T S .0005 T —T T T T
025\~ e = = = ~ () | 000"~ re=rErEa (Y 0.0000 [~ TS T e . 0
e oo ey o000
0207 - 002 -
& 015~ - & 4).04% —————— - = . & 0.0005 —
0.10— — -0.06*\ / 05010
005 - 008z — M s S —————
0.00 s ! " ! A -0.10 1 1 1 1 ! 00018 ——m = = — — — T i A
0.0 0.5 1.0 15 2.0 25 3.0 0.0 0.5 1.0 1.5 2.0 25 30 0.0 0.5 1.0 15 20 25 3.0
diw diw diw

6L



separation: 1(0.2I?, 2(0.41), 3() = 3

MOBILE MEAS. SIDE FORCE

acceleration profile: 1(static), 2(2t,), 3(1.5ty), 4(ty), 5(0.67t,), 6(0.50t,)= 6
motion: out of platoon
Exe MOBILE DRAG

0.3 T i T o

[— P R I e s v 2] (a)

. 0257551 ii—il,i.','_mm::‘_::____ -
8] L o om = o = s

0.1}~ -

0.d ! L " — L

0.0 05 10 15 20 25 30

dw
STATIC CAR 1 DRAG

0.40 T

0.30 b me 2 ==z == 2 ™ * = s T e R

P e Y e Lt

& 020 = 22 = e wmeEe R e m =3 ]
0.10— —
0.00 e : 1 ' L

0.0 05 1.0 1.5 20 25 3.0
dw
STATIC CAR 2 DRAG
0.25 T R e =
2 Em g eme e S ET T o g - — = —

0 T T e e e — —

0.15|—

oa —]
0.10— -
0.05}— -
o0.0a
0.0 0.8 1.0 15 20 25 3.0
diw
STATIC CAR 3 DRAG
0.30 T T T T

(@]

I

30

. 0.02

PR SN

PN L T LYYV R T R PWPPO PPV
0.00— RS TR BT I ST T o h e 8 e = -

-0.02
-0.04

0.08
0.04¢

0.00

-0.02
-0.04

0.02
0.00
-0.02
0.04E
-0.06
-0.08
0.10

30

mc1)ving car position:

002 STATIC CAR 2 YAW
0.0020 T T T Y T
000TOM =t s e (K]
0.0000|— —~
‘3 V0010 e ascavsnecaccaowrrrertcrrsvrertvrcemn -
-0.0020 —
00030 _ o o o o o e e e —J
-0.0040 S T e o e mee aty o o e v em
0.0 0.5 1.0 1.5 20 25 3.0
dw
STATIC CAR 3 YAW
0.0005 T T _—T T T (')
0.0000Fs =TSRRI AT IR R —
J -nnnnc AR RN R R N R N T T J
-0.0010— —— vt e
00150 T T . .
00 0.5 1.0 15 20 25 30
dw

oct



separation:1(0.21), 2(0.41), 3(l) = 3 moving car position:
acceleration ;ﬁé%ic'% 1(static), 2(2ty), 3(1.5,), 4(ts), 5(0.671,), 6(0.50t,)=6 1

motion: Into
Eae MOBILE DRAG MOBILE MEAS. SIDE FORCE
0.3 L — _ T T S — 4 T T T T T "
e, @ (i
s :-_-_'_'_'—xl.n.l-xsx\‘ll\‘;-i_:-x_f_. i132s
02 a2 2 v T T —
© S s ki ]
] — ]
-4 M 1 1 1 I
0.0 05 1.0 15 20 25 30 30
dw
STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW
0.04 T ™ T T T (f) 0.0020 T —r T T T (j)
002~ = = = — — ——— = T wm e _{ 0.0010 e ederrrccrcte e eceatAAIAIIIIIA LAY =
— 0.0000 ~ ]
(5 0.205-—-.—*-—-5". el malll " M S S - S e 1 O» 0.00 __ (3 -0.0010— -
e - —l
0.104— _ 0.02 _ 00020 L L L L D m e e ==
-0.0030 —
0.00i -0.04 L 1 L X . -0.0040 . L 4 N L
0.0 05 10 15 20 25 30 0.0 05 10 15 20 25 30 0.0 05 1.0 1.5 2.0 25 3.0
diw diw dw
STATIC CAR 2 YAW
0.0020 T T T T T
0.0010 B amm & e 2 w5 i & 2 2 et o e o et o (k)]
0.0000 —
S 00010 n e vovvrrsrrrrrnss —]
-0.0020 ]
00030} _ _ _ _ _ _ _ _ . _ _ _ —
R -0.0040 T - =~y =
0.0 05 1.0 15 2.0 25 3.0 0.0 05 1.0 15 2.0 25 30 0.0 0.5 1.0 15 2.0 25 3.0
diw diw dw
STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW
0.30 L T T T 0.02 SOy . ry— " 0.0005 T ™ T T T
0.25 000}~ T == (h)—' T T e e e e ) (I)
0.20 — T .
& 015/~ -
0.10}—
0.05— _{
0.00] . .
0.0 0.5 1.0 15 20 25 3.0 0.0 0.5 1.0 1.5 2.0 25 3.0

diw diw

1t



Chapter 5

Acceleration Profiles - Boxes

The drag, side force, and yawing moment coefficients measured on each of the four rectan-
gular boxes in a platoon during a simulated lane change are shown on the following figures.
One of the boxes moves out of the platoon, and after a pause, returns into the platoon.
The coefficients are plotted with respect to the nondimensional lateral displacement of the
maneuvering box d/w, where the displacement d is scaled with the box width w. The
measurements made during movement out of the platoon for one platoon configuration are
shown first. The measurements made during movement into the platoon for the same con-
figuration are shown in the next figure. This arrangement of the figures for motion out of
the platoon and into the platoon is used for dl of the platoon configurations. Each figure
represents one of the four possible locations of the mobile box and a platoon configuration
at one of the three possible inter-vehicle spacings. The different linetypes in each figure
represent the six acceleration profiles used by the maneuvering box. For simplification, the
curve for each acceleration profile is an average of the three experimental runs performed

with that particular platoon configuration.

122



moving box position:
separation;
motion: out of platoon
B12k|

10n: 1
021), 2(0.41), 3()= 2

o MOBILE DRAG
0.8 e e R AR (a)
L 06—
O
0.4~
eal-
0.01
0.0 0.5 10 15 20 25 3.0
dw

STATIC BOX 1 DRAG

acceleration profile: 1(static), 2(2t), 3(1.5t), 4(ts), 51(0.67td), 6(0.50ty)

MOBILE MEAS. SIDE FORCE

- \ (e)

3.0

0.5

1.0 2.0

R S
..... 5_
MOBILE YAW 3— — 6— .
0.004 p— Y T T T .
0.002 {—- e~ (l)_J
0.000fr—" = Pt -
-0.004 LS . ]
“0006— = \\~/' —
-0.008 |— —~ —
-0.010 ' 1 L i 2
0.0 05 1.0 15 20 2.5 3.0
dw

0.0 0.5 10 &ﬁr} 20 25 3.0
STATIC BOX 2 YAW
0.00BI
0008 () |
G o.004| -~
0.002(— -
0.000
0.0 05 1.0 éL/a 2.0 25 30
STATIC BOX 3 YAW
0.060 T T T T T
0.050 s Ao e E e Xy ey - (l)—
0.040— ]
& 0.8~ -
0.020— -
0.010(— —
0.000 . : A A L
0.0 0.5 1.0 15 2.0 25 30
diw

€cl



ing b ition: 1
;ne%\gpgtiog):(1p(8§2lll)?g(0.4l), 3()=2 accelerationprofile: 1(static), 2(2t,), 3(1.5t), 4(t,), 5(0.67%,), 6{0.50t,)
2

gohon: into platoon 5
120 MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILEYAW 3— — 86— .
1.0 T T T T (a) 3 T T T T T 0.004 T T T T T
0.8~ —r T FYEFIEECEEC Y St )| 2 [ty e 0.002 i}
e : -z O mEn 07
06— = » L T TR ] 0002 T TERN -
S 0.4}~ [&] o;-_-_-:_:-_-_-—-s'/-“-_’/ — J : to
- -4 CETEZ i S S
4 .. — -0.f — =, —
0.2— — 2 o — -0.008 # = e— —
0. L 1 L Y . -3 N s — 1 1 -0.010 A t N ) 1
3.0 0.0 0.5 1.0 15 20 25 3.0
diw
STATIC BOX 1 YAW
0.0050 y r r r =
o ()]
& 0.0030 P —/_ -
0.0020]_ —
0.0010— -
1 0.0000 ; ) A R .
3.0 00 0.5 10 15 20 25 30
dw
STATIC BOX 2 SIDE FORCE STATIC BOX 2 YAW
0.50 0.02 . T r ! r o] 0.008 T T T r T
0.40 0.00(—
0.30 -0.02}— g__ 0.008 et g Ak S bt e g e (k)_
[ Tl SOV » -0.04}—. ——
© 20— 9 0= ] S 0004 ~
o.101— _ 'g'?g - 0.002}— -
0.00 . A . L . 0.12 — N ) , N ] 0.000 \ A ) ) A
0.0 0.5 10 is 20 25 3.0 0.0 0.5 1.0 15 20 35 30 00 o8 7 i >0 > 30
STATIC BOX 3 DRAG STATIC BOX 3 YAW
0.00 0.060 T Y T Y Y -J
P i ..;’ha 0.05 0.050 ~ - ¥ s ST (l)
_om o= e 0.040 _
© 020 o' -0.10FeT & 0030 .
0.10 0.150~ 0.020|—
0.00. " i - ‘. ! ] -0.20 ) Y . L L g.&fl L 1 N N
0.0 05 1.0 1s 20 25 30 0.0 05 10 s 20 75 0 00 pye 0 1s T 5s 30

et



moving box position: 2 acceleration profile: 1(static), 2(2t,), 3(1.5%y), 4(t,), 51(0.67(.,). 6}0.50&,)

separation: §o.2|), 2(0.41), 3(h=2 —_ A
motion: out of platoon % ..... g_ .-
BZZ:'Z STATIC BOX 1 DRAG STATIC BOX 1 SIDE FORCE STATICBOX1YAW ¥ — — P—— -
1:0 __________ e i e (a)__
08" —
S 06 -
0.4 -
0.2 -
0.01
00 0.5 10 15 20 25 3.0
diw
‘o MOBILE DRAG
0 8 - 'W* (b)__l
0.6 s -
04 -
0.2 —
0.01 R
0.0 0.5 1.0 15 20 25 3.0 00 05 1.0 1.5 2.0 25 30 0.0 05 10 15 20 25 30
diw diw dw
STATIC BOX 2 DRAG STATIC BOX 2 YAW
0.10 0.008 T — T T —
= (K
0.05 0.008 T e A ta Al e LAk
’M—
, 0.00 Z 000l =
© 008 )
010 0.002 |~
. 0.15 0.000 |
0.0 0.5 10 15 2.0 25 3.0 0.0 0.5 10 15 20 25 3.0 0.0 05 10 15 20 25 30
diw diw
STATIC BOX 3 DRAG STATIC BOX 3 YAW
0.50 q 0.05 0.0025 T T — T I
@ o cool _ __ 0
' s ST — — —
1 o005 GORSES TSI TSI TS
- °7 0.0010fs" "= - ee L. BURUSUPPEPE —
0.10— , , , , , — 0.10 aogos —1
0. -0.15 L L 1 1 L 0.0000 L L e [ —
0.0 05 1.0 15 20 25 3.0 0.0 0.5 10 15 20 25 3.0 00 05 10 15 20 25 30
diw dw dw

gel



moving box position: 2

separation: 1(0.21), 2(0.41), 3())=2

motion: into platoon

822;"2 STATIC BOX 1 DRAG
10 cozaezze (@) |
0.8 -
S 0.6} -]
04— -
0.2(— —
0.0 . . \ R .
0.0 05 1.0 15 2.0 25 3.0
diw
MOBILE DRAG
1.0 T T T T T
0.0 05 10 15 2.0 2.5 3.0
d/w
08 STATIC BOX 2 DRAG
06l ©]
S 0af~ %"" - -
02t _]
0.0 . , . ; \
0.0 05 1.0 15 2.0 25 3.0
diw
STATIC BOX 3 DRAG
0.50 T T - :
so (@]
0,30 N T e e il 1
S
0.20— -
0.10}— —
0.00| . . : ) .
0.0 05 1.0 15 2.0 25 3.0

-0.05
-0.10
-0.15
-0.20

STATICBOX 1 SIDE FORCE

acceleration profile: 1(static), 2(2t,), 3(1.5,), 4(t,), 5(0.67t,), 6&0.501,,)

05

1.0 15 2.0

0.10
0.05
0.00|
-0.05]
-0.10

-0.15
0.

0.05
0.00

-0.05

-0.10

-0.15
0.0

NIMLIN LN/ ) LYY
0.0020
-
0.0015
—I & 0.0010
0.0005 f— -
0.0000 . " R . ,
3.0 0.0 0.5 1.0 1.5 20 25 3.0
dw
MOBILE YAW
—_—
G o000 o —~
T |
-0.005 S i) ~]
Sl - y
-0.010 A A ;
0.0 05 1.0 1.5 20 25 3.0
dw
STATICBOX 2 YAW
O e o= mrr - S M
& 0.004
0.000., . , . A . )
0.0 05 10 15 2.0 25 30
diw
STATIC BOX 3 YAW
0.0025 T T T T T
0.0020
0.0015 hes
0.0010
T 0.0005
0.0000 L 1 1. ' 1
3.0
0.0 05 10 ) 2.0 25 3.0

9zl



moving box position: 3

separation; 1(0.21), 2(0.41), 3(1)=2
motion: out of platoon
Bz STATIC BOX 1 DRAG

12 T — T —T T

1o - (@

0.8~ = - —

S 06— j

04—

04—

0. . , . . .

0.0 05 1.0 15 20 25 30
d/w
STATIC BOX 2 DRAG
0.60 T Y : T ,

. — I3
0.20 - -
0.10}— , , , , , —
omd _

0.0 0.5 10 15 20 2.5 30
diw
MOBILE DRAG
e (0)
)
0.0 05 1.0 15 20 2.5 30
diw

STATIC BOX 3 DRAG

acceleration profile: 1(static), 2(2t,), 3(1.5¢,), 4(t,), 51(0.67td). 84(0.50(,,)

STATIC BOX 1 SIDE FORCE

0.0 0.5 1.0 15 20 25 30
dw
STATIC BOX 2 SIDE FORCE
-0.05 =
-0.10 -
015 A
0.20 ! 1 1 - ol
0.0 0.5 10 15 2. 25 30
diw
s MOBILE MEAS. SIDE FORCE
1 //____‘; - ;’\ —
ol e T T .-.3,‘,“ j
[oXd] 0.5 1.0 1.5 20 25 30
dw

STATIC BOX 3 SIDE FORCE

STATIC BOX 1 YAW 3—
T L

6 _

0.0025 T

oooROb— —ooo——
% 0.0015E—uﬂ s

© .0010{—
[ XoTa T

0]

0.0 20

1.0

25

0.0050
0.0040
0.0030
0.0020 —

0.001

S
0

-0.010 L A ‘o L L
0.0 05 1.0 1.5 2.0 25 3.0
dw
STATIC BOX 3 YAW
0.0030 T T —T =T T
A S
o0z — o = = —E=
& oootop- TTTTe T -
00000 M
-0.0010 L ) L i L
0.0 0.5 1.0 1.5 2.0 25 3.0
dw

2l



moving box position: 3

separation: 1&0.2I), 2(0.41), 3()= 2
motion: into platoon
220 STATIC BOX 1DRAG
1.2
10— T (@
0_8 g LS ]
S 06—
0.4—
02—
o.d
0.0 0.5 1.0 15 20 2.5 30
diw
STATIC BOX 2 DRAG
060 T T T T
(b}
—
-
30

05 1.0 15 2.0 25
diw

30

accelerationprofile: 1(static), 2(2t,), 3(1.5t,), 4(ty), 51(0.67t¢), 6}0.50td)

0.02°F
0.00

L 002

6]
-0.04

-0.06
-0.08]

STATICBOX 1 SIDE FORCE

3
(8]

0.0

0.5 10 15 20 25 30

0.05
0.00 =

J-O.OSN _ - Lo

0.5 1.0 15 20 25 30

STATICBOX 1YAW 3— — 6— .
0.0025 . .
0.0020 —_— e (l)
0.0015 F S A g e s s —
0.0010 -
O 00ns
0.0000

0.0 0.5 10 15 2.0 25 30
diw

STATIC BOX 2 YAW

0.0050 T — . .

0.0020 {— —
0.001g— -
0.0000 s : i N i

0.0 0.5 10 2.0 25 3.0

821



moving box position: 4 acceleration profle:1(statc), 224, 3(1.61), 49, 50.674), 6(0.501)

separation: 150.2!), 2(0.41), 3(h=2
Er3not|on: out of platoon S
s __STATIC B(?X ! DR’K*G 0os STATIC BOX 1 SIDE FORCE 00088 STATICBOX LYAW 3— — 86— -
(1).:“'; """""""""""""" CELEES ST T (84 0.02 (e)_ 0.0025 (-
. L8 F— — ooo o‘mo— ................................... -
0.6— ] o, — e . S————n, —
S 8 & 00015 === =T TS
04— ~ OO S S o e— . 7] 0.0010
ool ] e i o e T = . :
0.0 1 s L " L
0.0 0.5 1.0 15 2.0 25 3.0
d/w
STATIC BOX 2 DRAG

0.0 0.5 1.0 15 2.0 2:5 30 00 05 10 15 20 25 30
dw dw
s MOBILE MEAS. SIDE FORCE
2 —
U D
(3’ 0 e ——== T T ST .—.'rj,“
T - ’//
Af—. .-l
e .- -
2 —
X -3L N L
0.0 05 10 15 2.0 25 30 0.0 05 1.0 15 2.0 25 3.0 00 05 10 15 50 25 30

0.0 0.5 1.0 15 2.0 25 30 . 00 0.5 1.0 15 20 25 3.0

621



moving box position: 4 lerati file: 1(static), 2(2t,), 3(1.5¢,), 4(ty), 5(0.67t,), 6(0.5
separa?ti_on: fﬂo.zl), 2(0.41), 3(= 2 accelerafion profile: 1(stafic), 2(2t,). 3(1.5). 4t 51(0_6_“) 6“5_?11)

motion: into platoon 2..... El —-
B STATIC BOX 1 DRAG STATIC BOX 1 SIDE FORCE STATIC BOX 1YAW 3— — 6— -
1.2 T T T T T 0.04 T T T T T 0.0030 T T T T .
L (a)— 0.02— (e)_ (l)'—'
S 06— - 4 —
04— ] 002 — -
02{— — 004~ e _ 7]
0.0 1 I X ! 1 -0.06 1 1 L L 1
00 05 10 15 20 25 3.0 00 05 10 15 20 25 30 30
diw dw
STATIC BOX 2 DRAG STATIC BOX 2 SIDE FORCE
0.06 T T T r T 0.0025
0.04— N 0.0020
0.40 ) 0.0 0.0015}:
a - TTe———— T ——— .02}~ ]
S 030 4ol T e T e e B S L. P G 00010
020 0.0, = e s 0.0005
0.0 -0.02— - 0.0000
0.00l 1 L ! L L ] -0.04 s . 1 L s -0.0005 L L " . .
00 00 05 1.0 15 20 25 30 00 05 10 15 20 25 30
diw diw
MOBILE MEAS. SIDE FORCE MOBILE YAW
1.2 3 T T T T 0.004 T T T T T
1.0 2 TN (9 00027 —_ (K-
08 1 N — 0.000F=— . "2 - 3, -
o 0 s o T ;,ﬂ 0002 =0 -
J o8 S Ofz. sr= T S 0004 oy i
0.4 -1 ;T_./_-_-_ L= - 0,008 S = |
0.2 —_ T A — -0.008|— \\\“J |
0.0 ; A ) . A 3 -0.010 L . . — =
00 05 10 15 20 25 30 0.0 05 10 15 20 25 30 00 0.5 10 15 20 25 30
diw dw
STATIC BOX 3 DRAG STATIC BOX 3 YAW
08 T v T T 7 0.10 0.0025 y T T T T
08— () g'g; ° 0.0020
a . ’ .0015
S 04— m — & 005 N
ook PP 0.10 0.0010
i 1 015 0.0005
0.0 . . . \ . -0.20 0.0000 . . . \ .
00 05 10 15 20 25 30 00 00 05 10 15 20 25 30

oel



Chapter 6

L_ocation Profiles - Boxes

The drag, side force, and yawing moment coefficients measured on each of the four rectan-
gular boxes in a platoon during a simulated lane change are shown on the following figures.
One of the boxes moves out of the platoon, and after a pause, returns into the platoon.
The coefficients are plotted with respect to the nondimensional lateral displacement of the
maneuvering box d/w, where the displacement d is scaled with the box width w. The
measurements made during movement out of the platoon for one platoon configuration are
shown first. The measurements made during movement into the platoon for the same con-
figuration are shown in the next figure. This arrangement of the figures for motion out of
the platoon and into the platoon is used for dl of the platoon configurations. Each figure
represents one of the three possible inter-vehicle spacings in the platoon and one accelera-
tion profile used by the maneuvering box. The different linetypes in each figure represent
the four possible locations of the mobile box. The three experimental runs performed with

each platoon configuration are shown.

131



separation: 1(0.21), 2(0.41), 3() = 2
accelerationprofile: 1(static), 2(2ty), 3(1.5%y), 4(ty), 5(0.67t,), 6(0.50ty)= 1

motion: out of platoon
21! MOBILE DRAG
1.2 T T T L T
10 (a
0.8
& 06
0.4
0.2
0.0 0.5 1.0 1.5 2.0 25 3.0
diw
STATIC BOX 1 DRAG
1.2 T ‘_,‘\"uu“}nn‘.‘.!
1.0 =
0.8
§ 0.6
0.4
0.2
0.0’_ . o ) 4 N
0.0 0.5 1.0 15 2.0 25
diw
08 STATIC BOX 2 DRAG

0.61—

o
8] 0.4L\'_

o

L e,

P e Y4
o et D e

A SRS
P ¥

A ‘—‘P‘-rl'-

0.2—
0.0
0.0 0.5 1.0 15 2.0 25 30
diw
08 STATIC BOX 3 DRAG
’ — =g R d
(I -7 @]

S 04 e e o —
0.21— —
0.0L

0.0 0.5 1.0 15 20 2.5 3.0
diw

MOBILE MEAS. SIDE FORCE

0.40
0.30—

0.20

—
.27 .

0.5

1.0 15 2

3.0

05

1.0

3.0

30

moving box position:

MOBILE YAW

0.0 0.5 1.0 15 20 25 30
dw
0]
\“‘5:\;‘-..,:4;:_‘.1« -1
1.0 15 20 25 3.0
diw
STATIC BOX 2 YAW
0.008 T T T T —
0.008 "‘<“‘,.n1\\~.4a;:.‘.‘.‘}}aﬂ—"a—- (k)
& 0.004— e ————
P amn  wam -
0.0R M s iR T TR T T el
0.000
0.0 0.5 1.0 15 20 25 30
dw
STATIC BOX 3 YAW
0.050
0.
0.030
& 0.020
0.010
0,000 (-7 i =il Sul™ M=ol "t S v - . - G A -
-0.010 1 T L T
0.0 0.5 1,0 15 2.0 25 3.0
diw

cel



separation: 1(0.21), 2(0.41), 3(1) = 2 moving box position:
acceleration proﬂle 1(static), 2(2t,), 3(1.5ty), 4(t,), 5(0.67t,), 6(0.50t,)= 1 1
motion: into platoon

Bzl MOBILE DRAG MOBILE MEAS. SIDE FORCE
12 0.002
1.0f— ] 0.000—
0.8— N
S 06— & -0.002—
0.4 : o ’ e - |
o2 _ 0.m =s= ] -0.004
0. L f | 2 ! -0.1Q 1 ! ! A 1 -0.008
0.0 0.5 10 15 20 25 3.0 0.0 0.5 10 15 20 25 3.0 0.0
diw d/w
STATIC BOX 1 DRAG STATIC BOX 1 SIDE FORCE
1.2 T VA LR 0.05 T —pomr T T ng 0.0040
sziist T LI b £
1.0 (b)| 0.00 )] 00030
0.8— —] -0.05— —
S 0.6}~ — & -0.10— — & 0.0020—
0.4 — 0.15— 00010
ook - -0.20}— . Y - !
0.01. s -0.25 L L MERRALL N 06000 A . .
0.0 0.5 1.0 15 20 25 30 0.0 0.5 10 15 20 25 30 0.0 0.5 1.0 1.5 2.0 25 3.0
diw dw
STATIC BOX 2 DRAG STATIC BOX 2 YAW
0.8 T T T 0.10 0.008 T T T T T
as 0.05 0,008 Lsoeettefitisaasaziiiiiiiiaasss (k)
’ 0.00 : =
S 04— & -0.05 & 0.004— o m m———— -
o -0.10 002 mimmim i
. o5 y ——e—nmmts
0.0 ) L s r s -0.20 0.000 ) 1 L : .
0.0 0.0 0.0 0.5 1.0 15 20 25 a0
dw
STATIC BOX 3 YAW
0.8 0.10 0.050
sl 0.05 0.040 (-
’ 0.00, 0.030— -
& 04— & -0.05 & 0.020— -~
0.2}— _ -0.10 0.010}— -
’ -0.15) 0.000— e emcar - -
2%, Wa) o5 10 15 20 25 0 -0.20 -0.010! N i 1 f 2
00 . - - . 0.0 05 1.0 15 20 25 30
diw dw

€el



separation: 1(0.2 ,2(041), 3{) =2 moving box position:

acceleration profile: 1{static), 2(2t,), 3(1.5ty), 4(ty), 5(0.671,), 6(0.50t,)= 2
motlon: out of Dlatoon

Bz MOBILE DRAG MORILE MEAS. SIDE FORCE
1.0 T T T T T 0.6 T T T T T "
0]
0.8 = 0.4 -
06— :;'5;// - 0.2
o - »
S _ \.zF77 3 ]
0457 0.0
2o ]
0.2 0.2 ———.
-0.4
0.0 0.5 10 15 20 2.5 3.0 0.0 0.0 0.5 10 15 20 25 30
diw diw
12 STATIC BOX 1 DRAG
1.0 La33aa11hizizIAL (b (j)
TRiEELE. R e L e i = —1
0.8 ]
S 08 y - _
0.4
' -0.15 e L o - == . _
02 0.20 TeREaasANT — 0.0010 R T PP FFF PN EEEE
-0.25.. 1. 1 1 \ 1 0.0000 L : L 1 L
0.0 05 1.0 15 2.0 2.5 30 0.0 05 1.0 15 20 25 30 0.0 0.5 1.0 1.5 20 25 30
diw diw dw
STATIC BOX 2 YAW
0.60 0.008 T T T T T
0.50 .o (k)
1YY e ————— = i —]
0.40 "
o
0.10 4 0.002 e A i e T e s e -
0. o s . L i 0.000T L n
0.0 05 1.0 15 2.0 25 30 0.0 05 10 15 20 25 30
d/w Ahn
0.060 T —T T T T
STATIC BOX 3 DRAG 0.050 e AT OGN ()]
08 ) 0.040— —
IS T S o8B n
o =T et 0.020— —
Sodpis-_ . T S -]
02T — . po— P— a3
0.010
_ -0.20 0.000
0.0 0.5 10 15 2.0 25 30 0.0 0.5 1.0 15 2.0 25 30 0.0 05 10 15 2.0 25 3.0
diw d/w dw
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separation: 1(0.2I?, 2(0.41), 3() = 2
e:

acceleration profile: 1(static), 2(2ty), 3(1.5ty), 4(ty), 5(0.67ty), 6(0.50ty)= 2
motion: into platoon
”'221' . MOBILE DRAG
o= .riﬁ?iﬂ””‘:t’“ﬁ:’“ (@)
06—~ _ ZF
p
€ 04 Z’é’él
021
001 |
0.0 05 10 15 20 25 30
dw

STATIC BOX 1 DRAG

0.0 0.5 1.0 15 20 25 3.0
dw
060 STATIC BOX 2 DRAG
0:50 L . —:‘_.__?>>._,-_,.....:.-----:~.':'!:‘:_‘-: .-:I (C)—
0.40} PNz == -
S 0.30F -
0.20f- ]
0.10(— -
0.60 o5 0. 15 20 26 0
diw
08 STATIC BOX 3 DRAG
BT
- = (3@

- ze s W 2T T

0.0 0.5 1.0 15 2.0 2.5

30

MOBILE MEAS. SIDE FORCE

STATIC BOX 1 SIDE FORCE

movingbox position:
1

00 05 15 20 25 30
dw
STATIC BOX 2 YAW
0.008 T T T T T
o.o% PP T I XX T T Verwewes bedoii i & i Lt
Jo.ou____ i s — —— ]
Rl =iyl TP PP m
0.000 2 f 2 !
0.0 05 15 20 25 30
diw
STATIC BOX 3 YAW
0.060 T T T T T
0.050 ()
0.040— —]
& 0.030— —
0.020— -]
0.010— -
0.000 JA—— St o o -
0.0 05 15 20 25 30
diw

Sel



separation: 1(0.2| , 2(0.41), 3() moving box position:
acceleration profile: 1 (stat[ ) 2td ), 3(1.5t,), 4(ty), 5(0.67t,), 6(0.50t,)=3 1 4
motion: out of platoon

B MOBILE DRAG MOBILE MEAS. SIDE FORCE
1 1 T T T T 0.002 .
0.8 g (2) 0.000 _
0.6— 4
5 - /  ou |
0.4 ;-;"’—’
02k 0.004 —
-0.006
0.0 05 1.0 15 2.0 25 3.0 00 05 1.0 15 20 25 30 0.0 3.0
diw

STATIC BOX 1 DRAG

STATICBOX 1 YAW

0.0050 T T o
(f 0.0040 / ()
g 0.0030 —
o'mo = s IR SIS PG A BT B TS Sy T -
. P, Fmy e e e o
0.15 e 00010 T R T T = —
' ) 020 Trrrscstle 0.0000 ) . ) ) )
0.0 0.5 10 15 20 25 30 0.0 05 10 15 20 25 3.0 00 0.5 10 15 20 25 30
diw diw dw
STATIC BOX 2 DRAG STATIC BOX 2 SIDE FORCE 0.008 STATIC BOX 2 YAW
_— o T ., L3 T T T L)
,nntl.—.-.-.‘."'..'..’.' (C)_ e (k)
—_ 0.008 pam—c-r ——— —
_____ S 0.0041— e -
e e e i R
0.002— o ———— T = - — —n - ]
oo =TT T s T
30 0.0 05 10 15 20 25 30
0.060 STATIC BOX 3YAW
0.050 N4
0.040—
J 0.030— —
0.020— —
0.010— -
L 0.000 e 4 i, 3 T A 2 S, 2o
0.0 0.5 1.0 15 20 25 3.0 00 05 10 15 20 25 30 00 0.5 10 15 20 25 30
dw dw dw

9elL



separation: 1(0.2I?, 2(0.41),3() = 2 movingbox position:
acceleration profile: 1(static), 2(21y), 3(1.5t), 4(ty), 5(0.67t), 6(0.50t,)= 3 1
motion: into platoon

Bra MOBILE DRAG MOBILE MEAS. SIDE FORCE

10

o.sL = a3 (a)_]

2T

0.6 /»; —]
a T
© o4 Z -

0.2 4 -]

0.01

0.0 05 10 15 20 25 3.0 0.0 0.5 1.0 15 2.0 25 30 00 0.5 10 15 20 25 30
diw diw diw
STATIC BOX 1 DRAG STATIC BOX 1 SIDE FORCE STATIC BOX 1 YAW
li T T T T L T T T T T T

T 0.10 T ) 0.0050

“ax

= SR S e | 3 0.0030

/—ﬂﬂ (l)_

-0.10— — = e STl
015 .. i — 0.0010 N R R D -
) 020 ) , L TTegessiind 0.0000 L ) ) . .
0.0 05 1.0 15 2.0 25 30 00 05 10 15 20 25 30 00 0.5 10 15 20 25 30
dw diw dw
STATIC BOX 2 DRAG STATIC BOX 2 YAW
0.60 T T T T T 0.008 T u T T T
0.50 p— e L (* eeiiicers, aesiaias K
JRAN N i I ECE
0.40 === = - e
& 0.30 — & 0.004(— e mEmEmEE=E = —
0.20— — - - =
0.002}— i —
0.10— — o e - oma 3t t g e e ST T
0.00 L : L L . 0.000 L N ) R \
0.0 05 1.0 15 20 25 3.0 0.0 0.5 1.0 15 20 2.5 3.0
diw dw
STATIC BOX 3 DRAG STATIC BOX 3YAW
08 T T T =T T 0.060 T T T T -
(d)__ 0.050 —
0.040 —
] & 0.030 _
0.020 -
0.010 —
0.000 o — . ow
30 0.0 05 10 20 25 30

e}



separation: 1(0.2] , 2(0.41), 3() = 2

acceleration ?rofile: 1(static),( %(2td), 3(1.5ty), 4(t,), 5(0.67t), 6(0.50t,)= 4

motion: out of platoon
Bau MOBILE DRAG MOBILE MEAS. SIDE FORCE
10 1.5 T T v T
08 (a)_
a 0.6 ] »
© 04} 4 °
0.2 - .
0.0 f
0.0 0.5 10 15 2.0 25 3.0 0.0 0.5 1.0 15 20 25 30
diw dfw
STATIC BOX 1 DRAG STATIC BOX 1 SIDE FORCE
1.2 T T T T Y 0.2 T T — T 1
Y m——————mmmS ST (b)— 0.1
- 08 1 Q.0
¢ 0.6 p— & o
0.4 - o T
024~ - -0.2— B et 1
001 0.3
0.0 0.5 1.0 15 20 25 3.0 0.0 05 1.0 15 2.0 25 3.0
diw dw
STATIC BOX 2 DRAG STATICBOX 2 SIDE FORCE
0. . 0.10 T T T
0.50 |— L. -'-,‘,:.‘-‘--‘\ﬁﬁ'i'-'l'-"-‘-"- (C)—-
-4 4
3.0
STATIC BOX 3 SIDE FORCE
v.o (d) 0.10 T T T T T )_
08 0.05>
30

moving box position:

05 10 15 20 25 3.0

MR
iizzz
LT ¥ O -

05 1.0 15 20 25 3.0
dw

STATIC BOX 2 YAW

0.008
0.008

& 0.004

0.002

D.000

0.0

0.5 1.0 1.5
dw

0.060
0.050

STATIC BOX 3 YAW

0.040
S 0.0g
0.020
0.010

0.000
0

ek, ey e

.0

0.5 10 15 20 25 3.0
dw

8El



separation: 1(0. 2? 2(0.41), 3(l) =
acceleration prefle; 1(static), 2( ; 3(1.5t), 4(ty), 5(0.67t,), 6(0.50t)=4
motion: into platoon
'2‘1' o MOBILE DRAG MOBILE MEAS. SIDE FORCE
e ()
,-s
0.6(— /
a -, ’ n
© 0antf7 ©
022
0.0 05 10 15 20 25 30
diw
STATIC BOX 1 DRAG STATIC BOX 1 SIDE FORCE
1.2 T T T T T 0.2 T T T
1.0 o eieeiizioozezirete (b 01 ()]
e Y e ey —————]
os :/-( 00 -
& 06— == ==3
04 -0.1 . —
02 -0.2 Sas -
0.3
0.0 05 10 15 20 25 30 00 05 10 15 20 25 30
diw dw
STATIC BOX 2 DRAG STATIC BOX 2 SIDE FORCE
(Cj
00 05 10 15 20 25 3.0 0.0 05 10 15 20 25 30
d/w diw
STATIC BOX 3 DRAG
T - ™ 0.10
0.05
0.00
S -0.05R
-0.10F
-0.15
0.0 1 1 L 1 L -0.20
0.0 05 10 15 20 25 30 0.0
diw

moving box position:

()
25 30
STATIC BOX 1 YAW
0.0050 T T T T T n
0.0040 —\/ (_I)—
0.0030 ~
%)
0.0020 | — ~
Y o R
0.0010|— Tt Natiannecszmosss - —
0.0000
00 05 10 15 20 25 30
dw
STATIC BOX 2 YAW
0.008 T T T T T
ey, (K)
0.006 - s R —
Fad
& 0.004— e e — —
2 T T S w— -
0.002— -~
0.000 T o 2 A A . A, 2T 3~ M et ) ]
00 05 10 15 20 25 30
dw
STATIC BOX 3 YAW
0.060 T T T \
0.050 -]
Qo — —
& 0.030 | —
0.020— —
0.010}— —t
0.000 b, . rrexs
00 05 10 15 20 25 30
dw

6el



separation: 1(0.21  2(0.4l), 3() = 2 moving box position:
acceleratlor:)Proflk: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)=5 1
motion: out of platoon

B'251' o MOBILE DRAG ) MOBILE MEAS. SIDE FORCE
(a) @
1
S g0
-1
R |
00 0.5 1.0 15 20 25 3.0 0.0 05 10 15 2.0 25 30
diw diw dw
STATIC BOX 1 DRAG STATIC BOX 1 SIDE FORCE STATIC BOX1 YAW
1. T T T T T 0.1 T T T T T 0.0050
® 0.0040|— M-
0.0030 [~ —
<Jc *;a"h J - ——
0.1 Seang ~ T — e o= —~
. T ) 0.0010 e e =
0. . L : . L 02 A . . T s 0.0000
00 05 10 15 20 25 30 0.0 05 1.0 15 20 25 3.0 0.0 05 10 15 20 25 30
diw diw diw
0.0 STATIC BOX 2 DRAG STATIC BOX 2 SIDE FORCE STATIC BOX 2 YAW
60T 0.05 T T T S P T 0.008 T T T T T
0.501— IR A (c)_ i 1 w006 s (k)_
I e e
S 0PJemii T ey & 0.004|— - o
0.20f~ - b e e e e ————
0.10— - 0.002— . —
0. L L s ) 1 0.000 [ 208" ey TS F Tk T Ek Pt St i S )
0.0 05 1.0 15 20 25 30 0.0 0.5 10 15 20 25 30 0.0 0.5 10 15 2.0 25 3.0
d/w diw
STATIC BOX 3 DRAG STATIC BOX 3 YAW
0.8 T T T T T 0.080
08 ! 0.050 0
= T o T S ]
- . 0.040—
S04 — .. e ST s, — & 0.0%0—~
oaf—-—-— " ] 0.020—
0.020—
0.d 1 1 ] L L 0.000 I s s st mcrar e T s S vy ooy
00 05 10 15 20 25 30 0.0 05 1.0 15 20 25 3.0 0.0 0.5 1.0 15 2.0 25 3.0
dw diw dw

ovl



separation: i(0.21 2(0.41), 3() =2
accelerationprofik: 1(static), 2(2ty), 3(1.5ty), 4(ty), 5(0.67t,), 6(0.50t,)=5
motion: into olatoon

moving box position:
ooy

1251 MOBILE DRAG
1.0 - T T T T
0.8}~ e (a)_]
06k ’/ ]
[&] ”
0.4|7 _
b2
0.2k~ —
0.0 05 10 15 20 25 30 0.0 05 1.0 15 2.0 25 30 0.0 05 10 15 20 25 30
diw diw diw
STATIC BOX 1 DRAG 04 STATIC BOX 1 SIDE FORCE
0.0 —
& ="
-0.1 —
ey, 0.0010 R SR
R S S |
" -0.2 I L gy 0.0000 L 1 1 N i
0.0 05 1.0 15 2.0 25 3.0 0.0 05 10 15 20 25 30 00 05 10 15 20 25 30
diw diw
STATIC BOX 2 DRAG STATIC BOX 2 YAW
0.60 T T T T T 0.008 T T T T T
0.50— N Cn LA LEIRIRIIIIIN (C)_ , (k)
0.40 T ] 0.006 [z — —
& 0.30 - & 0.004 e —
020 N Y] S —
0.10}— — ) “— -
0.00 . . . . . 0000 Le= i smamam e s =oQ
0.0 0.5 1.0 15 2.0 25 3.0 0.0 05 1.0 15 20 25 30 0.0 05 10 15 20 25
diw diw
STATIC BOX 3 DRAG
0.8 0.080 T T T T T
sl (d_ 005 ST ()
.| ’—‘-—:-J—ﬂ-—_ —— x| 0‘040 | _
S ot ey - & ool -
N ] 0.020|— —
0.010— —
0.0 1 L 1 2 L 0.000 Lo suarmy -y P oy e
00 05 1.0 15 2.0 25 3.0 0.0 05 1.0 15 20 25 30 0.0 05 10 15 20 25
dw dw diw

30

3.0

A4}



separation: 1(0.211, 21(0.41), 3 =2
e:

MOBILE MEAS. SIDE FORCE

acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4{t,), 5(0.67t,), 6(0.50t,)= 6
motlon: out d olatoon
i2e) MOBILE DRAG
1.0 T T T T r
e (a)
: . . ]
15 2.0 25 30
diw

STATIC BOX 1 DRAG

05 10 15 20 25 0
diw
STATIC BOX 2 DRAG
0.60T
0.50 e (C)_

P

0.0 0.5 10 15 2.0 25 3.0
diw
STATIC BOX 1 SIDE FORCE
02
o1l 0_
S = -
04T el N
04— *rriciaasa ]
-0.3
0.0 05 10 15 20 25 3.0

0.0 0.5 1.0 ;/3] 2.0 25 3.0 00 0.5 10 15 20 25 30
STATIC BOX 3 DRAG
0.8 T T T T T
(d)
0.6~ e e RSy —-1
-
(?0-4?53?:.—.*1:1-5_;:_-.—_.-._.—;_-—-::::251 —
0.21— —
00 0.5 10 15 2.0 2.5 3.0 0.0 0.5 1.0 15 20 25 30
diw diw

moving hox position:
1

0.0 0.5 1.0 15 20 25 3.0
diw
STATIC BOX 1 YAW
0.0050 T T T T LI
00040 0
3 0.0030}— -
0.0020 — —
0.00104— i —‘
0.0000 |
0.0 0.5 10 15 20 25 3.0
dw
STATIC BOX 2 YAW
0.008 T T T T T
0.008}= (k)
& 0.004 t-.-g- = e o TS -
0.002 —
0.000 I S T ST SR X M L L A S SRt St .
0.0
0.0 0.5 10 15 20 25 3.0
dw
STATICBOX 3 YAW
0.040
& 0.0
0.020
0.010
0.000 - = — —
0.0 0.5 10 15 20 25 30
dw

a4t



separation: 1(0.2?, 2(0.4h,8() =2 moving box position:
acceleration profile: 1(static), 2(2t,), 3(1.5t,), 4(ty), 5(0.671,), 6(0.50t,)= 4 4
motion: Into platoon

By MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILEYAW 3 —
1.0 T r T T T 1.5 T T T T T 0.004 T T T T T -
Y i (a)_| 1.0 (-
-~ 05 s
0.6/— — -

5 04 xf}% S 0d -
04t 7] 05 -
0.2 — 1.0 —
0.0 . \ A : . 15 . . : . )

0.0 0.5 1.0 1.5 2.0 25 3.0 00 05 10 15 20 25 30 30
d/w d/w
STATIC BOX 1 DRAG STATIC BOX 1 SIDE FORCE STATIC BOX 1 YAW
12 T T T T T 02 T T~ T T T 0.0050 4y T T T T "
1.0~ IS T T Ll Lty (o) 0.1 ) 0.0040 / 0)—
oe:‘—-r-mn: e T ., Syl AT S YA, TS WY _
o 0.0 — 0.0030 -~
O 06— - dn J
0 ] -0.1 - — 0.0020|— .. -]
3 R P . R S i e oY e
&ﬂ.— , , , , , - -0.2— TIAARLARANS — 0.0010— L R Y -+t -
0.3 : ) R A A 0.0000 . ; ) . .
0.0 05 1.0 15 20 25 3.0 0.0 0.5 1.0 15 20 25 30 00 05 10 15 20 25 3.0
diw diw dw
STATIC BOX 2 DRAG STATIC BOX 2 YAW
[oX T T T T T 0.10 T T T T
0.05 ey ey, (k)__
0.00 e r e
& 005 e — - —
-0.10 B intainial
-0.15 ]
-0.20 e e i A A, A, 85 3o et ]
00 10 15 20 25 30
dw
STATIC BOX 3 YAW
. s
0 005 {N RECNC IR RS S
3 ST 4_/’,_,,-» & 0.030
-0.10 e T —~ 0.020
015 —_—— -—1 0.010
0.01 -0.201 ) L L L N 0.000__—
0.0 0.5 1.0 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30
diw dhw dw

6el



separation: 1( 02? 2(0.41), 3(1)
acceleration profite: 1(static),
motion: out of platoon
BI25I

2(2t,), 3(1.5t,), 4(t), 5(0.67t,),
MOBILE DRAG

6(0.50t,)= 5

MOBILE MEAS. SIDE FORCE

1.0
0.8
0.6

S :
0.457%
0.2
0.0

0.0

15
diw

STATIC BOX 2 DRAG

20 25 3.0 05

10

0.5 1.0

2.0

25 3.0 0.5

1.0 15

mo1ving box aosition:

0.0 0.5 10 15 20 25 3.0
dw
STATIC BOX 1 YAW
0.0050
0.0040|— @ _
0.0030( - —
0.0020| —
B 1 ot e el
0.0010 e a4 -
0.0000
0.0 05 10 15 2.0 25 3.0
dw
STATIC BOX 2 YAW
0.008 T T T T T
o e (9]
& 0.004{~ .
b can i o e e — T
0.002}— —
0.000 Lo Swm oy wncius 523 30z s A "'P‘;':'.:’
0.0 0.5 1.0 1.5 2.0 25 3.0
dw
STATIC BOX 3 YAW
0.060 T T T T
0.050 ()=
0.040— —
& 0.030{— -
0.020— —
0.010— —
(0000 ] T D o p—
00 0.5 10 15 2.0 25 30
dw

orl



separation: 1{0.2[), 2(0.41), 3(l) = 2 movinghox position:
p {0.21), 2(0.41), 3() ) ghox p

acceleration e: 1(static), 2(2t,), 3(1.5t,), 4(t,), 5(0.67t,), 6(0.50t,)=5 —_
motion: into platoon
Besi MOBILE DRAG MOBILE MEAS. SIDE FORCE
1.0 T T T T T 2 T T
0.8l ———cTn (a)_| 1 (e)
a 06— /{;‘M - [}
o 0.4 —,-:"//" and ©
g "
0.2}~ -
0.0l i L n 1 1
0.0 05 10 15 20 25 3.0 0.0 0.5 1.0 15 2.0 25 30 00
d/w diw
STATICBOX 1 DRAG STATIC BOX 1 SIDE FORCE
0.1 T T g 0.0050
(b ® 0.0040
Lo 3 ] 0.0030
© - < 00020
-0.1 :
teenn \ 0.0010
-0.2 Lo EEy 0.0000 L . L ) L
0.0 05 1.0 15 2.0 25 30 0.0 0.5 1.0 15 20 25 30 0.0 05 1.0 1.5 2.0 25 3.0
diw dw diw
STATIC BOX 2 DRAG 0008 STATIC BOX 2 YAW
0.60 T T T T T X T T T T T
0.50— ‘&,_,_g';l.‘-kl.l.x.;_:_qz-_i.‘.‘.‘3:::-" (C)_ 0.006 —_ (k)—
040~ ~ . a=*™" — -
S 0,30t e T - — L — - — 3 0.004}— M
- PR B et
0.20— — ool |
0.10}— — - —2m
0.00 Y ! L . . 0000 =i sromimemam i s =2n
0.0 05 10 1.5 2.0 25 30 0.0 05 1.0 1.5 20 25 3.0
diw dw
STATIC BOX 3 DRAG
0.8 T T T T T 0.060 T T T T T
08~ (d_ 0.050 puemm— e O G e ([) ]
: e = 0.040|~ —
S . e .
opfm= =TT | 0.020— —
- 0.010(— -
0.000-“ Frol W Iy .35 -]
0.0 0.5 1.0 15 2.0 25 3.0 00 0.5 10 15 20 25 3.0
diw dw

54



separation: 1(0.21?, 2(0.41),3() = 2
e

MOBILE MEAS. SIDE FORCE

acceleration profile: 1(static), 2(2tg), 3(1.5t,), 4(ty), 5(0.67,), 6(0.50t,)= 6
motion: out of platoon
Biee MOBILE DRAG
10
08 e (a)
0.6 2=
0.4}
0.2
0.0 0.5 1.0 15 2.0 2.5 3.0
diw
i2 STATIC BOX 1 DRAG
(b
S
I
0.0 0.5 1.0 15 2.0 25 3.0
diw

STATIC BOX 2 DRAG

T L S
utTTE .

0.0 0.5 1.0 15 2.0 2.5 3.0
diw
STATIC BOX 1 SIDE FORCE
0.2
01|~ ®
0.0 =T = -
01— Treeell L —
o0Z— *rtzzireasa -1
-0.3 A
0.0 0.5 1.0 15 2.0 2.5 3.0
diw
STATIC BOX 2 SIDE FORCE
0.0 0.5 1.0 2.0 25 3.0

15
diw

mo1ving box position:

|
3.0
STATIC BOX 1 YAW
0.0050
0.0040|— - ()]
g_‘"—
0.0030[~ -
g 0.0020— —
E’”"lﬁmﬁ:“:“ N
0.0010}— e S —
0.0000
0.0 0.5 1.0 15 2.0 25 30
dw
0.008 STATIC BOX 2 YAW
0.008 . (k)
0.004 :: ) —————
S o= = =T =T
0.000 [ o ST S SR S MR e e ot U PR P et
-0.002
0.0 05 1.0 15 2.0 25 3.0
dw
STATIC BOX 3YAW
0.080 T T Y T T
0.050 (]
0.040 — —
3 0.00— ]
0.020— _
0.010 —
0.000 & s T2 mmr s A= Ty ——
0.0 05 1.0 Is 2.0 25 30

44"



separation: 1(0.2?, 2(0.41), 3(y =2 moving box position:
acceleration profile: 1{static). 2(2t,). 3(1.5t.), 4(t.}, 5(0.671.), 6(0.50t,)=6 1
motion: into platoon

Bue MOBILE DRAG

1.0 T - — T

0.0 0.5 1.0 15 2.0 25 3.0 -0_0 0.5 10 15 2.0 25 3.0
diw d/w
STATIC BOX 1 DRAG
1.2 T T T T T
T b

i :
- -

o = Sl Sl
EEP T o
0.2 , , , , , A Lt —————
0.0 0.0000 " i A t
0.0 05 10 15 20 25 30 0.0 0.5 1.0 15 2.0 25 30
d/w dw
STATIC BOX 2 DRAG e - STATIC BOX 2 YAW
0.60 T T T T [IPIRY J T v - ALLE . —
0.50+— opspsrsIrIIrssfresest \C)— 0.05— Lee 8 (g)""' 0.006 hemmampee Jedededn alr (k)—J
- L e R e AT - n
. dﬂ -0.05 W -1 J 0.004 m_.-_-.—_:—-_:-_:-‘_-l-_'l’ — oaw T = =
] Q.70 _".;'_i.. X - _\___\r-...-\\ 0.002 o . -]
— 0154 T TTEETeTT =T = 0.000 fotr™ — - o e e LD St ==
R -0.20 " L : X L -0.002 1 L A i
0.0 05 10 15 20 25 3.0 0.0 0.5 1.0 15 20 25 30 0.0 0.5 10 15 2.0 25 30
diw dw
STATIC BOX 3 SIDE FORCE STATIC BOX 3 YAW
0.10 T T T T T , 0.080 T T T T S— (l)
005 _ =3 (1)~ 0.050 —
0.00— "Ils . Prad — 0.040— —
e .
& 005 — SR DT - & oo —
0.10 N3 ._.___,,:,:...;f;-‘i e e — 0.020|— —
015 = ~ 0.010}~
-0.20 L 1 e 1 1 0.000 - LD & D2 T g Loy s T g
0.0 0.5 1.0 15 20 25 30 00 05 10 15 2.0 2.5 3.0
diw dw

15948





